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Finite element analysis on penetration speed of large-diameter steel pipe
pile installed by high frequency vibratory hammers based on ABAQUS

XIAO Yongjie
(School of Civil Engineering, Yango University, Fuzhou,350015, P.R.China)

Abstract: In order to study the penetration speed of large-diameter steel pipe pile driven by vibratory
hammers, finite element model was established by using the commercial code ABAQUS and the
penetration speed, penetration resistance and the ratio of static load force to dynamic load force were
analyzed. The results indicated that the hysteresis loops of the pipe pile shaft soil are presented as the
banana-shaped curve, which shows the soil experiences two phases of dilation and two phases of contraction
during each cycle. The hysteresis loops of the pipe pile end soil are presented as the butterfly-shaped curve,
which shows the soil experiences compression phase and stretch phase. The process of pipe pile penetrating
by high-frequency vibration can be divided into two stages: slow and fast penetration. Consideration should
be given to the static load and dynamic load amplitude coupling relationship.
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Fig.2 Comparison between measured results and numerical results for the penetration speed
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Fig.4 soil axial stress curve (penetration depth is 9 m)
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Fig.5 Penetration rate analysis
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Fig.6 Penetration rate curves at different F,/ F.
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Fig.7 Variations of F,/ F. at different depth
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Fig.8 Pipe pile movement form curve

SR FH R B AR 8l e AR R IS, A R T B M A Dy B e R R S AT R B, sl ) e 2 L F L RE 68 B A
BEBT AR, N % JE BN 20 Fo 53 i iiE Fo MRS SRR Fo/Fo 12 0~0.5 IEH N .

4

& it

DA A R B 36 B 1) 32 8 ™ A AT B 5 52 840 B U0 g, A 000 e A B ) g — 5 S [ 2 A SR Y <

A
B, B0 B A 3l 1t 2 2 ey 2 A S B Be A 2 A BT 45 [ Be 41 RE EOUE M e e A5 BE 5 - A A S A2

BTLIVE R o A s b AT AE B B9 4 T Ak T A0 B S A2 0 ) AR 28 L A g A B ) 7 g — B 7 A [ gty £ Ay gt
RS T17TE 8 i AR Z 3 2 A4 b 3 0 4 o BRI AR o B



112 TR K F FHR %41 %

2) EHEHR S BT AR FR b, A RN ] 3 B PR B A B B RG4S BT B B s ol DR B A B Bt 1 1T
PERLCRE B 8 T A P 53 A B B RN 2218 53 A B B

) SR FH v AT sh R BN AT B, AN B 8 S A k3l o B R RS T 3k Fo S sl D) far 2R AE F L RE S 4R
AT AR, WX F BB AWM F, 53 80 E F. G R0k Fo/F. 78 0~0.5 BEHIN .

S 3

[ 1] BRfma e T 2R, &5 f WU 4% 30 BT A 19 o FHRE AL S 8 it R [T ] 55 & TR 230, 2011, 33(S2): 224-231.
CHEN Fuquan. WANG Jinwei. LI Dayong. et al. Application and advance of vibratory driving techniques using high-
frequency hydraulic vibratory hammer [ J]. Chinese Journal of Geotechnical Engineering, 2011, 33 (S2): 224-231.
(in Chinese)

(2] BB T8 B 2. 28 8 R EAR IR S L M A TR R[J T T4 A, 2015, 44(1): 61-64.

XIAO Yongjie, XU Wangiang, CHEN Fuquan. A new construction technology of large diameter cast-in-place piles with
sleeves driven by vibratory hammers[J]. Construction Technology, 2015, 44(1): 61-64.(in Chinese)

[ 3] Holeyman A.An analytical model based computer program to evaluate the penetration speed of vibratory driven sheet piles
[J].Geotechnique, 1993, 43(18): 65-78.

[ 4] Vanden ] F.Sand strength degradation within the framework of vibratory pile driving[ D]. Louvain: Université Catolique
De Louvain, 2001.

[ 5] Salgado R, Loukidis D, Abou J G, et al. The role of soil stiffness non-linearity in 1D pile driving simulations[] ].
Geotechnique, 2015, 65(3): 169-187.

[ 6 ] Viking K. Vibro-driveability-a field study of vibratory driven sheet piles in non-cohesive soils [ D]. Stockholm: Royal
Institute of Technology, 2002.

L7 ] B IREIVINES) )25 BT AR B 52 (D] A KL S bR K=, 2012.

WANG Wei. Dynamic analysis and experimental study of vibrating pile sinking [ D]. Shijiazhuang: Hebei University of
Science and Technology, 2012.(in Chinese)

[8 1 M TAN BRAR A, bk R D VB A 0 AR 3 B A vP BF R AORE I SE () ] 3%+ 2015, 36(11) : 3268-3274.

XIAO Yongjie, CHEN Fuquan, LIN Liangqing. Study of squeezing effect due to sleeve for cast-in-place piles installation
using high frequency vibratory hammers[J]. Rock and Soil Mechanics, 2015, 36(11): 3268-3274.(in Chinese)

[ 9] Helwany S.Applied soil mechanics with ABAQUS applications] M]. New Jersey: John Wiley &. Sons,2007,286-330.

[10] Ekanayake S, Liyanapathirana D, Leo C. Influence zone around a closed-ended pile during vibratory driving[J]. Soil
Dynamics and Earthquake Engineering, 2013, 53: 26-36.

[11] Lee S H,Kim B I,Han J T.Prediction of penetration rate of sheet pile installed in sand by vibratory pile driver[ J].KSCE
Journal of Civil Engineering, 2012, 16(3): 316-324.

[12] Cudmani R,Sturm H. An investigation of the tip resistance in granular and soft soils during static, alternating and dynamic
penetration[ CJ// International symposium on vibratory pile driving and on deep soil vibratory compaction. Paris, IEEE,
2006:221-231.

[13] Rao P M. Effect of pile geometry and soil saturation on the behavior of nondisplacement piles installed by vibration
[D].Texas: University of Houston, 1993.

[14] Wong D, Oneill M W, Vipulanandan C.Modelling of vibratory pile driving in sand[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 1992, 16(3): 189-210.

[15] Wang H K.Experimental study and finite element analysis of driveability and static behavior of various piles installed by
vibratory driving [ D]. Texas: Faculty of the Department of Civil and Environmental Engineering, University of
Houston,1994.

[16] Whenham V.Power transfer and vibrator-pile-soil interactions within the framework of vibratory pile driving[ D]. Louvain:
Université Catholique De Louvain,2011.

[17] Ghahramani A. Vibratory pile driving uitimate penetration and bearing capacity [ D ]. Princeton: Princeton
University,1967.

[18] Denies N,Canou J,Roux J N, et al. Sphere penetration experiments in vertically vibrated sand[ C]// Proceedings of the
fifth International Conference on Recent Advances in Geotechnical Earthquake Enginering and Soil Dynamics, San Diego,
IEEE,2010:12-23.

(3 B



