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Abstract

The urban section of the Xicheng Canal railway-related waterway project is a deep foundation pit
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project for a class III waterway that passes under the Beijing-Shanghai Railway and the Shanghai-
Nanjing Intercity High-speed Railway. The construction area has complex geological conditions,
sensitive surrounding environment, and tight schedule, and faces stringent requirements such as
micro-deformation control of railway equipment (+2 mm for Shanghai-Nanjing Intercity High-
speed Railway and +3 mm for Beijing-Shanghai Railway). This paper takes this project as the re-
search object, systematically analyzes the engineering geological and hydrological characteristics
as well as the key difficulties and challenges in construction, and focuses on elaborating the tech-
nical optimization schemes for key processes such as replacement of miscellaneous fill with soil,
pile foundation construction (combination of high and low-level machines, vibration-to-static pres-
sure conversion), foundation pit dewatering, earth excavation (rapid excavation and support, lay-
ered and zoned optimization), and support removal. Combined with third-party automated moni-
toring data, the deformation impact of deep foundation pit construction on adjacent railway piers
is analyzed, and a construction system of “technical optimization + dynamic monitoring + process
control” is proposed. Engineering practice shows that there were no alarms for railway pier defor-
mation during construction, the project quality is excellent, and the construction period was com-
pleted 5 days ahead of schedule. This system can provide technical reference and practical guidance
for similar deep foundation pit projects near operational railways.
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1. 5|8

BB Il T S S A O — R R, RIS E SR INUE . BB TR N I 2, SR TR R
Gt TR AT S RIS E L, EEAFAE L AR MTRE R 2 TR RT . 224 KU i 4 R
FEA[1], EGUTZ. MoK, SCEIRERSE TP 2 ml RS R L APl ki S BUEk BB 8T e sl £2 il
PR, FEMBRIIZE 2 4x(2]. ENAEN AR ZROTTT, BRSC315ET _Li i 22 X A G4 D3 iR R I
H, SEGU Bia s R il 2 5.7 m, JEREIRIEGUTF2 25 0l B BEE 47 S5 AR R 7K TR0 A% 55 403 Bk i i
B S B ALRS B BB R LE, 2B T A R R Bows RBIE BRBR A DL XK B AR (43 T U
EROR, RMWE - ERGEEN LR E RSN SRR R T7E: 9% [51R M FLAC3D Hfe il
Bk, B =HEAIREDER, XEGUTZ 5 S el B AT Sh AR, iR SR U T AR BT is Bk
R SE TR AL s (H % S8 P B ATE TR N o st Bk i T8

AT H T B I8 1 X B SR AE TR, IRSETUT 2R EIE 8.19 m, FELTHIAAZ) 9600 m?, R % 5Ly
BRER . TP KR PIIZ B 2R, BRER MR RN 5.75 m, HE AT WU, MREDR . T
9 Mo ARCEEEZ TR TS, B0 s LE R KRB M s HT Rt 78, @id 2 Ty
Jr gAML i RESNAS M TN BAS AL T4, vk 1 RIS S BRI DU Tl REA ] AR AR L,
BAIE T HORTT B AT Rt AR R R IR B SRR LA R RS B I SE A 4

2. TIEHER
F VBT T X B BT TR T L FE KO + 687~K0 + 833.5, &K 146.5m, Al FHF =24,
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FH G A b 2 R P Bk B 5 VB T R KM 20#~3044 5L« I IR 085 TE RF KT O6#~9T#MF L, HliE Lk 5
HIPERIR AL 76°. ST IbRIe A2 700, TAER IR EENTKAL 2.88 m. FAKEHTI/KAL 0.81 m, i
BRAAE—4.19m, JFZRE 8.19m, FELTRA “AiFLBEENE + FLARMNRME + MIS HE” Bl gity, #HE
I TRt S

3. JKICH R

3.1. MREH

JE T34 50.0 m IRFE A LR DS R AW g & B g iR E e mb SR At oy, S
GUTZR T E N A B2 Ry 12 283 1-3 BEi -ty 3-1-1 PR Bk LR . 3-2-2 Byt o,
IR 1.5~10 m, KBRS, @HLIR R PHRE L, TR0 A S KE e ABREIK.
4T R, 581 REGIHHE . His B T EY IS HLE 1.

