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Executive Summary
PROJECT TITLE: Power Transmission Foundation Design for Kiewit Engineers
PROJECT ID: CEEn-2016CPST-005
PROJECT SPONSOR: Kiewit Infrastructure Engineers Co.
TEAM NAME: MDT Engineering

Two foundations were designed, one for a lattice tower in the New Jersey meadowlands,
and one for a monopole tower in the Kearney CSX South Railyard. Each site presented engineering
challenges with soil stratification, load management, and site access. Each foundation is required
to achieve an 80-year design life by resisting corrosion and maintaining the minimum settlement
or lateral displacement of one inch. The lattice tower foundation will consist of 16 floating steel
pipe piles, and the monopole foundation will consist of 8 pre-stressed concrete end-bearing piles.
Reinforced concrete design was conducted and each cap was checked against various failure
modes. Constructability plans were drawn up to outline the construction plan and access
limitations to each site. Each foundation has been designed with factors of safety to ensure that
they will meet the project requirements.
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Introduction

In response to the RFP submitted by Kiewit Infrastructure Co., MDT Engineering has
designed two foundations for power transmission towers located in East Hanover, NJ. Foundations
for these towers have been previously designed and have already been installed. MDT Engineering
has completed their own design of one lattice structure foundation in the meadowlands, and one
monopole foundation in the rail yard.

The scope of this project consists of a lattice tower located in the meadowlands, and a
monopole tower located in an existing railyard. Each site presents challenges in regard to the soil
stratification, soil bearing capacity, and site access. The lattice tower is designed to be placed in
the meadowlands of the Richard W. De Korte Park. This location for the lattice tower is surrounded
by water which presents construction access limitations and additional design considerations. The
monopole is designed to be placed at the CSX South Kearney Railyard. Access to this site is
limited by traffic in the area, established businesses, and private property.

Cone penetration test results for each site describe challenging soil profiles. The soil at the
meadowlands location was found to be mostly normally consolidated to under consolidated silts
and clays with the water table located four feet below the surface. The bearing capacity of this type
of saturated soil can be difficult to ascertain, which makes pile foundation design challenging. The
soil at the rail yard location was found to be mostly sand layers with traces of clays and a bedrock
layer at about 110 feet deep. The water table at this location is 8 feet below the surface. Challenges
were found in regards to the large tower diameter and the large moment load applied to the
foundation.

Project requirements call for an 80-year design life. To achieve this, the concrete needs to
be sulfate resistant, vertical settlement must be one inch or less for each foundation, differential
settlement must be one inch or less for the lattice tower foundation, and lateral displacement must
be less than one inch under the working load conditions. Design codes according to the ACI and
the AISC Steel Construction Manual were followed, where possible, to ensure proper design.
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Schedule

Throughout the execution of this project, changes were made to the original schedule to
accommodate unforeseen challenges such as the steep learning curve that required more research
time and left less time for design. Table 1 shows the time line that was followed throughout the
completion of the project.

Table 1, Project Schedule

January February March April
2| 9162330 6[13[20]27] 6[13[20][27] 3[10]13

Preparation and Analysis

Organize Data

Analyze Data

Perform Calculations
Design

Lattice Tower Foundation

Monopole Foundation

Construction Schemes
Report

Monthly Progress Reports -

50% Complete Status Report

Report Complete

Poster Complete

Presentation
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Assumptions & Limitations

Assumptions were made during the completion of this project to account for unknown
variables and to make up for the students’ lack of knowledge. Per the project parameters, pile
drivability issues were not considered for this project. This assumption limits the design as pile
drivability and the effects from hard driving of steel or concrete piles can alter the soil bearing
capacity.

In analyzing the soil profile, the soil was divided into four-foot sections where each section
was assumed to have consistent properties. The density of each soil layer was estimated based on
the CPT results and on reference texts. The soil types for each layer at each site were matched as
closely as possible to the available soil types that are preloaded into the GROUP program. These
assumptions could affect the values for lateral loading and displacement that were calculated with
the GROUP program.

Methods for calculating the bearing capacity for each project site were chosen based on the
soil profile and the expected pile size for each foundation. For the lattice tower foundation site, the
alpha method was chosen due to the presence of cohesive soils. For the monopole foundation site,
the Nordlund method was chosen for the presence of non-cohesive soils. It was assumed that
bearing capacity of each pile would not be effected by the corrosive properties of the soil.
Corrosion of the steel pipe piles was found to be 0.136 inches over the 80-year design life which
would reduce an HSS 20 X 0.5 steel pipe approximately to an HSS 20 X 0.375 steel pipe. Failure
calculations were made using an HSS 20 X 0.375 to account for corrosion.

Pile caps were modeled as a network of simple beams and trusses to calculate the internal
forces needed for reinforced concrete design. For the lattice tower, a truss configuration for the
pile cap was analyzed with a structural engineering software named Visual Analysis. The
monopole was designed using two simple beams. These two simple beams were laid across each
other, and it was assumed that each beam carried 60 percent of the load.

It was also assumed that the given anchor bolt design for the monopole tower is sufficient
to transfer the load from the tower into the foundation. For each foundation, the effective length
of each pile under compression was assumed to be zero. This is because each pile will be
horizontally supported by the soil around it. Values used in the calculations for any equation were
assumed according the best knowledge of the engineering team.
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Design, Analysis & Results

Work began by analyzing CPT data for each site. The soil stratification for the lattice tower
site was divided into four-foot layers and the soil stratification for the monopole site was divided
into two-foot layers. These layers were individually analyzed to calculate the bearing capacity of
the soil at each site.

Lattice Tower Foundation Design

Based on pile design recommendations found in the National Highway Administration
(FHWA) manual, Design and Construction of Driven Pile Foundations — Volume I (2016), floating
steel pipe piles have been chosen for the foundation of the lattice tower. Calculations for bearing
capacity and sleeve resistance were conducted using the alpha method, found on page 245 of the
FHWA manual. A step by step description of how the alpha method was followed is located in
Appendix B.

The lattice tower foundation consists of four individual foundations to support each foot of
the tower. The total axial load applied to each foundation is 450 kips, which is a combination of
the demand of 415.8 kips for the tower and 34.2 kips for a rough estimation of the weight of the
pile cap. Using the calculated undrained shear strength of the soil and charts found in the FHWA
manual, shaft resistance and nominal shaft resistance were calculated. Figure 1 shows a plot of
shaft resistance (Rs) versus depth. A pile depth of 100 feet using a steel pile diameter of 20 inches
provides a nominal shaft resistance of 449.7 kips per pile. This depth was chosen because it allows
the design to operate at a factor of safety of four, which was considered necessary due to the
degrading effect piles have when in proximity of each other, and the natural ambiguity of soil.
This nominal shaft resistance allows for the highest magnitude of uplift, which is 338.8 kips. The
current design places each pile 10 feet apart, center to center, to ensure minimum interaction
between piles.

Piles for the lattice tower foundation will be steel pipe piles, 20-inch in diameter and 1/2-
inch-thick (HSS 20 X 0.5). Since adequate nominal shaft resistance was obtained well before
bedrock depth, floating piles were chosen for this design. Piles will be 97.5 feet in length and
extend to a depth of 100 feet below the surface. Each foot of the lattice tower will be supported by
four piles for a total of 16 piles. Steel pipe piles will maintain structural integrity under the given
load conditions with this thickness decrease.

