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Abstract; Based the

method, a finite element (FE) model of the extended pile-

on calibrated numerical modeling
shaft used in a simply supported bridge was developed. Then
some FE models of extended pile-shafts embedded in sands
varying different relative densities were established to study
the confinement effect of soil on (D the displacement ductile
capacity; @ the curvature distribution along the shafts and
® the equivalent plastic hinge length of piles. The study
indicates that confinement effect of soil can enhance the
maximum sectional curvature of extended pile-shafts at failure
significantly, increase both the lateral strength of piles and
the displacement ductility factor, and lead to noticeable
decrease of the plastic region length and the equivalent plastic

The equivalent plastic hinge length of
the

hinge length of piles.

piles has a remarkable drop with the increase of

displacement ductility factor.
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Fig. 1 General schematic of the FE model
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1
Tab.1 Performance indexes of extended pile-shafts in different soil conditions
D,=15% D,=30% D,=50% D, =80%
/m 0.525 0.505 0. 381 0. 286 0.222
/kN 190. 01 499. 09 558. 26 610. 61 658.98
/m 1.072 1. 400 1. 244 0.991 0. 877
2.04 2.77 3.27 3.47 3.95
/kN 168. 84 452. 27 513. 85 590. 60 625.98
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Tab. 2 Details of sectional curvature of extended pile-shafts in 4
different soil conditions
py/m! Bu/m "
0.003 053 — 0.011 667 - 3.82
1) Dr 15%v30%950%
D,=15% 0.003 445 3.83D  0.045 985 3.33D 13. 35 V
D,=30% 0.003 387 3.33D  0.052 133 2.33D 15. 39 807
D,=50% 0.003 307 2.5D 0.057 451 1.5D 17.37 Lp- ’ (
D,=80% 0.003 263 1.5D 0.057 398 1.5D 17.59 )
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Tab. 3 Plastic hinge length of FE models at different
displacement ductility levels [1] American Association of State Highway and Transportation Officials.
D, n—=1.5 =20 g —2.5 pa—3.0 AASHTO guide specifications for LRFD seismic bridge design[ S].
15% 7.25D 7.50D 7.56D 7.60D 2nd ed. Washington D C; AASHTO, 2011.
30% 6.14D 6.23D 6.28D 6.32D 6.36D [ 2] California Department of Transportation (Caltrans). Seismic
50% 5.33D 5.49D 5.58D 5.66D 5.79D design criteria[ S]. Sacramento: Caltrans, 2011.
80%  4.80D 4.97D 5.09D 5.17D 5.24D (3] . . (sl
15% 2.35D 1.72D 1.41D — 1.48D , 2011.
30% 2.13D 1.50D 1.42D 1.42D 1.35D Japan Road Association. Design specification of Japan highway
L, 50% 1.77D  1.48D 1.46D 1.21D 1.06D bridge (explanation)[S]. Tokyo: Maruzen Ltd, 2011.
80 1.53D  1.23D 1.01D 1.03D 1.02D [4] SEAOC Vision 2000 Committee. Performance-based seismic
engineering structural engineers association of California[ SJ.
3 ’ Sacramento; SEAOC Vision 2000 Committee, 1995,
, [ 5] Dowrick D J. Earthquake resistant design [ M]. 2nd ed.
D s , New York: Wiley-Interscience, 1987.
r
15 y 30 V [ 6] Chai Y H, Hutchinson T C. Flexural strength and ductility of
0 0
’ reinforced concrete bridge piles [ R]. Davis: University of
0 .
1. 48D 1.02D, 31 A ’ Dr ’ California, 1999.
a ’ Lp [ 7] Hutchinson T C, Boulanger R W, Chai Y H, et al. Inelastic
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