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Abstract. This paper presents the analyses of twelve prestressed concrete
(PSC) instrumented test piles that were driven in different locations of Louisiana
in order to develop analytical models to estimate the increase in pile capacity
with time or pile set-up. The twelve test piles were driven mainly in cohesive
soils. Detailed soil characterizations including laboratory and in-situ tests were
conducted to determine the different soil properties. The test piles were instru-
mented with vibrating wire strain gauges, piezometers and pressure cells. Sev-
eral static load tests (SLT) and dynamic load tests (DLT) were conducted on
each test pile at different times after end of driving (EOD) to quantify the
magnitude and rate of set-up. Measurements of load tests confirmed that pile
capacity increases almost linearly with the logarithm of time elapsed after EOD.
Case Pile Wave Analysis Program (CAPWAP) were performed on the restrikes
data and were used along with the load distribution plots from the SLTs to
evaluate the increase of skin friction capacity of individual soil layers along the
length of the piles. The logarithmic set-up parameter “A” for unit skin friction
was calculated of the 70 individual clayey soil layers, and were correlated with
different soil properties. Nonlinear multivariable regression analyses were per-
formed and three different empirical models are proposed to predict the pile
set-up parameter “A” as a function of soil properties.

Keywords: Pile set-up � Static load test � Dynamic load test � Empirical
model � Consolidation

1 Introduction

It is well-known that the axial capacity of piles usually increases with time after driving
in cohesive soils. Many researchers (e.g., Komurka et al. 2003; Rausche et al. 2004;
Fellenius 2008; Abu-Farsakh et al. 2016) have studied this increase in capacity, known
as “set-up”. Several empirical, analytical and numerical techniques have been proposed
over the past few decades to predict the magnitude and rate of pile set-up with time. It
has been well recognized that the magnitude of set-up is dependent upon the pile size,
pile length, pile material, soil type and soil strength (Long et al. 1999; Chen et al. 2014).
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Pile set-up phenomenon is mainly attributed to three main mechanisms: (1) Dissi-
pation of excess pore water pressure (PWP) (or consolidation), (2) Thixotropic effect,
and (3) Aging effect. During pile driving, the surrounding soil is displaced predomi-
nantly radially along the side and vertically and radially beneath the tip, thus generating
a significant amount of excess PWP. In addition, the soil within the vicinity of pile face
loses its strength due to an increase in excess PWP, disturbance of the soil structure and
the soil remolding (McVay et al. 1999). As the excess PWP starts to dissipate, the
effective stress of the disturbed soil starts to increase, and consequently set-up primarily
occurs due to the increase in shear strength and the increase in lateral stresses against
the pile (Rausche et al. 2004; Chen et al. 2014). Thixotropic effect (or regaining of soil
strength of disturbed soil with time) also plays a significant role at the early stage of
set-up (Ng et al. 2013; Haque et al. 2016a, b). Any set-up occurs after the completion of
excess PWP dissipation is mainly due to “aging” effect (i.e., time dependent change in
soil properties at a constant effective stress) (Schmertmann 1991; Wang and Gao 2013).
Several empirical models (e.g., Skov and Denver 1988; Ng et al. 2013; Wang et al.
2015) have been proposed to estimate the pile set-up capacity with time. Of these
models, the relationship developed by Skov and Denver (1988) is considered the most
popular relationship due to its simplicity. They postulated that the pile capacity
increases with the logarithm of time as follows:

Rt

Rto
¼ A log10

t
to

þ 1 ð1Þ

where: Rt = Total pile capacity at time, t; Rto = Total pile capacity at reference time, to;
t = Time elapsed since end of initial pile driving; to = Initial reference time, a reference
time before which there is no predictable Rto increase as a function of elapsed time;
A = Set-up rate parameter (log-linear). The “A” parameter can be assumed,
back-calculated from field data, or gleaned from empirical relationships available in the
literature. However, most of the available models in literature (e.g., Skov and Denver
1988) did not consider the soil properties in their formulations and that the total
capacity (Rt) was mostly used instead of the skin friction (Rs). However, very few
models (e.g., Ng et al. 2013; Karlsrud et al. 2014) incorporated the soil properties in
their models to predict pile set-up. Table 1 presents the most recent pile set-up
developed models.