Ensoft programs, LPILE and GROUP, were used to analyze the expected lateral loads.
Individual pile reactions were analyzed using LPILE and the reactions for the pile groups were
analyzed using the GROUP program. Figure 2 is a plot of lateral pile deflection for one pile at the
lattice tower site. Figure 3 is a plot of resultant lateral deflection for one pile group of the lattice
tower foundation. These values are less than the maximum settlement for the project. Resultant
lateral deflection is less than one inch as required by the project specifications.
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Figure 1, Rs versus depth for the lattice tower foundation site
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Figure 2, Lateral pile deflection at the lattice tower site
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Figure 3, resultant deflection for one pile group at the lattice tower site

Equations for calculating the settlement of each pile group were found in the U.S. Army
Corps of Engineers Design of Pile Foundations manual on page 4-21. Overall settlement for the
designed pile group was found to be 0.57 inches, which is within the given maximum settlement
of one inch. Table 3 shows the values used to calculate settlement for both project sites.

Table 2, Settlement calculations for the lattice tower foundation

Meadowland W 0.000781 ft Wpp 0.009126 ft Wops 0.006429 w 0.20 G 2.449245 S 0.480135 (in.)
Q, 5.10 kips G, 0.02 Bbar 10
a 0.67 B 1.667 ft
Q, 98.6 kips q 6.705599  kips S: group settlement
L 100 ft C, 0.04326 g group settlement factor
A 2182534 ft D 99 ft Bbar:  width of pile group
E 4176000 ksf

Foundation Analysis and Design (Bowles, 1996). The calculations determined that three
feet of concrete would be sufficient for the pile cap to contain all the shear, punching shear, and
moment loads. This size was altered to four feet in order to make sure there is enough room for
development lengths in the rebar. This design was checked using GROUP, which showed no effect
on the pile group settlement. The design of the simple beams required at least four bars of #9 rebar
on the bottom side of the beam. Because the loading within the cap could be reversed as uplift is
created, the minimum four #9 bars will be placed along the top as well. The exact rebar layout can
be seen in Figure 4. The plate that the tower will be welded on is anchored into the slab with a
1.25-inch anchor bolts with a normal nut at the end. The cap design provides overhang to prevent
punching shear, and to account for the inaccuracy of pile placement. The concrete is specified as
4000 psi and Type 5.



-ﬂaJ‘\

BYU CIVIL & ENVIRONMENTAL ENGINEERING :
3‘ 'CA?ST@NE
mc’&..a:m&amwmmnm

IRA A. FULTON COLLEGE

12—#8 WELDABLE .
REBAR 3.6

S a 20-#6 WELDABLE v
il REBAR WITH 4.5"
15.9 g” 30" DIAMETER BEND

wia
o i " T 55.
15
R2.125" J —l— WUl —Lf
poa it I - mcalir it PSR O

5
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Monopole Foundation Design

Based on pile design recommendations found in the FHWA manual, Design and
Construction of Driven Pile Foundations — Volume I (2016), pre-stressed concrete piles of one-
foot width have been chosen for the monopole foundation. These piles will be sulfate resistant to
reduce corrosion. Calculations for bearing capacity of the soil and for the nominal resistance of a
pile were conducted per the Nordlund method found on page 242 of the FHWA manual. A step by
step description of how the Nordlund method was implemented can be found in appendix C of this
report.

After examining the CPT results for the railyard site, the decision was made to design the
piles to rest on the bedrock layer at a depth of 110 feet. Placing the piles into the bedrock layer
provides the maximum nominal pile end-baring capacity for the pre-cast concrete piles. This
design provides a significant factor of safety for axial and moment loads. The nominal sleeve
resistance for these piles was found to be about 34 000 kips per pile. This provides a suitable factor
of safety against uplift load cases. Figure 5 shows the nominal sleeve resistance plotted against
depth for the monopole site.

The monopole tower will be supported by eight square pre-cast concrete piles, each one-
foot in width. Piles will be 107 feet in length and will extend to a depth of 110 feet and will be
end-bearing piles. Each pile cap will be cast with Type V concrete cement to achieve sulfate
resistance. The corrosive properties found of the soil at the project site require pile to be corrosion
resistant to achieve the required 80-year design life.
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Figure 5, Rs versus depth for the monopole foundation
Lateral deflection analysis was performed with the same program used for the lattice tower

site. A plot from GROUP showing the resultant lateral deflection of the monopole pile foundation
group is seen in Figure 6.

Resultant Shear (ibs)
& i ) [H] 1] 1 " 0 p] b1 % ® 1 ]
¥ T T T T

Figure 6, Resultant lateral deflection for the pile group of the monopole foundation

Equations for calculating the vertical settlement of the monopole foundation were obtained
from the U.S. Army Corps of Engineers Design of Pile Foundations manual on page 4-21. Overall
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settlement was found to be 0.85 inches, which is within the allowable tolerance of one inch. Table
3 shows the values used to calculate settlement for each project site.

Table 3, Settlement calculations for the monopole site

Railyard W 0.007937 ft Wpp 0.002628 ft Wops 0.002628 w 0.158324 & 5.385165 S= 0.852598 (in)
Qp 258.3 kips Co 0.02 Bbar 29
o 0.67 B 1 ft
Qs 248.93 kips q 172.2 kips
L 12 ft Cs 0.029213
A 1 ft? D 11 ft
E 642693 ksf
S: group settlement

ig: group settlement factor
Bbar:  width of pile group

The concrete cement design for the pile cap will be Type 1 and 4000 psi with % inch
aggregate. The pile cap design consists of a square concrete cap with a width of 21 feet and a
depth of 4 feet around the outer edge. The center of the pile cap is seven-feet thick to accommodate
the anchor bolts for the monopole connection. The pile cap and pile group for this configuration
were analyzed in GROUP, and no excessive displacement or settlement is expected. Figure 7 and
Figure 8 display the pile cap dimensions and reinforcement layout. Number 10 rebar was chosen
for this design to provide the necessary reinforcement and to make space in the design for the
anchor bolts. Rebar needed to be place far enough away from each other to allow for the largest
aggregate to pass through the cage. As seen in Figure 7, rebar will be stacked to have enough
reinforcement while still maintaining the spacing for the anchor bolts, pile connections, and
aggregate. It is assumed that the stacked rebar can be modeled as a number 11 rebar for the purpose
of calculations. AutoCAD was used to design the rebar spacing to the optimal fit, and the monopole
orientation on the pile cap is rotated 45 degrees from the given orientation to maximize the rebar
layout. Following the same procedure for the lattice tower pile caps, calculations were made to
check against punching shear and bending moment loads. Wide pile cap design provides overhang
to prevent punching shear and to account for the inaccuracy of pile placement.
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Figure 7, Monopole pile cap dimensions and reinforcement layout
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Figure 8, Plan view of the monopole pile cap design
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Constructability

Saw Mill Creek Trail is the only access path to the project site across the meadowland.
This trail is 13 feet wide and will limit the size of equipment and vehicles that can access the
construction site. Construction of the lattice tower foundation will begin with the excavation of
the site. Top soil will be removed to a depth of 3.5 feet with an area of 15 square feet for each of
the four pile caps. Four piles will be driven for each pile cap with a diesel hammer to a depth of
97.5 feet below the surface. The piles will be spaced 10 feet apart in a square pattern around the
center of the pile cap. Following the pile installation, piles will be preloaded with 30 kips per pile.
Solid concrete blocks will be stacked on top of a steel frame that will rest on the four piles for each
pile group. The concrete brick load will be eight feet tall on the 10 by 10-foot frame to achieve the
required load. This load will be maintained on each pile group for 60 days to ensure proper
settlement and to allow the subsurface soil to recover from the pile driving process.

