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CPT-based lateral displacement analysis using p-y method
for offshore mono-piles in clays
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Abstract. In this study, a CPT-based p-y analysis method was proposed for the displacement analysis of
laterally loaded piles. Key consideration was the continuous soil profiling capability of CPT and cone
resistance profiles that do not require artificial assumption or simplification for input parameter selection.
The focus is on the application into offshore mono-piles embedded in clays. The correlations of p-y function
components to the effective cone resistance were proposed, which can fully utilize CPT measurements. A
case example was selected from the literature and used to validate the proposed method. Various parametric
studies were performed to examine the effectiveness of the proposed method and investigate the effect of
property profile and its depth resolution on the p-y analysis. It was found that the calculation could be largely
misleading if wrongly interpreted sub-layer condition or inappropriate resolution of input soil profile was
involved in the analyses. It was also found that there is a significant influence depth that dominates overall
load response of pile. The soil profile and properties within this depth range affect most significantly
calculated load responses, confirming that the soil profile within this depth range should be identified in
more detail.

Keywords: p-y analysis; cone penetration tests; laterally loaded piles; offshore wind turbines;

displacement analysis; undrained shear strength

1. Introduction

For offshore wind turbine structures, the installation of foundation costs around 21% of the
total construction cost (IEA 2008), which is much higher than for inland wind turbines. Optimized
foundation design and construction are particularly desired for offshore structures as great amount
of construction cost can be saved. Among several, mono-piles are a common foundation type that
is often adopted for offshore wind turbines for water depths shallower than around 30 to 40 m. The
design of offshore mono-piles is similar to that of inland piles, while the lateral load response and
lateral load carrying capacity are key design consideration as waves and winds are predominant
load components.

The lateral load capacity of piles can be defined in two different aspects of the allowable load
capacity (H,;) and the ultimate load capacity (H,). H, refers to failure of either soil or pile itself
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while H, is associated with the level of displacement that is tolerable for a given structure (Broms
1964, Duncan et al. 1994, Zhang et al. 2005). For the displacement analysis of laterally loaded
piles for Hy;, the beam-on-elastic foundation (BEF) approach based on the p-y analysis is often
used (Matlock 1970, Reese ef al. 1975, Duncan et al. 1994). The p-y analysis may be less rigorous
than the continuum-based full numerical analysis as it is based on simplified soil springs and
assumed load response curve. The p-y method has been however widely adopted in practice mainly
due to the simplicity and reasonability of calculated results.

As for other foundation design and analysis, the adequacy of input parameters is crucially
important for the successful implementation of the p-y analysis. When offshore environment is
involved, the soil characterization using the conventional sampling- and testing-based approach is
subjected to various experimental uncertainties with limited reliability of estimated soil parameters.
For this reason, in-situ testing methods are preferred and regarded more effective for offshore
cases (Titi et al. 2000, Tumay and Kurup 2001, Lee and Randolph 2011).

There have been several cases for the applications of in-situ test results into the p-y analysis
(Briaud et al. 1985, Robertson et al. 1989, Gabr et al. 1994, Haldar and Babu 2009). Briaud et al.
(1985) and Robertson et al. (1989) proposed the p-y analysis methods based on the pressure
metertest (PMT) and dilatometer test (DMT) results, respectively. Gabr et al. (1994) also proposed
a DMT-based p-y method using the hyperbolically defined load response curve. PMT and DMT
were frequently adopted because the lateral loading mechanisms of the tests were similar to those
of laterally loaded piles. Less attention has been given to the cone penetration test (CPT) mainly
due to the different loading direction of the vertical cone penetration from the lateral pile loading
process. However, it has been well recognized that the cone resistance is essentially governed by
the horizontal effective stress rather than the vertical effective stress (Schnaid and Houlsby 1991).
Moreover, it was recently found that the cone resistance is closely related to lateral pile load
response as both are governed by the horizontal effective stress (Lee ef al. 2010).

In the present study, a penetrometer-based p-y analysis method using CPT results is proposed
for offshore piles embedded in clays. CPT is adopted to take advantage of the cost effectiveness
and popularity in offshore soil investigation. The continuous profiling capability of CPT is an
important consideration for the proposed method. The proposed CPT-based p-y analysis can take
into account the depth variation of soil and layer profiles in detail by directly using CPT results.
The effects of soil layering and property variation on the p-y analysis are examined in comparison
to the conventional p-y analysis approach.

