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Inner frictional resistance of super-large-diameter steel pipe piles in sand

LIU Run, HAN De-qing, LIANG Chao, HAO Xin-tong
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: In recent years, with the increasing installed capacity of offshore wind power, the super-large-diameter steel pipe pile
foundation has been widely applied. As the effect of soil plug weakens or disappears with the increase of the pile diameter,
accurately calculating the inner frictional resistance of super-large-diameter steel pipe piles is especially important. In this study,
the centrifugal model tests on the vertical bearing capacity of super-large-diameter steel pipe piles in sand are carried out using
the double-wall pile form to study the inner frictional resistance. Then the action laws of the inner frictional resistance under
different diameter-to-length ratios of steel pipe piles with diameter larger than 4 m are studied using the numerical simulation
method. The calculated results are compared with API standard, and a new formula for calculating the inner frictional resistance
is proposed. The research reveals that the inner frictional resistance of the super-large-diameter steel pipe pile shows a
triangular pattern with the pile end greatly decreasing along the pile body. When the diameter-to-length ratio is less than 0.2, the
inner frictional resistance of the steel pipe pile calculated by API standard is too large.
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Table 1 Parameters of model and prototype piles

- HE O ANLE Kk BE PURRIE
Dm KLm DL #mm /(10°MN)
JREIGEPL 4.00  50.0 0.08 84 217.0
JFAIFEP2  8.00  50.0 0.16 94 490.0
BERAE M1 0.04 0.5 0.08 7 21.7
BERAE M2 0.08 0.5 0.16 7 48.8
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Fig. 1 Instrumented model piles
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Fig. 2 Calibration curve of relative density
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Fig. 3 Model box and pile arrangement
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Fig. 4 Schematic of vertical loading
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Table 2 Test programmes
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V-2 M2 750
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Fig. 5 Load-displacement curves of bearing capacity tests
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Fig. 6 Axial load distributions of inner and outer piles under

different load levels
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Fig. 7 Frictions of inner and outer shafts of piles under different

load levels
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Fig. 8 Schematic diagram of finite element model
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Fig. 9 Comparison between finite element and centrifuge test

results
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Table 3 Arrangement of finite element calculation

or) RN K 7K BEJE
D/m L/m D/L t/mm
P4-50-90 4 50 0.08 90
P5-50-90 5 50 0.10 90
P6-50-90 6 50 0.12 90
P7-50-90 7 50 0.14 90
P8-50-90 8 50 0.16 90
P6-25-90 6 25 0.24 90
P6-30-90 6 30 0.20 90
P6-40-90 6 40 0.15 90
P6-35-90 6 35 0.24 90
P6-60-90 6 60 0.10 90
P6-70-90 6 70 0.09 90
P6-50-70 6 50 0.12 70
P6-50-80 6 50 0.12 80
P6-50-100 6 50 0.12 100
P6-50-110 6 50 0.12 110
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Fig. 10 Comparison of vertical bearing capacities of piles with
different sizes

Retra - Arrg h 2 EAETRAI AL IAE] 0.1D FX R
FRIAPE TOUART 285 A g R AR AN A R 1) A PR AR 3
B G SR AR 00, 0. O
Q, 7375 APV T+ R4S 2 ) 45 JRABEAT X L, X EL 4%
RIN T 4,

HIZ% 4 AT, HIT APLANTE X0 & BH g A BEL AN
€ T ERRAE, AEHAH AT 20 A EERH 3 RS BE A2 /)
THRTTHTES R, X TREKHNT 0.2 Bk, API
THEAS R N EERL 3 K TA R4 R, JF
HARK N APY TSR 56 BR e 2 3 i 2 bk, 1
TR R TMEET 0.2 Mk, APLiHEARIN
M EERE 3/ T BRTCHITHEE AR

I3 AR EEAN AR K EE A BROTRE AR o MU fEE
BEL 73 AR sy BEL 5 8 i) W R A 2 0 6 AL A B 11 s
HE 11 FTEAE Y, A FAR K B R EAR AN A A
B T S A BRI i, BEE AR BRI, el
JEE R 73 5 e fm) A BR A B ) LA IS R, 0 T4
HORT45T 0.2 MR i, PN BERH T o bL L2
LT AMUEER Y. Bk T B 4 my 2KHOR
T0.08 ) R T K B AR A A EE BE 5 1)
IAEAENT B8 [ B R A B 7T I AN T B 1

0.8 —=— SMUEERL SO,
—e— WHIEERLIIO,
—— SHESEELN 0,

e
=

o B i PR AR R 0 LU AL
=3 =)
o =

0 0.05 0.10 0.15 020 025
BRI

11 MR RIS FIBR R L HIEE KA
Fig. 11 Variation of loading ratio of parts in different pile
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Table 4 Comparison between finite element and API results

‘ A BIR G API 5%
] oL KR PMEERLA  AMUAERL SRR KE WDUEERR AMUBSIH  SREEL
OJ/MN 05 o/MN Ot JIIMN  O/MN  O/MN 7] Os/MN  Qr. JI/MN 0,/MN

P4-50-90 0.08 78.11 15.81 53.08 9.22 81.61 37.17 38.92 5.53
P5-50-90 0.10 105.17 24.59 66.97 13.61 102.49 46.90 48.65 6.94
P6-50-90 0.12 137.09 36.43 81.11 19.55 123.36 56.63 58.38 8.36
P7-50-90 0.14 171.73 50.15 95.44 26.14 144.23 66.36 68.11 9.77
P8-50-90 0.16 207.64 64.89 110.68 32.06 165.10 76.08 77.84 11.18
P6-25-90 0.24 72.50 31.34 20.68 20.48 47.58 19.60 20.21 7.77
P6-30-90 0.20 81.26 31.00 29.72 20.54 63.20 27.01 27.84 8.36
P6-35-90 0.17 94.00 32.56 40.13 21.31 78.24 34 .41 35.48 8.36
P6-40-90 0.15 107.12 33.80 52.06 21.26 93.28 41.82 43.11 8.36
P6-60-90 0.10 172.82 38.94 116.53 17.34 153.44 71.44 73.65 8.36
P6-70-90 0.09 211.24 37.58 157.90 15.76 183.52 86.25 88.91 8.36
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Fig. 12 Comparisons of inner frictional resistances of piles with

different sizes
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