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RELATIONSHIP TO U.S. DOT STRATEGIC GOALS
The project outcomes will address the following U.S. DOT strategic goals.
1) State of Good Repair – The static load test program will determine representative IGM
properties, validate the dynamic analysis methods and improve pile performance. The full
life cycle cost and additional construction cost caused by aforementioned construction
issues will be reduced.
2) Safety – The research will account for the variability of IGM layers, improve the reliability
of predictive methods, and satisfy the LRFD strength limit state in accordance with the
recommended target safety margin.
3) Economic Competiveness – Improving the accuracy of predictive methods and optimizing
the geotechnical investigation will minimize existing design and construction challenges
and reduce pile design and construction costs. An efficient foundation system with a higher
allowable pile resistance will provide cost savings to the transportation agencies.
4) Environmental Sustainability – The research outcomes will indirectly reduce redundant
geotechnical investigations, unnecessary pile materials, and additional driving efforts that
use non-renewable natural resources during construction, such as fossil fuels.

GOAL AND OBJECTIVES
The overall goal of the proposed research project is to develop LRFD recommendations for driven
piles on IGM. Recognizing the design and construction challenges of piles driven on IGM, the
research project is proposed to accomplish the following objectives:
1) Determine representative engineering properties of soil and IGM;
2) Evaluate the variability of soil and IGM properties;
3) Recommend best geotechnical investigation practices for IGM;
4) Develop advanced static analysis methods for pile resistance estimation on IGM;
5) Validate and improve the accuracy of dynamic analysis methods;
6) Investigate pile setup and/or relaxation;
7) Develop LRFD resistance factors for piles on IGM; and
8) Recommend changes and improvements to current pile design and construction practices.

STATEMENT OF WORK
The research program was established based on the aforementioned research goals and
objectives. The research objectives will be achieved by completing two phases and fourteen major
tasks.
PHASE I: Data Collection, Geotechnical Investigation and Pile Load Test Program
Task I-1: Historical Pile Data Collection
High quality and usable data containing subsurface, pile, hammer, installation, and load test
information will be identified and collected from sponsored state DOTs. Besides the 35 usable
Wyoming test results, a summary of over 100 pile test results has been provided by the Colorado
Department of Transportation (CDOT) to the principal investigators (PIs). This additional pile data
will be included to expand the usable database. Details of these pile results will be acquired from
CDOT. In addition, pile test results of bridge projects completed after 2015 will be collected by Dr.
Ng of the University of Wyoming (UW) from WYDOT. These pile load tests will be evaluated to
identify their usability, added to an electronic database in Task I-2, and included for subsequent
analyses in Phase II.
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Task I-2: Expand Electronic Database
All usable pile data will be compiled and stored in the electronic database currently developed for
WYDOT using Microsoft Office AccessTM as shown in Figure 1. This electronic database enables
the delivery of an organized storage facility shrouded beneath an appealing user-friendly
interface. This database has the capability of performing efficient filtering, sorting, and querying
procedures on the amassed pile data set. This electronic database will allow for the efficient
performance of reference and analysis procedures on the comprehensive dataset.