2. p-y analysis methods for laterally loaded piles in clays

The beam-on-elastic foundation (BEF) approach, often called as Winkler foundation, is a
common approach in practice for the displacement analysis of laterally loaded piles. In this
approach, as shown in Fig. 1, soils are assumed as a series of elastic springs with load responses
defined by the p-y curves that are either linear or non-linear. Various p-y analysis methods have
been proposed (Matlock 1970, Reese et al. 1975, Murchison and O’Neill 1984, Franke and Rollins
2013). The difference of the methods mainly come from the shape of p-y curve and definition of
ultimate lateral resistance p,.

For offshorepiles embedded in clays, the method proposed by Matlock (1970) is often used and
was adopted in various specifications (DNV 2004, API 2000). Matlock (1970) proposed a p-y
curve shown in Fig. 2(a) applicable in soft clays. The function for the p-y curve of Matlock (1970)
in Fig. 2(a) is given in a normalized form as follows
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Fig. 2 p-y curve models for different clay conditions of: (a) soft clay (Matlock 1970); and (b) stiff clay
(Reese et al. 1975).

1/3
P 0,5.(LJ Q)
P u Yy 50

where p = lateral load per unit length; p, = ultimate lateral soil resistance; y = induced lateral
displacement; yso = limit lateral displacement = 2.5-&50-D; &50 = limit strain corresponding to 50%
of failure stress in triaxial tests; and D = pile diameter. Beyond the lateral displacement of 8-yso,
the value of p was set as a constant. In Eq. (1), p, represents the ultimate resistance exerted by
surrounding soils given as the following relationship

p,=N.-s,-D 2)

where s, = undrained shear strength; N, = bearing capacity factor; and D = pile diameter. N, varies
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from 3 to 9 depending on depth range given as follows

No=3+ 205 oz 3)
s, D
N.=9 (z2z,) @)

where y’ = effective unit weight of soil; z = depth from ground surface; z, = limit depth below
ground surface; and J = empirical parameter that can be taken as 0.5 and 0.25 for soft and stiff
clays, respectively. Egs. (3)-(4) indicate that the value of /N, increases down to the limit depth z,
and then becomes constant equal to 9. According to Matlock (1970), the limit depth z, can be
estimated using the following relationship

z, = & ®)]

7/'2 +J
Su
For the cases in stiff over consolidated clays, Reese et al. (1975) proposed a p-y curve shown in

Fig. 2(b) considering the stress softening behavior. The p-y curve of Reese et al. (1975) in Fig. 2(b)
consists of 5 piecewise sections with functions given, respectively, as follows

p=(k-z)-y (6)

p=05p,(y/y5)" 7
P=0.5p,(y/50)** =0.055p,[(y = 4 y50) (A,y5)] * ®)
p=0.5p,(64,)" —0.411p, —(0.0625/ y5,) p, (¥ —64,y5,) )
p=05p,(64,)°°—-0.411p, —0.75p, A, (10)

where k = subgrade reaction modulus; 4, = depth correction factor; and yso = limit displacement =
&o-D. The depth correction factor 4, varies from 0.2 at the surface to 0.6 for depths greater than 3
times pile diameter (3D). p, by Reese et al. (1975) is taken as the smaller one among the
followings

p, =25,D+yDz+2.83s,z (11)
p, =11s,D (12)

where g = average undrained shear strength over the depth z; and y”= effective unit weight of
clays.

For the displacement analysis using the p-y method in clays, as reviewed herein, key
components are the magnitude of p, and the function that defines the p-y curve, both of which are
controlled by the effective stress and undrained shear strength. Although no particularly specific
consideration has been addressed for the p-y analysis for offshore piles, the proper identification of
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these parameters and their depth profiles is crucial, as it is often subjected to various uncertainties
under offshore environment with larger variability than for inland cases.

3. Lateral displacement analysis using CPT results

3.1 Modified p-y function based on effective cone resistance

The soil reactions from the soil springs for the BEF approach vary with depth as a result of
increasing stiffness and strength properties of the p-y curves. The undrained shear strength s, is the
governing soil variable for clays, which characterizes the main features of the p-y curve and the
ultimate lateral soil resistance p,. Various experimental methods have been proposed to estimate s,
(Ladd et al. 1977, Teh and Houlsby 1991, Stewart and Randolph 1994, Lunne et al. 2005). The
typical examples of sampling-free, in-situ testing methods popular in practice include the field
vane test (FVT) and cone penetration test (CPT). The cone penetration test can be particularly
effective for offshore soils as the test is conducted by a single penetration process providing
continuous and detailed depth profiles of seabed soil conditions.

