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Application of Wave Theory to the Evaluation of

Bearing Capacity of Steel Pipe Pile
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Synopsis:

This paper describes the evaluation of the dynamic bearing capac-
ity of a driven pile by application of the wave theory combined with
site measuring of stress and velocity of the pile during installation,
In 1988, Kawasaki Steel has introduced PDA (Pile Driving Analyzer;
measuring and analysis device) and CASE and CAPWAPC {(analy-
sis software), and made continuous research of this system on the
bearing capacity of the full scale steel pipe pile in various aspects.
By selecting suitable redriving energy and timing, bearing capacities
between values estimated by the PDA system and values obtained
by the static loading test showed a good correspondence within an
error range of 5 to 109%. Results of application to two actual con-
struction sites proved good applicability as a dynamic bearing capac-
ity control system considering the recovery behavior of shaft resist-
ance during the time elapsed.
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Fig. 1 PDA (pile driving analyzer) field testing system
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Table 1 Results of dynamic and static test {tf)
Total Shaft Toe Pile driving formulae
resistance resistance resistance Formula {1)* Formula (2)°
End of driving 66.4 47.4 19.0
Test A Redriving (elapsed 115 h) 502.3 375.4 126.9
Static loading test {elapsed 31 day) 475.0 414.2 60.8 346.6 193.7
End of driving 106.8 64.8 42.0
Test B Redriving {elapsed 400 h) 497.8 413.2 84.6
Static loading test {elapsed 49 day) 557.7 432.7 127.0 596.9 305.1
« Formula (1} Re= AeEulK f}g’ b Formula (2) Ry =ﬁ
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Fig. 4 Shaft resistances evaluated by CAPWAPC and static
loading test {test A)
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Fig. 5 Shaft resistances evaluated by CAPWAPC and static
loading test (test B)
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Table 2 CAPWAPC results (tf)
Total Shaft Toe
resistance resistance resistance
End of driving 863.2 688 .2 175.0
Rﬂhﬂii$ﬂ10daﬂ 1326.7 1141.2 185.5
Redriving 2 1483.6 | 1290.8 192.8

(elapsed 23 day)

T .
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Fig. 6 Shaft resistance increase after pile installation
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Table 3 Energy ratio and driving energy used for redriving
tests

Energy ratio® 0.5 1.0 1.25 1.5 1.75 2.0
Driving | Redriving 1 | 5.7 11.0 15.9 18.2 20.9
energy
(tf -m) Redriving 2 | 5.8 12.1 14.7 18.2 20.5 21.8

Energy at redriving
Energy at end of driving

# Energy ratio:
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Fig. 7 Dypamic penetration resistance (DPR) and driving en-
ergy ratio (redriving/end of driving)
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Fig. 9 Soil condition and test pile in final seating

Table 5 Results of dynamic test
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Table 4 Driving data at the end of installation

Pene- | Re- Blo Ram | Max. stress

tration | bound o :lvt height | at pile top

(mm} | (mm) b (m) {kg/em?)
Test pile 3.6 18.0 3938 2.6 1 446
Reaction pile 4.3 32.0 2921 2.6 1507

(tf)

Total Shaft Toe Pile driving formulae
resistance resistance resistance Formula (1)* | Formula (2)® | Formula (3)°
Testing End of driving 323 278 45
pile Static loading test (elapsed 15 day) 1 400 890 510 1473 1059 1650
Reaction End of driving 317 278 36
pile Redriving {elapsed 47 h) 756 736 20 1179 1026 1026
AEK NUI F ef Wy-H
a R = b —_—— ] —_——
Formula (1) Ry o 7 Formula (2) R, 55101 Formula (3) R, ST(K/2)
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Fig. 12 Pile driving control chart
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