Once the preloading process is complete, the end of each pile will be covered to prevent
concrete from entering the pile during construction, see appendix D. After the piles have been
capped, compaction of the subsurface will proceed the pile cap reinforcement cage. Each layer of
the reinforcement will be constructed from bottom to top and then the anchor bolts and connection
shoe will be attached to the cage. Reinforcement has been designed to allow the largest aggregate
to pass between bars to ensure a uniform pile cap. Concrete pouring will commence after the
reinforcement cage has been constructed. Concrete transportation vehicles will be subject to the
same limitations as the pile driving equipment due to the size of Saw Mill Creek Trail.

Construction of the monopole foundation will begin with the excavation of the site. Top
soil, including the asphalt layer and base layer for the parking lot will be removed to a depth of
seven feet in the center of the pile cap and a depth of three feet around the center. See Figure 7 for
specific dimensions of the pile cap. Access to this construction site will be limited by existing
power lines and traffic. Coordination with the CSX South Kearny Yard will be necessary to ensure
that parking lot on the construction site will be cleared of vehicles prior to excavation.

Pile driving will commence after the excavation process has been completed. A diesel
hammer will be employed to drive the eight pre-stressed concrete piles to a depth of 110 ft. The
soil around the base of each pile will be compacted to prevent the pile from shifting. Preloading is
not required for these piles as they will be driven down to the bedrock layer.

After the piles are in place the construction of the pile cap will begin with building the
reinforcement cage. Each pile will need to be epoxy drilled and have nine #9 rebar attached to the
top of the pile to resist uplift loads between the pile to the pile cap. These bars will have 90 degree
hooks and be 23 inches tall and the normal section will be 13.5 inches for the proper development.
Spacing of the reinforcements has been carefully designed to allow space for the anchor bolts and
to allow the largest aggregate in the concrete to pass between bars. In the field, it is expected that
reinforcement bars will need to be adjusted to make them fit within the necessary tolerances.
Details for each pile cap and for the attachment points can be found in appendix F.
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Lessons Learned

None of the students working on this project had much experience with foundations or
reinforced concrete design. Extensive research was conducted to understand the basics of driven
pile design and reinforced concrete cement design. Reference manuals were obtained that guided
the design for each foundation. Reference texts and manuals such as the FHWA Driven Pile
Foundation Manual and the Army Corps of Engineers Pile Design Manual were found to be
instructive and reliable for a design guide.

Constant and effective communication is essential for any project to be completed
successfully. Time could have been saved on this project if more consistent communication was
maintained with project sponsors and with faculty advisors. Communication within the project
group could have been improved but was consistent overall. Team members consistently attended
meetings and spent the required time to complete scheduled tasks. One month into the project an
additional team member was added to the project. Communication with this new team member
could have been improved, but due to schedule conflicts and health issues, this team member had
to leave the project shortly after being assigned. This may have been worked out with better
communication to facilitate remote participation with the design.

Design processes in the professional world are not as simple as they might seem. From
correspondence with professionals, it has become apparent that extensive research, learning, and
design iterations are required for the design process. Credible reference sources are crucial for
obtaining the correct equations and coefficients for design calculations. College level text books
are good sources of conceptual information but professional design manuals, such as the FHWA
Pile Design Manual, were necessary for this project.
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Conclusions

Two foundations were designed, one for a lattice tower in New Jersey meadowlands and
one for a monopole tower in the Kearney CSX South Railyard. Each site presented engineering
challenges with soil stratification, load management, and site access. The project began with
extensive research into deep foundation design. It was quickly ascertained that textbooks were not
as much help in the design process as professional manuals. The FHWA Pile Design Manual and
the Army Corps of Engineers Pile Design Manual were used to determine the bearing capacity of
the soil for each site and of the piles for each site. Reference manuals, such as the Civil Engineering
Reference Manual (Lindberg, 1992), were used to guide the reinforced concrete design
calculations. Completed calculations can be found in the appendices of this report. Assumptions
were made to make up for some of the unknown information or lack of knowledge on the part of
the design team. After the completion of the foundation calculations and design, construction
schemes were developed to install these foundations at their sites despite challenges. Efforts were
made to develop a conservative design to ensure the integrity of each foundation. It has been
determined that the current design is suitable to withstand the given loads required to meet an 80-
year design life.



-ﬂaJ‘\

BYU | CIVIL & ENVIRONMENTAL ENGINEERING '
IRA A. FULTON COLLEGE ;': JCA‘PST@NE
e B AR T :'»:33

References

Bowles, J. E. (1988). Foundation analysis and design (4th ed.) McGraw-Hill.

Hahs, J. D., Erlemann, G. G., Beutnagel, C. H., & et al. (2002). CRSI design handbook (9th ed.)
CRSL

Hannigan, P. J., Rausche, F., Likins, G. E., & et, a. (2014). Design and construction of driven pile
foundations - volume | (7th ed.) FHWA.

Herndon, R. L. (1991). Driven pile foundations (EM 1110-2-2906 ed.) US Army Corps of
Engineers.

Lindeburg, M. R. (1992). Civil engineering reference manual (6th ed.) Professional Publications,
Inc.

McCormac, J. C., & Brown, R. H. (2008). Design of reinforced concrete Wiley.

Equations in Appendices:
A —pg. 89
B —pg. 88
C—pg. 88
D —pg. 133
E —pg. 133
F —pg. 133
G — Equation 12.2

Thornton, W. A., Holland, M. V., Aminmansour, A., & et, a. (2011). Steel construction manual
(14th ed.) AISC.

Equations in Appendices:
K — Equations J2-4 and J2-5
M - Equations D2-1 and D2-2
O — Table 4-5

Wight, J. K., & MacGregor, J. G. (2009). Reinforced concrete mechanics and design (6th ed.)
Pearson.

Equations in Appendices:
L — Equation 8-18, pg. 383
N -pg. 382

Building code requirements for structural concrete (ACI 318-14): an ACI standard: commentary
on building code requirements for structural concrete (ACI 318R-14), an ACI report
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Equations in Appendices:
H-17.5.1.26
1-17.4.1.2
J-174.3.1
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Appendix A

Team Member Resumes
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Daniel J. Pope
14513 S Fox Creek Drive, Herriman, Utah 84096
(760) 462-5002 dannyjp90@gmail.com
EDUCATION
Brigham Young University Provo, UT
Bachelor of Science, Civil Engineering April 2017
u Relevant coursework in Materials Science, Fluid Mechanics, Chemistry, Geology, Surveying, and Environmental
Science
. Member of Air Force Reserve Officer Training, extensive military professional leadership training

EXPERIENCE

Missionary Training Center Provo, UT

Facility Services Student Supervisor Aug 2014 - Present

. Efficiently manage facilities coordination for international and religious dignitaries, improving processes and saving
thousands of dollars for event budget expenditures

. Promoted to supervisor over 20+ employees and 19 buildings after 3 months on the job

. Provides policy and HAZCOM training for new employees each month

Merrill Construction Apple Valley, CA

Construction Crew Leader  Nov 2011 - Aug 2012

. Led a three-man crew to renovate and repair six residential homes in the Apple Valley area
. Provided on the job training for new employees

. Provided regular maintenance for 38 properties across the valley

Jake’s Archery Orem, UT

Sales Associate and Technician ~ April 2013 - Aug 2014

. Provided quality customer service to a global list of clients via email and telephone communication
. Assessed and repaired damaged hunting equipment for a variety of customers

