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April 17, 2023 
BYU Engineering 
Civil and Construction Engineering 
240 EB  
Provo, UT 84602 
 
Attn: Taylor Nordquist 
 AGEC Inc. 
 E: TaylorN@agecinc.com 
 
Re: BYU Capstone Final Report 
 Spanish Fork Pedestrian Bridge 
 Spanish Fork, UT 84660 
 Capstone Project #013 
 
Dear Mr. Nordquist, 
  
We have completed the final report for the Spanish Fork Pedestrian Bridge project. The 
extent of this report is in compliance with the BYU Capstone agreement and includes a 
geotechnical section as well as a bridge foundation design section. Recommendations 
for the project are provided for earthwork consideration, design of shallow foundations 
and deep foundations, slope stability, pavement design, design loading, and anchor bolt 
design. 
 
We appreciate the opportunity to work on this project and are grateful for the 
experience we gained by doing so. 
 
Sincerely,  
 
Team Cedar 
Nathan Niederhauser 
Sarah Partington 
Kayla Wolfley 
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Introduction 
 
This report includes a geotechnical report and structural foundation report for a 
pedestrian bridge to be built in Spanish Fork, UT near 8650 S 1100 E. The geotechnical 
report is based upon samples taken from boring holes drilled on November 11, 2022. It 
contains information and recommendations related to earthworks (grading, drainage, 
and bearing capacity), groundwater, seismic analysis, liquefaction, slope stability, bridge 
scour, and pavement design. Maps showing the site and boring locations are shown in 
Appendix B along with all boring logs and laboratory results. 
 
The structural foundation report for the bridge contains alternative designs for the cast-
in-place concrete bridge foundations. Both deep and shallow foundations have been 
considered, and environmental concerns such as concrete cost and the natural terrain 
have been addressed in design. Assumed live and dead loads used in the bridge analysis 
and design are also explained in the report. Because the bridge is prefabricated, its design 
will not be included in this report. 
 
Team Cedar has provided work for this Capstone project “as is” in accordance with 
generally accepted geotechnical and structural engineering practices in the area.  Project 
results cannot be construed as work performed by licensed professionals and cannot be 
used as “stamped deliverables” without first being reviewed, approved, and stamped by 
a qualified and relevant licensed professional engineer.  
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Schedule 
Table 1 Project timeline including accomplishments and challenges. 

Date Milestone Notes on Accomplishments/ Challenges 

9/12/2022 
Formation of Capstone 

Group 
Decided on team name 

9/19/2022 
Received Team 

Assignment 
Read through assignment to gain a general 
understanding of the scope of the project 

10/17/2022 
Capstone Kickoff 

Dinner 
Met Project Mentor 

11/11/2022 Drilling Site Visit 

Filled out boring log for samples. Brought 
samples to the BYU soils lab. Completed a 
general survey of area to obtain elevation and 
slope data 

11/14/2022 
Completed Scope of 

Work 
Turned in our completed Scope of Work and 
sent to mentor. 

11/28/2022 
Start Completing 

Phase 1: Geotechnical 
Report 

Initiated soil testing, calculations, and analysis. 
Started compiling the report. Faced challenging 
concepts we needed further guidance on. 
Resolved challenges associated with missing 
soil sample.  

1/23/2023 Met with Dr. Rollins 
Got further guidance on the geotechnical report 
and became better equipped to face many of 
the technical challenges we were facing.  

2/6/2022 Opened Shelby Tube 
Encountered sluff in the Shelby tube that made 
it challenging to run the tests we intended to. 
Ran the tests we could.  

2/21/2023 
Started Phase 2: 
Structural Report 

Met with our structural mentor to get needed 
information and discuss challenges  

3/6/2023 

Finished rough draft of 
Geotechnical Report 
and obtained loading 

information 

Began fine tuning final draft of geotechnical 
report. Obtained loading information to move 
forward with the foundation design.  

3/13/2023 
Finished the Shallow 
and Deep Foundation 

Design 

Had trouble finding free software for foundation 
design that would fit our needs. Eventually, a 
demo version of Enercalc was found. 

3/20/2023 
Finished Phase 2: 
Structural Report 

Team now finished both phases of our project. 
Final report was fine-tuned and delivered to our 
mentor for review.  

3/24/2023 
Meet with Mentor for 

Report Feedback 
Will apply feedback before submitting our final 
deliverable.  
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Assumptions & Limitations 
 
This report has been prepared in accordance with generally accepted soil and 
foundations engineering practices with the occasional modification for student use. 
Limitations include any data that could not be obtained before the end of the semester 
and therefore was assumed for the scope of the project. This report is also limited by the 
students’ level of knowledge and experience.  
 
