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Influences of Offshore Wind Turbine Large-Diameter Single-Pile Driving
Process on Weakening of Soil Strength Around Pile
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Tianjin 300072, China)

Abstract: Pile driving is the main installation method for steel pipe piles in marine engineering. High-energy continu-
ous hammering can reduce the strength of soil around the pile, effectively reducing the difficulty in pile driving.
However, as pile foundations and supporting construction equipment continue to develop towards larger sizes, the
disturbance of soil around the pile during the pile driving process will intensify. Therefore, accurately predicting the
strength weakening law of soil around the pile is the key to controlling the pile driving process. Aimed at this issue,

eight different methods for reducing the strength of soil around the pile were introduced into the pile driving analysis
software, and analyses and calculations were carried out. Through a comparison with the pile driving records, it was
found that the existing methods cannot accurately simulate the weakening law of soil around the pile during the proc-
ess of large-diameter single-pile driving. Subsequently, cyclic shear tests were conducted on the pile-soil interface to
investigate the effects of factors such as interface roughness, initial normal stress and the number of reciprocating
cycles on the weakening of soil strength around the pile during the pile driving process. Test results showed that cyclic
shear tests can effectively simulate the weakening phenomenon of soil strength around the pile during the pile driving
process, and the strength of soil around the pile will continuously decrease with the increasing number of cycles and
eventually stabilize to the residual strength. The greater the initial normal stress, the lower the degree of weakening of

soil strength around the pile. In comparison, the higher the roughness of pile-soil interface, the greater the degree of
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weakening of soil strength around the pile. Meanwhile, based on the back analysis of a large number of offshore wind

turbine large-diameter steel pipe pile driving records, a simulation method considering the weakening of soil strength

around large-diameter steel pipe piles under the joint action of pile-hammer-soil was proposed, and its reliability was

verified.

Keywords: pile foundation; pile driving; soil strength weakening; cyclic shear test
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Tab.l Geological parameters (Case 1)
+EEY | LEAK | BIREE/m | AREE/ N/m) | RAPKIRE/KPa | NEEESM/ () | MEMBAEE ) /kPa | AR OB JI/MPa
1 s 2.50 9.5 — 31 15 —
2 Bt 4.68 9.1 17 24 10 —
3 M+ 7.42 8.8 21 — 10 —
4 Hrid 8.30 9.4 — 28 30 1.0
5 WA+ 9.96 8.7 30 — 35 0.5
6 Wz + 12.78 8.7 26 — 24 0.3
7 s 16.22 9.2 — 30 46 1.8
8 b dpiE 21.04 8.7 55 — 43 1.0
9 b 22.10 9.1 — 29 48 1.9
10 brilpiE 26.34 9.3 53 — 55 1.5
11 Mzt 28.60 10.1 70 — 60 1.8
12 s 32.78 9.5 — 36 81 438
13 b 33.86 9.4 — 30 67 2.9
14 b 36.74 9.5 — 35 81 438
15 M RE 1 42.10 9.3 100 — 68 22
16 b 49.36 9.3 — 34 81 438
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Tab.2 Geological parameters (Case 2)
+EEY | LESAK | BEREE/m | AR/ NmY) | RHPKIRE/KPa | NEEEM/ () | MEMEAEE ) /kPa | RN AL S/MPa
1 b 1.18 9.5 — 30 15 —
2 i 7.76 9.1 30 28 10 —
3 Hwb 11.40 9.4 — 29 25 0.9
4 b 14.82 9.2 — 31 40 1.5
5 ot 16.84 9.4 — 26 45 1.6
6 i 17.84 9.2 — 28 48 1.7
7 b lpiE 22.68 8.7 50 — 42 1.0
8 b 24.34 9.1 — 30 50 2.1
9 brlpiE 30.48 9.3 55 — 60 1.5
10 b alpiE: 34.80 10.1 80 — 65 2.0
11 b 42.44 9.5 — 37 96 9.6
*3 RSE (A 3)
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2 s 1.80 9.5 — 27 15 —
3 Bt 5.10 9.1 25 24 10 —
4 Wzt 6.94 8.8 23 — 10 —
5 Bt 8.32 9.2 40 25 15 —
6 g 10.08 9.4 — 31 25 0.8
7 b 19.88 9.2 — 32 45 1.5
8 Wzt 23.10 9.6 — 29 48 1.9
9 g 24.72 9.1 — 33 67 2.9
10 Wzt 28.08 9.3 55 — 60 1.5
11 Wz + 30.10 10.1 85 — 65 1.9
12 b 35.90 9.7 — 36 81 438
13 Wzt 36.58 9.1 115 — 64 22
14 b 38.38 9.7 — 38 96 9.6
15 W+ 40.50 9.8 110 — 68 22
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Fig.1 Analysis results of pile driving
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Tab.4 Physical parameters of soil for testing

