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Parameter identification for realistic pile-soil interaction analysis

M.S.A. Siddiquee, Salek M. Seraj & M. Shafiqul Bari
Bangladesh University of Engineering and Technology Dhaka, Bangladesh

ARSTRACT: The configuration of mesh parameters has considerable influence on the subsequent predictions
of any finite element analysis pertaining o soil-structure interaction study. Ideally, infinitely extending fine
mesh is expected to give accurate predictions when compared with coarser as well 18 not too extended mesh,
However, increase in computation time and the very little improvement achieved due to this refinement make
such an exercise less attractive. In the present paper, an extensive comparative study on mesh configuration,
with respect to deep (pile) foundation, has been presented in order to arrive at a more objective mesh
configuration as applicable to Dhaka soil. Modified Cam-Clay (MCC) model has been used in the study,

I INTRODUCTION

In this study, seven very crucial paramcicrs are
identified (see Fig. 1), The parameters are, the radial
extent of mesh from the pile edge (C)); the vertical
extent of mesh from pile tip (C2): the rate of change
ol element size with horizontal distance from pile
edge and vertical distance from pile tip (mg), the
loading rate (Li); the number of elements along the
pile length and its imterface with soil (N;); the
number of elements within a distance of twice the
diazmeter of pile from pile tip (M2) and the thickness
ol imerface element (1)),

The pile used in this study has a length of 19.3 m
and diameter of 0.504 m. The various relevant soil
and pile material parameters for this pile (Pile A)
have been listed in Tables 1, 2, 3, 4, § and in Fig, 1,

2 MATERIAL PROPERTIES

In this study, the soil profile consists of two different
layers, one is clay and the other is sand below it
Altogether six different moterinl types are used in
this study, Details of these material zones along with
their respective properties are available in Bari
(1996). Clay above the water table has heen
considered to be a separate layer and the clay layer
has been set to obey Modified Cam-Clay model
(MCC) while the sand layer is analyzed as elastic-
perfectly-plastic model with modulus of clasticity
increasing with depth, The frictional constant M is
obtained from triaxial test (drained or undrained

with pore pressure measurement) on isotropically
consolidated samples, The value of " are 23" and
25" respectively (Kamal Uddin, 1990). Here, the
permeability in both x and v direction are obtained
from the research carried out by Siddique and
Safiullah (1995) assuming that K, = 1.5 Ky

Since the laboratory values of modulus of
elasticity of sand, E.. although expensive to obain,
do not represent in-situ conditions well, SPT and
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CPT values are widely used 1o obtain Eg In the
original study of Bari (1996), usually Eq. | has been
used to calculate walues of Eg and sometimes
engineering judgement has been applied 1o arrive al
representative input values.
Ei = (15200 10 22000) In N (kPa) (1)
21 Inierface Parameters

For interfoce material properties, the parmeters that
are o be assigned are O, | ¢y . Ky, Gy and G The
C, and §, values of imerface element should be the ©
and & values respectively for pile and soil interface;
not for soil itsell. Thus, C, is the ndhesion between
pile and soil while ¢, is the angle of friction
between pile and soil. For bored concrete piles, the
value of ¢, can be set to equal 1o §. Thus, in this
study §, values are sel 1o be equal to ¢ for respective
soil tvpe,

The wvalue of Gy for interfuce can be obtained
from shear test conducted between two dissimilar
materials. As this is rather expensive, in this study
the value of Gy has been assumed using a very high
vatlue of v as recommended by Bari (1996). The
residunl shear modulus, afler the interface element
has reached its limiting shear value {Gie), should
have a very low value as it is almost equal o zem in
reality, So, in this study, G, has been assigned to be
equal to 10 kN/m” arbitrarily 1o avert the numerical
problems which may take place if such a value is set
10 Zero.

22 Pile Material

A significant difference in displacement values
would woccur due tw this eloastic  shorlening,
Therefore, assigning & representative  value of
elasticily of conerete E, is very important, The value
of E; can be obtained from the well known Eg. 2
dhown below,

Ee =57500,/T; (in psi) (2)
Il we consider 3000 psi conerete, then B, becomes
equal to 20x10° kPa. But it is well known that by
confining a concrete in two out of three mutually
perpendicular directions, the ultimate compressive
strenglh of the clement in the third direction
increnses considerably and in practice, confinement
is usually passive, and provided by steel which, due
to the elongation imposed on it by the laeral
expansion of concrete, induces compressive stresses
in the element { Kinoshitm et al., 1994). As the pile
being analyzed has been constructed using spiral tie
bars which is an effective form of passive
confinement, the value of E; is sure to increase
considerably. In light of this understanding, the
vilue of E, has been wused, although still
underestimated. as 30x10" kPa for 3000 psi concrete.