The construction of pile foundation usually becomes expensive. Each year, millions
of dollars are spent in order to drive prestressed concrete (PSC) piles. Therefore, the
incorporation of even a small percentage of pile setup into pile design, can result in
significant cost savings. The accurate prediction/estimation of the increase in pile
capacity with time can be incorporated into a rational design through (a) reducing the
number of piles, (b) shortening pile lengths, (c) reducing pile cross-sectional area
(using smaller-diameter piles), and/or (d) by reducing the size of driving equipment
(using smaller hammers and/or cranes).
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2 Objective

The objective of this study is to develop analytical models to estimate the set-up
parameter “A” of individual soil layers from soil properties. The set-up parameter “A”
of individual soil layers were back-calculated using the unit skin friction (fs) rather than
the total pile capacity (Rt) as proposed by Skov and Denver (1988) model. The soil
properties of individual soil layers for each test pile location [i.e., undrained shear
strength (Su), Atterberg limits, sensitivity (St) and vertical coefficient of consolidation
(cv)] were obtained from the laboratory testing and/or interpreted from the piezocone
penetration test (PCPT) or dissipation test. The back-calculated set-up parameters “A”
were correlated with the selected soil properties and nonlinear analytical models were
developed to estimate the skin friction set-up for individual soil layers along the pile
length.

Table 1. Available pile set-up models

References Models Comments

Skov and Denver
(1988)

Rt = Ro [A log ( tto) + 1] A = 0.2 for sand and 0.6 for clay
t0 = 0.5 for sand and 1.0 for clay

Bogard and
Matlock (1990) Rt = Ru [0.2 + 0.8(

t
T50

1þ t
T50

)]
Ru = Ru occurs at 100% set-up
T50 = T50 is the time required to
reach 50% set-up

Long et al. (1999) Rt = 1.1REODt
a a = 0.05 for lower bound

a = 0.18 for upper bound bound
Svinkin and Skov
(2000)

Ru = REOD [B{log
(t) + 1} + 1]

B = Empirical factor

Mesri and Smadi
(2001)

s = sR (t /tR)
CDCa/Cc sR = Pile capacity at 1 day

tR = 1 day
Ca/Cc = 0.02 ± 0.01
CD = Empirical value

Karlsrud et al.
(2005)

Rt = R100[A(log ( t
t100) + 1)]

A = 0.1 + 0.4(1 − PI
50)OCR

−0.8

R100 = Pile capacity at 100 days
PI = Plasticity index
OCR = Over consolidation ratio

Bullock et al.
(2005)

RS = Ro [Alog( tto) + 1] A = 0.1 (In absence of test)
to = 1 day

Ng et al. (2013) Rt = REOD [A � log10
ð t
tEOD) + 1](Lt/LEOD)

A = fcCha
Nar2p + fr

cha = Horizontal coefficient of
consolidation
Na = SPT N value
rp = Equivalent pile radius
fc = Consolidation factor
fr = Remolding recovery factor

Haque et al.
(2016a, b)

fS = fso [A log ( tto) + 1]

A = 0.57 e−0.05qt
fs = Unit skin friction
fso = Initial unit skin friction
qt = Corrected cone tip resistance
to = 1 day
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3 Test Site and Subsurface Geotechnical Condition

3.1 Test Location and Test Piles (TP)

Five different sites were selected in Louisiana to perform the pile set-up study. These
sites include: Bayou Zourie, Bayou Lacassine, Bayou Teche, Bayou Bouef and LA-1.
Detailed description of the Bayou Zourie, Bayou Lacassine and LA-1 project sites can
be found in Chen et al. (2014), Haque et al. (2014), and Haque et al. (2016a, b),
respectively. Figure 1 shows the approximate locations of the pile set-up project sites.
This set-up study was performed only on 12 square PSC instrumented test piles driven
in cohesive dominated subsurface soil conditions. The objective of this study is to
develop analytical models that can predict pile set-up for individual soil layers along
the pile lengths. In order to meet this criterion, the test piles in all sites were instru-
mented with strain gauges in order to calculate the increase in skin friction of individual
soil layers after EOD. With the aim to understand the consolidation behavior with pile
set-up, a combination of piezometers and pressure cells were also installed in selected
test piles to measure the total and excess pore water pressure and hence effective lateral
stresses on pile face. The pile ID, their width and length and the hammer type used for
installation are presented in Table 2.