The recommendations given are based on soil obtained from two borings as shown 
Appendix B and soil testing conducted at Brigham Young University.  Because the study 
was confined to two borings, subsurface conditions may differ significantly from the 
results of drilling.  
 
Groundwater levels may also vary from the levels recorded in this report depending on 
the time of year and the year-on-year changes to the groundwater table.  
 
Assumptions for the layering of the soil were determined by using the shallowest depths 
for each layer recorded from the log and by assuming that all fine-grained soils are clay. 
In calculating the density of each layer, the lowest friction angle calculated from the SPT 
blowcounts was used, along with the US Navy 11.13 graph to then determine the dry 
density of each layer. Moist and saturated densities were then calculated accordingly.  
 
The bearing capacity of the soil used assumptions of an N value of 22 based off the 
lowest N value from the running average of N(60) values. Additionally, an assumed phi 
value of 35 was used for the structural fill. Final calculations assumed a width of 0.5 feet 
and depth of 1 foot.  
 
All soils calculations were assumed to have a factor of safety of 3. 
 
When the team took the samples back to BYU’s soil lab, sample B-5@4 was found to be 
missing. As a result, the properties of this sample were assumed to be like surrounding 
samples. Additionally, the material gathered in the Shelby tube was insufficient to run 
certain soils testing and thus aspects of that layer were limited to a pocket penetrometer 
reading.  
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Students assumed unverified preliminary loadings provided by mentors at Consor 
Engineering. Additionally, it was assumed that seismic design must be considered for 
Spanish Fork.  
 
There were limited design tools available to the students while designing the foundations. 
Ultimately, a Demo version of Enercalc was used for the foundation design and Simpson 
Strong Tie’s Anchor Designer was used to design anchors for the bridge into the concrete. 
Because Team Cedar did not have the plans for the prefabricated bridge, the analysis was 
preliminary, and the anchor designs especially may not reflect what the finished bridge 
designs show. Concrete breakout in shear was not evaluated for the anchor design and 
the response of the foundation designs to lateral forces were both outside the scope of 
this project and should be investigated before completion of the ultimate foundation 
design. 
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Design, Analysis & Results 
 
The design, analysis, and results for this project are found in the geotechnical report and 
structural report presented in the following pages. 
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Phase one: Geotechnical Report 
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Site Conditions 
 
The site is located in Spanish Fork, UT near 8650 S 1100 E. Two boring holes were 
drilled which will be referred to as B-05 and B-06 in the report. B-05 was located at 
40.075207 N, -111.629274 E and B-06 at 40.074953 N, -111.629295 E. There was an 
existing asphalt trail next to B-05 and private property near B-06. At both boring holes, 
vegetation covered the soil and there were relatively flat grades. The Spanish Fork River 
runs between the two boring holes. The ground slopes a max of 2.2 feet vertically to 1 
foot horizontally a few feet away from both boring holes to the river which lies 10 - 20 
feet lower than the elevation of the boring hole locations. An existing vehicle road is the 
only structure within significant distance of the boring holes and will remain in place 
during the construction of the pedestrian bridge as well as afterward.  

 
Earthworks 

A. Grading 
 
All grades must provide effective drainage away from proposed structures and direct 
water towards designed drainage control systems during and after construction. Based 
on the soil encountered onsite and the analysis of it, we provide the following 
recommendations.  
 

1. Subgrade Preparation: Existing unsuitable fill, topsoil, vegetation, debris, 
organics, and other unsuitable material should be removed within 5 feet of the 
proposed footings to reduce likelihood of differential settlement. Removed fill 
should be replaced with fill to meet the standards detailed in the “Fill Material 
Types” section. A geotechnical engineer should observe footing excavation prior 
to structural fill or concrete placement. 
 

2. Excavation: If excavation is required beneath the water table, dewatering should 
occur. The water level should remain below the base of the excavation during fill 
and concrete installment.  

 
If there is excavation of the existing fill, natural clay, silt and/or sand, the 
temporary unretained slopes should be 1 ½ horizontal to 1 vertical or flatter. 
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Additional evaluation of excavation slopes may be required by a qualified 
engineer during the construction process to ensure safe working conditions. 
 

3. Compaction: Existing fill should be removed and replaced with fill to meet the 
following standards per ASTM D 1557 and 2018 IBC. 
 