Tables 1, 2, 3 and 4 represent all the material
properties used for pile A in this model in the light
of previous discussions.

Table 1. Soil parameters for Clay layer (Pile A, k=
0.01875, L = 0,075, M = 0.898, v = 0.25),

Depth Sail By Viualk K. Ky
(m) | Type {kN/m") | (mvs) | (ms)
033 | Cly=W.T | 0K 13.5 BE-10 | $31-10 |

3-89 | Clay=W.T | 081 1901 BE-10 | 53E-10

Table 2. Soil parameters for Sand layer (Pile A, v =
0.25,C = 0, § = 31", E, = 5013 kN/m*).

Depah Ya Tk K, K. Rate m,
{m) (m) | (kMm'y | fmis) | (mi) | Nty
8.33-3431283 | 195 [5E-4] 3.E-4 2.E}

Table 3. Interface element parnmeters (Pile A, G,
= 10 kN/m’).

Depth {m) C [ [ G
(kN/m?) | (deg) | (kN/m®) | (kN/m?)
(-8.33 o 23 |2334E4| 1.01 B4
8.33-19.3 0 31 | S490E4 | 2.1 F4
Table 4, Parameters for Pile Material.
E (kN/m") v Youis (KN/m’)
Pile A I E6 0.20 235
Table 5. [n-situ Stresses for different layers of
Pile A
D(.‘pi‘l'l u.‘: uh.l .“u p"r
() | eNie’) | kNim®) | (Nim) | knim)
0-3.3 4455 | 27.14) 0.0 4435
3.3-83 | 89.55 | sa.56 50.0 | 89,145
83343 | 33655 | 163215 | 3100 o
3 FE DETAILS

ln this study, S-noded linear strain quadrilateral
element with displacements unknown has been used
for both pile elements and soil elements, For
interface clements, the 6 noded interface element
with displacement unknown is used. Axisymmetric
aralysis has been performed.

The positioning of interface elements along pile
shaft specially near the tip calls for a special
tresiment. All along the pile shaft, the inlerface
clements  are rectangular  having  the  longer
dimension along the pile. But at the tip of pile the
interface elements are set (o be trapexoidal. This has
been done to avoid the placement of one vertex of



interface element on the side of the soil element
below where is no node present. If a node is placed
at that point, then the aspect ratio of all soil elements
belaw would be too large for necurate analysis,

4  OPTIMUM MESH CONFIGURATION

The optimum mesh configuration s sought by
varying the proposed parameters of the mesh one by
one amd finding out their meaningful range. In this
way effective mnge of all parameters can be
egtablished. Determination of each faclor 13
described in detail in the following sections,

4.1 Determination of C;

T imvestigate the effect of the variation of C, on the
accuracy of analysis, other parameters have o be
kepl unchanged. Table & shows the values of
various parnmeters used in this study for determining
(o1

Table 6. Parameters used in fixing C;

my & & L N| Na| T,
(mielement) | (m} | (m) ()
0285 510
035 520 | 12 | L; | 20] 2 | DO5
| 25,30

Firstly, the effect of variation of C; in the load-
displacement curve is investigated which is shown in
Fig. 2. It shows that for all values of C; other than
for O equal 1o 5 m and 10 m, the load-displacement
eurves have very insignificant or no difference. A
value of 15 m for C; may be considered o be an
acceptable value for predictions withowt impairing
acouracy,
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Fig. 2 Load-displacement curves for various radial
extent of mesh.

Since the radial boundary of a mesh needs to be
extended up to a peint where stress caused by load
on pile top become nepligible, stress-norm oy
which represents the overall stress conditions of any
element has been introduced as in kg. 2.

e}, =N[u','}1 I{r.l'l]! +e,) +[rnjj‘ (3)

Where,

(Tsn)i = stress=norm of element i , o, O, and O, =
normal stress of element i in x, ¥ and z directions
caused by extra load on pile top only, and ,, = shear
stress of element i in Xy plane caused by extra load
on pile top only. All the siresses have been
calculaled by subtracting the corresponding stress
caused by in-vitu stress only from the stress caused
by load and in-situ stress combined.
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Fig. 3 Variation of cumulative stress-norm along
boundary B0y with radial distance from pile.