3.2 Geotechnical Subsurface Characterization

Both laboratory and in-situ tests were conducted at each test pile location to evaluate the
different soil properties. 7.6 cm Shelby tube samples were retrieved from boreholes
drilled at different depths at each test pile location for comprehensive laboratory testing.
Water content, unit weight, Atterberg limits, one-dimensional consolidation tests and
unconsolidated undrained (UU) triaxial tests were performed on selected soil samples to

Symbol
BZ= Bayou Zourie
BL=Bayou Lacassine
BT= Bayou Teche
BB=Bayou Bouef

Fig. 1. Location of the performed projects result
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characterize the subsurface soil conditions. The in-situ testing program included both
piezocone penetration tests (PCPT), piezocone dissipation tests and standard penetration
test (SPT). One-dimensional consolidation tests were also performed to calculate the
coefficient of consolidation (cv) of soil in the absence of PCPT dissipation tests. Table 3
presents the information of the soil properties that have been used in this study.

Table 2. Summary of test piles

Project Name Pile ID Pile Type Width (mm) Length (m) Hammer Type

LA-1 LA-1-TP-2 PSC 406 39.6 Vulcan 010
LA-1-TP-3 762 57.9 Vulcan 010
LA-1-TP-4a 610 48.8 Vulcan 020
LA-1-TP-4b 610 64.0 Vulcan 020
LA-1-TP-5a 610 44.2 Vulcan 020
LA-1-TP-5b 610 51.8 Vulcan 020

Bayou
Lacassine
(BL)

BL-TP-1 762 22.9 ICE I-46
BL-TP-2 762 25.0 ICE I-46
BL-TP-3 762 22.9 ICE I-46

Bayou Bouef
(BB)

BB-TP-1 762 43.2 HPSI 2005

Bayou Zourie
(BZ)

BZ-TP-1 610 16.8 ICE I-62 V-2

Bayou Teche
(BT)

BT-TP-1 610 19.5 ICE-I-36

Table 3. Summary of the soil properties and set-up parameter “A”

Pile ID Testing
period
(Days)

Nos and
types of
tests
performed

Nos and types
of soil layers

Soil properties Set-Up parameter “A” Set-Up
ratio

DLT SLT Clayey Sandy Su (kPa) PI (%) Clayey soil
layer

Sandy soil
layer

Rt/
Rto

Rs/
Rso

LA-1-TP-2 7 6 1 7 1 7–35 4–25 0.35–0.53 0.15 4.9 7.5

LA-1-TP-3 13 3 1 6 3 38–49 16–37 0.31–0.43 0.07–0.13 2.4 3.4

LA-1-TP-4a 6 6 1 8 3 8–45 46–77 0.38–0.51 0.13–0.24 5.0 9.9

LA-1-TP-4b 6 7 1 11 3 8–78 26–77 0.22–0.47 0.13–0.24 2.3 2.9

LA-1-TP-5a 6 5 1 4 2 23–44 20–50 0.24–0.33 0.23–0.24 4.2 5.2

LA-1-TP-5b 6 6 1 6 2 23–51 20–50 0.20–0.28 0.15 2.0 2.4

BL-TP-1 217 3 5 6 1 72–123 4–25 0.13–0.26 0.10 2.1 2.3

BL-TP-2 23 3 1 6 1 85–145 16–37 0.16–0.27 0.08 1.7 2.0

BL-TP-3 181 3 5 6 1 79–124 17–35 0.14–0.26 0.05 1.6 1.9

BB-TP-1 28 1 3 4 2 51–59 16–35 0.29–0.48 0.05 2.0 3.3

BZ-TP-1 76 3 2 3 2 116–157 37–75 0.15–0.29 0.17–0.26 1.5 1.8

BT-TP-1 32 4 1 3 3 10–20 36–52 0.28–0.40 0.02–0.09 1.2 1.2

Total Soil Layers = 94 70 24 Average “A” 0.31 0.15
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4 Load Testing Program