Figure 1. The homepage of currently developed electronic database for WYDOT.
Task I-3: Identify Bridge Projects for Field Test Program
In consultation with the funding agencies and sponsored DOTs, 11 bridge project sites will be
selected to yield 11 pile load tests. These tests will be subjected to comprehensive geotechnical
investigation and the pile load test program described in subsequent tasks. These test locations
will be at bridge projects undertaken by the WYDOT, CDOT, IADOT, and KDOT. However,
additional test locations can be added when commitments from other agencies become available.
Piles driven on IGM shall be expected in these selected projects. Various IGMs, overburden soil
materials, load demands, and other factors, such as contractual and construction issues, field test
costs, and design challenges will be considered in the selection of bridge projects.
Task I-4: Detailed Geotechnical Investigation
The subsurface profile at each test site will be characterized using both in-situ and laboratory
tests. The in-situ tests include boring, Standard Penetration Tests (SPT), drivepoint penetration
tests, soil and rock sampling, and determination of RQDs. In addition, modified SPT tests will be
conducted in the IGM to record the SPT hammer counts as a function of penetration (Long 2016).
To evaluate the vertical variability of soil and IGM in Phase II, a minimum of two SPT tests will be
performed in each main geomaterial layer. Sufficient disturbed and undisturbed soil samples shall
be collected from each main layer for standard soil characterization (i.e., gradation, Atterberg
limits, in-situ moisture content, in-situ unit weight), unconfined compression tests for cohesive
soil, and a set of either triaxial tests for cohesive soil or direct shear tests for cohesionless soil. A
minimum 10-ft coring of IGM should be conducted to determine a range of RQDs and to collect
sufficient IGM samples for laboratory testing. A minimum of one uniaxial compressive test and
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three triaxial tests should be performed on IGM samples to determine relevant mechanical
properties. The laboratory soil tests will be conducted by the respective DOTs, and the laboratory
tests on IGM samples will be conducted at UW. To evaluate the horizontal variability of soil and
IGM in Phase II, a minimum of three geotechnical investigations (i.e., three boreholes) will be
performed at each test pile location over the area of the abutment or pier. The aforementioned
SPT, drivepoint penetration test, sampling, and laboratory test requirements will be followed at
each borehole location.
Task I-5: Innovative Static Pile Load Tests
A two-year study on “Innovative Pilecap Beam Static Load Test (PBSLT)” sponsored by the CDOT
was recently completed through a large-scale model test program. The objectives of this research
are to develop a cost-effective PBSLT for evaluation of static pile capacity and to determine an
optimal number of piles for a bridge abutment or pier. The proposed PBSLT method will minimize
any construction delays caused by the static load test and reduce the overall cost of the proposed
load test program.
Eleven pile load tests will be performed at 11 project sites identified in Task I-3. A Grade 50 steel
H-pile will be instrumented with strain gauges on both web surfaces along the pile length. The
test pile will be adequately instrumented so that the resistance provided by the shaft friction from
each main soil layer and end bearing generated during a static load test can be separated. These
gauges and cables will be protected from damage during pile installation. The test pile will be
driven on or into the IGM layer, and hammer blow counts will be recorded. During the driving
process, pile accelerations and strains will be collected using the PDA. The nominal pile
resistance can be estimated using the PDA data with subsequent signal matching analyses using
CAPWAP in Phase II. Based on the authors’ experiences, nominal pile resistances estimated by
the PDA-CAPWAP agreed well with the static load capacity within some precisions. To determine
the change in pile resistances, pile restrikes will be performed at one hour and one day after the
EOD. If time permits and the pile hammer is available, additional restrikes will be performed prior
to the static load test.
The static load test will be performed on the test pile using the proposed PBSLT Scheme One as
illustrated in Figure 2 and/or PBSLT Scheme Two as illustrated in Figure 3. Scheme One-1, as
shown in Figure 2(a), has one test pile with the pile head casted in the beam. The production piles
will have their pile heads housed in beam cavities at an overhead selected spacing between the
pile heads and top of cavities. Under increasing bridge dead load during the girder and deck
placement, the test pile settles and causes decreasing overhead spacing until all production pile
heads become in contact with the top of cavities. These production piles begin to share the bridge
dead load and, eventually, traffic live load, and settle with the test pile. Performances of all or
selected piles will be monitored using the instrumented strain gauges designed for a long-time
monitoring of the pile performances. Scheme One-2, shown in Figure 2(b), has two test piles. This
is an alternative Scheme One to enhance the stability of the cap beam during the girder and deck
placement.
Prior to cap beam casting, the nominal resistance of the test pile will be verified using PDACAPWAP with signal matching. If the nominal resistance of the test pile significantly exceeds the
plan specified load demand, we could follow up with testing 100% of the production piles to obtain
pile resistances at both EOD and BOR. Hence, a higher resistance factor of 0.75, increased from
0.65 in accordance with the AASHTO (2014), could be recommended for future pile designs.
Adopting the 24-hour restrike, the pile resistance could be increased, say 10%, to the pile
resistance determined at the EOD. The incorporation of pile setup discussed in Task II-3 would
probably reduce the number of piles as specified in the contract plan and save the overall project
cost. However, to realize the cost saving from the planned number of piles, the pile head/cap
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beam will need to be redesigned to produce a design cap beam expeditiously. If the test pile does
not reach its ultimate capacity, either Chin’s method (1970) or Davisson’s method (1972) will be
used to estimate the ultimate pile capacity.

(a) Scheme One-1
(b) Scheme One-2
Figure 2. A schematic drawing of the proposed PBSLT Scheme One for (a) one test pile, and
(b) two test piles.