The cone factor method is a common approach to estimate s, using the CPT cone resistance
given as the following relationship

q4; — 0y
S =—— 13
u Nk ( )

where s, = undrained shear strength; ¢, = cone resistance; ;o = overburden total stress at cone tip
level; and N, = cone factor. As the cone factor method of Eq. (13) involves additional unknown
parameter o0, additional experimental procedure is required, which reduces the effectiveness of
CPT application. As a recent development, the effective cone factor method was proposed, where
s, 1s given as a sole function of the cone resistance (Lee et al. 2010). The effective cone factor
method is given by

s, =2t _ 9 (14)
N, N,
where g, = effective cone resistance = g, — u; ©o = hydrostatic pore pressure; and N, = effective
cone factor = 16. It is noted that no additional testing procedure is required for Eq. (14) as u, can
be directly obtained from CPT results.
Introducing the effective cone factor into the ultimate lateral soil resistance p, of Eq. (2), the
following CPT-based p, equation can be obtained

N,
="c.p. 15
pu="7"D-4q, (15)

N.and D in Eq. (15) are the bearing capacity factor and pile diameter, respectively. As N, given
by Eq. (3) varies with depth, the value of N./N, also varies with depth. Below the limit depth z,,
however, N, becomes constant as specified by Eq. (4). For depths greater than z,, the values of N,
and N, can be taken equal to 9 and 16, which produces the value of N./N, equal to 0.5625. Using
the p, correlation of Eq. (15), the p-y function by Matlock (1970) can be modified in terms of the
effective cone resistance ¢, as follows
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Note that, as Eq. (16) does not involve the overburden stress oy, the continuous cone resistance
profiles from CPT can be fully utilized into the analysis.

According to Matlock (1970), the limit displacement ys, can be evaluated by using the limit
strain value &5 based on the stress-strain curve of the clay at the site. As the original method
specifies the discretized values of &, for a given range of s, as indicated in Fig. 3(a), a fitting
curve was obtained and included in Fig. 3(a) to describe the &s50-s, correlation. Following the
effective cone resistance of Eq. (14), the &s-s, correlation in Fig. 3(a) can be further modified in
terms of the effective cone resistance as plotted in Fig. 3(b). &pr in Fig. 3(b) can be directly
estimated from CPT cone resistances. Note that all correlations given in Fig. 3 were fit to be
compatible to the existing results adopted in current practice. Skempton (1951) and Matlock (1970)
suggested the values of & in the range from 0.02 to 0.005 for most clayey soils. The maximum
value of & and &cpr equal to 0.02 given in Fig. 3 was also set to maintain the consistency with the
value specified in the original method. The &cpr-g. correlation given in Fig. 3(b) is

-1.124
Eepp =0.185 - ("—EJ <0.02 (17)
Py

where ¢, = effective cone resistance; p, = reference stress = 100 kPa. Using Eqgs. (16)-(17), the
modified CPT-based p-y function is then obtained as follows

N D2 1/3
p=0368 ~< |.q | 2 (18)
N, Ecpr

The value of N./N, varies down to the depth of z,, below which it is equal to 0.5625. As the
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proposed p-y function of Eq. (18) utilizes the continuous CPT profile, any changes in depth profile
of soil characteristics can be readily considered into the analysis without a need of assumed

simplification or idealization of in-situ soil profiles.

3.2 Load transfer analysis and calculation

The load-transfer analysis is the main calculation step in the BEF approach using the p-y curve
for the displacement analysis of laterally loaded piles. It simulates the load responses of
assumedpile segments and soil springs upon lateral loading. The schematic illustration of
load-transfer mechanism is shown in Fig. 4. A series of pile segments with the length of h are
connected at nodes where the shear stress (V), axial stress (Q) and bending moment (M) are

transferred. At each node, the bending stiffness is introduced in terms of the elastic modulus (£)

and the second moment of inertia (/).
The governing differential equation for the equilibrium condition of a pile segment shown in
(19)