The load testing program was designed to measure the increase in pile capacity with
time (or pile set-up). Table 3 summarizes the total number of tests, testing period, set-up
ratio (i.e., capacity during a load test over initial driving capacity) and the
back-calculated set-up factor “A” for the individual soil layers along the 12 instrumented
test piles. The details of load test results for Bayou Zourie, Bayou Lacassine and LA-1
project can be found in Chen et al. (2014), Haque et al. (2014) and Haque et al. (2016a,
b), respectively. The dynamic measurements were acquired with Pile Driving Analyzer
(PDA) during initial driving and subsequent restrike events on each test pile. The DLTs
were performed in accordance with the ASTM D 4945-89. In addition, the CAPWAP
was also used to evaluate the skin friction of individual soil layers.

SLTs were performed after 6 to 14 days from EOD to evaluate the increase in pile
capacity with time in each test pile as compared to DLT restrikes. The compression
SLTs were performed in accordance with the ASTM D-1143 quick test loading option
in all the test piles. The ultimate load capacity from the pile load test was determined
based on the modified Davisson interpolation method (1972). Figure 2 presents the
result of a SLT that was conducted at TP-2 location of LA-1 site. Embedded strain
gauges were used to calculate the Rs, Rtip and Rt during each SLT, and to estimate the
distribution of Rs along the pile length. In order to capture the strain gauge measure-
ments for every incremental load during SLTs, the data acquisition system was set to
collect the data at two minute intervals during each SLT. The axial load transfer can be
determined from the strain measurements, the cross-sectional area and the Young’s
modulus of the pile. Figure 2b depicts an example of the load distribution plot obtained
during the SLT at TP-2 location of LA-1 site.

(a) Load-Settlement plot (b) Load distribution plot

Fig. 2. Results of static load test result
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5 Results

5.1 Set-up in Terms of Total (Rt) and Skin Friction (Rs) Capacity

The total pile capacities estimated from the DLTs as well as the capacities measured by
the SLTs are analyzed to study the set-up behavior for all test piles. However, per-
forming repeated load tests numerous times can significantly affect the soil-pile
interface and affect the true setup behavior. Performing frequent static and dynamic
load tests on the same pile was a limitation of this study and can affect the result on
some content. All the test piles exhibited significant amount of set-up as shown in
Table 3. The results of skin friction set-up of all test piles are presented in Fig. 3.
Figure 3 shows that the test piles of LA-1 site exhibited higher amount and rate of
set-up compared to the test piles of other sites. The presence of very soft soil at the
project location (i.e., near Gulf of Mexico) as compared to the other test pile location
contribute to this behavior. The figure demonstrated that the skin friction capacities are
best fitted to linear logarithmic of time with high coefficients of correlation (R2). As
seen in Table 3 and Fig. 3, the pile set-up was mainly due to increase in Rs. The Rtip

was almost constant over time for all the test piles.

5.2 Set-up of Individual Soil Layers

Most of the models available in literature to predict pile set-up consider either the total
pile capacity set-up or the skin friction capacity set-up of entire pile. As a result, the soil
properties of different soil layers along the pile length were not incorporated into those
models, which results on difficult implementation of set-up models on different soil
conditions. In this study, the unit skin friction (fs) (i.e., skin friction /contact area) was
used to analyze the set-up behavior for individual soil layers along the pile length
(Eq. 2). The set-up behavior for individual soil layers along the pile length were
calculated in this study with the aid of vibrating wire strain gauges measurements
during the SLTs and from the CAPWAP analyses during the DLTs.

fs
fso

¼ 1þA log
t
to

ð2Þ

Fig. 3. Skin friction set-up for all test piles
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Examples of analyses of set-up for individual soil layers are presented in Tables 4
for the TP-3 of Bayou Lacassine. The published literature (e.g., Paikowsky et al. 2005;
Ng et al. 2013) documented that set-up is mainly dominant in clayey soil layers, and
that small amount of set-up was observed in the sandy soil layers. In this study, the
sandy soil layers exhibited smaller amount of set-up compared to the clayey soil layers
due to quick dissipation of excess PWP after EOD. The tabulated data in Table 4 show
that the clayey soil layers exhibited an average increase of 70% to 260% of set-up
while sandy soil layers exhibited insignificant amount of set-up during the testing
period compared to the EOD skin frictions.