Figure 3. A schematic drawing of the proposed PBSLT Scheme Two.
Scheme Two, as shown in Figure 3, has one test pile in the middle of pilecap beam along with
the production piles. All production pile heads are casted in pilecap beam with a cavity position at
the center to house the test pile. The static load test will be conducted on the test pile in
accordance with the ASTM D1143 (2013). According to the Wyoming historical data, the
maximum nominal total resistance of a test pile on IGM was about 550 kips as determined using
CAPWAP at a 24-hour restrike. A loading system with a minimum capacity of 1,100 kips will be
designed to load the test pile to its ultimate capacity defined by Davisson’s criterion (1972). A
concrete anchor using a bolt connection system will be provided from the pilecap beam to the
loading system. This connection will allow recycling of the loading system for the next static load
test. A cavity between the test pile and the pilecap beam will be created to allow an independent
test pile displacement from the pilecap beam and to avoid contact between them. Steel plates will
be placed on top of the test pile and followed by a minimum 300-ton hydraulic jack, and load cell.
The hydraulic jack will be connected to an electrical pump, which will extend and retrieve the jack
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during the loading and unloading stages, respectively. When a vertical load is applied on the test
pile, an equal and opposite vertical load will exert upward on the main loading system, which will
be resisted by the bolt connection. The vertical load will eventually be transferred to the production
piles through the pilecap beam and resisted by the shaft friction along the production piles. The
applied load will be measured by the load cell, and the pile top displacements will be measured
by two displacement transducers mounted on the test pile from two independent reference
beams. During the static load test, the strains along the test pile will be measured using the strain
gauges at each load increment and decrement. Upon completion of the static load test, the loading
system will be removed, the test pile will be cut below the top surface of the pilecap beam, the
embedded concrete anchor bolts will be cut off, and the cavity will be sealed with a high strength
concrete mix.
In both schemes, all test piles are initially installed with strain gauges for a long-term monitoring.
This, if successful, can provide information about the long-term performance of the pile and for
warning of potential impending failures.
Task I-6: Reporting
To update the progress of the research project, quarterly reports will be submitted to funding
agencies. At the conclusion of Phase I, a report describing Tasks I-1 to I-5 will be submitted to
funding agencies.
PHASE II: Data Interpretation, Pile Resistance Estimation, Statistical Analysis, CostBenefit Analysis and Recommendations
Task II-1: Geotechnical and Pile Data Interpretation
Using the historical data compiled in the electronic database in Task I-2 and new data obtained
from the load test program, subsurface profiles will be constructed, pile embedded length and
penetration into the IGM will be determined, soil and IGM parameters will be identified, and pile,
driving, hammer, restrike and load test information will be interpreted. Test piles with a similar
IGM type will be sorted and grouped. Likewise, grouping can be efficiently conducted based on
bridge structure, pile size, overburden soil type, location, hammer, and test method. Geotechnical
reports and subsurface profiles will be assessed to determine properties of the overburden soils
and underlying IGM necessary for pile resistance estimation in Task II-2. Correlation analysis will
be conducted to determine relevant geomaterial parameters, such as friction angle, cohesion, unit
weight, and rock mass rating. The stratigraphy, geology, and discontinuity of IGM will be
described. These characteristics and properties will be summarized for pile resistance estimation
in Task II-2 and variability analysis in Task II-4.
Task II-2: Pile Resistance Estimation
Shaft resistance, end bearing and total resistance of historical and new test piles will be estimated
using static analysis methods and dynamic analysis methods. Advanced static analysis methods
will be developed to improve resistance estimation of piles driven on IGM during the design stage.
Task II-2-1: Static Analysis Methods
Using the geotechnical data and pile data collected from Phase I and interpreted in Task II-1, the
geotechnical resistances of driven piles from usable data records will be estimated using static
analysis methods specified in the AASHTO (2014). These static analysis methods may include
1) α-method by Tomlinson (1987), 2) β-method by Esrig and Kirby (1979), 3) λ-method by
Vijayvergiya and Focht (1972), 4) SPT method by Meyerhof (1976), 5) Nordlund (1979) method,
and the Federal Highway Administration (FHWA) DRIVEN program. The use of box or flange
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perimeter for shaft resistance and end bearing estimations will be evaluated for different IGMs.
Since these static analysis methods were developed based on piles driven in soil materials, the