. Managed the daily shipping of hundreds of packages across the country

VOLUNTEER SERVICE

Provo City School District Provo, Utah
Volunteer Tutor Jan 2013 — April 2013
- Worked with elementary school students in need of reading, writing, and math tutoring 2 hours per week

The Church of Jesus Christ of Latter-day Saints Winnipeg, Canada
Volunteer Representative Oct 2009- Oct 2011

. Adapted to a new culture in order to provide quality service to the local people

. Executed various humanitarian work projects including a soup kitchen

. Maintained 70-hour work weeks providing service and leading 6 other volunteers

SKILLS AND INTERESTS

. Proficient in VBA, Microsoft Excel, and Microsoft Word experience designing sheets for open channel flow
. Basic in GIS mapping and analysis software, experience in educational setting designing multiple analysis maps
u Proficient in Structural Analysis (statics, flexibility method, stiffness method, and moment distribution)

. Certified HAM radio operator, trained by red cross for communications in natural disasters
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Todd L. Weichers |11

786 Wymount Terrace Provo, UT 84604 (909) 455-4930 tjwicks2(@gmail.com
EDUCATION
BS: Civil Engineering (Anticipated) June 2017
Brigham Young University Provo, UT
o GPA: 3.2/4.0
e Recipient of the California Highway Patrol 11-99 Foundation Scholarship for academic excellence
e Relevant Courses: AutoCAD, Hydrology, Fluid Mechanics, Hydrologic Modeling
AS: General Studies Dec. 2012
Brigham Young University-ldaho Rexburg, ID
. GPA:3.8/4.0
EXPERIENCE
Technical Support August 2016- Present
Aguaveo Provo, UT
e Solve customers’ questions about SMS, GMS, WMS and ArcHydro Groundwater software
e Communicate complex solutions and instructions through various forms of communication
Civil Engineer Analyst April 2016- August 2016
Kimley-Horn and Associates Las Vegas, NV
e Designed utility, grading, and general civil improvement plans
e Performed due diligence for project starts
e Maintained close relationships with local municipalities in order to progress client’s needs
Crane Engineering Intern April 2015- August 2015
Mountain Crane Services Salt Lake City, UT
e Developed presentations for new client meetings
e Supervised multiple construction projects and crane jobs
Civil Engineering Intern Sept. 2014- Dec. 2014
Merrell Johnson Companies Apple Valley, CA
o Drafted AutoCAD Civil 3D drawings including: street plans, grading plans, and sewer improvement
plans
e Tested samples of soil and concrete for strength and adequacy of foundation
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M C Kay H arpe r Civil Engineering with

Construction Emphasis

39 E 700 N Provo, uTt 84606 | (801) 921-0746 |
mckayharper@gmail.commailto:cikinghorn@gmail.com

Experience
Harper Construction e Blackfoot, Idaho

Operator and Laborer (May 2006 - August 2010, June 2014 - Sep 2014)
e Learned work smart and diligently with others after stripping and re-applying 32 roofs in 40 days

e Proficient in operating heavy equipment such as track hoes, backhoes, dump trucks, and skid loaders,
and lifts

e Framed, wired, plumbed, laid brick, and was involved with every aspect of building a home from start
to finish

e  Poured over 300 yards of concrete pads, foundations, curbs, gutters, and sidewalks and learned how
to finish concrete

e Attended pre-bids and bids over 1.3 million dollars in behalf of company and learned about
commercial construction

Harper Farms e Blackfoot, Idaho
Laborer and Manager (May 2006 - August 2010, June 2014 - Sep 2014)

e Moved and managed water irrigation on 500 acres daily and learned to complete, communicate, and

delegate tasks

e Operated and repaired large heavy equipment and machinery such as tractors, loaders, and tractor
cabs

® Learned how to improvise and stay composed when immediate solutions were needed during
emergencies

e Expected to cut and bail 500 acres of hay with no supervision and learned to provide quality work and
progress

The Church of Jesus Christ of Latter-day Saints e Kenya Nairobi Mission
Missionary and Mission Leader (June 2011 - June 2013)
e Assigned to lead 10 to 15 missionaries 600 miles away from Mission President and learned
independence and trust
e Reported daily and weekly to mission president on success and needs of the missionaries I lead

e Learned to solve temporal and social problems among the people I lead and help them work
together

e Volunteered 2 years of service in teaching doctrine for the church and learned to give meaningful
service and love

Snake River High School e Blackfoot, Idaho

Student Body Secretary (September 2009- May 2010)
e Helped supervise and organize the funds for activities, parties, and student-school functions

e Provided notes and minutes to help the president and other leaders make more informed decisions
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Appendix B

Lattice Tower Bearing Capacity Calculations

Alpha Method
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Alpha Method for calculating bearing capacity of a single pile at the meadowlands site.
Found on page 245 of Design and Construction of Driven Pile Foundations - Volume 1, U.S.
Department of Transportation Federal Highway Administration Publication No. FHWA-NHI-16-
009. Page references in this section of the report refer to the FHWA manual.
Step 1: Delineate the soil profile into layers as seen in Table 4.

Table 4, delineation of soil profile at the lattice tower site

Depth (ft) y (pcf) Depth (ft) vy (pcf)

4 90 56 120
8 100 60 120
12 115 64 120
16 108 68 120
20 115 72 120
24 120 76 125
28 115 80 125
32 115 84 125
36 125 88 125
40 120 92 125
44 125 96 125
48 122 100 120
52 122 104 120

Step 1: Determine the pile adhesion, Ca from figure 7-17 on page 248. The results for each
soil layer can be found in Table 5.

Table 5, Depth and Ca values determined from FHWA manual figure 7-17

Depth (ft) C, (ksf) Depth (ft) C, (ksf)

12 0.7 60 0.95
16 0.95 64 1.08
20 0.95 68 1.16
24 0.96 72 111
28 0.95 76 1.08
32 0.75 80 0.96
36 0.75 84 0.94
40 0.6 88 1.01
44 0.78 92 1.08
48 0.8 96 1.08
52 0.86 100 111

56 0.86 104 1.15
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Step 2: Compute unit shaft resistance (fs) for each soil layer according to Equation 1. Unit
shaft resistance for each soil layer can be found in Table 6.

Equation 1, unite shaft resistance
fS == C a = S_u.

Table 6, Depth and sleeve resistance per soil layer

Depth (ft) fi(kips) Depth (ft) f(kips)

12 14.7 60 19.9
16 19.9 64 22.6
20 19.9 68 24.3
24 20.1 72 23.2
28 19.9 76 22.6
32 15.7 80 20.1
36 15.7 84 19.7
40 12.6 88 21.2
44 16.3 92 22.6
48 16.8 96 22.6
52 18.0 100 23.2
56 18.0 104 241

Step 3: Compute shaft resistance in each soil layer and the nominal shaft resistance, Rs, in
kips. Multiplying the shaft resistance by the pile area for each layer yields the shaft resistance per
layer in kips, see Table 7. Nominal sleeve resistance is calculated by the sum of layer shaft
resistances.

Table 7, depth and nominal sleeve resistance

Depth (ft) R, (kips) Depth (ft) R, (kips)

12 14.7 60 227.5
16 34.6 64 250.1
20 54.5 68 274.4
24 74.6 72 297.6
28 94.5 76 320.2
32 110.2 80 340.3
36 125.9 84 360.0
40 138.4 88 381.2
44 154.8 92 403.8
48 171.5 96 426.4
52 189.5 100 449.7

56 207.6 104 473.8
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Step 4: Compute the unit toe resistance using equation 7-11 which is seen in Equation 2.
Undrained shear strength is found using Equation 3.