The Gy, for every element along the boundary |
(BDy), as shown in  Fig. 3, has been calculated.
These stress-norms for each element along BD, iy
then summed up to have (o). Now, this
(o) for cach value of C; Is caleulated and
plotted in Fig. 3 for various values of m,. Tt can be
seen from Fig. 3 that 2(0g,); for all elements along
BI} decreases with increasing values of C. Tt is also
clear that for all values of m, analyzed, the trend is
similar and all curves converge as ©) takes larger
values, Starting from a value as high as more than 10
kNim?, Yo, reaches o value as low as below 0.4
kN/m’. For C, ranging from 5 to 15 m, the value of
2(65,,); decrenses sharply, but after that decrenses
very slowly with increasing C;. Therefore, the
convergence of load-displacement curves for
equal to 15 m or greater ( Fig. 2) is justified as the
values of (o) for them are very insignificant.
Although C; equal to 15 m gives reasonable results,
Cy equal to 20 m has been selected in this study as
the radial distance upto which the mesh should be
extended in order to mimic the soil-structure system
maore faithilully,

4.2 Determination of C'y

A comparative  analysis, similar to the one
undertaken for Cy, has been performed in order to fix



C; The parameters used in this exercisc are
presented in Table 7.

Table 7. Parameters used in analysis for fixing C;
Iy CI Ca |_.] Ny | N T,

(m/element) [ (m) | (m) 3 | (m)

0.25 5,10

0.5 20 | 1520 | L, {20 | 2 |o0.0%
1 2530
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Fig. 4 Load-displacement curves for various depth of
mesh below pile tip.

I'he effect of wvariation of C; on the load-
displacement curve of pile is shown in Fig. 4. The
figure shows that for increasing values of Ci, the
curves tend to shift rightways slightly, At the region,
where transition from linenr state o nonlinear state
oceurs, the rightward shifis are most significant.
After that region, curves start comverging. From
engineering point of view, the values of Cy equal to
15 m, 20 m or 25 m are equally good as they
represent very little difference in the lond ot the
onset of significant nonlinearity,

Cumusative strass-nem (KMN/m’)
[ BF SN AN LI

&, im]

Fig. 5 Variation of cumulative stress-norm along
B03; with rudial distance from pile center,

Figure 5 shows the variation of Y(o,.) for
boundary 2 i.e. BD: ( Fig. 3, Eq. 3) with increasing
value of C;. As expected, the values of ¥(o,,)
decreases exponentially with increasing value of Cy,
For values of C; between 5 (o 15 m, the eurves show
significant decline, but afier that the rate of decrease
becomes sluggish and use of a very large value of Oy
(say Cy equal to 30 m) would result in very litle
improvement in the load deflection behaviour, From

all these comparative analyses, it can be stated,
admittedly tentatively, that the use of C; equal 1o 3/4
H (ie. 15 m in the present case) may lead 1o
satisfnetory prognosis in all cases with m, equal to
(.5 or less.

4.3 Determination of m,

Till now, three dilferent values for rate of increase of
element dimension have been investigated for fixing
Cy and C;. This article deals exclusively with the
effect of m; on the predicted response and a fourth
value of m, has also been investigated here. Other
parameters have been fixed in the light of previous
sections and they are presenied in Table 8.

Table 8. Parameters used in analysis for fixing m,
m, Oy |Gy Ly Ny Ny | T
(mfelement) | (m) | (m) {m)
P02 120 | 15 |1y |20 2 | 0.05
0.125
=
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Fig. 6 Load-displacement curves for various m;.

Figure 6 shows the ellect of varying m, on logd-
displacement curves. It is clear from Fig. 6 that for
the three vilues of my, used in this analysis, the load-
displacement curves completely converge into one.
Since the use of m, equal 0 1,0 results in oo high
value of aspect rtio for some elements distant from
pile, lor satisfactory finite element analysis a value
of m; equal to 0.5 appears to be reasonable,

4.4 Determination of load increment, 1,

This analysis uwses incremental loading method
which makes the selection wof proper loading-
increment. In the present analysis, six diflerent load-
increments are investigated and the load-incremenis
are reduced gradually using the understanding
gained from the previous higher load increment
analysis. Other parameters used are given in Table 9,

Table 9. Parameters used for fixing Li (Fig. 7).
C Cy Li My | N Ti
(m) | (m) Y]
20 15 Lalabals [ 20 ] 2 0,05

Lsls
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The losd-displacement curves for different load-
increment ratios are shown in Fig. . It can be stated
from the figure that for the lincar portion of load-
displacement eurves the size of load increments do
not have any effect. Bui, a5 expected, in the non-
linear portion of the curves, displacements at the pile
tip for any particular load increases with decreasing
load-increment sizes. The load-inerement rate, L,
had been used for the all previous analysis.
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Fig. ¥ Load-displacement curves for various loading
rites.

If the trend of all curves are observed in Fig. 8. a
realistic and reasonably aceuraie load increment rate
can be sugpested. For 0 to 1500 kN load, an
increment size of 100 is acceptable. Then for 1500 1o
1900 load, an increment size of 5 kN and for 1900 o
2000 kN load, an incremenl size of 2.5 kN ¢an be
selected. But if running time is of less importance,
then the load-increment rale of Lg may be used.

