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Abstract

Subway shield tunneling, which traverses densely built urban areas and complex geological conditions, is prone to pipeline ruptures
and structural cracks due to settlement along the route. Settlement monitoring serves as the primary safety measure. This study
investigates optimization strategies for traditional monitoring technologies, addressing issues such as insufficient accuracy, data
delays, and incomplete coverage. By refining the monitoring index system, optimizing sensor deployment, developing real-time data
processing models, and enhancing early warning mechanisms, a precise and effective settlement monitoring framework is established.
Using a subway shield tunnel section as a case study, the optimized monitoring technology achieved a 30% improvement in accuracy
and reduced early warning response time to within 5 minutes, preventing three instances of excessive settlement. These findings
provide technical support for settlement control in subway tunnel construction, thereby enhancing the safety of urban underground
engineering projects.

Keywords
rail transit shield; construction line; settlement monitoring technology; optimization engineering strategy

HIE 218 M Tin & Tk i AR AL 5 TEN A
EE' FE

1. EL R S R B A A PR |], FRE - dBET 100070
2. HREE A PIIL AT R B A TR A B, R - Bleph 7522 710000

=

BB ZGEFEMA TR TFART BEENE, AL REMN, BEARERHEREERE . 2AMWTFLF LR, T
Bl RARIE A TR A0 2B F B, AHABMEAMERL, HBEHRE. BEFRLFFRBMNEARRAH L., A
WMtk i, REFRXERE | O EEHHIBREER ;T EREIREL, BRAFHF LR ERMNE AR ER, AE
WK E MR 8 A TAR LS, RARAAE AL RN, SR ERIA30%, TRE e At 8 4542 2S04 N, BT T 3R ILIER AR
P, B0 PR R VT VAL gk 15 18 36 TR FE4 R AR R 348, REMT T TRELH 2%,

ES k|
B RGBE M, A TIE S, LM AR, A TRk

15|57 i s, R RG], 5T
{ﬁ#{l}iﬁ%ﬁz bﬁ]—_ﬁ{}cﬁﬁﬂ/\jbuﬁ f’tﬁ%ﬁi@i& Elééj&)\% IKZ%EYMIJ{K;,_‘E]\IXE/@; N %?1}(%‘%‘&\'”% 9 ﬁ@%%ﬁ‘(m%ﬁ%ﬂ% N

Pt in . SRR ARG HIt, w5

BRI L, SRS TR . ST g \ \ ‘

b THEMHIL IR, PR S g LR, BRRTE L.

fOSP, ERr 2R, AT S, S0 E 2 B R B EE LIS MNNEER Y

. MR PR RS R AT :

\ SRS AAESIE. ) | emTRAsnET RS

SEHSEESK, T MR B R T e R B e e

TETERER , BRIV, AP RK, AP LR

[EZGA] %S (1985-) , B, PESHIEREA, & BEHESTHE. SSHITEal, AT T eisiasi
o o B SN R AT, S SRR P R, (MR

R, BERTEN, METeEE T EE, o LT, MMESERTAE. TR

105



AHZBERIE - F 045 - F 0458 -2025F 11 A

SRS S R Lo AR IR S IR B M et 20 1T
B, plnEtEEr . O, ASHRES, nLaNd
RS EAATIAEE IR T Ve RN .. R B
T, SR IR T R SRR ] 8mmy/d,,
STRMEEG RSO . R, Bete TR TS
B, I AILTUSRE N DU TRR s My ae i (et i ™,
22 R BB EMIEERZE

TS R IR K 2 R s 5 . LA e a5
HIXIR, JEMhE T Lo kEdsi . W EL. 5l
AR KA, XS TR T U, I HEES
AR E IR, RS 20mm gtas LA TS, MY
RIS, OSSR TR
MR RS FES B AR RIS, I R bR, St
PRI R (AR, TR T b (B O % I ) SRB
TG, FlnAwhRETERINE LR B TR
DI, 2GR 12 MBI HEERT 30 S0 PR T4 TRl
(U RAZIZE 10mm DAY, HIE T R ERI A e 224 P,
2.3 BHAMI T ERIEEIEKFE