TR | VRRR | YRR | B p/ | FLBREL | TR pd | BAKER
G, | wi/% | wel% | (g/em?) e (g/em?) wi%

273 13760 [ 1727 190 | 095 1.40 35.7
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Fig.2 Steel plates with different roughnesses
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Tab.5 Schemes for cyclic direct shear test

YIS SRS VIR A1) F1/kPa
1 bt 100,150,200,250,300
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Tab.6 Geological parameters (Case 4)
+EEY | HESAK | BEEEMm | AER/ KN | AHOKGEREE/KPa | PUEEEEf/ () | MEMBALIEE J)/kPa | AN 0B JI/MPa
1 wi 7.5 20.4 6.7 36.8 25 —
2 it 13.7 19.3 8.3 35.7 35 —
3 b 20.3 20.1 7.0 36.7 42 —
4 SIeAl e i 29.6 18.2 12.8 26.1 26 —
5 Aty 372 19.8 9.0 36.4 40 —
6 MR+ 38.0 18.6 20.1 13.2 46 —
7 b 54.0 20.4 72 36.6 66 4
8 MR+ 58.0 20.1 4.0 33.8 72 —
9 MR+ 60.0 19.2 35.6 16.0 55 —
10 MR+ 73.0 19.0 26.5 17.7 56 5
x7 WRSE GBS
Tab.7 Geological parameters (Case 5)
+EES | LEAK | BEREm | A8EE/ N | AHPKSREE/KPa | REEEEA/ () | BEMIEAAIBE T /kPa | AR 0 /MPa
1 s 8.1 20.4 6.7 36.8 25 —
2 s 19.2 20.1 7.0 36.7 42 —
3 SIeAl e i 322 18.2 12.8 26.1 26 —
4 MR 1 43.7 18.6 20.1 13.2 46 —
5 MR 1 52.0 19.2 35.6 16.0 55 —
6 s 65.0 20.2 6.7 36.9 72 45
7 s 76.6 20.3 7.5 36.8 78 5.0
£8 ILiEXfl4. 5HTHSH K 8 BYFTHER A AT 4h S nT LURH [m) X He P 375 1l
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Fig.8 Back analysis results of pile driving (Cases 4 and 5)
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Tab.9 Geological parameters (Case 6)
+EEY | LEAKF | BEEEm | ASEE/ KN | AHOKIREE/KPa | NEEES/ () | AEMIBANIFE Jy/kPa | M L7 BH J1/MPa
1 s 6.0 20.4 6.7 36.8 25
2 Bt 14.2 193 8.3 35.7 35 —
3 Iy = 27.0 18.2 12.8 26.1 26 —
4 s 28.8 19.8 9.0 36.4 40
5 brlpiE 36.2 19.9 22.0 31.5 76 —
6 Wzt 41.6 18.6 20.1 13.2 46 —
7 s 59.8 20.4 7.2 36.6 66 4
F 10 HERSE(ELH 7)
Tab.10 Geological parameters (Case 7)
T+E2E | HEAFK | BREEm | A%EE (KNm) | RHOKSREE/KPa | PEEESM/ () | AEMEAAIBEFI/kPa | AL FH F1/MPa
1 IR ZL £ 14.0 18.5 17.6 12.7 15 —
2 Iy = 26.0 18.2 12.8 26.1 26 —
3 g 33.8 19.2 24.0 15.6 50
4 b 38.3 19.8 9.0 36.4 40 —
5 Mg+ 52.0 18.6 20.1 13.2 46 —
6 b 60.0 20.2 6.7 36.9 72 45

