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Calculation of ultimate bearing capacity of replacement pier by dynamic
replacement method with various hammers
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Abstract; Abstract; To study the bearing capacity of soft soil reinforced by dynamic replacement method with
various hammers, a calculation model was put forward for evaluating the soft soil’ s ultimate bearing capacity. A
series of model tests was conducted to investigate the shape characteristics and the failure mode of the replacement
piers. Based on the model test, the ultimate bearing capacity of replacement pier was established using the energy
method, which was calculated using the GA_PSO optimization algorithm on the Matlab platform, and a parametric
study was conducted to investigate the factors that influence the ultimate bearing capacity of the replacement pier.
The test and calculation results show that the replacement pier is typically formed as a cone with cross section of an
inverted trapezoid and the pier usually has a mode of bulging failure in the ultimate state. The diameter of the pier
and soil strength around the pier have significant effects on the ultimate bearing capacity, which is consistent with
the design concept of the dynamic replacement method with various hammer. The proposed method was verified to
be feasible through comparison between calculation results and field test results.
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Tab.1 Reduced scale between model and prototype
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Tab.2  Physical and mechanical properites of soil layers

w/% p/(g+m') e I, I E/MPa  ¢/kPa ¢/(°)

48.9 1.65 1.18 16.6 0.81 2.6 12 8.8
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Tab.3 Size of various hammers
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Fig.1 Shape of typical replacement pier
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Indoor static load test of replacement pier
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Fig.3 Shapes of replacement pier before and after load
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Fig.4 Radial deformation of replacement pier before and after load
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Fig.5 Upheaval of surrounding soil around pier
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Fig.6 Bulging failure mode of replacement pier
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Fig.7 Force analysis of replacement pier and swrrounding soil

XFTEUA, Z A48 P, AR TR AR S5 i R
20y o SE, R EC R s + R R T AR

P, =0c,K, (5)

K - sin"(a - ¢,) :

inasin(a + 8) {1 . fin(qop +8) sin sop}

sin(a + 6)sin «

K, S B IE T R o, MHER N EE 4
& R - [R]  EEHE A

XFFEUR A RE ) WA EORZR K
FERYEE A8 7 RN EUA S IR AE =38 BT Al sy 43 0 ol W
W, F W, BRI

AR Ty 4 T 1) 5 AR R T ) A B,
Tt s, w B R/ANAT iR W, W, W, B AR, W
W, W, 539278 OBC ,0AC ,OAB X5 > 0 fir
ol O E LA 8.

1/3(0M+A
R I
A,
8
E
T
g
o
=
(a) OBC BV B BY_ v
(b) OAB BV
1/3(0G+OF)
e

(¢) OACH LML
8 BIEEHAMINTER
Fig.8 Calculation diagram of work done by sliding body due to gravity
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Tab.5 Physical and mechanical properites of soil layers in the field

+)2 v/ o ¢/ /() S/
w/ % e (%)

HFR (KN - m™) MPa kPa
ISy 13

N 489 1245 12 88 77

g+
BEELE 178 335 0.826 18 20 151
s 20.5 — — — 4 200

G0 AR T A 5 8 AN T b R 2
BEVTER SR P4 Al 1 46 0% 24 7 b o T Ak 4. 249
AR PR R AR R 0.4 m TPAEEAE M 1.0 m i R
AN 1.2 muite AT, 76 JR 5L R A i 2 2.4 ~
3.0 mERYPHE A | A 4 FPoRi4E 20~ 60 em HLA
2915 70% R A4 T T 204 E A AR T AR
JZ DAPRUE 8 75 158 4 1T LA T, ] st Ay J i)

BARA L. L 2 SRRy S, K 2 5 AR
VTR B 2 e S0 s 38 T 0 B A R T
ZEAFF 12 L K2 5 m.

WA BETTET, B GA_PSO 5803 13 B A A B
HEEST, T o, F1 8 X W SHE T8 3%
5 THEERR AR TR 20 50 S DG 58 R )
B 38° .6 B 50, B ERARK(S) iHAEZRILFE 6.

x6 GA_PSOEEITHER

Tab.6  Calculation result based on GA_PSO method
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Tab.7 Result of static load test
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Fig.11 Curve of force-displacement obtained from static load test
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