Table 1. Summary of main physical and mechanical parameters of rock and soil layers at the site
F 1 AT EFEMENFSHLER
HE MBS NEEM KTPBERE  BHBERH  HIREURE

=] HE AR

(kN/m3) ¢k (kPa) opk ()  Kh(x10®cm/s) Kv (x107° cm/s) fak (kPa)
03-1-10 WK FA L 18.1 12.0 14.2 8.6 12.5 60
3-2-2 b e 19.6 36.7 17.3 1.7 0.9 130
3-2-3 MEF I L 185 19.6 16.8 1.8 0.8 80
3-3-1 Bt 19 10.6 526 24.4 460 100

3.2. KCEH

T JE K Rk, PE 500 m NEVEIEIT . AL 300 m NHEARUE . 4K 20 m ARSI bR /K BL
FUBRIE K N, R B KR AT 5-3-14 5-3-2 =M, IREEEUITIZ 5 51 K500 L iab i i, Bl
la] &5 FLAE SE KA HEYR 1.00~6.00 m, A5 0.35~3.75 mo

4. TIEEM S RLILIETHE
4.1. TIEEHS

(1) BEAEBIMERE R it T XA, T2k % IE T 07 S, BRER M R e/ MF Y 5.75 m, i L LZE%E
%, WA 5 AL S Bt 6], ek m B AL 2R

(2) BREEATEARHHI[7]: I TR B A A2 mm S ERERE3 mm, RS AR TR R
AKIIEIPER R, W55 BRSO RN A RS R .

(3) HUR AU B (8] Sy A A7 AE KB VR IR e - B hS, Sn FE A b S e Tk, R YR R A
o REEESER . PHE.

(4) TG TR g e FEGUIFI2 AT 29030, MR AKR S, ML iiiE &K S8 TR T, 3
S BB A 3K [9]

(5) THEPRER e A i VRS S EI RS 7000 mP, 209 8 m A RN, KAWL AL ZFR,
HARBRL AR 5 51 K Bl 452 T [10].

(6) ABUTENV LB HE: i LA HES, TWREENMENRIEIRI, RE RS, Lg%
AR E 1]
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42. LT EHK

BEr FOREAE A, WPARIE LR MEERNE T EESUREK. LT IRRE. IREE LSRR S O T
ITEARMA, TEROE RC AT BB R IR T i TR AR R .

(1) ZR3H 3 EOR: B TR EE T 4.5 m G P AZEFE KRG T8, @M. ORI i
TR, WKPEBEENE 7 m SENE X AT 4.5 m SREEHIE; FINORIRERERERAT 2224y, il “/NBUiEkE
B JEN): RS <Sm, JFZPA XA >20 m, RN+ J7 S &, SEOUEAT SR AT 4R,
Bl R 32 e T30 %

(2) BEFEHE THARMAL: HEFEME TALRREEFLBEEAE . AKVEIEFEAE . MIS . RLARERAR A, #Z O
AR T2, Rk 15 2 R 1) S 50 26 078 IRy, [ B X AR A it 1 07 R AT kA AR A o L FLAE
Jit e LB s AR Bk B Ay % 2 v B ML S IR B RS, SR A s AL 20 DX it T (36 2),
A B S i bk T RO S EAE K NUIE P, 73R 600 m?, i 20 KRR TR, F DRzt
NG YR HR b bk HE 17

Table 2. Statistical table of drilling pile machines by height zones
F 2. HILESRS XSGR

Jiti T [X 45§ PRk BERL 5 A5 T it TSR
SOPBREEME N AP 12 m A 5.75m 5m 4m WG B R B
FOPEREEAT T 12 m 4 11.8m BEHLHL S BC A 58
VTR T A 10 m A 8.65m 8 m 6m BUBRROE, AR KU
VT IERHE T 10 m 4k 11.8m HENLHL S & 6

PEPEAE/MIS BRI T SENUEY: FiK I . MIS BEXR AT 5 m s BENLIE T, A R0 ok 50 8k
EEHF T S PR AL, R R R 2 kAR A A DXL

PR . RN BT SR IIREN R L, AR IR N AR e . R I B 3 B0t
RS . UGS 4R FHER IR AR LI T, A0S B R TN C 38, ToiRah. JomE KK, K
TRHE T TR (R 3),