IRA A. FULTON COLLEGE

Equation 2, unite toe resistance

= N sy

Equation 3, undrained shear strength

The value of gt is obtained from the CPT results and o is found from y values of table 1
multiplied by the depth of the layer of soil. The term Ncis a dimensionless bearing capacity factor
which depends on the pile diameter and the depth of embedment. The bearing capacity factor, Nc, is
usually taken as 9 for deep foundations. (FHWA volume 1 page 248) Values for qp were found to be
very small compared to values for Rs. For conservative calculations qp was ignored in bearing
capacity for the lattice tower site.

Step 5: Compute the nominal toe resistance, Rp (kips). This step was ignored due to
negligible results for nominal toe resistance.

Step 6: Compute the nominal pile resistance, Rn from the sum of the shaft and toe
resistances. This formula can be seen in Equation 1. The value of Rn was found to be 449.8 kips,
which is the same magnitude as Rs.

Equation 4, nominal pile resistance, Rn

R, =Rs; + R,

Step 7: Compute the factored resistance, Rr (kips). ®stat for alpha method with single pile in
compression = 0.35. Factored resistance was considered unnecessary based on this statement found
in the FHW A manual and the fact that planned pile diameters are 20 inches. “Therefore the designer
should consider this factor if performing analyses for piles larger than 24 inches in diameter regardless
of pile type.” An overall factor of safety of four for each pile group also provides the required level of
confidence for this design.
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Appendix C

Lattice Tower Pile Cap Design Calculations
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Member: BmX006 Cap footing
Load Case: L HARPER ENGINEERING, INC.

Bryce Harper
Mar 03, 2017; 02:23 PM
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Member: V005
Load Case: L

Cap footing

HARPER ENGINEERING, INC.

Bryce Harper
Mar 03, 2017; 02:24 PM
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Member: COL006 Cap footing Bryce Harper
Load Case: L HARPER ENGINEERING, INC. Mar 03, 2017; 02:24 PM
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Member: V006
Load Case: L

Cap footing
HARPER ENGINEERING, INC.

Bryce Harper
Mar 03, 2017; 02:24 PM
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Load Case: L

Member: COL008 Cap footing Bryce Harper
HARPER ENGINEERING, INC. Mar 03, 2017; 02:22 PM
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Appendix D

Monopole Foundation Calculations

Nordlund Method
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The Nordlund method for soil bearing capacity was used to determine pile parameters for
the railyard site foundation. The steps for this method were followed using the FHWA manual on
Design and Construction of Driven Pile Foundations — Volume 1.

Step 1: Delineate the soil profile into layers and determine ¢ angle for each layer. Values
for the specific weight of each soil layer were estimated from tables found in Geotechnical
Engineering Foundation Design by John N. Cernica. Friction angles were determined based off of
Table 5-5 found in FHWA manual Design and Construction of Driven Pile Foundations — Volume
1. An effective stress diagram was computed as part of this step and can be seen in Figure 9.

Table 8, Specific weight and friction angle values for soil layers at the railyard site

Depth v (pcf) ¢' (degrees)

8 114.6

10 114.6 40.074
12 114.6 37.789
14 114.6 31.102
16 111.4 31.081
18 111.4 32.495
20 114.6 41.525
22 114.6 43.415
24 114.6 42.310
26 114.6 42.655
28 114.6 40.570
30 114.6 36.706

Effective Stress Diagram

Effective Stress (psf)
0 500 1000 1500 2000 2500 3000

10

15

Depth (ft)

20

Figure 9, Effective stress diagram for the monopole foundation site
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Step 2: Determine 6, the friction angle between pile and soil, based on displaced soil
volume and the soil friction angle. The computed value for displaced volume per unit length of the
pile was found to be 0.79 ft*/ft. The volume and ration 6/¢ were used in conjunction with Figure
7-9 in the FHWA manual to determine © for each soil layer.

Table 9, Sigma values from figure 7-9 of the FHWA pile design manual

Depth 6

8

10 0.54
12 0.51
14 0.42
16 0.42
18 0.44
20 0.56
22 0.59
24 0.57
26 0.58
28 0.55
30 0.50

Step 3: Determine the coefficient of lateral earth pressure, Ke, for each ¢ angle. Since the
displaced unit volume of the selected piles did not correspond to one of the figures in the FHWA
manual linear, interpolation was used to determine values for Ke at our displaced volume and ¢
angles. Tables 7-6 and 7-7 in the FHWA manual were used.

Step 4: Determine the correction factor, Cr, to be applied to Ke if © # ¢. Figure 7-14 in the
FHWA manual was used to determine the correction factors by entering the ¢ angle and 6/¢.

Table 10, Correction factors for soil layers of the monopole foundation site

Depth Cr

8

10 0.88
12 0.85
14 0.90
16 0.90
18 0.88
20 0.88
22 0.87
24 0.87
26 0.87
28 0.87

30 0.89
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Step 5: Compute the average vertical effective stress at the midpoint of each soil layer.
Table 11 displays the calculated values from this step.

Step 6: Compute the shaft resistance in each soil layer. Sum the shaft resistance from each
Table 11, Vertical effective stress for each soil layer at the monopole foundation site

Depth Vertical Stress (psf)

8 0

10 229.2

12 458.4

14 687.6

16 910.4

18 1133.2
20 1362.4
22 1591.6
24 1820.8
26 2050

28 2279.2
30 2508.4

soil layer to obtain the nominal shaft resistance Rs (kips). Equation 5 was used to find the values
seen in Table 12.

Equation 5, Shaft resistance

R.=Ks5Cro';sin(6)C,; D

Depth Rs (kips)

8

10 0.98
12 5.65
14 11.34
16 21.93
18 40.32
20 114.90
22 248.93
24 369.43
26 524.43
28 708.72
30 848.40

Table 12, Shaft resistance for soil layers at the monopole foundation site

Step 7: Determine the or coefficient and the bearing capacity factor, N’q, from the ¢ angle
near the pile toe. Figure 7-16(a) and (b) were used with the ¢ angle near the pile toe to determine
ot and Ng. The value of a: was found to be 0.8 and the value of N’q was found to be 115.
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Step 8: Compute the vertical effective stress at the pile toe, 6’p (ksf). The value of vertical
effective stress at the pile toe was found to be 2.2 ksf.
Step 9: Compute the nominal toe resistance, Ry (kips). Equation 6 was used to find the nominal
toe resistance. The value of Rp was found to be 155.7 kips at 28 feet deep.

Equation 6, Nominal toe resistance

D .~ W/ A T
Equation 7, Sum of shaft and toe resistances

R, = Ry + R,

Step 10: Compute the nominal resistance, Rn, from the sum of the shaft and toe resistances.
Equation 7 was used to determine the value for Rn. The value of Ra at 110 feet deep was found to
be 35,166 kips.

Based on these calculations and lateral displacement and vertical settlement computations
a pile array of 36 1ft wide prestressed concrete piles was designed. Lateral displacement analysis
was performed on the designed pile group using the Ensoft program GROUP. Lateral
displacements were found to be within prescribed tolerances. The following charts are plots from
the GROUP program.