side resistance and end bearing of piles driven on IGM are likely to be underestimated. Using the
measured pile resistances obtained from static load tests or the resistance distribution estimated
from CAPWAP, static analysis methods will be calibrated by modifying respective empirical
coefficients (e.g., adhesion factor (α) defined in the α-method) and incorporating IGM properties
(e.g., uniaxial compressive strength). Calibration of selected static analysis methods will be
performed using regression analyses to reestablish the relationship of empirical coefficients
specifically for piles driven on IGM. If the calibrated static analysis methods do not yield
reasonably good estimations, a multivariate regression analysis will be performed to develop an
advanced and completely new static analysis method by including significant dependent variables
in the pile resistance estimation.
Task II-2-2: Wave Equation Analysis using WEAP
Using the pile, driving, hammer, and soil information, pile resistances will be estimated using the
wave equation analysis method at the EOD and BOR events. Estimated resistances from a
bearing graph analysis will be compared with resistances determined from static load tests. If the
static load test results are not available, the comparison will be performed with the results obtained
from the signal matching analysis using CAPWAP conducted in Task II-2-3.
Task II-2-3: Signal Matching Analysis using PDA/CAPWAP
Using the PDA data collected from the pile load test program in Phase I, signal matching analysis
will be performed using CAPWAP to determine the load distribution along the test pile, shaft
resistance, end bearing, and total resistance. Signal matching analysis will be performed by
adjusting the load distribution, dynamic soil parameters, and other pile parameters until a
reasonable good match quality of less than three can be achieved. The signal matching analysis
will be performed at the EOD and each BOR event. The estimated pile resistances from CAPWAP
at the last restrike will be compared with results from the static load test to validate the signal
matching technique and confirm if the CAPWAP results are underestimated. Assimilating the
results from CAPWAP and static load tests, a catalog of representative unit shaft resistances and
end bearings of piles driven on IGM will be established to facilitate the pile design procedure.
Task II-3: Pile Setup/Relaxation Investigation
The pile resistances estimated at the EOD and all BOR events by CAPWAP and measured by
the static load tests will be plotted as a function of time to determine pile setup or relaxation. The
change in shaft resistances in soil and IGM and end bearing in IGM will be evaluated to determine
their contribution to the overall pile setup and relaxation (Ng et al., 2013b). If significant and
consistent pile setup is observed on piles driven on IGM, the amount of pile setup will be quantified
and incorporated into the LRFD resistance factor development in Task II-5 using the
methodologies developed by Yang and Liang (2006) and Ng and Sritharan (2016).
Task II-4: Variability Analysis
The relative variability of the soil and IGM materials has a significant effect on the capacity and
performance of driven piles. This variability could be classified into inherent variability and
geological uncertainty. The inherent variability refers to differences in geomaterial parameters
from one point to another in space (Phoon and Kulhawy 1999). The geological uncertainty
appears in the forms of one geomaterial embedded in another or the inclusion of a small
percentage of different material types in a more uniform soil/IGM mass (Deng et al., 2017). To
consider both inherent variability and geological uncertainty simultaneously, a coupled Markov
chain (CMC) model (Elfeki and Dekking 2001) will first be considered using the collected borehole
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data obtained from Phase I. While there are a number of geostatistical models that might be used,
the CMC model has the following advantages: (1) it is theoretically simple and can handle a
number of soil types, (2) it directly incorporates borehole data (even for a small number of
boreholes), and (3) it explicitly gives the probability of a soil type occurring at a particular location
(Qie et al. 2016). The inherent variability associated with the soil parameters will be obtained
through simulation of the random field (Schabenberger and Gotway 2005). Deng et al. (2017)
recommend a Cholesky decomposition technique to do this simulation using the midpoint method
to discretize the random field. Based on the realizations of the random fields, the pile resistance
will be estimated using a finite element method and Monte Carlo simulation (Righetti and HarropWilliams 1988). The estimated pile resistance will be compared against the measured resistance
obtained from the load test program. The process will be repeated to evaluate the effect of the
borehole layout scheme, test frequency, and coefficient of variation of significant geomaterial
parameters on the reliability of pile resistance estimation.
Task II-5: Development of LRFD Resistance Factors