5.3 Correlations Between Soil Properties and Set-up Parameter “A”

The set-up rate in this study as measured by “A” parameter is calculated using the unit
skin friction for each soil layers along the pile length. 94 soil layers from 12 PSC test
piles driven in five different project sites were included in the analyses. Clayey soil
behavior was dominant in 70 clayey soil layers and the remaining 24 soil layers exhibited
sandy soil behavior. The average value of “A” parameter for clayey and sandy soil layers
are 0.31 and 0.15, respectively. The effects of soil properties on these back-calculated
“A” parameters are investigated here in order to develop correlations between “A”
parameter and the different soil properties. The soil properties that have significant
influence on the set-up parameter “A” can be identified as the Su, PI, ch or cv and St.

5.4 Effects of Undrained Shear Strength (Su)

The Su in this study is correlated with the rate of set-up parameter “A” for the individual
clayey soil layers. Suwas experimentally measured for 70 clayey soil layers and it ranges
from 7 kPa to 157 kPa. The clayey soil layers of LA-1 project with the lowest Su values

Table 4. Example of set-up for individual soil layers (Test Pile-3 of Bayou Lacassine)

Layer ID EOD 1st Res
(60 min)

2nd Res
(24 h)

1st SLT
(15 days)

2nd SLT
(29 days)

3rd SLT
(93 days)

4th SLT
(129
days)

5th SLT
(175
days)

3rd Res
(181
days)

3-1 Casing

3-2 133/1.0 271/2.0 339/2.6 547/4.1 556/4.2 559/4.2 564/4.2 577/4.3 479/3.6

3-3 128/1.0 162/1.3 226/1.8 360/2.8 378/2.9 380/2.9 384/3.0 393/3.1 425/3.3

3-4 179/1.0 180/1.0 221/1.2 322/1.8 338/1.9 345/1.9 347/1.9 346/1.9 310/1.7

3-5 144/1.0 205/1.4 241/1.7 384/2.7 382/2.6 389/2.7 391/2.7 418/2.9 380/2.6

3-6* 637/1.0 673/1.1 716/1.1 840/1.3 690/1.1 576/0.9 525/0.8 578/0.9 661/1.0

3-7 229/1.0 302/1.3 363/1.6 527/2.3 444/1.9 447/1.9 449/1.9 454/1.9 464/2.0

3-8 45/1.0 58/1.3 65/1.4 120/2.7 121/2.7 125/2.8 126/2.8 130/2.9 137/3.0

Total skin
friction (kN)

1495/1.0 1851/1.2 2171/1.4 3100/2.1 2909/1.9 2821/1.9 2786/1.9 2896/1.9 2856/1.9

End bearing
capacity (kN)

765/1.0 791/1.0 720/0.9 681/0.9 667/0.9 693/0.9 657/0.9 645/0.8 765/1.0

Total Capacity 2260/1.0 2642/1.2 2891/1.3 3781/1.7 3576/1.6 3514/1.5 3443/1.5 3541/1.6 3621/1.6

*Sandy soil layer
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generally exhibited higher rate and magnitude of set-up compared to the clayey soil
layers of the other sites. The correlation between Su and set-up parameter “A” is pre-
sented in Fig. 4a. The figure clearly demonstrates that there is an inverse-power rela-
tionship between the “A” parameter and Su value.

5.5 Effects of Plasticity Index (PI)

Atterberg limit tests were performed on all the 70 clayey soil layers and the value of PI
ranges from 4% to 77%. The correlation between the PI of clayey soil layers and the
set-up parameter “A” is presented in Fig. 4b. The figure shows that a linear propor-
tional relationship do exists between the PI and the “A” parameter with a relatively
high coefficient of correlation (R2 = 0.73) for this correlation.