Deflection ¥ dir (in)
0 IE05 3E05  JE05 4E05 SE05  6E05  TE05  BE-05  OE05  0.0000 0.00011 0.00012 0.00013 0.00014 0.000135 000016 0.00017 0.00015 0.00019 0.0002 0.00021 0.00022 0.00023 0.00024 0.00025 0.00026 0.00027 0.00028
L e e e e e e Y T T LR e e e e e R e T

Depih ift)
P 7

Figure 10, Deflection iny direction (in).
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Deflection z dir (in)

E-05 SE05 GE05 TE0S  SE0S SEQ5  0.0001 000011 000012 000013 000014 000015 000016  0.00017 000018 0.00018 00002

Rl R R R R I R T e S e S e T Ee I SR IR e
o

Depith (ft)
J L3
L}

Figure 11, Deflection in the z direction (in).

Vertical settlement was computed in accordance with the Army Corps of Engineers manual,
Design of Pile Foundations Engineer Manual 1110-2-2906.

The following table displays the values used to compute vertical settlement of the pile group.
Vertical settlement was found to be 0.79 inches. Equations were obtained on pages 4-22 through

4-26.
Railyard W 0.007937 ft Wpp 0.002628 ft Wops 0.002628 w 0.158324 G 5 S= 0.791618 (in)

Qp 258.3 kips G 0.02 Bbar 25

o 0.67 B 1 ft

Qs 248.93 kips q 172.2 kips

L 12 ft Cs 0.029213

A 1 ft* D 1 ft

E 642693 ksf
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Appendix E

Monopole Pile Cap Design Calculations



QUARES
QUARES
SQUARES

S

3-0235 — 50 SHEETS — 55
3-0236 — 100 SHEETS — 5

3-0237 — 200 SHEETS — 5

COMET

T bt S e L S UL U T IR IV Ll PR L S AR L LR g B N et ER SR DU et Dl 4 S
, \

U AN ST Mt SR L wla R 2 W TIHER.

MIroPo L

e et R S B

Mo e 1 ek i i P 1 sa B

3 Vestars Lokps FoR  Moropoce
v 216.6 {ap verbcal  load

e 224.51 K Skene

CLE w 271613‘1,53 k"P- c{' Mo ersT /'\\-_’ ls,,00° ta;F-.Cl':
T
| s i T s —— - e b -
o —
m B ASSOME ANCHR  RBoitT Pegiard GLVER S SOFFIC(ENT 70
8 TEANSEET  LoAD IMTS  FOUNDATION.
N
5-‘, b Clece Porxticnda SHear OF MohoopPol € ors  Pree AP .
6 e R it SN2 Ll . b 8 St 678 € e R e AR b Ra] i 08
(<]

poLe DiaMerer. (B)= 121.875 m

_Pole bramersn ()
Wi ClecoMmFerenas (0)= 382.881n I 4

2q34.5% lip=®€
- Fton  Foece (F) / 2;{ s \
I
F= 226.6kip + B v
AT? 12\.37:;_{3‘}135%
EM, = 0= 2733457 = B(nien) coamd covcin

B= 22a.1% kip

F=721. lip+ 22925 [ip

\ . i
F = US55.85 kip —PQZ Havo g3 C) =078
Pllec AP Tcermess (¢)= Het = usi, | %
b= O+ )T {
| o |
bb“‘" (\Z\s %75 + L{%} Tr - 5%3'7 ‘\V\ ///’F‘ : E\\ oo
sl AIRL™
— DEPTH __OF  Puncthing SﬁEm(&l ;%‘ t‘% N
@ | d= 2l 455,850 fbs ._,v..f‘.,,wm Y
¥ S B 2
b 4T b f)u fume (537) —T2 -
a= Y,5 In
& 4 E ok \/ — MO Puracthng S e ad

Us& 4B A




/V‘ON DPO L& H,’E—)( Vs

= ActmuAT PiLec AP DiMersions = Aee 21 A X 2Ift xuit
i C{)u)s“w‘n‘ug" P((-&T\AP U:,Ll[_—;h) lued 5 /{725 ’Z%th it X Ll‘rt (COR)SEEiTIVC):
a — INTEemAL  Forces DE PIEAP Dersemimes  BY DUutinGg  OF ;
L I TWo  SPLE  FaaMs  wfere Creet BEAva 1S ASTUMED |
o CARKY ©&5% oF (oAD. . I"'
B SIMPLE BEAM 5 HapE
nog \
SEE, \ y L5 /
l 223 26- lo |
gggg —_3 klz “_‘fﬁ__._,__m{ >z “ |
nwwn .
Ll
ppap W'so fefee? § | | % ¥ Coiire e = Lfe Eip in andde
w
[ITRTIRTIRTT]
EIT XX - C)
gggg L _ \l szaa.sskw-% T
- NN T
T £a s
S8 B BeAA  ANAZYSIS
oOoo0m E_//\A, - O
607 7. ST KLFY 'Q?D ¢ ki OusFED - B3 (3T )
a1 Ra= 107%S & .p
£ B = K BY SYmmeTry
o vV
G ™
'{:—* Vexy pnc e
r&
O 2F431,53 UGt = MDD = 1a3s,5 ¥ 2 ()«
MS = 155 2372 215 1P F ¢
PASUME  ete Beha Holps L£5%, L4
THE MULTIPLE Bebmy' 1 »does, T
CAP.
N fox -z /V’wmf*‘“
b - '—\:‘ “* = T ) -
(3 ?:\/ Qg bd b bd® A= depti-06'~z
g‘\/'» LS’(’S‘iB—l 21 20 B C!l;;__::‘ ﬂ sl ;
L""\L watr\.\(luzlyl'_ B ;
\
g,u'— (9310.!'5 Ps)




o T T TR R RAETTERRL I, S el L P e e B et CEREE T A T N N AT A A R 0 48 0 A T RO U A s Wt ST RN R T
i i

B JEReNTAGE of SrEE L e Quire™

@/): aB’Sfc QZN )
R Vo oasEl

e -
(.) —_ 'Y'\‘ ”wo 5 < l s ?,( e'jb. !?3"-:—-,.‘)
(é@w S ) «5S ('-/ccaa,w—,,)

f: o 5|
» N2t ©F see . Reaumen

A\ AL = ok
@ il il (rzo AT2:0)
As T 59, *ﬂ

Che e Foz Vet NG oF sTeET
&

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0207 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

- < = B"‘\ Ty = 59, %1, {(_;’D »w\
: S5 o e Y
= = S.FF A

b DERRMWING THPE ASD  AMDeRIT

f = .72 i .

: e e = OF WCBA
(g\/ UFD, ’ - 5 Q— : Q‘ V:L--&__.
= Jo. 32 [~ Flo Reerr - r&c‘f L2701

> \-_C'..._J Cﬁ.ﬁ%\ N__

P o= ’}1 (oo e L ) . _
. = 0025 'f USe H7 BARS o & b [ig8se

Z, = (° - 00T
hz
9 o=z

1. & % v g
72/(12(50&_ 77‘-L£ STEET L L {\Ja'r Ve

Tis  Berm  LavouT witl RBE AS Sibwad BIT FeBAR TUPcA

TrReuowt prig,

_ {

7 ( L Erar S LBLATECQ (& ¥
F'LE (AP |




s R ST P ) Vo TSNS U R Voo LRed A IF A

S ST T SR

-~ —

MeowaPate pive e AP

K Mo enNT £ o FulxnR2L

|
© e
;?5 b‘djl é: DEP T OF PE, Magndd & re Fo ZF(;A‘J covi K,

= =
b - “z |- ¢
el ' ‘f”-’c(
e - B g

{ w, el
My = 2zsikipe 105 {4
My= 255736 Lo A Mot T

o
L
; R
, s \%
CHecke ‘gL D ‘V:\_ B STEEL i g
o o ‘ [t e
O = P, 3y 17 2 {,fi"\f;h i

v map— i |bee. (& B0 Lensc
BE e s L unew) g',\\
% /
;

