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Abstract

Pile sinking positioning is an important technical link in marine engineering construction. In order to
meet the needs of the development of offshore engineering construction, our unit has taken the lead
in developing the “Marine Engineering GPS Piling Positioning System” that serves various types of
offshore engineering pile sinking positioning in China. The basic principle of pile sinking positioning
is to first use RTK GPS (including GNSS, the same below) as a positioning and orientation instrument
to locate and orient the pile driving vessel. On this basis, a distance measuring instrument is used to
accurately position the pile driving. The system has high positioning accuracy and greatly improves
construction efficiency. The “Marine Engineering GPS Piling and Positioning System” currently has
functions that fully meet the conversion of RTK GPS output geodetic coordinates to national coordi-
nate systems or various planar coordinate systems established through normal Gaussian projection.
However, the conversion function for some planar coordinate systems established through special
methods has not yet been realized. The pile sinking project of Wenzhou Liquefied Natural Gas (LNG)
Terminal Supporting Terminal Project adopts a plane coordinate system of -850 m as the compensa-
tion surface to compensate for the projection deformation directly generated by the Gaussian projec-
tion. The “Marine Engineering GPS Pile Driving Positioning System” cannot directly convert the geo-
detic coordinates output by RTK GPS to the plane coordinate system of the compensation surface.
This article takes the project as an example and establishes a new plane coordinate system using the
projection strip replacement calculation method. On the premise of ensuring that the projection de-
formation of the new and old coordinate systems in the construction area meets the requirements,
the transformation relationship between the new and old coordinate systems is obtained to convert
the coordinates of the old coordinate systems. The new coordinate system is applied to the “Marine
Engineering GPS Piling and Positioning System”, to successfully overcome the problem of the posi-
tioning system not being able to directly use the coordinate system on the compensation surface, and
successfully complete the pile sinking positioning task of the project.
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Table 1. First level control pile handover results table

F 1. BREHERROT LR RPRIARSE

TR TR AT 1200, REEEEN-850m. B

AR BT RRR RITE
=853
X (m) Y (m) H (m)
GPS1 3098913.239 605629.795 56.227
GPS2 3100027.508 605428.735 6.984
WLI1 3099761.372 606199.688 13.519
WL3 3099563.680 606184.192 35.286
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Figure 1. First level control network plan
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Table 2. Analysis of deformation in the original coordinate system

=2 RERABESH

R X Y [GLIEEe 7% VAt BUHR A T AR LREIAR

GPS1 3098913.239 605629.795 1.0001375 0.999866562 1.000004031
GPS2 3100027.508 605428.735 1.0001370 0.999866562 1.000003509
WL1 3099761.372 606199.688 1.0001390 0.999866562 1.000005519
WL3 3099563.680 606184.192 1.0001389 0.999866562 1.000005478

R4E (LM EARAE) (GB50026-2020) 25K, - T 4 fill Y B35 2 W X #5 K BT A KT 25
mm/km, HHEE 2 G558, HEBREIEE N 137.0~139.0 (mm/km), i (TRENERAE) Bk, N
TARIE R A K BT AR G2 ZER, 1 A W ARAR RGCR A T -850 m [F) i FEHR A THI A Ay i 24
VAT, 22 2 thIR RS AL T3S B TE AR N—133.4 (mm/km), 2454 P53 o TR AR B2 R 3.5~5.5 (mm/km),
T TR AR HE I T AR PR ALK

3.3. EHIMERRTE RN KERE

B A HI 5 CGCS2000 AL R 2 A A K H A8 B «
GPS1 L =121°04"26.52698" B =28°00'13.65549"
GPS2 L =121°04'19.52672" B =28°0049.90867"
WL1 L=121°04'47.65939" B =28°0041.04265"
WL2 L =121°04'47.02816" B =28°00'34.62533"
B B M B TR R R AN 121°04), HEETH =20 0 mo [RI, 46 J PR32 ] i Al 2
AR ARG TR R 3.