R11 TEXM 6. THTHSH
Tab.11 Pile driving parameters (Cases 6 and 7)
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Fig. 9 Back analysis results of pile driving (Cases 6 and 7)
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Tab.12 Geological parameters (Case 8)
TREES | LRAKR | BIREE/m | AR GN/m’) | AHOKSRE /AP | RIS/ () | HEMISRAIRE S /kPa | A S BE J1/MPa
1 wib 2.4 20.4 6.7 36.8 25 —
2 SIEY = 13.4 18.5 17.6 12.7 15 —
3 oy 17.4 20.1 7.0 36.7 42 —
4 Iy = 35.0 18.2 12.8 26.1 26 —
5 LyidriE 39.1 18.6 20.1 13.2 46 —
6 bisEg 522 20.4 7.2 36.6 66 4.0
7 WA+ 58.5 19.2 35.6 16.0 55 —
8 s 60.2 20.2 6.7 36.9 72 4.5
9 WA+ 61.7 20.1 4.0 33.8 72 —
10 b 65.0 20.2 6.7 36.9 72 4.5
11 D 715 20.3 7.5 36.8 78 5.0
F13 HRSE (541 9)
Tab.13 Geological parameters (Case 9)
+EES | tREAKF | BIREE/m | AEE GN/m') | AHOKSRE /AP | RIS/ () | HEMIBRAIRE S /kPa | A 2 BH T1/MPa
1 oy 7.8 20.4 6.7 36.8 25 —
2 it 13.5 19.3 8.3 35.7 35 —
3 bisLig 14.8 20.1 7.0 36.7 42 —
4 Iy = 26.5 18.2 12.8 26.1 26 —
5 WA+ 30.4 19.9 22.0 31.5 76 —
6 WAL+ 37.0 18.6 20.1 13.2 46 —
7 s 50.0 20.4 7.2 36.6 66 4.0
8 M+ 60.2 19.2 35.6 16.0 55 —
9 bisEig 67.0 20.2 6.7 36.9 72 45
10 RS 75.8 20.3 7.5 36.8 78 5.0

F14 TIEXHI8. 9ITHSH
Tab.14 Pile driving parameters (Cases 8 and 9)

(a) TFESLH 8

TRREHIHS | HEK/m | R/m | STHEERS | ARHEE/m
8 83.0 7.0 IHC-S1800 60.0
9 84.0 7.0 IHC-S3000 63.0
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Fig.10 Back analysis results of pile driving (Cases 8 and 9)
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Tab.15 Geological parameters (Case 10)
TEES T+EXHR JERSIREE/m | AT/ (KN/m®) | AHEKGREE/KPa | INEEIESM/ () | AEMIBALIRE F1/kPa | Ak B BH /1/MPa
1 b 6.6 20.4 6.7 36.8 25 —
2 Wt 14.0 19.3 8.3 35.7 35 —
3 wib 20.4 20.1 7.0 36.7 42 —
4 W R 31.6 18.2 12.8 26.1 26 —
5 wib 34.0 19.8 9.0 36.4 40 —
6 wib 50.0 20.4 72 36.6 66 4.0
7 wib 60.0 20.2 6.7 36.9 72 4.5
8 HHRE L 69.5 19.0 26.5 17.7 56 —
9 abJe ks £ 76.6 20.3 7.5 36.8 78 2.0
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