4 1.7 2 L' - -
...... e (z O &: v Lo~ -
6% xS / ¢ i
J
e A 2 A o=
L ___:‘, / (l':)’", - (A TR
\ e - B
7.0% -6 4 a2t e = 0usé
Vs s e d P o 3
P { pd :’ . 2% FOlE




i B i L

30235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

_—

W AT STALE NG AN S PR

ACTo-CAD Lok OPT Mo Frr

NI /" ;‘( N I =
iDLk

AND  AGg REGATE

BAWERI
(Zin ETRATION

® UOMOPOLE  OpieraTANON Oro  PILE CAP
OR (& TRTION o /l{,rx,M(zd
(Plie cAP MAY

K AssuME  mor

(]
Is 45
e A LAvour

Be pRIENED TO MEBT Pacs Ascens )

OF Gilusgrs

MUcH DIFFeRerce IN  DEVE LopatersT
LET\K?TH P STrcker Fegkf— Bur Ll /W\vt?.\{%
STheceo 10 REBAR A  # It petrr

» Fud  DevaropAleray

LEnGTHE oF £ (D PERAR [E’f-'Ff“c-n vELY #“/13

|
# | BAe Aa: B2 Y P <1 L=t lesi
we 14l i\ FV: €06 \es( k= -
= 5 - 8“2 i
"
A Jfe
0.0z (1) (Copoe)
ﬁo\t\-( $ )(llu('z) (R.71m 2 141
Yoo
B RBeeaxuse DevewpuenwT LErg Th IS (9 1», EXTE 3
AT LERST (O (mates PAST  Plle Pt z—el
» CXAXGE Desldr FoR  ExTRA 2 Tzt o=
OMDER ALOPDPOLE Commedtiond. _
A
/lSE.-E Deverora wuT S TS AT B
Banbd Diamsmes ao LATTCE
. , __ _ Towex Seunoam Fok 3 Dogsd
I F e peene ‘
AN(’QD(L & 8 X
Bours \
— e |
- : T
Eouu&{n + Fiem t+ 22.¢ kip
chcﬁgrz (h TT'D )(Ko 25 % t) IR 2
f'srm = MSSuME & KIP oF peear Am L bips For AnCior 2

~

UO I eip ¢ 10 kip + 2% .6 ipz CBO,7 kip




- VLD WY T T

Byl Q5L SRR, 24 SAMEITT L TS AT e TR LT A A ARA TR R ST e Tl 2N L.TP‘O P T AN N ST R S ST B ST -

N\ w
s
ir ot
<L <o
3250
—
g333
W W W
[
;oo
i e
Wl w
[TTRTTRTI R}
T LT X
[GRGREGR ]
EBER
- 0NN
R
SEEE
8885
;oSO Mmnom
-
%3
=
o
(5]
.
- 4
Y

Finp Ay Ngpee B

dPaz @ ks Fy

Puz ¢ As F\{

"‘T o PL_\
OFy

780,77 kip

6.27: AIV\?'
(.15) (60)

—

B Flul NUMEER OF #g PeBAR  For VERT ICAT

BAZS

P z’
As e,L(% 1~ _
JIE e e T MeZ pars 2 15 RARS ~—* |6 gars For
A,) HY i CoruSTRLUTIBILITY
€ — T
> PLaz FoRiZerird. T1E BAR  Atleor© ARRAKY (F  VERKAL

RS

A7 LENST ELg | & 1A .
'E L, =uoin L
i L
t / :
! ! P 9 i Iy
| : 4
| TFie [

' & pY 1 Pl AA G PSS & ’
¢ ﬁi 5 1D iacker /‘u.of’f ::_ N )_)‘. ,«,__ | !
W HOo  Lacles v MELP k4 a y
P
* 23 5 Ainchan \CCoRD Xy TO  AAIALUAA o) ’
l"& > 227 iecmES So AT kEcbar ‘ o Eeegr oG
Al oud g0 ST fetAR 1> AT
'Ll L A 2t = PO RES AT el s s e TP oy
ned T # o REBLRE AT TitE g/rxc

- S P A VI (T PaD e CRPPT . o Spune ] VRN | it

g ve

e



AN GRSl 2 e R TR S5 DB B SR ST ARSI

\ B FioDING  foAD  EXerTER PHES
.\ ."" . I
i |
W - |
[ =i |
i '| . |
1 vooon . ey i
§ gge — L . |
] xd<<z f Vo ! |
: §§§§ : . v [ e i
¥ ! - N K
% bowil e T PR - ;
4 Pl ., - \ ’
L ooon . :
1 BEER / N ;
| duwg \ a
T BHHO / \ \
', 83888 ‘ ¢
4 @ | o ‘
: T s’ ) U '-5
| g ( | \ ? i
1 2855 IR t | N ;
-y - i \ \ ( R ;
A ggs? 1 - \ \ n { s i
1 OO0 - - Qb 12Y ;
/ g
\ ——\ 3
N ‘ /
- N —— ey ;o “
: 3 N - [ X CemeterTs PIE *
. o ~ - _ . v B T B e 1
» 1 = - .- ) = ’ ,.
1 i ! j " . :
; . L

o
LW

'»ﬁ

|

!

|

||

u
Pl

j {WM'_f_—,J, = D o _
'j LIy Jil' N
;; 4 ]
v N
. po = > pe ’ )

Wi # ‘\))LM’ + -LL)EOL"S

1~ oLTs & & > 3
u')rpp’ EJC; 4 ‘Jt‘l;\. e ¢

Ve, @ v e uee) = Dol £¢° :
£ ‘
Veo 2 BT (1240) o 903, @ 5 s

L{ i
-

} P O D - 2L - .
U‘)CﬁPﬁ l,k—7€)q *F{_ #+ 291,81/{ 1_\ (] .J\)\"( —— iﬂgL_/. ‘1(, ié\f

~

R

LSS S FE T e e S e S3 ma Gala SEmadnigs oy o 8w L. owas g ed



B IGN L R A Abend AN AR WA TLOR I/ T DU A ATERT TR N Na T s ER SE AR AT A T e

3-0235 — 50 SHEETS — 5 SQUARES

%)
w
c
<
3
[le]
I
2]
=
L
o]
X
)]
8
&
|
&
o
Q
o

%)
ui
X
220
% o
=
wwuil
| i
2] w
i
W W w
= e
7] w
888
- &
1
55
885
om0

COMET

W,z 360.17 ki + 6HOG Ry = %0.12 kip

W

p Dezemininde  [fopees om PlLES  AS IF SIMPLE B EA 2

2002 ki || 226.6 kip
28 voo gte-ft

ZSA A Oy
X 6 f¢ Clazin) T
L] Iy
Z A G ppopir 3G CONITERS KB
8 S vPPoer [CeraseaVATIVE )
1 ersier

EM, =0 Ceow le'«o-&)"(%éo.n kip zzc..elc'lp)\%—t + Re (leee)
p="lH5D.C kip
£ Mg= 0=(28000 kip-fe)+ (30012 Wi + 22¢e i) L p, (Vo)

24-‘- 7043, 3L L’J?