 

Table 2 Fill Lift thickness, Compaction and Moisture content requirements. 

Item Description 

Fill Lift Thickness 

Loose thickness to be 4” or less if 
hand-operated compaction 
equipment is used. A loose 
thickness of 12” or less is 
acceptable if a smooth wheel roller 
or other heavy equipment is used. 

Compaction 
95% of the material’s maximum dry 
density 

Moisture Content 

Within 2% of optimum moisture 
content as determined by the 
modified Proctor test at the time of 
placement and compaction 

      
 
Structural fill should be frequently tested for conformance with compaction 
requirements. 

 
4. Fill Material Types: Materials used for structural and general fill should meet the 

following material requirements per UDOT Standard Specification. 
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Table 3 Fill Requirements 

Fill type* Application 

Requirements 
Gradation 

Plasticity 
Size 

% Finer 
by 

weight 

MSE Backfill MSE Reinforced zone UDOT Standard Specifications Section 02056 
Borrow Embankment fill UDOT Special Provision 02832S 

Structural 
fill** 

Required for all fill 
placed under 

foundations and 
pavements 

3-inch 100  
Liquid limit 30 max 

Plasticity Index 6 max 

No. 4 Sieve 25-60  

No. 200 15 max  

Stabilization 
fill 

Pumping or deflecting 
subgrades. To be used 

in combination with 
geotextiles 

4-inch 100 
Non- Plastic; Coarse 

Angular Rock 
No 200 5 max 

General fill 

Used in non-structural 
areas and as cover 

around the perimeter of 
structures not deeper 

than 2 feet.  

Onsite Native Soils 

*All fill should consist of approved material that are free of organic matter and debris. 
Frozen material should not be used, and fill should not be placed on a frozen subgrade. A 

sample of each material type should be submitted to the geotechnical engineer for 
evaluation. 

**Structural fill placed beneath the water table should consist of free- draining gravel with 
less than 5% passing the No. 200 sieve with a filter fabric between the free- draining gravel 

and natural soil. 

 

  

 
5. Construction: This report does not reflect methods or consideration for 

construction of the project. Furthermore, those associated with the design 
process do not assume the safety of the construction process. All construction 
considerations and project site safety should be assumed by the contractor. Any 
questions or modifications during the construction process should be addressed 
to a licensed engineer and are beyond the scope of this report.  
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B. Drainage: 
 

Adequate draining should be maintained throughout the lifetime of the structure, as 
water retained next to the structure may result in soil movements greater than those 
discussed in this report. Drainage should be incorporated into structural designs to 
direct water away from structures and wall faces to prevent hydrostatic pressures from 
developing. 
 

C. Bearing Capacity  
 

The allowable bearing capacity of footings was calculated to be 2500 psf for footings 
with a base width greater than or equal to 0.5 feet and an embedment greater than or 
equal to 30 inches for frost depth. Footings should bear on undisturbed native soil or 
structural fill extending down to the undisturbed native soil. Settlement for the allowable 
bearing capacity is expected to be less than one inch. 

 
D. Lateral Earth Pressures 

 
The limiting factor for later earth pressure against the shallow foundation footings is a 
horizontal seismic force of 93 kips. The active, at-rest, and passive lateral earth 
pressures are 180, 1284, and 2907 lbs/ft respectively.  

 
Groundwater 
 
Groundwater was encountered onsite while drilling bore holes. While the bore holes 
remained open, the ground water levels were observed. On the south end of the site, in 
boring hole B-5, ground water was found at 12 feet below ground level (table 4). On the 
north side of the site, in boring hole B-6, ground water was found at 9 feet below ground 
level. 
 
Table 4 Ground water level at each boring site. 

Site 
Groundwater level (ft below 

ground level) 

B-5 12 

B-6 9 
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Groundwater fluctuations naturally occur due to seasonal variations in precipitation, 
runoff, irrigation, and other factors not present at the time the borings were performed. 
Thus, groundwater levels during construction and throughout the life of the pedestrian 
bridge may be higher or lower than the levels noted in this report.  

 
Seismic 
The seismic design maps created by SEAOC and OSHPD based on the National Seismic 
Hazard Map database were searched to find the following geotechnical parameters. 
The peak ground acceleration (PGA) and spectral accelerations for both 0.2 seconds 
(Ss) and 1 second (S1) intervals were found in accordance with ASCE 7-16. These values 
should be adjusted for site effects where appropriate. 

