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Abstract: Aiming at the difficulty in evaluating the ultimate bearing capacity of existing pile foundations for reuse, this
paper analyzes the ultimate bearing capacity of existing pile foundations through on-site static load tests and numerical
simulations involving 13 existing pile foundations. Based on 230 data samples, this study predicts the ultimate bearing
capacity of single piles using backpropagation (BP) and particle swarm optimization-BP (PSO-BP) neural networks, and
then evaluates the prediction results using three metrics: coefficient of determination (R?), root mean square error (MAE),
and root mean absolute error (RMSE). The results demonstrate that the ultimate bearing capacities of all 9 destructively
tested piles is 2 to 3 times the reuse design value for pile foundation, indicating a relatively sufficient safety margin.
Furthermore, the rebound rate of the 4 non-destructively tested piles exceeds 80%, and numerical simulations confirm that
the ultimate bearing capacity of each single pile is greater than the reuse design value, verifying the feasibility of their
reutilization. A comparative analysis of the prediction models reveals that the coefficient of determination of the PSO-BP
model increases by 196% compared to the traditional BP model, while the MAE and root mean square error RMSE decrease
by 66% and 62%, respectively. The prediction errors are mostly controlled within+2 000 kN. The research findings provide a
scientific basis for the efficient evaluation of bearing capacity and reuse of existing pile foundations.
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Table 1 Parameters of test piles for internal force measurement

IS HEFE/m HEK/m TR EE 150 E/MPa PR BB THI/AN L
Test station  Pile diameter Pile length Concrete strength Reuse the design value of the bearing capacity Remark
LZ1-1 1.50 37 C25 3910
LZ3-1 1.00 21.10 C25 1395
LZ3-2 1.20 23.80 C25 1615
LZ4-1 1.20 15.90 C25 1 400
LZ4-2 1.20 17.90 C25 1420 N ERT
LZ5-1 1.00 16.10 C25 1050
LZ5-2 1.00 17.80 C25 1180
LZ6-1 1.20 35.60 C25 2300
LZ7-1 1.20 29.70 C25 2570
LZ1-2 1.50 35 C25 1675
LZ1-3 1.50 37 C25 1700 R
LZ2-1 1.60 41 C30 3250 IR
LZ2-2 1.80 41 C30 3700
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Fig. 1 O-s curve of test pile
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Table 2 Vertical compressive static load test data of test piles
=] s Tk L S A7 | =] | o -
i R RO RO G IURETRN RO
Maximum amount of Ultimate Ultimate bearing Maximum
Test station Maximum loading Spring rate
displacement displacement capacity Frequency
LZ1-1 8160 53.41 15.20 7 820 13.50 25.28
LZ3-1 4603 71.80 12.01 3348 15.33 21.35
LZ3-2 5400 82.59 21.50 4200 20.95 25.37
LZ4-1 4200 78.06 9.42 3360 20.59 26.38
Lz4-2 4260 81.36 14.38 3408 17.32 21.29
LZ5-1 6300 121.46 22.89 4725 10.83 8.92
LZ5-2 6490 82.36 14.74 4720 14.02 17.02
LZ6-1 6900 72.45 15.68 5520 13.38 18.47
LZ7-1 8481 85.18 16.54 6168 21.46 25.19
LZ1-2 3350 4.75 / / 4.55 95.79
LZ1-3 3400 6.02 / / 4.84 80.40
LZ2-1 6500 5.00 / / 4.27 85.40
LZ72-2 7400 5.08 / / 4.28 84.25
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Fig. 2 Schematic diagram of the three-dimensional numerical
model
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Table 3 Model soil parameters

+2 HPER /M Pa HEL/N4 Fh % S1/kPa N EESEE 1 /° R kg m™
Soil type Elastic modulus Poisson's ratio Cohesion Internal friction angle Soil density
224+ 28 0.25 17 20 1 800
2-5%h+ 24 0.30 38 25 1 900
4-1 Ky mEE+ 26 0.28 25 25 1850
5-1 A+ 24 0.25 22 22 1 890
6-1 %+ 22 0.27 27 26 1950
7-18 g+ 26 0.28 28 24 2000
8-1 M FZh+ 25 0.27 26 28 2030
9-1 Fy g+ 27 0.28 24 28 2050
10-1 ¥ JFidh 1 26 0.25 28 30 2 050

EH T A VR i L 5 A5 0] AR AR ) 5
NG AR RBUE T S R AE AR Y SR C25 IR 5
B, Homa kAR N 30 GPa W THFA EL 9 0.20. R
FU LR IR 25 TR AR A B, 7 70 455 20 R A
ML FE T IEA W R, Wit 2 K& 4 K FIEAS
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Table 4 Factor-level table

SES
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Levels Wi /m HEK/m
Pile diameter Pile length
1 1.20 30
2 1.40 35
3 1.60 40
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Fig. 3 Numerical simulation Q-s curves of 16 single piles
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Table 5 Simulation results of ultimate bearing capacity from a single pile of 16 groups

Hirs BEAR/m BER/m e BRAFS /mm e R AR /KN
Number Pile diameter Pile length Ultimate displacement Ultimate bearing capacity
1 1.20 30 13.66 5440
2 1.20 35 14.82 6460
3 1.20 40 20.46 7 480
4 1.20 45 23.57 8500
5 1.40 30 18.40 6120
6 1.40 35 21.83 7 140
7 1.40 40 22.53 8 160
8 1.40 45 19.41 9180
9 1.60 30 18.09 6 460
10 1.60 35 17.97 7 480
11 1.60 40 18.58 8500
12 1.60 45 22.68 9 860
13 1.80 30 18.44 6 800
14 1.80 35 16.99 7 820
15 1.80 40 20.83 9180
16 1.80 45 21.59 10 540
06 B (890 45 SR 4 R 6 T .
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Fig. 4 Numerical simulation Q-s curve of test pile
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Table 6 Results of ultimate bearing capacity of test piles

o , . W BRI /mm BRI /N PR AR 13 /AN
G BEA/m BER/m i ; ) ' .
o . Displacement at ultimate Ultimate bearing Reuse the design value of the
Number Pile diameter Pile length . . . . .
bearing capacity capacity bearing capacity

LZ1-2 1.50 35 16.44 7140 1675
LZ1-3 1.50 37 22.56 7 820 1700
LZ1-1 1.50 37 19.95 7 820 3910
LZ2-1 1.60 41 19.59 8 840 3250
LZ2-2 1.80 41 22.17 9520 3700
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