Fig. 4(b) is given by
4 2
AR o Lt Sy
dz dz

where EI = flexural rigidity of pile; O = axial load; p = soil reaction per unit length; and W =
distributed load along pile. Applying the finite difference scheme, the governing differential

equation of Eq. (19) can be rewritten as the following discretized formulation
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Fig. 4 Configuration of laterally loaded piles: (a) lateral deflection of pile segments and (b) forces

acting on elementary pile segment
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A Yig+b yite, yitd y,te yi,=1 (20)

where a, b, ¢, d, e, and f are model coefficients. The subscript i represents the node number of
discretized pile segments. Each model coefficient in Eq. (20) is given by

a,=R, 21)
b, =-2R, - 2R, , + Oh* (22)

¢, =R_ +4R + R, —20h* + E, b’ (23)
d;=-2R,—2R,, +Oh’ (24)

e, =R, (25)

1, =-wn* (26)

where R; = flexural rigidity at node i = (EI); and E,,; = secant modulus of soil springs at node i
from the proposed p-y curve of Eq. (18). If lateral load imposed on pile head is the only external
load, Q and W are set equal to zero.

The model coefficients of Egs. (21)-(26) can be determined from the system equations
established for the assigned nodes between pile segments and two additional imaginary nodes
assigned at the top and bottom ends of pile. If the pile is divided into n segments, n + 5 nodes are
generated and thus n + 5 equations are established. If boundary conditions are given at the top and
bottom of pile, the set of algebraic equations for the assigned nodes can be solved.

At the bottom of pile, the boundary condition is set as zero-bending moment and zero-shear
given as follows

Yya—=2y,+y =0 (27)
R
ﬁ(J’—z =2y, +2y _yz)"'%(J’-l )=V (28)

where, y.,, V.1, Yo, V1, ¥» = lateral deflections defined at the bottom segment and imaginary nodes of
pile shown in Fig. 5(a); Ry = flexural rigidity at the bottom node of pile = (EI),, # = segment length,
0O = axial load, and V= shear force at the bottom node of pile. Note that the assumption of
zero-bending moment and zero-shear is applicable for long flexible piles and short rigid piles that
show rotation behavior upon lateral load as assumed in most cases. However, if a pile is short rigid
and yet fixed at base, the bending moment would be generated at pile base and the assumption of
zero-bending moment at pile base would be not be valid (Reese et al. 1970).

For the top boundary condition for free head illustrated in Fig. 5(b), the following equations for
moment and force equilibriums are imposed

R
h_é(yt—l_zyt—i_yt-#l):Mt (29)
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Fig. 5 Node configuration for boundary conditions: (a) bottom boundary of pile; and (b) top boundary of pile

0
ﬁ(%-z =2y, 442y _yt+2)+E(yt—l -yu)=Fh (30)
where, M, and P, = bending moment and shear force at the top node of pile, y.o, yi.1, Vi, Vs, Vir2 =
lateral deflections at the top segment and imaginary nodes of pile shown in Fig. 5(b), R, = flexural
rigidity at the top node of pile = (E]),.
In a matrix form, the governing equation of Eq. (20) can be given as follows

[4]-(v)=(/) (31)

where [A] = stiffness matrix; (y) = lateral displacement vector matrix; and (f) = load vector matrix.
The stiffness matrix [4] contains the system equations of the model parameters and boundary
conditions given by Eqgs. (21)-(30). The lateral displacement vector of pile can be obtained taking
[4]" for each side.

3.3 Calculation algorithm

The load transfer mechanism and the proposed CPT-based p-y analysis method described
previously were programmed using the commercial programing software MATLAB. Fig. 6 shows
the schematic flow and steps of the developed program for the calculation algorithm using the
proposed method. The developed program is composed of three main parts. The first part includes
the input process of required soil and pile parameters, division of pile segments, node assignment,
and construction of the p-y curve. As the cone resistance and its depth profile are used as input soil
parameters, CPT results obtained from field are directly introduced into the program. &pr and p,
are then calculated to construct the p-y curves at each node, which is incorporated into the main
calculation step of the load-transfer analysis. The second part consists of assembling the stiffness
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matrix for the system equations and solving the matrix equation by iteration. The five-diagonal
banded matrix is created with the coefficients given by Eqs. (21)-(26) at nodes. The set of
algebraic equations are then solved for lateral pile deflections using the inverse matrix and
imposed boundary conditions at the top and bottom of pile. The third, final step is to calculate the
bending moments, shear forces, and soil reactions along pile from calculated lateral deflections.

