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Method for calculating the soil resistance during offshore
pile driving based on Fréchet distance

YIN Jiangsong, LI Sa

(School of Civil Engineering » Tianjin University s Tianjin 300072, China)

Abstract: With the development of offshore platforms and offshore wind power, the accuracy of pile
foundation drivability analysis, which is greatly impacted by soil resistance to driving (SRD) , has attrac-
ted more and more attention. In SRD analysis, the key is determining the reduction coefficients for end-
bearing resistance and shaft resistance. Based on a database that includes 99 pile driving records from 11
offshore platforms, the applicability of the Fréchet distance algorithm in evaluating the similarity
between pile driving records was verified, and the threshold of Fréchet distance in the sea area was deter-
mined and verified. Then, the Fréchet distance between the calculated SRDs under different reduction
coefficients and SRD from the back analysis of pile driving records was calculated, and the recommended
values of reduction coefficient were proposed in the cases of soil plug and no soil plug. The results of this
study could be helpful for the calculation of SRD in pile drivability analysis.
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Fig.1 Schematic diagram of Fréchet distance
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Variation of soil resistance with depth inferred from the piling records of the same and different platforms
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Table 1 Summary of engineering backgrounds of 11 offshore platforms

ETRE BEAZR/m HERK/m I AREE/m i 75 MEMRCR R % SR RE R/ M]
FE1 2.134 99 80 THC S-500 8 87~98 1635~2 444
Fa2 2.134 121 99 THC S-500 12 76~90 796~2 426

a3 2.438 121.3 98 MHU 1200S 12 75~85 1 887~6 124
T& 4 2.134 100.2 77 MHU 1200S 12 75~85 2 265~6 451
&5 2.438 117.6 96 MHU 800S 12 42~70 509~1 253
FHE6 2.134 102.5 85 MHU 800S 8 76~89 1197~1577
T 2.134 99.7 80 THC S-500 8 80~94 659~917
Fa8 2.134 104 85 THC S-500 8 65~85 822~1 030
FH9 2.438 124.1 101 MHU 800S 8 63~87 1919~2 388
& 10 2.134 110.2 90 MHU 800S 8 80~88 903~1 274
FE 11 2.134 99.7 99 MHU 800S 3 50~70 1072~1 480
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Fig.8 Fréchet distance between the pile driving record and
pile drivability prediction using different reduction

coefficients for pile 1 in platform 9
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Table 3 Correspondence between the number of reduction coefficients and those at side and end

ERCES € R 1 2 3 4 5 6 7 8 9 10
] i 35 47 Uk R KK 1.0,1.0 1.0,0.9 1.0,0.8 1.0,0.7 1.0,0.6 1.0,0.5 1.0,0.4 1.0,1.2 1.0,0.3 1.0,0.1
ERCEYE R 11 12 13 14 15 16 17 18 19 20
) it 35 47 9k R K 0.9,1.0  0.9.0.9  0.9,0.8  0.9,0.7  0.9,0.6  0.9,0.5  0.9,0.4  0.9,0.3  0.9,0.2  0.9,0.1
ERCES € R 21 22 23 24 25 26 27 28 29 30
oy i 358 7 Uk 2R AL 0.8,1.0 0.8,0.9 0.8,0.8 0.8,0.7 0.8,0.6 0.8,0.5 0.8,0.4 0.8,0.3 0.8,0.2 0.8,0.1
Yril 2 F 5 31 32 33 34 35 36 37 38 39 40
] it 35 47 Uk R K 0.7,1.0  0.7,0.9  0.7,0.8  0.7,0.7  0.7,0.6  0.7,0.5  0.7,0.4  0.7,0.3  0.7,0.2  0.7.0.1
SRCES € R 41 42 43 44 45 46 47 48 49 50
] S 3 477 9k, 2 B 0.6,1.0  0.6,0.9  0.6,0.8  0.6,0.7 0.6,0.6  0.6,0.5  0.6,0.4  0.6,0.3  0.6,0.2  0.6,0.1
ERCEY R 51 52 53 54 55 56 57 58 59 60
] it 35 47 Uk R K 0.5,1.0  0.5,0.9  0.5,0.8  0.5,0.7  0.5,0.6  0.5,0.5  0.5,0.4  0.5,0.3  0.5,0.2  0.5,0.1
r vl 2 K 5 61 62 63 64 65 66 67 68 69 70
(ISR SR E R 0.4,1.0  0.4,0.9  0.4,0.8  0.4,0.7  0.4,0.6  0.4,0.5  0.4,0.4  0.4,0.3  0.4,0.2  0.4,0.1
ERCEY I R 71 72 73 74 75 76 77 78 79 80
] i 35 477 Uk R K 0.3,1.0  0.3,0.9  0.3,0.8  0.3,0.7  0.3,0.6  0.3,0.5  0.3,0.4  0.3,0.3  0.3,0.2  0.3,0.1
il F K i = 81 82 83 84 85 86 87 88 89 90
] i 8 47 Uk 2R B 0.2,1.0  0.2,0.9  0.2,0.8  0.2,0.7  0.2,0.6  0.2,0.5  0.2,0.4  0.2,0.3  0.2,0.2  0.2,0.1
ERCES R 91 92 93 94 95 96 97 98 99 100
] i 35 477 Uk R KK 0.1,1.0  0.1,0.9  0.1,0.8  0.1,0.7  0.1,0.6  0.1,0.5  0.1,0.4  0.1,0.3  0.1,0.2  0.1,0.1
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Fig.9 Variation of Fréchet distance and soil resistance with