pPIVIDING €, Ao EE- perweznd S PILES

P"" = RA 10"{31%‘ kf{p‘__ é f‘i { ,"2- L:.l f' 'j‘ (r DC!LJ.;.‘L:' F{)f’.f. 4
_.-1.; - ~__.__.——_:_-;————’" = ’ ) /:7 3 \ ‘
— 5,6 ‘ —_— Yoo J ; . N\
P.__ = Rb - .r_bi.__'____lpr—;"t‘lbb.eé ;‘:“5‘;’[{;. e (VP LiFT )
- Z :
» FuDING AREA  OF ConeleTs wewbel ol (o PRZCum
FofcE
! : | . ——:.: y
P - AL FL s 700 pai =7 b
. 6B, i - . : iy
AC,- P“" - 8‘ I'L k P - q7,?) ! V\ x N é f_:)) J"v‘;

‘S'c, T sk

vk DS E I 2 X It Frvf.r'uuc‘f ConCrate (D1 e

o e AR i e R

OCRestas HAnOLE
LPLIET

F‘f:eo ks

@ P-= ¢ A F,
A= B 48553 ke | -

— T B8.4a 1w
CPF\, C.“\X(DO k5¢,>

P Mo [LeR AR INETDED Fo g TErdSIor (F Plestessen P

—

{
|
{

R




TR TSNS TS VTS | R AU Y 25 I . - i H ] iy
O R AT A TR R AN B B T ek

- DE‘rera.upie REEAR  TYP¢  pnD AMeunT R (oricreTe

N S e o

o et L 1 A A Pl A R

v AT
A3 a2 2A% bees A baes A’t el By

""USE? A # a9 Bars In Comsciers PLLE  1F mar
SUITRELE  Fod REwoiRED  yPLLET FAr.Les .,

B DEeTERanIrME  AMovroT & e
OF  ReEBAR Moeoned T, AT
Flies T P!uz (‘/\“F . 7 et

»OSING # UV keBAR., M= 9 pArs

* EPoxy SeT  THE ‘geBac , S PAzen e;vzému-f o Te P
OB ?1 CE (i TH ot Hualé.s

e e bt e e

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

B FraubDirog DimensSlions oF Qe®  Huowes

COMET

& Devgor MderT  orGTH [teremt or ‘rrn_)
M

(D (et R .

pR\Y-N

‘Ah = L]' {’Qi .\\_: { = = D e O (

0. -2 / o= VL€ LN

,é,lk_:( o (Q(é%o\) ‘?,9-\( 7\ JC t Y L,‘f?’L By
’ \i Uooo

K= | 1ag i x 15,

B Dldngrer  OF el ims oo

N i e 3 < S TN

(@ b= 8d,- 8 (lns )= A0 i

® FreRinG  LEWATH oF Molad AL S EeTrany (A ;
L.« 5 i
Y ~—

\ o
st R iy

e 1,5 < Houw o Re 3 L o
THRT eAn. vy om TR S
22in Wit oTER. REINForcs mamoTs  fouid }

i, TRANSFER. Cou PhecsSiors
u-/ 3 s s =

o OF REEMR.  PullouT os

£ o~ PILE 1o P o Ple
B gt p
. ¥ C A‘P.f
ERony s ey

R WL IR X N D TR S A R A e Bk e s i e



3-0235 — 50 SHEETS — 5 SQUARES

()
w
o
<
g
(72}
i
I
2
L
w
cE
w
8
[sY)
|
~
©
=
«

n
w
=
=F=
8 =)
=

w T
L |
ppe
10 W W
jol] w
ITT
BB
888
- N
| 14
e55
o
&85
L] ™

-
w
=
o
(3]

FooT perimere (D)= H(1fe)z dft = 48 "

e PONCHING SHEARZ oF  PlLe _ _ors PILE CAP

@ " 681,120, Lbs
¢Hm(k 3 (‘\Lq)(ﬁm)(m oy

d= %, 8 \n
A £t

2

By L. &L e \/oaca poo Pt

wt G

Foree (F)= . = ¢ 8laz kip
Ticpoess &= H2 ia [Pf LE RexTs & in jaside j‘):f‘e, e:a_P']
: ' = ct —+
Fe= Ywo psd  ¢=.9 }:f%.-r-a—l e B
] n
— pert oF Steep (d) N &
e | 3
lob: PE@AA&TF&_ OF St \ VP! L;w‘_m_,
l’)o‘ L‘(‘t‘f Mt): H(’—IZ-}-IZ): 2 e [0t ——




SUERTPE S AT T TN CE R YU
N NG

! L e}

BYU | CIVIL & ENVIRONMENTAL ENGINEERING
IRA A. FULTON COLLEGE

Appendix F

Detail Sheets



12—#8 WELDABLE
REBAR

-

15.9”

-

20—#6 WELDABLE oo
REBAR WITH 4.5”
DIAMETER BEND

e e
, 3.5
15
R2.125” j__ T dhid 45{’;
3.87" TYP.—«\V/ 277 TP,
YL ¢H_{ :
v \ T Y
: °° 4” TYP. Z o o Z \T% in. v]\c/eld c;]f b70ItkSi around

PILE CAP
REBAR DESIGN

6" TYP. —— |=

ANCHOR BOLT
DESIGN FOR SHOE




17.6" #9 REBAR

19.5" #9 REBAR
f 17.6’ #9 REBAR

ALL PARALLEL REBAR IS
TO BE PLACED 3 IN.
CENTER TO CENTER

/ 17.6" #9 REBAR

10" (TYP)

2425 (TYP)

15’

T10P
REBAR LAYOUT




18—#5 REBAR
\ 4.2’

AN

CAAAA A A A A A P YY T E\8 B 88 B8 B8 B OPY¥ ACACAA A AA A A
AN

| E§§§§fﬁ??=== < = ==

TR —— —— i

1 WHW = fololelefefefofete

]
g

5 3 1

L %0000

©w & 88886 88 88888 Y

TIE REBAR TO BOTTOM

TO BUILD REBAR CAGE \

REBAR CAGE
DESIGN




20" #10 REBAR
(TYP.)

REBAR IS TO BE PLACED
IN BETWEEN THE ANCHOR
BOLTS ACCORDING TO
PLAN. ALL OTHER REBAR
IS TO BE SPACED 3"
EDGE TO EDGE.

O\
o\
O\
o
o
0
°
o]
o/
o/

\o

—— 10.625’

REBAR LAYOUT




D= Cdy [Fla e »—Jl_q
D=(€Y.7) B I
o= 4.6 i "P

QP i

; e

A

NG A Py \ plod& on top o rha wald
‘%“’,\ ‘H"-&, Pi (e.‘ﬁkp ‘\ ‘ft{t, "l". ¢ ‘|‘}I “._ — S S\L‘:L vy
P THE N0 AT E. To THE Tof oFf TUE PLLE .

(i
"_lo"'—'i/

{]
>lg
!

ot

>
i
{

&‘l.:

TN,
5N

.~

Ty 2 - T R A

t‘,; Py



	Final Report 1 to 29
	lattice tower combined
	lattice tower hand calcs
	Model
	Plus 2.1
	Dig 2.1
	Plus 2.2
	Diag 2.2
	Edge 2.1
	Edge 2.3
	Edge 2.2
	Edge 2.4

	Final Report 30 to 36
	gfs bhf 13-Apr-2017 23-03-17
	Final Report 4
	combined details
	combined details
	Sheets and Views
	Details for Wetlands-Layout2
	Details for Wetlands-Layout1
	Monopole Pile Cap-Layout2 (2)
	Monopole Pile Cap-Layout1


	pile cover