Using the new results obtained from the pile load test program described in Task I-5, the pile
resistance estimated by static and dynamic analysis methods obtained from Task II-3 will be
compared with the measured pile resistance from the static load tests. For the historical data,
CAPWAP results will be considered as the next best available “measured” resistance if static load
tests were not available. Resistance bias will be determined for each predictive method. To
examine if the resistance biases follow lognormal distributions, a hypothesis test will be used
based on the Anderson–Darling (AD) (1952) normality test. LRFD resistance factors will be
determined using probability-based reliability methods, such as the First-Order Reliability Method
(FORM), First-Order Second Moment (FOSM) method, and/or Monte-Carlo simulation. The
reliability methods will ensure that the regionally calibrated resistance factors would satisfy the
LRFD framework as required by AASHTO (2014). These reliability methods will account for
different uncertainties induced by the parameters, such as variability of IGM and deficiency of a
design method, that influence the accuracy of resistance estimations while maintaining a common
target reliability index to ensure a prescribed margin of safety. The regional LRFD resistance
factors will be developed based on the assumptions made in the reliability methods such as those
recommended numerical values for probabilistic characteristics of loads as documented by
Paikowsky et al. (2004) and Allen (2005). A reliability index of 2.33 for commonly used redundant
pile groups (i.e., a group of five or more piles) suggested by AASHTO (2014) will be used in the
calibration. For a non-redundant pile group, a higher reliability index of 3.00 will be used to account
for the lower redundancy. The reliability indexes of 2.33 and 3.00 corresponded to approximate
failure probabilities of 1 in 100 and 1 in 1000, respectively. To increase the efficiency of LRFD,
and to provide better recommendations, resistance factors using different reliability methods will
be developed and compared for existing and/or calibrated static analysis methods and dynamic
analysis methods. The calibrated resistance factors will be adjusted if necessary to maintain
consistency and resolve any anomalies observed among the factors. Finally, a set of resistance
factors for both design and construction control methods will be recommended.
Task II-6: Cost-Benefit Analysis
Using the research outcomes from the aforementioned tasks in Phase II, a cost-benefit analysis
(CBA) will be performed to determine the effects of geotechnical investigation procedure,
geomaterial variability, predictive methods, and frequency and type of construction control
methods on the performance of piles driven on IGM while satisfying the LRFD requirements. The
analysis will be systematically performed to compare the benefits and costs of each factor. This
task will attempt to provide recommendations for optimizing the geotechnical investigation
considering the inherent variability and geological uncertainty, selecting a cost-effective predictive
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method for the pile resistance estimation, and assigning an adequate set of construction control
methods and pile restrikes during pile construction.
Task II-7: Outcomes and Recommendations
Upon completion of all tasks described in Phases I and II, research outcomes and LRFD
recommendations will be established to facilitate the design and construction of driven piles on
IGM. The anticipated research outcomes and recommendations are summarized as follows:
1) An electronic database of historical and new pile data.
2) A catalog of representative soil and IGM properties for pile designs.
3) A catalog of unit shaft resistance and end bearing to facilitate pile designs.
4) An improved classification of geomaterials for piles driven on IGM.
5) Recommendation of a static load test procedure for piles on IGM.
6) Recommendation of calibrated static analysis methods for the improved estimation of
shaft resistance and end bearing of piles driven in different soil and IGM materials.
7) Recommendation for improving pile resistance estimation by WEAP and CAPWAP.
8) A catalog of dynamic soil parameters for dynamic analysis methods.
9) Recommendation for considering pile setup in pile design and construction.
10) A set of recommended LRFD resistance factors for design and construction control
methods as a function of geomaterials.
11) Recommendation of best geotechnical investigation practices for soil and IGM.
12) Recommendation of best design and construction practices for piles driven on IGM.
The research outcomes and recommendations will provide funding agencies the basis for the
establishment of revised guidelines and specifications pertaining to piles driven on IGM.
Task II-8: Reporting
To update the progress of the research project, quarterly reports will be submitted to funding
agencies. At the conclusion of Phase II, a final report describing Tasks II-1 to II-7 and the
electronic database will be submitted to funding agencies. A final presentation will be given by
the research team to funding agencies to facilitate the implementation of LRFD recommendations.

