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An Estimation of Bearing Capacity of Piles by STATNAMIC Test
and Extended Kalman Filter

Toshihiko ASO  (Department of civil engineering)

Takafumi SUZUMURA

(Nittoc Construction Co., Ltd.)

This paper investigates an applicability of extended Kalman filter to rapid pile load test. The
dynamic behavior of the pile during rapid load test, such as STATNAMIC test, can be modeled as the
vibration of single degree of freedom system. In this paper, the spring characteristics are assumed as a
perfect elasto-plastic bi-linear spring. Unknown parameters of nonlinear spring, initial stiffness and
yield displacement, are identified by extended Kalman filter. Dynamic response analysis using the
identified parameters was carried out to confirm the accuracy of identification. Time histories of
displacement and velocity at the top of the pile show close agreement between the measured and
calculated results. The static bearing capacity from the analysis is also close to the static load test

results.
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Fig.8 Time history of load, displacement and velocity
(steel pipe pile)
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Table 1 Initial and identified values of linear analysis (steel pipe pile)

Type 1 Type2 Type3
Noise amplitude s | o | 1w s | % | 1w s | s | 1%
il value C (MNsem) 0353 0353 0353
Ki (MN/cm) 3528 3528 3528
il covariance Cim 100 100 100
Ki/m 100 100 100
Noike Displacement 0.179 0.107 0036 0.179 0.107 0036 0179 0.107 0.036
Velocity 4295 2577 0859 | 4295 2577 0.859 4295 2577 0.859
dentified value C (MNs/m) 223 223 223 157 157 157 052 0.52 052
Ki (MN/cm) 60.06 60.06 60.06 99.94 99.94 9994 | 23725 | 23725 | 23724
Table 2 Initial and identified values of non-linear analysis (steel pipe pile)
Type 1 Type2 Type3
Noise amplitude 5% 3% 1% 5% 3% 1% 5% 3% 1%
C (MNsem) 223 223 223 157 157 157 0.52 052 052
Tniial value Ki (MN/cm) 6006 | 6006 | 60.06 99.94 99.94 99.94 23725 | 23725 | 23725
y, (cm) 10 10 10 10 10 10 10 10 10
Cim 100 100 100
Initial covariance Ky/m 100 100 100
Y 100 100 100
Noise Displacement 0179 | 0107 | 0036 0179 0.107 0.036 0179 0.107 0.036
Velocity 4295 | 2577 | 0859 4295 2577 0859 4295 2.577 0.859
C (MNs/m) 151 151 151 068 0.68 0.68 544 544 544
Identified value Ki (MN/cm) 9832 | 9831 9832 | 129 | 12292 | 12292 | 10E9 10E8 | 70E4
¥y (cm) 338 341 344 231 231 231 AEH2 | -IEH2 | 3E+S
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Table 3 Initial and identified values of linear analysis

(PHC pile)
Type 1
Noise amplitude 5%
C (MNs/cm) 1.72
Initial value
K; (MN/cm) 171.50
C/m 100
Initial covariance
Kym 100
Displacement 0.019
Noise
Velocity 0.765
C s/cm 6.07
Identified value (MNs/em)
K; (MN/cm) 1300.00
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Table 4 Initial and identified values of linear analysis

(PHC pile)
Type 1
Noise amplitude 5%
C (MNs/cm) 6.07
Initial value Ki (MN/em) 1300.0
¥ (em) 10
C/m 100
Initial covariance | K;/m 100
Yy 100
Displacement 0.019
Noise
Velocity 0.765
C (MNs/cm) 6.44
Identified value | K; (MN/cm) 1253.08
yy (cm) 0.38
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Fig.14 Load-settlement relation of PHC pile
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