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Abstract: Pile foundations are widely used in marine and hydraulic engineering due to their strong bearing
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capacity, ease of manufacturing, and construction. However, the safety and stability of these foundations are
vulnerable to natural disasters such as scour. Statistics show that more than half of the bridge water damage
accidents in the past were caused by scour. Current pile foundation standards mainly focus on the impact of scour
on horizontal bearing capacity, neglecting the change in the stress state of surrounding soil due to the formation
of scour holes. Based on similarity theory and dimensional analysis, laboratory model tests were conducted
using aluminum alloy pipe piles and Fujian standard sand, with stable scour pits formed by custom-designed
molds. The vertical bearing behavior of single piles and pile groups under scour conditions in sands of varying
densities was investigated through a step-loading method, analyzing the influence of key factors including pile
spacing and soil density. The results show that the pile length-to-diameter ratio is positively correlated with the
bearing capacity. Scour weakens the vertical bearing capacity of the pile foundation, with a decrease in the
stiffness of the normalized t-z curve and a shift of the yield point on the P-s curve. Compared to the undisturbed

condition, the ultimate load of the single pile and pile group under the scoured pit condition can decrease by

approximately 26 % and 24 % , respectively.

Keywords: pile foundation; vertically loaded pile; loading model; scour effect; model test

Ak 5 fily DRI HG 7R 48 7 9 it T B L EE N PR R
TEK TR TS b iz N FH o SR, 7K T A i
14 22 4 R M B A2 ol JE s ) S oK 3 4R
SEEOPE A AR R B B AR R S e B R A7 AR
AJF 0 2 0 55 HOR BT, 8O B R IR A A
Zo— o MR B AZ KGR UG VD REPE e K T kL
A5, LRSS R AR W3 6 TR R RS K T B
FK It e £ 2[R 520 o A6 B2 K ST 3 B v ol
il 53Ry 338 . — M eh kil i B AR K AR g R,
55 2T G W A v, PR SR R A e K T 3
KN B VDGR T 38 s 5] R 5 R S ] 2 4
W B A K R AR A B ) 5 SR AR Ik

T R AT A A2 K U8 VD R M S 2 A R A
Z R R IR T, HORS B 1000 77 78 B K i
Sy a7 A TR B, S B e 3 R S e R R i
TR T AT A ) R B 5 SR R R B T S A3 1 AT A
o EAT U R0, A R A K B B A L
UL B ST eV | B S S 18 Gl R X B 01 .0
TR R 205 KT 6 P A8 24 1) o R 7, 9 U0 O i 8 R
AR [ 3 98 B vho B, B IARE SRR S B . &
XX — B G, 0 S SR T = A R X B SR S o
i) $7¢ ) 7 A 55 Y, L T Boussinesq 5 fuf 2 7 FE E S
T AR SIS T R A BR TR g T
A EE 5 AT AR ) ST T AR B el R B S T R
7 TR A B Y| L T 2 T PR s TR] v ) o = i 4
R e N w2 N AP B N v - R Ll Do)
Mok 22 4 g I 3 U, G S0 1 1) R 3 ) R
E B I U S g TR A O B A R A . R B
5% TR AL T R vl 52 ma AL E R A T R
YA R C IR IR R B B AR R AR R T
R TS R 27 AR AR 3%k DR R T SR )

T2 5 e A U e AR R S R AR R AR A e s
S OANER/ G- RVAN IR VA RSE VA - A A S i}
Ja L BRIG SRR A B 22 00 ik o T T30 B SRR AR b
XA ) B R WA ; Liang 5519 5E F Abaqus JiF 55 %% &
ol 25 Sy S e ) A R L 5 Y u S A X 2% A
Il A 28 B 43 T S AR AR > S > e ) A
B 2 AL I I o R B R T R R S
SRR B 1E AR e o