Table 3. Optimization and comparison of steel sheet pile construction schemes

52 3. SMMAERE L 5 BT
it T [X 45, R 5 % R AEWIES it T2 5 R 4
PR 3m N/3~10m N REhEE, 4 m/6m 308 EEMNL, 4 m/6m 4T T B%-C K
VT IBRME F/AF R 10m N PRENEE, 6 m/12m #EAHGF]  FREAENL, 6 m/I2m T B 2K—C %k

(3) EYukEKiE Tt

JRETE 14 1 @700 mm RJZETIHRER L TR K, BRI KA E . @Rk S8 25i3E
PESR B ACNTIE EKIB T T KA, WK T RdtAT AE AL BBk : 14 DG Z 26
M, R 13 m, WRAREGUKE 4.8 m, B OFIARUEKTEE 367 m?, /2 9545.46 m? HEYTH T2k . i
IKBEAA: RSB HIK IR B AL G o KSR, RIS K, 8 G LA A BT R 1) 22 4 e i
PEF R Kl T2 4k

4) Lz T
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T2 SRR 80,000 m?, JET R EE . BIPAAEL, @I D AL AN ST LR T %
Ak, SEEL “CORIZPUE” b AR R

(5) 2Lk

%S 8 EFFZE, M2 <1m, WIMEIEIEFEL. Bk X5E, 45X 4 EFZ0EE—
E25m. £E15m. B2 25 me BIE 1.69 m); HkALITIZE R, a0 RKEEN
VRN GALE, B IHE B R N — X/ =R/AIX, B2 XX, X, HXHREITFEE T
J&, FEBURAE LR RSk

(6) VREELSCHESR R LA

JRT7 KA 16T XERGIRER 8 m =S REE L SCH, K. BRI RALEAERESTANm 2 &
S0T VRZE1, A MG T, WM& SR “ BB R “r—BIIE)” , b Tpigin 2 44
Bes 218 SCPESRBRELIRISRAT 5 R IEHET 3 K, i LACRIETE 50%LL F.

(7) MBS it TR AR 41k

BT VR e L R SRR AR L R T R M e A, R HC T A A i«

1) AEAME A H 57 PR ASAR K B BT 55 7K A B AR AR E2, G 5.37 m Ry BRI HE IR ASE

2) RHALI: TR T AERE 2 m HiE 020 cm PVC BAE MBS, B MRIT 2 HEBEHAL,
BRI L eI S <2 m, fRUCIREE LR AT I .

5. RSN R BIRS
5.1. BRERFHEISI

WEIAE G 0 T30 5n O5#~O8#IF . BUIP AR 2843 1, S IR m A7 88 . KA RS (s +
) BRI AU G T DL _E 0.5 m) AT A % 2 NI A, SR A ubA E shAk W, 45
Z WP, P TIRERRZEE 1.6 mm. EHIME 2.0 mm, FEPEAEEIREE 2.4 mm. ZFHME 3.0 mm.

5.2. Eingsfisml

M0 A 2 B P B TOURR LR KT A% . BB A O 0 A T IR L R e f® . MUK AL, STAE
UURE SCEER DA, RAATIN, BR 1 R/R, SWENOH S RCEREE, HRES R RREE

5.3. X T E SRR 24

MO HE i TR By ZETTITZR B SCHEYRERPTBL=AN )b B X M B 24T Se vk 04, W oe
Jit X0 K B AR R AR T S M I

5.3.1. tEEHE T K E%(2024.3.8~2024.8.7)

3 e T 300 ) R S PR S R S R N, I T IR OTH#MR R K R UT 0.53 mm,  HUUEKER 2044 3
K b46 0.45 mm, BIFEFRHIE GBI, PRUE BT e, 3R BT S5 T MRIR B 7 4 BOMEE T ik %
LiRE G

5.3.2. EHIFFIZHE(2024.8.8~2024.10.25)

BEYUFZ RN ARG R, JEAL T FEPIRAS MR 3T, SRR Rt s, it
T 51 762 B 47 445 A0 7= A T 0 P9 BRI 7K AR S o 3K — B2 7R O A B IR A 4 Ty A% 4 Xt R 00k B 4
PEAEARFIRC, WA B

(1) P Ibr 96#. 9THIFIH. HUFERES 20#. 30#FI, SEITIEHTM, SZREGUFZmE B, ZIT
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FEMUF S0, R P P AR AR T AN R

