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3D Finite Element Analysis of Lateral Loaded Pile using Beam and Rigid Link
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ABSTRACT

The BNWF (Beam on Nonlinear Winkler Foundation) model is one of the simplest idealizations for a pile embedded in soil as it ignores
the continuity of the soil. This method is difficult to model the behavior of pile group foundation subjected to lateral loading. The limitation
can be overcome with the utilization of the finite element method (FEM) or finite different method (FDM) to represent a pile element
embedded in a soil medium. Both the ground and piles are modeled with soild elements. The solid elements, which do not have rotational
degree of freedom, is not appropriate for modeling piles. It can be overcome by substantially increasing the number of elements, which can
be prohibitive for 3D modeling. This paper used the beam element and rigid link incorporated in the OpenSees to model the pile. The accuracy
of the model is validated through comparison with lateral load test and BNWF analysis. It is shown that the method can capture the measured
behavior accurately. It is therefore recommended to be used in group pile analyses.
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OpenSees ZZ oA AW ARG 4 Qle /AR
2 PIDMY (Pressure Independent Multi Yield) 223} PDMY
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Failure Surface
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Parameters Soft Clay [Medium Clay| Stiff Clay
o (kg/m’)|  Density 13 15 18
G, (kPa)| Reference 1.3x10' | 6.0x10" 1.5%10°
shear modulus
(kPay | Reference | 100 | sox100 | msx10°
B bulk modulus | ‘ '°
¢ (kPa) cohesion 18 37 75
Peak
Vinax shear strain 01 01 0.1
o Friction angle 0 0 0
Pressure
N dependent 0 0 0
coefficient

(b) 7Y 2| HZ Wy

(a) Yield surface

12l 4, PDMY 22 (Yang &, 2008)
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o (kg /m*) Density 2.11(D,)""
Reference (2.17-¢)’
kP — 04
G (kPa) shear modulus G, = 10500 1+e £
(kPa) Reference _ 2(1+v)
B bulk modulus " "3(1-2v)
¢ Friction angle ¢=162D,+25
Phase
Por transformation oy =16.2D_+25
angle
P (kPa) Reference Constant
pressure
Y, Peak Constant
e shear strain onsta
Pressure
N dependent Constant
coefficient
c Contraction ¢ = 0.0288D "1™
parameter
d, Dilation d, =1.147D, ~0.2454 > 0
parameter 1
d, Dilation d, = 6.9686D, ~1.7187 > 0
parameter 2
I Liquefaction =10 (D,<65%)
parameter 1
I Liquefaction | _ 4 15410 p, ~0.0012
parameter 2
! Liquefaction L=1 (D, <85%)
} parameter 3 L=0 (D,>85%)

Pile head length, L1 p-yspring

Ground surface

Pile node . * F

Embedded length, L2 Fixed spring node

Pile element

=
Slave spring node
. i

Equal DOF =

. a
< - Q- z spring
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(a) Static loading

P/Py

Y

1. Compute ultimate soil resistance, P, [3+CZ+DZ } C¢.D

(using the smaller values) !

P =9C,D
2. Compute deflection at one-half the _
: cllect s0=2.5€5,D
ultimate soil resistance, yso
1/3

3. Develop p-y curve using the Following P 05 y

expression P, Vso

(b) Cyclic Loading

Construct p-y curves in the
same manner as for static
loading for values of P less
than 0.72 P,

1. Develop p-y curves

6C,D

2. Determine transition depth, Z; =
P “(yD+JC)

3. If the depth is greater than or equal Z = 0.72P,  for y>3ys,

P=0728,  at y=3ys

4. If the depth is less than Z; and
P=0.712P, at y=15y;,

ult

Where C,
D Pile diameter
Constant(0.5 for soft clay)
(0.25 for medium clay)

Undrained shear strength

P, Ultimate soil resistance

Vso Deflection at one-half the ultimate soil resistance
z Depth

Z, Transition depth

14 Effective soil unit weight

Strain at one-half ultimate soil resistance
c (0.020 for soft clay)
% (0.010 for medium clay)

(0.005 for stiff clay)
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1. Theoretical ultimate soil resistance , HEm) BH-2  NX|
P, =(CZ+C,D)y'Z = (4
due to wedge failure, Py =G D)y ) EECIE, ;gg ) 2
2. Theoretical ultlrrhlate soil resistance P, =C,Dy'Z ’
due to flow failure, Py s |
3. Govern theoretical ultimate soil = the smaller of the values :’ I
Resistance, P given from step 2 and 3 8
s 1
— VA 10—
A = (0.3—0.8—)2 0.9 !
4. Determine adjustment coefficient D for s
for static and cyclic loading static loading 1
A4, =09 for cyclic loading E
18 +
isti - 74 -
5. Develop characteristic shape of P=1 tanh[ y] »
p-y curves ’ AP,
I 8
Where - = Adjustment coefficient for static and cyclic
T By owes © ANl ANE Ao EFFYE HEUAAH)
c.C.C Non dimensional coefficient for static and cyclic o
D Pile diameter SHAIE L A|YEE HSPY9-13} HSPI2-1& 1E-1E
k Initial subgrade reaction constant(MN/m3) A¥ goa 23 r = gJEAH o mEdd wjrtx] A @5}
Theoretical ultimate soil resistance due to flow oA=L 2] =
Py : A 5 FBASHARE S Aotk
failure
p Theoretical ultimate soil resistance due to
. wedge failure 4. OpenSees X|ojAd DEIZ
P Govern ultimate soil resistance
NN= 1 E FHEFY A FA et
3. SEHA|S Zat B2M Ao Rdgs Tl FE= Ase EAste AUA4E
kot v wsGirt. o A2 Mo Al A7)gh OpenSees F3H8
W-£PE 8430 2D AFS Pote] FuholA 4 a4 Z2aAL ol gaich A4olE BNWF o4y
FE sFAst AR daE ARSIt (Us T, 2012). 119 8 8 s-Rigid P2 HHS ARESHA
5. 2TAEHIE 2t
AR A
fujReed _-H_ﬁ }\]‘E”r]UT-mHﬂﬁ 1%]2::10] tq_ro- ;: j_z EI B Kh l:l]_'ﬂ
2= T3 [=R=hupnlt (m) LH ] 0]"6‘ (N_mZ) (ml) (kN/ms)
(mm) (kN)
10 70 0.269 6100 :
12}
15 89 s 0.255 4930
D609.6x12(t) HSP12-1 15.1 1.78%x10
10 65 0.263 5580 N
2
15 82 0.248 4410
6. x| 22 B4t
Depth(m) N % o(°) C, " (kPa) Vs @/s) THOZEHKN/m’)
HAE 0~9.5 3 0 30 115.7 16
HEAAE 9.6~11.5 6 29 0 116.1 18
SpsEES 11.6~13.0 32 36 0 288.0 22
Z3le 13.0~14.5 43 39 0 3174 22
Z3t 14.6~15.1 150 41 0 478.8 24
* Cu=10N; ** Vs=92.1xN0.329(m/sec)
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E(kPa) A(md) I(m") G(kPa)
HSP
12-1 1.78x10° 0.0225 0.001 7.4x10
Displacement curve
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