 
Table 5 Seismic Considerations 

 
 

The nearest fault is the Provo section of the Wasatch Fault, the nearest segment of 
which is located approximately 1.3 miles from the site. 

 
Liquefaction 
The northern side of the river is shown as having high liquefaction potential and the 
southern side is shown as having low to very low liquefaction potential (Christenson, 
Shaw, 2008). An in-depth liquefaction analysis was beyond the scope of this report. 
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Slope Stability  

Our analysis of both slopes under the bridge indicates that the proposed loadings from 
the bridge abutments will maintain a factor of safety against slope failure of 1.4 or 
higher for both slopes. 
 

Bridge Scour 
The designs for this bridge include options for a spread footing or deep foundation 
design at each end of the bridge. Accordingly, we do not anticipate placing a pier or any 
type of foundation in the water and therefore bridge scour to the foundations will not 
occur from the river. Hence, the only place where scour could occur would be along the 
embankment under the bridge.  
 
We calculated from the Federal Emergency Management Agency that a 100-year flood 
would raise the elevation of stream water to 4642 feet. This would raise the water level 
14 feet from the bottom of the streambed. To prevent against scour to the slope under 
the abutments, we recommend either placing riprap to an elevation of 14 feet on the 
slope and 25 feet laterally on either side of the bridge or using concrete slope paving for 
similar dimensions. Additional study of the stability of the slope with concrete paving 
and possible retaining walls should be considered should this option be chosen.  
 
Requirements for the specifications of the riprap can be found below according to 
UDOT Standard Specifications Section 02373.  
 
Table 6 Required physical properties of riprap. 
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Table 7 Required gradation limits of riprap. 

 
 

 
Deep Foundation Recommendations 
A deep foundation recommendation was provided per request of the client. The 
proposed design includes two cast-in place piers on each side of the bridge, to which 
the anchor bolts would connect. The piers have a diameter of two feet and a depth of 
32.5 feet with no belled-out bottom feature. This design results in an allowable skin 
friction resistance force of 175 tons. 

 
Pavement Design 
Pavement sections were designed in accordance with AASHTO and designed for 
pedestrian, bike, and small maintenance vehicle traffic. Note that loads produced by 
vehicles larger than a standard pickup truck carrying maintenance materials were not 
included in the design.  
 
It was calculated that there would be approximately 0.94 ESALs/year with the 
assumption that one maintenance vehicle would cross the bridge each month. The 
pedestrian bridge is next to a standard roadway bridge, so it is unlikely that many 
vehicles will use the trail bridge as opposed to the main road.  
 
Using AASHTO’s pavement design equations and UDOT’s General Guidelines for Trail 
Thickness, the following pavement section was created. 
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Table 8 Pavement Design section and required thickness. 

 
 

Pavement should be sloped to prevent water from accumulating on the trail as water 
accumulation of the trail can cause early deterioration of the pavement. The aggregate 
base should be designed to allow for drainage beneath the pavement as well. 
 
 

General Comments 
 
The recommendations, analysis, and result of this report are based on our 
understanding of the scope of the project and data collected from drilling. Weather, 
variations in subsurface conditions, and other parameters outside of the scope or 
control of this project may require modification to original designs. Such modifications 
should be solved through the retention of a licensed geotechnical engineer.  
 
Additionally, anything that has not been stated as a specific finding is outside the scope 
of this report. This includes environmental analyses and if such concerns of 
environmental hazards are warranted, an environmental agency should be contacted to 
conduct a thorough analysis. 
 
Information contained in this report is intended for the use of AGEC and their discretion 
only.  
 
This report is independent of all contractor and construction procedures. It is also not a 
risk assessment report or to be used as a precise estimation for construction costs. 
Variations and unspecified costs can occur outside the scope of this project, which is 
intended for design purposes only.  
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Phase Two: Structural Report 
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The following structural report contains solutions for the concrete foundations of a 
prefabricated steel pedestrian bridge to be built in Spanish Fork near the Poplar Lane 
Trailhead. The bridge design will be performed by other organizations. The soil 
properties and bearing capacities used in the design of the foundations were taken 
from the geotechnical report presented in Phase 1 of this document. Two shallow 
foundation options and a deep foundation option will be presented, and an ultimate 
recommendation will be provided. The students in Team Cedar are not professional 
engineers and the contents of this report should be reviewed and approved by a 
licensed engineer before use in the field.  