Table 3. Coordinate and deformation analysis of each control point in the control network after belt replacement

T 3. PR RN o BT R AR R A

R X Y B
GPS1 3098862.129 500724.764 1.000000006
GPS2 3099978.108 500533.455 1.000000004
WLI1 3099705.242 501302.048 1.000000021
WL2 3099507.694 501284.824 1.00000002

R4 2 53, @i ih5 s, e E W s ez AR A 0.004~0.021(mm/km), 2 (T
FEMEARAEY R TEEAR R ) R
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Table 4. Parameter calculation results
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FRZH(m) AX =53.156 AY =104899.330
e A a=0.5010014
R p =1.000004949
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Table 5. Plane conversion results of control points and their differences from the original coordinate system coordinates

5. ER R TRERERE SRLIRRLITEE

i 1 i AR bR 5 AbR

X (m) Y (m) X (mm) Y (mm)
GPS1 3098913.23912 605629.79544 -0.12 —0.44
GPS2 3100027.50817 605428.73462 —-0.17 0.38
WLI 3099761.37187 606199.68800 0.13 0.30
WL2 3099563.67984 606184.19194 0.16 0.06

3% 5 B, RS IHXEHT WS ECP I O B A B R 4 45 R, 7T DA N
B, RUALARAR S BB TEAARR 2R AR BRI (i 229 -0.44~0.38 (mm),  5E 4 2 TFEER .
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e U i 0 A 3 AN AR AL FH RTK GPS 43 AR SE 4t KA bR, TH B4 I 1 e
POV AR T EE 40, A3 B8 HALER RARAR,  IF- 5 R AL bR R I AR HEAT LLBR, S5 6

Table 6. Verification of the measured results of encrypted control points

= 6. MEEFEH) R SIS RIIE
s JE 4 1 W AR AR 2R AR P AL AR 2 ARAR Z{H
X (m) Y (m) X (m) Y (m) AX (m) AY (m)
H1 3099984.208 500604.372 3099984.212 500604.370 0.004 —0.002
z2 3099622.142 501208.234 3099622.148 501208.237 0.006 0.003
74 3099452.256 501613.003 3099452.259 501613.008 0.003 0.005

M 6 ATLAE R, SEIMASIZEE IR, 3 AN 1 b Sl R 1 i AL b 28 AR5 T 422 fll X A B 2 412
PRZME/NT 6 mm (BFFNEIRE), WL THEZEK.
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Table 7. Poor positioning detection of the first pile
7. EHEEMENRE

SR RS AUE R 1l
Lias] il BE maE e BRE ARE v
ply . pl . (mm)  AY (mm)
== (mm) = (mm) = (mm) = (mm)
2-X-6 Aep 5:1 20 15 30 23 10 8
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Table 8. Typical construction conditions sinking pile deviation detection results

= 8. BB T ZH TR RAIAMNER

ST LA 7 (mm)
P DU A0 /AT Bk
©) AX AY
1 2-X-6 A 5:1 50 10 20
2 2-X-7 i 5:1 30 80 —40
3 2-X-1 i 5:1 50 -90 30
4 3-X-6 i 5:1 50 -70 40
5 3-X-3 i 5:1 50 -60 =30
6 1-X-7 it 5:1 0 80 -50
7 4-X-4 i 5:1 15 =30 0
8 4-X-5 i 5:1 40 30 10
9 4-K-9 1 6:1 10 50 20
10 4-K-5 i 5:1 30 0 —40
11 3-K-1 i 5:1 —60 60 40
12 3-K-3 i 8:1 40 —40 60
13 3-K-6 1t 5:1 0 70 10
14 3-K-9 i 6:1 0 -20 50
15 4-K-8 i 5:1 15 50 0
16 3-K-7 i 5:1 -15 -60 30
17 3-K-2 i 8:1 —40 40 —60
18 3-K-4 i 6:1 55 80 -20
19 4-K-6 i 5:1 25 -30 50
20 1-K-9 i 6:1 30 0 40
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