4. Comparison and validation

To check the validity of the proposed CPT-based p-y analysis method, a case example was
selected from the literature and used to compare measured and calculated lateral load responses.
The selected example is a field lateral pile load test by Rollins et al. (1998), conducted at Salt Lake
City, Utah in USA. Various in-situ and laboratory tests were conducted to characterize the soils at
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Fig. 7 Soil parameter at test site: (a) soil profile; (b) undrained shear strength profile; and (c) CPT profile

the test site, including the standard penetration test (SPT), cone penetrometer test (CPT),
dilatometer test (DMT), pressuremeter test (PMT), field vane test (FVT), and other fundamental
laboratory tests.

The soil profile at the test site showed a composite soil layering condition with clay, silt, and

some sand layers. Fig. 7(a) shows the depth profiles of soil type at the test site. There was a gravel
fill layer near surface, which was excavated before the test pile installation. Low-plasticity silts
and clays existed within the depths of 1.7 m to 4.5 m. The depth profiles of undrained shear
strength s, and CPT cone resistance are given in Figs. 7(b)-(c), respectively. It is seen that the
values of s, were typically in the range between 25 and 60 kPa while some exceptionally higher
values around 100 kPa were observed near surface due to the over consolidated stress condition.
The cone resistances were lower than 3 MPa for the clay layer down to the depth of 4 m and
higher cone resistances were observed for the sand layer between the depths of 4.5 to 6.2 m. The
test pile was made of close-ended steel pipe with an inside diameter equal to 314.5 mm. The
embedded pile depth was 7.9 m with the vertical load eccentricity above the ground of 0.4 m.
The p-y analysis was performed using both results of s, and g, given in Figs. 7(b)-(c), respectively.
For the CPT-based p-y analysis, the proposed method was adopted while the original Matlock’s
method was used for the s,-based p-y analysis with the well-known commercial program LPILE
(Reese et al. 2004). For the input s, profiles for LPILE, two differently assumed profiles were
prepared and adopted into the p-y analysis. One is a simplified profile using a single average value
of s, for a given layer and the other is a detailed profile reflecting most significant variation of s,
within the layers. These two assumed profiles are shown in Fig. 8. For the proposed method, the
CPT profile given in Fig. 7(c) was adopted. For the calculation within the sand layers, the API
method (API 2000) was used.
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Fig. 9 shows measured and calculated lateral load responses. It is seen that the calculated
results using the proposed CPT-based method and detailed s,-profile are both in similarly close
agreement with the measured curve. The simplified s,-profile on the other hand produced
underestimated lateral load response. While the results in Fig. 9 validates the proposed CPT-based
method, it is also indicated that the resolution of depth profile for the input parameters plays an
important role in the p-y analysis and affect significantly calculated load responses.

5. Effect of property profile and soil layer condition
5.1 Effect of profile resolution

The main advantage of the proposed CPT-based p-y analysis is that detailed soil profiles, often
with complexity, can be readily considered in the analysis without additional sampling and testing
procedure. It is distinguished from the conventional way that utilizes individual property values
with a certain depth interval. The effectiveness of the proposed method would differ depending on
the soil profile and layering conditions. In order to investigate the effect of property profile and its
depth resolution on the p-y analysis, a series of clay soil deposits were assumed and parametric
study was performed. The assumed soil profiles were defined using the following s, profile

relationship
s, =a-z 32)

where s, = undrained shear strength; o = strength increase factor; and z = depth. While the range
of a values for NC clays is typically between 1 and 2, the « values equal to 0.5, 1, 2, and 3 were
considered in the analyses to cover full range of possible clay conditions. The assumed soil
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conditions are shown in Fig. 10(a).

The assumed s, profiles shown in Fig. 10(a) were divided into several sub-layers and average s,
values were assigned for each sub-layer as input values for the p-y analysis. Fig. 10(b) shows
examples of the considered sub-layer conditions adopted in the p-y analysis. Note that, for all the
cases shown in Fig. 10(b), the values of average s, along the pile embedded depth are the same. In
order to consider the effect of pile rigidity, different EI valuesfor the pile, equal to 0.5 x 10°, 1.0 x
10° and 1.5 x 10° kN-m, were considered. The total pile length was 35 m with the pile embedded
depth of 30 m.

