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Improve qualification rate of pile foundation in port reconstruction and expansion projects
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Abstract: The phase | container terminal renovation project in Luojing port area of Shanghai Port is the
country’s first systematic port renovation project. It adheres to green, intelligent, and resource integration principles,
retaining old pre-stressed high-strength concrete (PHC) pile foundations and sinking new piles into the old ones to
minimize marine geological disturbance. In view of the problems that the qualification rate of the upgraded pile
sinking in the old port area is limited by the distance between the new and old pile foundations at least 40 cm, the
measurement error of underwater obstacles and the performance of the piling ship, the process optimization research
to improve the accuracy of the short-range pile sinking is carried out, and the new technology “LiDAR scanning
measurement and 3D modeling” is used to simulate the collision, and the vibrating pile sinking construction
technology and the full-rotation piling ship are introduced to reasonably avoid the collision problem, so as to realize
the early prediction of the collision risk before construction, and the reasonable adjustment of the pile position to
achieve accurate interspersing. Measures to replace PHC pipe piles with steel pipe piles are developed for special
pile positions. The final pile foundation unit project alignment rate and pass rate are more than 95%. The technical
system successfully solves the problem of pile sinking under complex conditions, and provides key technical support

and practical experience for the green and intelligent upgrading and transformation of old terminals.
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Tab.1 Engineering quantity of pile foundation engineering
for 100,000-ton class large wharf in upstream

i WA fmm BER /m Bk /AR
. 1 000 59.0 54
e 1 000 58.5 90
800 56.0 93
800 57.0 180
PHC ## 800 58.0 162
1 000 55.0 30
1 000 56.0 58
1 000 57.0 54
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Tab.2 Frequency of abnormal phenomena in pile sinking process

— B LIS
A28E ASHE A204F  BIOME  C4dE C204F  DILRE DISHE  D30OME  HIF % B 1%
v 22 1 1 1 0 0 1 1 0 1 6 40 40
o 00 g 2 e 0 1 1 1 0 0 1 0 5 33 73
DRI 0 0 0 0 0 0 1 1 0 2 13 86
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Fig. 1 Proportion of piles with abnormal phenomena
in sinking process
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Fig.2 Correlation diagram of cause analysis
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Tab.3 Countermeasures and measures
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Fig.3 Underwater scanning map
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Fig. 4 3D modeling interface
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Tab.4 High strain detection results

iRz i) fx KT 1 /kN T K 1 /MPa i R /K] W B 7 2 1 kN SERNEREU%
40-G E 4% 800 mmPHC #iE 7574 31.8 88.5 6 284 100
48-C EA% 800 mmPHC 6376 26.7 56. 1 7 632 100
34-C EA% 800 mmPHC 6 685 28.0 83.8 7 667 100
32-C E A% 800 mmPHC # 6671 28.0 83.3 7 611 100
48-G 4% 800 mmPHC Hi 6955 29.2 88.0 8 017 100
18-G E 4% 800 mmPHC #iE 7112 29.8 85.5 7 987 100
21-D E A% 800 mmPHC #iE 7 189 30. 1 84.7 7 450 100
14-D EA% 800 mmPHC 7 724 32.4 85.3 7772 100
2-E EA% 800 mmPHC 7 068 29.6 90. 5 7 503 100
3-E EA4% 800 mmPHC # 6930 29.1 75.4 7514 100
12-E H % 800 mmPHC ## 6833 28.7 70.6 7518 100
13-E H 4% 800 mmPHC H 7 160 30.0 81.3 7 466 100
6.1.4 XKL ENEEEIE R, AT R I SR, W T R AT A

S HAUTHE, KOS R LE QC
XK RO T i B B, BIM B THR B

A, AR 00 o o o A 0 e e 0 BT A R K
BAOREEER, X mbEd 3 LUE R, RORKE T



#F 1 VAR, F. BAvBRy R IREASKERAEIER - 251 -

FUH H bR,
6.2 EFXTFTHEMTIE REAS I R B AR i
6.2.1 it 1

FRGEHT B s 8 4 Ay 4 [l 5 4T Bk A 2R 4766 T
A 1 BB HEROR | e At T

A S THENS o AT L 360° e 1 i 4,
AT LA N A A S A2 IR KSR

S FTRE MR A B9 7 4 10 I 24 K 4 R
WERSEENTE, FgtEar, mTRLRX KRR %S
it T450F, mAERESIIAE] 1 000 kN, MFLAT 360°
[UJE, R 52 76— 07 B 5 mT AR AR I LA 7
EPERRFT o8, AT A B AR, TAERE
o MR ek AL R e, PRt =4 Ak AR,
FIAEEAL ARG E] 6 cm LAWY,
6.2.2 15ifi 2

REINZRS - M B HEAT M, DA B
MUk EPE

Xof 4 [ G FTAE A %) A D3 AT HOR SE I, 4%
SR F MG BAEA A TIE T,
6.2.3 ZCRKIE

UJAT, 46~51 HEHRAERE A GO IR 745 SR L2 S
FEV R B MR <10 em, BHEMR AL <15 cm,
DUPERCRIR RN T HbR,

x5 HERAULER
Tab.5 Results of pile foundation offset

ST Mk 57 /mm

7% RS Bk BE HM 0 & y
) Dy i

46 1 000PHCx56 000  5:1 15 47 57

47 1 000PHCx56 000  5:1 15 45 82

48 1 000PHCx56 000  5:1 15 26 22

! 49 1 000PHCx56 000  5:1 15 46 13
50 1 000PHCx56 000  5:1 15 2 -18

51 1 000PHCx56 000 - - 49 8

46 1 000PHCx56 000  8:1 20 56 69

47 1 000PHCx56 000 8:1 20 37 28

48 1000PHCx56 000 8:1 20  —58 29

! 49 1 000PHCx56 000 - - 31 =30

50 1 000PHCx56 000  8:1 20 -80 -88
51 1 000PHCx56 000  8:1 20 59 72
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Tab. 6 Frequency of abnormal phenomena in pile sinking
process after taking corresponding measures
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Fig. 5 Proportion of piles with abnormal phenomena in

sinking process after taking corresponding measures
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