SCHEDULE
The total duration for both phases presented in this proposal is 60 months, tentatively starting
from January 1st 2019 to December 31st 2023. A time schedule for all tasks in both phases is
summarized in Table 1.
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Table 1. Detailed schedule for the proposed research tasks in two phases.
2019
Task

2020

2021

2022

2023

Task Description
Q1

I-1

Historical Data Collection

I-2

Electronic Database

I-3

Identify Project Sites

I-4

Geotechnical
Investigation

I-5

Static Pile Load Test

I-6

Reporting

II-1

Data Interpretation

II-2

Pile Resistance
Estimation

II-3

Pile Setup/Relaxation

II-4

Variability Analysis

II-5

LRFD Resistance Factors

II-6

Cost-Benefit Analysis

II-7

Outcome and
Recommendations

II-8

Reporting

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2
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Q3

Q4

Q1

Q2

Q3

Q4

DELIVERABLES
To update the progress of the research project, short quarterly reports will be submitted to funding
agencies and DOTs. Also, a yearly interim report will be submitted at the end of each year to
report the research progress. Integrating all the research outcomes obtained from Phases I and
II, as well as comments given by representatives from the funding agencies, a draft final report
will be prepared. A final report containing all aspects of the proposed research, an executive
summary, and a plan for any future works will be prepared and submitted. A technical presentation
on the completed project will be given to the funding agencies to facilitate the implementation of
LRFD recommendations. To further disseminate the research outcomes, journal/conference
papers will be published and technical presentations will be given at regional and/or national
conferences.

BUDGET
The detailed total budget estimate requested for this proposed research is presented in Table 2.
Funds are requested to support wages for Dr. Ng and Dr. Wulff. Dr. Ng will be the lead principal
investigator to administrate the overall project progress, control the budget, manage the research
team, liaison with the funding agencies, prepare reports, and organize research meetings. Dr.
Wulff will be responsible for helping the research team on the regression analysis for the static
analysis methods described in Task II-3, conducting the variability analysis described in Task II4, calibrating the LRFD resistance factors described in Task II-5, and assisting the PI on
deliverables. In addition, stipends are requested to support two PhD graduate assistants for 40
months, one PhD graduate assistant for 36 months, one master graduate assistant for 24 months,
one master graduate assistant for 20 months, and undergraduate research assistants for a total
about 562 hours. Undergraduate students will help in accomplishing tasks described in Phase I
and developing the electronic database described in Task I-2. The fringe benefits for each UW
employee are charged individually as direct costs in accordance with the current rates: 1) 43.3%
for faculty, and 2) 3.9% for the undergraduate and graduate research assistants. The total fringe
benefit is estimated as $40,175. A domestic travel cost of $71,250 is included for the research
team to cover all travelling expenses required to perform 11 field pile load tests described in Task
I-5, and disseminate research outcomes at national conferences, such as Transportation
Research Board annual meeting. The UW travel expense for conducting 11 pile load tests is
estimated as $54,450. The cost of conducting a field load test at a project site covers all basic
travel expenses of the research team to complete the sensor installation, dynamic load tests at
the EOD and restrike events, and a static load test. Nine working days have been estimated to
complete one field load test per site described in Task I-5. However, it is important to note that
longer travel duration may be required depending on the test location and state that can be
reached by a ground transport. The travel cost of $4,950 per test site has been estimated based
on the following: ground transportation = $740; conventional hotel rate = $100 × 8 nights × 2
rooms = $1,600; per diem = $60 × 9 days × 4 persons = $2,160; and gas/fuel = $450. The travel
expense for disseminating research outcomes at six national conferences is estimated as
$16,800. A budget of $35,796 for supplies and materials and $37,154 for equipment exceeding
$5,000 are included to cover all instrumentations and equipment to perform 11 static load tests
described in Task I-5. Instruments include strain gauges, electric cables, and displacement
transducers. Equipment for the static load tests includes hydraulic jack, load cell, electric pump,
and data acquisition system. In addition, supplies are required for the laboratory triaxial tests on
IGM at UW. The list of purchased equipment will be provided to WYDOT as the lead agency for
the purpose of inventory management. Tuition fees of the four graduate assistants are included
under the other direct cost. The tuition fees for two 40-month PhD students, one 36-month PhD
student, one 24-month master student, and one 20-month master student attending UW are
estimated to be $67,716, $29,353, $19,568 and $15,063, respectively.
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The total indirect cost of $99,358 at a rate of 20% is charged on modified direct costs which
exclude all tuition fees and equipment exceeding $5,000. The total cost estimate for this research
project is $765,000. This total cost will be spread over in five years tentatively from January 1st
2019 to December 31st 2023 with $114,864 for year 2019, $225,209 for year 2020, $197,570 for
year 2021, $142,876 for year 2022, and $84,482 for year 2023.
It is important to note that the budget estimate summarized in Table 2 does not cover 1) the cost
of detailed geotechnical investigations except triaxial tests on IGM described in Task I-4, 2) the
cost of bridge structures and enlarged pilecap beams to accommodate the static load test
described in Task I-5, 3) the construction cost of the test and production piles, 4) the indirect cost
associated with possible construction delays due to field load tests, and 4) heavy equipment and
operators for installing and dismantling the static load test system and for pile restrikes. However,
these costs should be considered as part of the total construction cost of a bridge project. These
activities associated with the research should be incorporated into the contract bidding process
and construction documents of the bridge project.
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Table 2. Detailed total budget estimate for the proposed research project