AR, A GE A 5 R 4Pk B R i 9 B 5
T WAL Ge M — 5 43 W HE L | 1) 22 49 B 37 e R
JE R A U7 L5 8 A T AR R P KT I  1) TR A
& . 2V G O BLEOR G R E T A -2 - 1
TR B ROEE A A AL (ndE R 2 CFD-DEM #§ & &
2 LR A R A R L) R EZim T2 2K B
F1EAF T ol 3508 Ak 5 0 - b L TD T A e R Y B S
A& B AL, FE TR B A2 45 (DNN) K ]
EAC M 45 (LSTM) K P B A5 8 0 28 9 45 (PINN) 42
¥, filt A 30 S W 0 E5 L B 0 5 v AR U
RRADL 45 5, AL F 1 1o Rl RS - 2R ) e U ) e A
T AL 7 227

i 1 P 3 ek A A G 3 B AR s R -+
HH B AR FH 55 40 55 B2 2 DL 0 3 ) 55 B R R ) 7 3K
1o A AE S 7R v R - 7R 4% ) B AR B B R A
L5 %5 R UM ASE A AT I R ARG A P S ol
TEA T A M- 55 1o 3 2 i 7 56 A 4 R AR g
A R ARk PR A BT I /e i AR T
fe kg B SR R g A A AN AT A . R, I
JR ZR G5 1 i ) BT 2% A T A R 1R g R B R M N
AL U0 O B, SEF b, 28 3 0 ol bt 2%
PR, TF J SbE 55 BT 14 18 1) AR 48 ) R PR A AR G
5 AT I ) S B0 i - T R i R % A 4% 3 HL



% XX #

ER 5 A RRIEM TA L EEFBHREEG L AERNREFR 3

il (-2 B 26 By 52 m
1 it
1.1 ENSHSHEMUABNHE

oA ff P i 56 A AR 5 R 2 ) LA A TR Y D 2
T, 0 T ARG AR LB A9 = K B (I Bl o
P00 B R AR SR 86 A JL AT SR 1F L R A
18 Bl Z A A AT 20 A, 38 1 i A A BT i o A R
AL B K TG B 40 2 550

PRl 1L 2 Sy BRCAE F0REATE (94 el 07 A B A
KRS, bRl SR B LT S 500 T 275 1 R BE
R G R A R VR R R A A 0
6] W 77 o A0 RS s HEON BY 1N ¢ 2B 5 AR TR faf 2k P
MEI AR d BERIG A BUREE L, MER SRR B E, |
I JE] A R A i B, B R A R By R
ARHNEEM o FHER L. T bl 54T W
U i) AZ A BAAE T 25 R R G A4S 1 e R 33 B e R
WREE S, RIS 58 S PRI TR 58 S, 55 T 28, Bk
F o, R 1AL TR SHEERE L FHE .

=

|

Sut
\% _Lsa

|
-
Sa

(a) HpE (b) MM
B R AR R R E

Fig.1 Scour model cross-section
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Fig.2 Scour model section view
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Table 1 Conversion of actual engineering to model test
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Table 2 Basic physical parameters of model pile material
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Table 3 Basic physical properties of Fujian standard sand
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1.3 EEEHRE

F 8B g A A B m B L B 2 R
FH—~ 181 800 mm , PN 42 800 mm f A~ 5 84 5 1 1
BERIFE AT IR0 o 7519 A [R] B, 2R T 3 Ao A
TR R R T 0T 3 30 A TR A 7 A < T O A R i) 3k
05 45 TR 00 VB 1 AT O L 28 B 5 R DA A T SR A AR



T KRE5x3 £ FROPE

% XX A

4
100 3
7
%0
1.43%

.80
: /
I 70
1 1d
ﬁ 60
=4 / dg,=0.75mm
+ 50 "%
/
I
540
£ ol |
t 30 / —o— ki ih 2k

20

oy
10

oo

.01 0.1 L 10 100
HrE (mm)

3 FURLZRED B 2k

Fig. 3 Grain size distribution curve of standard sand
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Fig.5 Front schematic of the model box
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Fig. 6 Schematic diagram of the pit mold
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Table 4 Pile group cap slab parameter
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Fig.8 Schematic diagram of dynamic loading equipment
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Fig. 9 Experimental implementation flowchart
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Fig. 10 Load-settlement curves at single pile head
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