4.3 Determination af N,

The size of elements connecting interface elements
should be equal as otherwise, it would be difficult, in
the present case, to keep the aspect ratio of interface
elements within specified limit (Desai et al., 1984),
In this analysis, it has been iried to keep the size of
elements adjacent o interfoce clements constant and,
subsequently, vertical dimension of all elements
within the soil surface and pile tip have been kept
constant. Here N; is the number of these equal
length elements along the pile length.

All other parameters fixed in previous articles
and used in this comparative study arc presented in
Table 11 along with the different values of M; used
here.

Tuble 11. Parameters used in the analysis for fixing
N,

m, Cy | Cx |'Li N, Ma| T

{m/element) | (m) | (m) {m)

0.5 20 [ 15 | L, | 1%i6 ] 2 005
20,40

The effect of the wvaristion of N, on load-
displacement behaviour is investigmed and shown in
Fig. 9. It can be seen from Fig, 9 that the increase of
the number of elements along pile shafl over 20 does
not produce any benefit as both the curves for N;
equil to 20 and 40 almost converge to onc. Other
lower values of Ny such as N, equal to 16 or 12,
produce  gradual deviation from the converged
group, as expecied.
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Fig. 9 Load-displacement (tip) curves for various N,

From all thesc extensive analyses, it can be
concluded that the value of Ny may be set at 20 (ie.
H/21» as put in the present case).

4.6 Determination of N,

The radial extent of this high stress zone, for which
element dimensions should be smaller, has been
fixed at twice the diameter of the pile (2D) in any
direction from pile tip as shown in Fig. 1. The other
parameters used here are presented in Table 12 along
with different values of N;.

Table 12. Parameters used in analysis for fixing N;
ml’ Cj Cz L| N. Nz T|
{mielemen) | (m) | (m) (m)
0.5 20 |15 | L, J20 (234 0.05

Three different wvalucs of N; have been
investigated in this study. Much larger numbers are
not used duc to the problem associated with aspect
ratio of these elements. Figure 10 shows the effect of
varying N; on load-displacement behaviour. It can



be seen from the plot that an increase in the value of
My predicts more dellections, as expected. The
number of elements within 2D distance from pile tip
has been selected 1o be 4 ie. the dimension of these
elements may be taken as equal (o D2,
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Fig. 10 Load-displacement curves for various Ma
4.7 Determination of T,

The proponents of interface element have prescribed
the dimension for these special elements for accurale
analysis. For the small thickness inlerface element
proposed by Desai et al. (1984) which has been
incorporated in this study, the dimension of interface
elements should be such that T, /b ratio remains
within (L1 to 0.01. Therefore, one does not have
much liberty in selecting T,. The value of T; used in
this section along with all other parameters are
shown in Table 13.

Table 13. Parameters used in analysis for fixing up

T
i, CI C: I-'| IN-I N: TI
(mielement) | (m) | (m) (m)
0.05
0.5 20 | 15 | Ly | 20 | 4 | 0.025
0.0125

The effect of varying interface element thickness
om the load-displacement behaviour has been shown
in Fig. 11, This load-displacement plot shows that a
greal deal of deviation of behaviour ocours for T,
equal 1o 0.025 and 0.0125 with respect to T, equal
0.05. However, the curves for the value of T, equal
to 0,025 and 0.0125 almost come together.

Thus, the thickness of interface element may be
selected at 0.025 m (which is equal to one tenth of
the dimension of adjacent smallest elements),
Accordingly, the value of T, may be fixed at
1A0(2) ie. D20

3 THE FINAL MESH CONFIGURATION

The studies described in the previous sections
lead 1o the selection of mesh configurations, as
applicable to piles cust in Dhaka soil. The findings,

however, are applicable to relatively long pile (H/D
= 209, These purameters which have been selected
for the final use are presented in the non-
dimensional form in Table 14,
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Fig. 11 Load-displacement curves for various T,

Table 14. Final parameters of mesh configuration.

m; r| EJ L Ny N3 T|
(mfel.y | (m) | (m)] im)
b} H |07H | Ly | W 4 | {ua)
20 | (@) | ()

6 CONCLUSIONS

1. Tt has been found that for a width-to-breadih
ratio (U'b) of 0.1 for the inlerface element, effect is
miinimal.

2. Prior to the final analysis of the pile-soil
system, the loading rote has o be determined
individually for the case concerned.

In this study specific non-dimensional guidelines
have been sugpested and subsequently tested for
obtaining ressonable mesh configurations. The
proposed methodology may be suitably adopted 1o
ather structure-soil systems.
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