[ERaHE T RSAEIERalt . 2RSS, iR T
TR — M EEIMEEIITER, SIE AR SRR X
RS E R PIBR AL, Y I R R AR TE2s ,
SEEEIE | R R R A R e AT R EE Smm/d [R5
KHFEOER, CHEARANREZIGES,; EmEEAE]
10mm/d Rl & 2T (2 564, {2003 T HIE inE 5%, [FRt
VSR RT LR SRVE 00 T USSR iR, it S Hrihe
SRR AT RE IR T, Han b B 25 5 58T,
SRR P TIRARE e,  SCI M s A E A= Zh TR
BRAR
2.4 AREIRRHEARSE

JURE IR 2 B KRR, ARRR A T ROTTRE
AR e T ST ISR . IR O R R
B, B E AR ARIISOR DR W, e
THHT, AIDVERIRRMEER (312, BE. UG
) FIIFER R AT, e e L 25 s S E E .
AR RS TR LIRSS, MIRHmZE
it TSR] LB B S RO I 280 T35, 4606 TR
BRI, BRIREORIFRRAS . WROAR M 208 AT DA
BEFTAL SRR, SRR E SR E BN T Ak
Vi ZAN

3 B X8 B Tim 2P BB R L
R
3.1 4L B MHEFRIE Rt

(LG W IR T BN | BTN 45,
SRR — R AEATH TR . (ARSI R AR R
BUY BN EETUETR, SRR & T

106

HE ST . BRESS I (BEL, SO, k) , £I0
W BT A RSSIFCRIS S, RVEESTIRT R | B
% AR AT . R INAZSIERIEEE, 2 T
WrEx (JEMbER . IEHHEE . #AI0) DU U AKI
REARPIGE, PR g e K B 5 B TR A E
IR E] 40%, ZE STy A B X I HE R S M IR 2 24 1A%
DR IFERR . SHTRFRARSR , B XS 12750,
NSRRI
32 Yt Mg EAESIZE

TGRSR, BORER AR RIS, #T
B RARRERI AL, MGG GNSS SE b T
AL, FLAT/KAENEL, SR TR RE . B
e, WENSEEAS] +0.5mm; HIENFERADEETEHME
BHOR, TEJERNLT LR T MBEE 0 T R A B
G, WHEITEHTESIEN, L m A RN
RRERIART FRE LS F R A TCR I B R Es A sl
LA R LoRa LGS HORSLBIEGRELN 1%, Wbk
BT TR THh. RS rE S, BEN
TGS R A SO, E X (s
AL ) BN S RIEELE/ N Sm, X — R )RR
REN 15m, TEIIENIIRSEERIRTEE N DS AR M,
3.3 M LR HIEALIE 5 AR E

LN ERETT R N TR AFIELLSHT, bRt
()28 24 /NI, ANREREE S TR EDK . (b2 o Bl 4L
PR - Gk - 0B - 0T — IR &, FIRRSH SR
ARIEIIF S FIEEIRHE TR, SRR A R Bl S
{8, 26 5G IHE ARKCET OBUE &R =ik 588,
TSRl BP #hS SR, B DD s TR, Homs
ZHL, W TSEEREEE, BRI RS
FOTRAEEE % 92%, RIFERT 12 /NI EEA R & R
FREIE LRSS, RFELEE . #ODESBdET 0T
A, KRNEGRERFNGS R R B b, T
N BB B AR S P
3.4 TESRMES N A0Sz

ARIE DA IE 10 5 DB AR LS B P4 R 7 P 2%
FREHLE (EE., B, BE, 26) , HESDHERM
B St MR AR B . IR (TR
P <3mm/d) o EINMRIUIGSE, & 2 /N RE—REEE; B
BT (3mm/d <PUFEE <Smm/d) : IRER A GIUZE)
7, FHRIIMEFER AR T35 Baim® (Smm/d <t
P <10mnvd ) {5 ik JERHEDE . IR S N E +
s I (JER > 10mm/d 55 BT
PRE) : EaNEmE., BEALAR . TFRETINE. 5
SNEE N TS B A 758, FHFHLAPP, FEfs. Bl
FOCIREZR G L P AR Z MG A, AR
DL R o