5.6 Effects of Coefficient of Consolidation (Cv)

The coefficient of consolidation (cv or ch) is believed to be one of the most important
factor to influence the set-up behavior of clayey soils. In-situ piezocone dissipation
tests were performed and the ch values were calculated using Teh and Houlsby (1991)
interpretation method. Laboratory consolidation tests were also performed on soil
samples collected at LA-1 and Bayou Teche pile sites. The correlation between the cv
and set-up parameter “A” for this study is depicted in Fig. 4c. In order to better
represent the relationship, the normalized logarithmic value of cv is considered in this
analyses. The figure shows that there exists an inverse linear proportional relationship
between the set-up rate parameter “A” and the log cv values.

5.7 Effects of Sensitivity (St)

Due to thixotropic property of the soil, the subsequent remolding and reconsolidation
of the disturbed soil at the soil-pile interface zone will also be associated with long-term
increase in soil strength, depending on St values of the soil. The correlation between the

(a) (b) (c) (d) 

Fig. 4. Correlation of set-up parameter “A” with different soil properties.
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St and the set-up parameter “A” is presented in Fig. 4d. The figure shows that there
exists a linear proportional relationship between the St and set-up parameter “A”,
similar to the PI-set-up parameter “A” relationship.

5.8 Development of Empirical Models for “A”

Non-linear multivariable regression analyses were conducted to develop empirical
models to estimate the set-up parameter “A” from soil properties. Three different
empirical models were developed for the set-up rate “A” using three different levels of
soil properties for use by design engineers based on available soil properties. The
procedure to develop the three different empirical models is similar; however, the dif-
ference is only in incorporation of different soil properties in three different empirical
models. Two soil parameters (Su and PI) that are usually available in typical soil borelog
are used to develop a simple correlation for the set-up parameter “A” in level-1 empirical
model. Three soil parameters (Su, PI and cv) are incorporated in level-2 empirical model.
ch or cv parameters are usually not available in typical soil borelog; however, it is
believed to be the most important parameter that can incorporate the effect of consoli-
dation on set-up model. The developed model of level-3 is complex to implement, but it
incorporated the effect of St in this level. The correlation results between the set-up
parameter “A” and the selected soil properties (Fig. 4) such as Su, PI, St, cv were used to
develop the analytical models. All possible regressions procedures were examined to
select the best subset of predictor. R-Square, adjusted R-Square, sum of square error
(SSE) and mean square error (MSE) were used as criteria to assess best predictors. Once
preliminary models were selected, detail statistical analysis such as significance of the
model as whole (F test) and significance of the partial multiple regression coefficient (t
test) was carried out. The following three analytical models were finally selected
amongst all models after examining all of the statistical analyses.

Level-1 : A ¼ f Su;PIð Þ ¼
0:79 � PI

100

� �
þ 0:49

Su

1 tsf

� �2:03
þ 2:27

ð3Þ

Level-2: A ¼ f Su;PI; cvð Þ ¼
1:12 � PI

100

� �
þ 0:69

Su

1 tsf

� �
1:44

h i
� log Cv

0:01 in2

hour

0
@

1
A

2
4

3
5
0:54

þ 3:19

ð4Þ

Level-3: A ¼ f Su;PI; cv; Stð Þ ¼
0:44 � PI

100

� �
Stð Þþ 2:20

Su

1 tsf

� �1:94
� �

� log Cv

0:01 in2

hour

0
@

1
A

2
4

3
5
1:06

þ 10:65

ð5Þ
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Figures 5a, b and c present the comparison of measured versus predicted set-up
parameter “A” of the 70 individual clayey soil layers. The models that had been
developed to predict the set-up parameter “A” from soil properties for three different
levels need to be incorporated in Eq. 2 in order to predict the set-up for fs as:

fs
fso

¼ 1þ
0:79 � PI

100

� �
þ 0:49

Su

1 tsf

� �2:03
þ 2:27

log
t
to

ð6Þ

fs
fso

¼ 1þ
1:12 � PI

100

� �
þ 0:69

Su

1 tsf

� �
1:44

h i
� log Cv

0:01 in2

hour

0
@

1
A

2
4

3
5
0:54

þ 3:19

log
t
to

ð7Þ

fs
fso

¼ 1þ
0:44 � PI

100

� �
Stð Þþ 2:20

Su

1 tsf

� �
1:94

h i
� log Cv

0:01 in2

hour

0
@

1
A

2
4

3
5
1:06

þ 10:65

log
t
to

ð8Þ

Where, to = 1 day and fso = unit skin friction at 1 day restrike for individual soil
layer.

Equations 6, 7 and 8 can be implemented to estimate the increase of fs with time of
individual clayey soil layer after EOD. The fs value will be multiplied with the contact
area of that layer to calculate the skin friction (Rsi) of that layer. In the absence of sandy
soil layers, the skin friction of all clayey soil layers along the pile length can be added
to evaluate the total skin friction of the piles, Rs of the pile. A constant value of
A = 0.15 (Average value of “A” parameter of all sandy soil layers in this study) is
proposed here to estimate the fs value for the sandy soil layers and hence to calculate
the skin friction of the sandy soil layers. Since no set-up was observed for the

(b) Level-2 Model(a) Level-1 Model (c) Level-3 Model

Fig. 5. Comparison of measured versus predicted “A” for development of models
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end-bearing capacity (Rtip) in this study as well as reported in the literature (e.g., Ng
et al. 2013), no set-up is considered in calculating Rtip in the proposed model to
estimate the Rt.

5.9 Model Verification

Other available pile set-up data from LADOTD were analyzed here to verify the
developed analytical set-up models in Eqs. 6, 7 and 8. The three developed models in
Eqs. 6, 7 and 8 were used to predict the “A” for the individual soil layers of these 18
test piles, followed by calculating the Rt using the methodology described earlier.
Figure 6 presents the comparison between the measured and predicted set-up parameter
“A” for verification of these 18 test piles.

6 Summary and Conclusions

Pile set-up study was conducted on 12 instrumented test piles of five different projects
in mainly cohesive soils with the presence of interlayers of sand and silt in Louisiana.
Laboratory and in-situ soil testing were conducted at the test pile location in order to
characterize the subsurface soil profile. Based on field measurements of load tests on
PSC driven piles and the statistical regression analyses, the following conclusions can
be drawn:

1. The total capacities measured by the static and dynamic load tests demonstrated that
the set-up behavior follows a linear logarithmic rate of time after EOD. The
end-bearing capacity was almost constant, and the majority of set-up was mainly
attributed to increase in skin friction.

2. The CAPWAP analyses from the DLTs and the load-distribution plots from the
SLTs were used to calculate the skin friction capacity for individual soil layers
along the piles. Almost all the clayey soil layers exhibited significant amount of
set-up compared to sandy soil layers.

(c) Level-3 Model(b) Level-2 Model(a) Level-1 Model

Fig. 6. Comparison of measured versus predicted “A” for verification of models
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3. The logarithmic rate of set-up parameter “A” was back-calculated for individual soil
layers. A total 94 pile segments were considered in this study with the clayey soil
behavior was dominant in 70 soil layers. The corresponding average values of the
set-up rate “A” for clayey and sandy soil layers were 0.31 and 0.15, respectively, for
this study.

4. The magnitude and rate of set-up “A” exhibited a good correlation with the different
soil properties. The undrained shear strength (Su), plasticity index (PI), coefficient
of consolidation (cv or ch) and sensitivity (St) have shown significant influence on
the set-up parameter “A”. The set-up parameter “A” decreases with increasing Su
and cv, and increases with increasing PI and St.

5. Three different multivariable non-linear regression models were developed to
estimate the “A” parameter and the increase of unit skin friction capacity (fs) with
time for the clayey soil layers. The models incorporate different soil properties in
three different levels with similar implementation procedure. The comparison
between measured and predicted “A” parameter and “fs” value are in good
agreement.
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