Description of Individual Cost
Salary
Dr. Kam Ng (5 months)
Dr. Shaun S. Wulff (2 months)
PhD Graduate Assistant 1 (40 months)
PhD Graduate Assistant 2 (40 months)
PhD Graduate Assistant 3 (36 months)
MS Graduate Assistant 4 (24 months)
MS Graduate Assistant 5 (20 months)
Undergradaute Assistants
Fringe
Dr. Kam Ng (5 Months)
Dr. Shaun S. Wulff (2 Months)
PhD Graduate Assistant 1 (40 months)
PhD Graduate Assistant 2 (40 months)
PhD Graduate Assistant 3 (36 months)
MS Graduate Assistant 4 (24 months)
MS Graduate Assistant 5 (20 months)
Undergradaute Assistants
Travel-Domestic
Supplies/Materials
Equipment
Other Direct Costs (Tuition+Fees)
PhD Graduate Assistant 1 (40 months)
PhD Graduate Assistant 2 (40 months)
PhD Graduate Assistant 3 (36 months)
MS Graduate Assistant 4 (24 months)
MS Graduate Assistant 5 (20 months)
Total Direct Cost:
Indirect Costs (20% )
Total Costs Per Year
TOTAL ALL COSTS

Year 2019

Year 2020

Year 2021

Year 2022

Year 2023

Subtotal

$
$
$
$
$
$
$
$

9,905
8,393
6,039
1,405

$
$
$
$
$
$
$
$

9,905
4,459
22,380
8,393
13,988
16,104
16,104
1,405

$
$
$
$
$
$
$
$

9,905
4,459
22,380
22,380
22,380
10,065
10,065
1,405

$
$
$
$
$
$
$
$

9,905
4,459
22,380
22,380
22,380
1,405

$
$
$
$
$
$
$
$

9,905
4,459
22,380
8,392
-

$
$
$
$
$
$
$
$

49,527
17,837
75,533
75,533
67,140
32,208
26,169
5,621

$
$
$
$
$
$
$
$
$
$
$

4,289
327
236
55
17,650
8,949
37,154

$
$
$
$
$
$
$
$
$
$
$

4,289
1,931
873
327
546
628
628
55
32,500
20,881
-

$
$
$
$
$
$
$
$
$
$
$

4,289
1,931
873
873
873
393
393
55
12,700
5,966
-

$
$
$
$
$
$
$
$
$
$
$

4,289
1,931
873
873
873
55
2,800
-

$
$
$
$
$
$
$
$
$
$
$

4,289
1,931
873
327
5,600
-

$
$
$
$
$
$
$
$
$
$
$

21,445
7,724
2,946
2,946
2,618
1,256
1,021
219
71,250
35,796
37,154

$
$
$
$
$

4,506
4,506
-

$
$
$
$
$

9,784
4,506
4,875
9,784
9,784

$
$
$
$
$

9,784
9,784
9,784
5,278
5,279

$
$
$
$
$

9,784
9,784
9,784
-

$
$
$
$
$

9,784
4,910
-

$
$
$
$
$

33,858
33,858
29,353
19,568
15,063

$ 103,414
$ 11,450
$ 114,864

$
$
$

194,129
31,079
225,209

$
$
$

171,293
26,277
197,570

$ 123,955
$ 18,921
$ 142,876

$
$
$

72,851
11,631
84,482

$
$
$

665,642
99,358
765,000

$
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765,000

