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Analysis of Characteristics and Influencing Factors of Column Uplift
Deformation During Excavation of Super Large Deep
Foundation Excavation
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(1. Beijing Urban Construction Group Co., Lid., Beijing 100023, China; 2. Beijing Key Laboratory of
Urban Underground Space Engineering, University of Science and Technology Beijing, Betjing 100083, China)

Abstract; Taking the foundation excavation of a comprehensive transportation hub in Beijing as an
example , this paper analyzed the spatiotemporal evolution and variability of rebound deformation during the
excavation of an ultra-large deep foundation excavation. Monitoring and analysis revealed that during the
early stages of excavation, the average uplift of the columns was 60mm, with local values exceeding
90mm—ifar exceeding that of ordinary foundation excavation of the same depth. Through orthogonal
simulation experiments designed to analyze factors affecting foundation excavation deformation, it was
determined that excavation depth and groundwater are the key factors influencing column uplift. On-site
excavation records also indicate that the excavation volume in July was enormous. The intense unloading
effect caused by the rapid excavation of large volumes of soil was the primary cause of the abnormal early
uplift of the columns. Furthermore, the cyclical rise in the groundwater level caused by exceptional rainfall
had a significant impact on the rebound at the bottom of the foundation excavation. Reducing the excavation
speed and implementing timely dewatering can effectively minimize excavation rebound deformation.
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Fig.1 Zoning and monitoring layout of the foundation

excavation in the west throat area
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Fig.2 Typical cross-section structure of

foundation excavation
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Fig.3 Flow chart of construction stages for each zone
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Table 1 Construction excavation stages for different zones
it T35 2y
N EIL
Jiti TR B AKX BX C X

YR O ITE % 13, 000m bR

T MR % S48 B TREAE

J1 MR, A XIFIZ 2T 2 JZ TR

2.5m,Al~A2 X455 2 R

(SRS v
2 ERIEL

WMEFETERE P2 E C XHF 2 Z TR T 2. 5m, ML 3
SEHRR T C X R 2 E TR

A XFFEZEEHT 3 200, iEfE AL~A2 X

HiIZEH 2 ERE

2 MR 3 LT e T C KHUF 3 2T
5 T AL~ A2 KA E + T, e A1~ B CIKIEE T 3 2Tk, 2% C KT 3 J245 1 X/
2 K 4 3SR (RHE) R C XML 3 24 2 ik
u A3 KTFEEEMT 3 J2IEAGFEIE R, A3 B FEEEE CIXHLF 3 245 2 XM C XHL R 3 248 2
KHT 3 J2IEH, RHE WX
Is AhA?Eﬁ%ﬁ%?3%ﬁmA3BﬁE o ¢ RIFEENT 3 2R
I
6 HEff AL~ A2 KT 3 R f; f)g BT 2R e
17 Al~A2 X4 538 8% (RHE) AR AR , B3 —
18 THE R R+
PERA AR (ILE 4) N RIS [ b ST A B A A MR A B IR i i T
- Oiti;s'?/mo b 3 HE 28 19 3 A R O DU R e B S 2 S v B
S A Yo N
L Z T8 WP, BIAIS S 3 REIG I 308 % 2 35
F40

\\\\\-\\\ \\\4

E4 7 ARMHEERTE TS
Fig.4 Spatial distribution of column heave at the end of July

A RIS (UL S) B T SR
AT 2R (WKL 6) rT %0, 2021 4E 7 A 30 HIEr s
DNESC A Bt T T 000 2 30 S S ) B B e T AR RRAIE
551 BB (2021 4E 8 H—9 A) NEZEIFZHIfr i,
ZIFASARE 2 0, A3 X (JFIZ IR 8m) A M ik
o7 i 4 fop VR T 2 A2 200 [l 3 d5 K i i 3k
28mm,ﬁ%%:]: A2 IX(?H‘/E{% 2m) A9 13mm [k

5 2 BB (2021 4 10 H—12 H FA)) &k hn
ORI B ML T 3 J2 3004 TR e 31 58 i S 2544
RN, AR R A RE Bl AT R L AR I A e el
R Sy 25U S8 A2 XS kR S T R 10 ~
15mm FYUCRERNE 55 3 BrBE (2022 41 H—9 H)
SR T A T VR AT AR B A TR IS FRR
O B0 IS ) a7 5800, 35 e ST AR AR P AR U -
"W PR 2 15mm,

FHASEHLIE , FEHTRYE 13m 51 &K YR 1K

BT AR Ay v ot B O/ i 28K, 2728 T T R i ) 107 )
R AEDURTE B HE M5 29 3 Je 8 [ i
B A AERTFR T3 2 ARAS o XFPAS A L9 IR T
GO AR [ 5 (8 2 [R] R FR 1, 5 35070 far 280 29 3 DX 8
1) A R 37 R A 1 ey Ao A P 3R B B R R A
LA

BT R S AT B AR i e nl A AR R
B R ) (57 A5 FR AR 5 B A 1 42 T 00 3 B0 v A
ZEAAE, 4R 3 B X, W5 ZDC-01-02 F 6
AW a2+ 2 i 13.000m bRz 2 8. 000m
P e B SR T SR By, 55 T00ER L 24 4mm 19 20 B
FEPERES A 20 ~30mm [ R 46 T A 7 AHI, %
LIS SR 2 S AR TR it AR 7 AR B A5 R
JEEE S, S AR R A R S 2 IR R 9% 5 0 SRR A 5 8 8
AIE b A3 X )2 —2 1 8. 000m br i 2 2
Om , TR )2 HI RN FRIR 175 & S A 5r B DR 8 I,
FEHT S A2 X, WA 5 ZDC-07-02,ZDC-11-02 H 6
FRE R R 2 80 o I 2 0 0 AT e B A7 9 DX IR
13. 000m 5 5 % 22 7142 & 3. 000m #7 i5 (9 T. 50 5%
Wi, 5 THUDR S FAE AR 24 10mm , %oF 37 57 AT S 447 g e 4 3k
50 ~60mm,, b IRTEARAERIE ST, 37 A T 3 2L
) 8 ] AR I AR 32 45 T R AZ A o AR, RO 4K
FEBRITHE T M2 1 7 -, SR 3l JUJRS 4457 4 - b
ISR R R AR E R,

HhRARTE I AR i £ 48 s 1 AR TR Bt T T 0
1% S I B B PR T AL R AE (LI 7)), ELRSR B



76 il THEA (FF3E30)

50
£ 40
gjﬁ 30
20
i
R 1014 -01-01
el -01-03
of ~—LZC-01-04
= ~1ZC-01-05
-10 —LZC-02-02

NSNS
o M MR M M M M)
TIITAYRYIINS
W BEH(A-H)

a R
40
£
£ 30
=
20
e
gg 10 ~1LZC-05-01
4 A = LZC-03-02
5 ol ~LZC-05-03
| —LZC-05-04
~LZC-05-05

-10 \ ' ) : \ \ y
S QD B S N O
D AT T AT AP

I MII NS

B EHIE-F)

b HiEk

30r —17C-11-03
g 25 —LZC-11-04
g ~LZC-11-05
= 20F . L7C-12-02
N 15
% 10
B SrH
ook
Ao

NS
Moo Mo M M M M M)
TR IIN
WM BEH/(A-H)
c T

5 UHERITEMEIEHLZ

Fig.5 Time-history curve of cumulative

deformation of columns
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Fig.9 Sensitivity analysis of influencing factors on
foundation excavation column deformation
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Fig. 10 Relationship between column heave

and normalized excavation depth
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Fig. 11 Sensitivity analysis of influencing factors
on basal heave of the foundation excavation
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