(2) SEITHEGUMERHAT A L ARR TR B4 3 484 P T IR RasE, BAR 2 “ o B3R)E T
FRE” B

() FrAMFEASE S R I HIE, ST “RIZIRIE” TEA AN 7 REGUTER BB

5.3.3. IR EL(2024.10.25~2024.11.28)

SCHEPRBR R, BRERARIE. SEI R A R S TR B TR AR, TIPS SO#MR LR T
AR RAE 1.32mm, T IER 974 LR R AR SR 0.78 mm, AR FHEHIE . SCIERIRBRSE KL
J&i, MREURIK R R P, IR TR e, RISCHERERIG < MALABL . 2 BUIE)” 5 Z
24,

6. it

B Ia T T X B B UE TREA ST H i SRt SRR B %, REh i ok 1 4RiTis
BRI BOR R R . ARTRAR . HUBUR A R A THIRIKSERORAE L, il TRESEERAS DA
4t

D) WA KA “RIURETC . IRV AL IRERE I T 05 58, R ORI
BRI, I8 T BRI 2 2 PR TR ST LA

2) JHERZOTERIBOR: RIS PUZIUE + 2R XA + BIZHIR BRI ARSI 1A,
PR BRER MR R TE

3) REMMAER: B OCEIM R + NTHMGESTAH)” WEA R, SLIARLK
IPREAEIE T, Vit T ok SRIRBERL 2K, Rk ERIZ S 24 oRHE

4) LR TR 456 TRRFRFER “SORIE + SN + SRE7R” AR, s
PLLAEFEA RIE. W T THIPT80E . BREARIE TR HAR, B Bm i SR PE A 0 H -

A LRER I TRARMAS R 22 00, WOy A [FISRARITIZ & B T A% O X U SR IR R T
TRER M E B AR S B, BA R B E.

SE

ZEHT. JE RS TE T 2 vk B ST R M S T )], Bk AR, 2023, 63(11): 127-130.

]
[2] B % HraEAREE T g T A B R A AT ). ST PLE AZ i@ 5T, 2024, 27(12): 201-205.
[3]1 BR. PREEGUFFFZXT AR BB s m AT [J]. 0 LFE, 2026, 45(15): 19-23.
[4] XNEH, TER, REWE, 55 FO8 A2k 1522 4 KIS sh & MR AR 7C[)]. 28 TSR, 2026, 43(3): 86-

92.
[5] ZEErgE. FETHUEAIN LTI P25 AR BRI s [J]. = L3, 2026, 40(2): 323-326.

(6] ZEWEde, BURMR, MK, S 40T Bk i B 2SR Ty YU T AR TR (7). ST P S IE BT 7T, 2024, 27(8):
223-226+233.

[7] . 87K IR RIS TIT 42 060 i g SR 0 e Bt B e 23 B 0], FEABOR AT, 2025(21): 174-178.
[8] RSO, B THbIX i~ FE R Mk 2 nh B AR TR AR AT TR [J]. 5 = AR AR, 2025, 47(S2): 169-175.

[9] EXE. BT LREE DI 2 TUL N B SIa e B ET]. BSURLRE, 2023, 7(1): 46-48.

[10] ZSWee. Kb X G A RS IR B8 2Rk B 2L LR B FE )] B BURHEL, 2022, 6(1): 32-36.
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DOI: 10.12677/hjce.2026.156153 49 T AT


https://doi.org/10.12677/hjce.2026.156153

	邻近运营铁路深基坑开挖施工技术优化及桥墩变形控制研究
	摘  要
	关键词
	Research on Optimization of Adjacent Operating Railway Deep Foundation Pit Excavation Technology and Pier Deformation Control
	Abstract
	Keywords
	1. 引言
	2. 工程概况
	3. 水文地质条件
	3.1. 地质条件
	3.2. 水文条件

	4. 工程重难点及优化措施
	4.1. 工程重难点
	4.2. 施工工艺优化

	5. 变形监测及数据分析
	5.1. 铁路桥墩监测
	5.2. 基坑结构监测
	5.3. 关键施工阶段监测数据分析
	5.3.1. 桩基施工阶段(2024.3.8~2024.8.7)
	5.3.2. 基坑开挖阶段(2024.8.8~2024.10.25)
	5.3.3. 支撑拆除阶段(2024.10.25~2024.11.28)


	6. 结论
	参考文献