reduction coefficient number in the case of soil plug
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Fig.10 Fréchet distance variation with soil resistance

for pile 1 in platform 9
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8 piles in platform 9
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Table 4 Summary of reduction coefficients for all pile foundations in platform 9

Jo A% H %
P R8s PR BREJI/MN i EER ) P AR GS PR E BRMJI/MN B %
57 0.5,0.4 36 75 70 0.4,0.1 31.8 100
58 0.5,0.3 35.5 75 79 0.3,0.2 29.4 100
55 0.5,0.6 36.9 62.5 80 0.3,0.1 25 100
56 0.5,0.5 36.4 62.5 96 0.1.0.5 29.2 100
53 0.5,0.8 37.8 50 87 0.2,0.4 31.6 75
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Fig.12 Summary of 11 platforms in the case of

no soil plug
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Fig.13 Summary of 11 platforms in the case

of soil plug
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Table 5 Calculation conditions of different platforms

£ RE + FEARDL A8 47 vk 7 % i B8 4T Ul 2R A
TH 1 T+ % 0.4 0.4
T 2 Jo+ %€ 0.6 1.0
T.H 3 % 0.1 0.1
T.H 4 1% 0.4 0.6

F5 9 1 8 MRAEM A LB 45 R an i 14 B
NS I R I D o VA < a1 RS e v e
IEHUE E R EMFE P EAE LA 9 s
A 4 B B3 BH ) 285 S B AR A 1) — B

KRS PR 4 M TR ESERSE 14 P x
BB AR, R RWME 14 Fros. MNE
14 AT L L T 4 28 T80, 00350 0 s 36 47 0 3R 4%
G3NR 0.4/0.4 B LRI EE R G569 8 ARBEM
R A B2 R E A 2 T L&A
Uity R T U 2R 43 A 0.1/0.1 fh = BH g 45 SR A AR /N
TS BR R A B R T S SR R iR T
{50 BE 3 A FH - T 988 AT A5 S B A = BE ) B T
TCAZE T LT S 0 iy #5498 2R £50 53 91 2y 0.6/1.0

AT A FE T B0 o 038 0 s 318 3 Dok 28 K 23 ) 8 0.4/
0.6 Byt PH 1 25 R B AR R TS BR  5 HFHL 0, ot
ST A R 4 4

1B J1/MN
0 10 20 30 40 50 60

— 1
— 2
— 3
— 4
— s

6

301

60

RS /m

— k8

—J:0.4/0.4
~= =760.6/1.0
—470.1/0.1
— -10.4/0.6

90

120

B14 FE59IFMEAIKIELER

Fig.14  Verification of reduction coefficients for platform 9
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