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Influence of different pile tip forms on vertical bearing capacity of
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Abstract: Most of the existing methods for calculating the vertical bearing capacity of pile foundations are based on
specifications, which have certain limitations. This paper, relying on the Hangzhou Bay Cross —sea Railway Bridge project,
conducted 17 groups of high —strain tests on in-situ temporary steel pipe piles in the seabed, systematically exploring the
vertical bearing characteristics of steel pipe piles with different pile tip structures (including open, semi—open and closed types)
in deep and weakly covered strata. The test results show that the measured axial bearing capacity test values of the 15 groups of
steel pipe piles with different pile tip types are all greater than the design values of compressive bearing capacity, indicating
structural safety. By comparing and analyzing the open, semi—open(cross partition, inner ring plate in the pile)and closed
(conical closed 30°, 45°) steel pipe piles, it can be concluded that the inner ring plate steel pipe pile can increase the vertical
bearing capacity by 15%, and this method is recommended and adopted in the project. Compared with steel pipe piles with
cross partition, the side resistance of steel pipe piles with internal ring plates is improved more significantly. As the pile length
increases, the measured values of the vertical bearing capacity of pile foundations gradually approach the design values.
Moreover, an improved bearing capacity calculation method is proposed based on the existing specification method for
calculating the compressive bearing capacity of pile foundations, with full consideration of pile tip forms. This study provides a

reference basis for the design optimization of temporary structures in marine engineering.
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Table 1 Geological parameters for different boreholes

HifLgns | 2SS | BT Rm | JEREEm | ZREEm | 2R /m + )2k it B LSO BR A0 BH/k Pa
-5.66 7K
DZ257 | 2-3-1 -5.66 -14.97 9.31 M, M 20
3-5-1 -14.97 -50.46 44.8 WL, W, R R 20
1.68 7K
D7276 | 2-3-1 1.68 -14.02 16.60 M, M 20
3-5-1 -14.02 -49.72 51.40 WUt WA, iR B 20
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Table 2 Test conditions
R TR Ui siig ML MRS P /m AR /m TR E B HE/AN
TH1 S7-1 Sinn! ¢$1 000 mmx10 mm 51 39.8 1 904.4
T2 S7-2 Tk 7 B AR ¢1 000 mmx10 mm 51 39.8 1 904.4
o3 S7-3 HETE AT (45°) ¢1 000 mmx10 mm 51 1904.4
T 4 SZ-4 HETE AT 11 (30°) ¢1 000 mmx10 mm 51 3.0 1904.4
THS SZ-5 HE PR FR B ¢1 000 mmx10 mm 51 39.8 1904.4
TH 6 S7-6-1 inn! 1 000 mmx10 mm 42 35.0 16747
T 7 SZ-6-2 HENFRHR ¢1 000 mmx10 mm 42 35.0 1674.7
Lot 8 S7-7-1 FF 1 000 mmx10 mm 36 29.0 13876
[ 9 SZ-7-2 IR 1 000 mmx10 mm 36 29.0 13876
L3 10 S7-8-1 i 1 000 mmx10 mm 36 29.0 13876
o 11 S7-8-2 PR FR R ¢1 000 mmx10 mm 36 29.0 1387.6
TH 12 S7-9-1 i 1 000 mmx10 mm 36 29.0 13876
[ 13 S7-9-2 FEP AR 1 000 mmx10 mm 36 29.0 13876
Lo 14 SZ-10-1 Fo 1 000 mmx10 mm 36 29.0 13876
Lo 15 SZ-10-2 PR FR R ¢1 000 mmx10 mm 36 29.0 1387.6
TH 16 SZ-11-1 o 1 000 mmx10 mm 31 24.0 11484
T 17 SZ-11-2 GIANEIY ¢1 000 mmx10 mm 31 24.0 11484
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Fig. 1 Diagram of pile tip structural forms(mm )
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Table 3 Measured test results of the vertical bearing capacity of pile foundations