AHZBERIE - F 045 - F 0458 -2025F 11 A

BuEss s E Kkt TR MR B TR 251

4 TEHER

FIRTT IRk 3 5S4 TREMIXIE, &40 2.8km,
R S E R T X IR S H R - 22 R 1
B, R IPAE, Firb R B 800m, 1%
BB TRREE, B HIEKEL . TR
PR ZIXEVELE 18 R, A T IRIEHE T4,
AR TRER A AC I IR AR Z
4.1 AL UEN 77 L

MR TR ORI T 2. BRI . HIE
SYETNE . BEEHETRE O . SRR . BRI
HIEZE bR, fESRME b, #H3Ri% 321 GNSS
MRS, 18 ANEKAER, FPHERDE B 20 KA —2EAF
WHERES , BRENEDE 5 MR —E MBI R IS
TF, B RELED IR 45 ML TR A FdEbEE
KBS EN R G177 A SCBATES: 10 ¥ EER
B QOFERN 1% I BP AHES 48 A S TRl ke sy
FHEA 5> VUL T, BRSNS ke X i L
NG RETIREI,
4.2 HMERSXEEERR

THREE THAM], ol il ARk & 4t REH SR
12.6 T4, KBL3 RPBERFEIEO, H—UOR BT
K1+250 bAoA AL 2 s b 2 T R S8 SR K 2 6.2mmyd
HBLR BT, BORA Gl & I EGR A Tk 5y
Fr#WrZ R R AT, ERNPRER R 3.5mY IR
DOE] 4.2m% 305 24 /NSRS 2] 2.8mm/d; 238 0%
K1+830 Zh-& | HEEH S M s A28 51 0,003, HYBHEE (A T,
SR HAIR A T H N R A, NI FS 003 UE 0.001
DI B =00 BRI NS TR ] 12mm, I G0
e EEERHEAEEE M 8em/min [EF] Sem/min, (T
18052 8mm, FEANHE TR, M FR R AR & 22mm
FESUIER A DU 15Smm, IR ADIME 10mm, #7ER

THRIFEEN.

4.3 F RN A=

ZTRERARAENEAZ G, BUSHBHOREATIZ
BkER, LRGSR 3 IRE RN, A H
ISR, BEMRS SN, FIME e E R,
R a5 T W RS A PR A ] R R 24 /NI 45 EIBLE
[ 10 2h, T R IHASES AR5 E] 8 2r%h, M TRR
T 15%, JEVIHESEEE M B 8 EREEE] 10 3R, BAGS
J T AR A TR A 2 H A LB Se IR I 18%, (EERIA
W TR . WD TIR T TR R EEE
860 JJ G, IREENER 320%, AT EFG TR E
JE R TN B s, A ES L TR S5 IE N
J7EFE TS5

5 4&5iE

25 LRTR, BUERBE M TR S RIE T
Fetar . EIPRRRAE N AEIRTT, o iiEmE RE 4
ANBEI LS AT . B AR E T RYEER o AR St i g
TRPRAEAI AL . WA B SO L . iy SRR
PRI | SEETRENA], TR — BRI AR R
A, BRRESTIERUEAREEIR. WS, EiiE AL
FlRE, TREN FZREIERIH, Z 00 R RERH B HE s i A
FERITE R, RTINS HIE S EEA, HHRIDIE
IRHE TR, $EmEE TR0E
S % 3Tk
[1]  EEA 22 S48 r iy L K B A S M X FIRE I ).

[ S5 A2 178,2024,(04):55.

[2] EA% FREAHHEZE. WiPuEssmE X iR B ik
ST 75 TR ¢ [ 5 ,2024,(06):179-182.

B] mEzk. B XA FEEY T LTI RS
BRHE,2024,(06):100-103+110.

[4] BB B M E. AT IE NES L F G EE B
oS i=Eay ARSI Z Y SIER e VY A it il| L) R R R el N s N 2 7
2417,2024,25(04):1-7.

[5] SRR AT, 70,55, JEMiE T e A Sa AR
NSRRI [I]. A S AR IR 5417,2024,40(12):1567-1573.

107