Fig. 11 shows lateral deflections (y) at pile head [Fig. 11(a)] and the maximum bending moments
(Max) [Fig. 11(b)] with the number of sub-layer for different s, profile conditions. The lateral load

and EI of the pile in Fig. 11 was 100 kN and 1.0 x 10° kN'm, respectively. In Fig. 11, the values of

y and M,,,x were normalized with those obtained for the original continuous s, profile (i.e., yo and
Minax0)- The single sub-layer case produced the values of y and My« underestimated by around 40%
and 72% compared to those for the continuous s, profile. As the number of sub-layer increases, the
difference became smaller. For the cases with more than 5 sub-layers, calculated results showed
the degrees of match higher than 90% to yy and M. Similar result were obtained for the other
pile cases with £ = 0.5 x 10° and 1.5 x 10°® kN'm. These confirm that the calculated results of the
p-y analysis are significantly affected by assumed sub-layer condition and resolution of input soil
profile, justifying the effectiveness of the proposed CPT-based method.

5.2 Significant influence layer depth

The depths or thicknesses of sub-layers affect the lateral pile load responses as the p-y behavior
changes with depth. If there is a depth range within which the soil condition dominates the overall
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lateral load response of the pile, input soil variables within this significant influence depth range
should be identified in more detail. To analyze the significant influence depth range, additional
parametric study was performed assuming different soil layer conditions. The assumed soil
conditions consisted of two sub-layers with different layer thicknesses as illustrated in Fig. 12. The
undrained shear strengths (s,) for the upper and lower sub-layers were designated as s,; and s,5,
respectively. 2 in Fig. 12 represents the thickness of the upper sub-layer.

For the parametric study, two groups of soil conditions were considered. s, ;of the first group is
greater than s,, and the other group represents the opposite condition. For each group, different
values of s, and s,, were considered. Two different pile lengths of 15 and 30 m were considered
to check the results for both short (rigid) and long (flexible) pile conditions. Short and long piles in
this study were classified based on the pile characteristic length (L) proposed by Broms (1964).
Short piles correspond to AL smaller than 2.3. The values of pile characteristic length parameter [
= (ES/EPIP)M] were calculated for each given soil and pile conditions. The values of the
characteristic pile length (SL) for the 15-m pile were between 1.8 and 2.2 indicating short piles.
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Fig. 13 Calculated head deflection for different sub-layer thickness condition for: (a) long flexible; and (b)

short rigid and piles

The 30-m pile was classified into a long pile as L ranged from 3.7 to 4.5.

Figs. 13(a)-(b) show calculated pile head deflections (y) from the p-y analysis as a function of
z.. for the long and short pile cases, respectively. Both z. and y in Fig. 13 were normalized with the
pile diameter (D) of 1 m. The results obtained for different s, conditions were all included in the
figure. As shown in Fig. 13(a) for the long pile case, no significant changes in the calculated pile
deflections are observed for z. greater than 10D. This means that input soil profile down to the
depth of 10D dominates calculated lateral load responses and the effect of soil profile below 10D
is minor. However, for the short pile case with L = 15D in Fig. 13(b), no converged values of z. are
observed, indicating the soil profile throughout the entire pile embedded depth contributes the
overall load response. This represents that the soil profile identification becomes more important
for short pile cases and the proposed method with detailed soil profiling would be more beneficial.

6. Conclusions

In this study, a CPT-based p-y analysis method was proposed for the displacement analysis of
laterally loaded piles. Key consideration was the continuous soil profiling capability of CPT and
cone resistance profiles that do not require artificial assumption or simplification for input
parameter selection. The proposed method is focused on the application into mono-piles embedded
in offshore clayey soils where the soil characterization is limited. The correlations of p-y function
components to the effective cone resistance were proposed, which can fully utilize CPT
measurements.

The proposed CPT-based p-y model and the load transfer calculation procedure were
programmed and used to obtain load responses of laterally loaded piles. A case example was
selected from the literature and used to compare measured and calculated results. Close match was
observed from the results measured and using the proposed method. It was indicated that the
resolution of depth profile for input parameters in the p-y analysis is important and affect
significantly calculated load responses.
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Various parametric studies were performed to examine the effectiveness of the proposed
CPT-based method and investigate the effect of property profile and its depth resolution on the p-y
analysis. A series of assumed clay soil deposits were prepared and introduced into the calculation
and comparison of load responses of laterally loaded piles. It was found that the calculation could
be largely misleading if wrongly interpreted sub-layer condition or inappropriate resolution of
input soil profile was involved in the analysis. From the analysis of the significant influence depth
range, it was found that there is a depth range where the soil profile and properties affect the
calculated load responses, consequently dominating the overall load response. It was also found
that the soil profile identification becomes more important for short piles indicating that the
proposed method with detailed soil profiling would be more beneficial.
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