N N . > Ay 5 1] 7K 2 | EE i
vews| w | wwest | mwsec | | gan SRR IR | e | s | afia
T 1 S7-1 I ¢$1 000 mmx10 mm| 51 39.8 1 904.4 3 500.0 31839 | 3l6.1 3
TH2 S7Z-2 Midin 7B |1 000 mmx10 mm| 51 39.8 1904.4 36534 32365 | 416.9 3
T3 SZ-3 | HEIEMI(45°) |1 000 mmx10 mm| 51 1904.4 3
T4 SZ-4 | HEIHI(30°) (¢l 000 mmx10 mm| 51 3.0 1904.4 1 100.0 3
TH5 SZ-5 BEFR | d1 000 mmx10 mm| 51 39.8 1904.4 40326 36933 | 3393 3
TH6 | SZ-6-1 ide! 1 000 mmx10 mm| 42 35.0 16747 35803 32579 | 3224 7
TH7 | Sz-6-2 WEHFHR | d1 000 mmx10 mm| 42 35.0 1 674.7 4105.1 37259 | 3792 7
TH 8 | Sz-7-1 i ¢$1 000 mmx10 mm| 36 29.0 13876 2 989.1 27113 | 277.9 7
TH9 | SZ-7-2 WERFRM  |p1 000 mmx10 mm| 36 29.0 1387.6 3 666.3 3331.6 | 334.7 7
T 10 | SZ-8-1 FFr ¢1 000 mmx10 mm| 36 29.0 1387.6 3019.0 27658 | 2532 7
TH 11| SZ-8-2 HERFRM |p1 000 mmx10 mm| 36 29.0 1387.6 3491.2 3146.6 | 344.6 7
TH 12| S7-9-1 O ¢$1 000 mmx10 mm| 36 29.0 13876 3 053.0 28318 | 2212 8
TH 13| SZ-9-2 WERFRM |p1 000 mmx10 mm| 36 29.0 1387.6 3551.6 31944 | 3572 8
T 14 | SZ-10-1 i ¢$1 000 mmx10 mm| 36 29.0 13876 3 106.0 28205 | 2855 8
T4 15 | SZ-10-2 WEFRHR | p1 000 mmx10 mm| 36 29.0 1387.6 3 560.1 32032 | 3569 8
L 16 | SZ-11-1 i 1 000 mmx10 mm| 31 24.0 11484 2818.7 25794 | 2393 7
[ 17 | SZ-11-2 BEFR |1 000 mmx10 mm| 31 24.0 11484 33992 31500 | 2492 7
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Table 4 Effect of pile tip forms on vertical bearing capacity

. o s " AT | HfB =R S | HAWE A MERE | Hofte bk e
LoAS | e BesH A BE R /m o ﬁgi%iii ﬁéié%ﬁﬁ ﬁ&ﬂ;%£2
T8 S7-1 Fuo 51 39.8 1.00 1.00 1.00
[RT) S7-2 T+ B AR 51 39.8 1.04 1.02 1.32
TH3 S7-3 HETEIAT 1 (45°) 51
T 4 SZ-4 HETE I 1T (30°) 51 3.0
TH S SZ-5 HE PR 51 39.8 1.15 1.16 1.07
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Fig. 2 Ratio of vertical bearing capacity of pile
foundations with inner ring plates to that of
open—ended pile tips

3.3 mKRAAEAARER A A

AR 188 ) 7K 2R ) I s R R S UL, AR
SC BRI A3 [ A S0 A 1) 7 28 G 61
55 (RS BRI R ) A O BT R R 3t
{E P 3 A I 1R P9 IR AN [ AR 45 1
T ) R 2 A 56 L (S S5 T R R R A
(ZE 1.3 RBOMEAE AR, 3%, 5K
DNy 1) 7 2% R B0 (R BT R R 4R BT TELY 1.84~
2.96 i, AP FAR ) B AE R T bk T Y HGAE,
X R IAGERY BT 2 4 (SEIN A (1.84~2.96 ) >FiiE
TR 1.3), WREZITERHATIR.

350

= —e— PRI
im 2.96
g 0T 25 —— Bk PIFRHR
€73 250f 35— 25
:Z 5 245 2.20 2.12
g 22 2.00 218 2.14 .
R 2115 1.84
? 1.50
1.00 . . . . )
20 25 30 35 40 45
HEA LR /m
B3 REIRSE N E AR NG ESRERE T
EILE

Fig. 3 Ratio of measured axial bearing capacity values
under different working conditions to the designed
compressive bearing capacity values
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capacity values and on-site measured values
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