 
Bridge Layout 
Based on drawings received from the prefabricated bridge designer and specifications 
provided by Spanish Fork City, the bridge was taken to be 80’ long and 12’ wide.  It was 
assumed that the bridge structure will consist of steel trusses and have a 4” thick 
concrete topping on the surface of the deck. Deviation in the final design of the bridge 
from these assumptions will require updated calculations. 
 

Structural Design Loads 
The following loads are preliminary and reflect a 10’ wide bridge. Due to uncertainty in 
the ultimate bridge design, these loads were not scaled up for a 12’ bridge for the 
foundation design. If the prefabricated bridge plans show a 12’ wide bridge, these loads 
should be recalculated. 
 
Dead Load (DL) 
The bridge structure shall be designed for the total bridge wight including the final 
concrete deck system.  
 
Pedestrian Loading (PL) 
The bridge structure shall be designed for a uniform pedestrian loading of 36 K. 
 
Vehicle loading (VL) 
The bridge structure and deck system shall be designed for a small maintenance truck. 
The vehicle load shall not be placed in combination with the pedestrian load. 
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Wind load (WS) 
Pedestrian bridges shall be designed for wind loads as specified in AASHTO signs, 
Articles 3.8 and 3.9. The loading shall be based on a wind speed of 110 mph and 
applied over the exposed area.  
 
Snow loading (SL) 
The bridge structure shall be designed for the total snow load of 18 kips. 
 
Seismic Loading (EQ) 
The bridge structure shall be designed for the horizontal and vertical seismic loadings 
of 93 kips and 38 kips respectively.  
 
Fatigue Loads (FL)  
There is no need to consider fatigue loads to be considered in this case. 
 
Thermal loads (TU)  
There is no need to consider thermal loads as the bridge will have slip connections on 
one end.  
 
The LRFD load combination that results in the highest design load is the governing 
combination. This project’s design load resulted from load combination 6 and was 225 
kips. 
 
Table 9 LRFD load combinations. 

LC LRFD load combinations  where    
1 1.4D D= Dead Load    
2 1.2D+1.6L+.5(Lr or S or R) L= Live Load    
3 1.2D+1.6(Lr or S or R) + (L or .5W) Lr= Roof live load    
4 1.2D+W+L+.5(LR or S or R) S snow load    
5 0.9D+W W= wind load    
6 1.2D+Ev+Eh+L+.2S R= rain load    

7 0.9D-Ev+Eh 
E= seismic load 
(vertical and horizontal)    
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Footings and Foundations  
 
Shallow Foundation Design 
The shallow foundation design includes concrete walls and footings, as well as anchors 
for the bridge and anchor reinforcement where required. Per Utah code, frost depth was 
taken to be 30” and the minimum spot footing size of 20”x20” was considered during 
design. Two designs for the concrete abutments on either side of the bridge will be 
presented. Because Team Cedar didn’t have access to the designs of the prefabricated 
bridge, the designs are based on assumed preliminary loading cases and should be 
compared with the actual bridge design.  
 
Both designs utilize 4000 psi concrete as well as Grade 60 #5 rebar. Note that concrete 
breakout due to shear forces analysis was outside of the scope of this project. 
 
Option 1: Individual Piers 
 
The first design is for a four-point bearing system, where the bridge is supported by four 
individual concrete piers, one at each corner of the bridge. The two piers sharing a side 
of the bridge also share a concrete footing due to the size of footings needed to 
distribute the load over the soil so that its bearing capacity is sufficient.  
 
The square concrete piers are to be 16” tall and 22” in width. They will be reinforced 
with Gr. 60 #5 rebar as shown in Detail 2. The concrete footing is to be 16” tall and have 
a length and width of 16’ and 4’, respectively. See Detail 1 for more information and for 
rebar spacing. The bottom of the footing is to be placed 30” below grade such that the 
tops of the piers are approximately 2” above grade. 
 
Anchors to attach the steel bridge to the concrete foundation should be provided as 
shown in Detail 3 (Appendix C). 
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Plan View: 

 
Figure 1 Plan view of foundation option 1- individual piers 
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Section View:  

 
Figure 2 Section view of foundation option 1- individual piers 

 
 
Option 2: Continuous Foundation Wall 
 
The second design is for concrete abutments on each side of the bridge that span the 
full bridge width, with the bridge load being distributed uniformly across a 12’ wall. This 
was simulated in software as a point load over 2’ increments, so the total load on the 
abutment was divided by five to simulate the behavior of a uniform load as opposed to 
a single point load. 
 
The concrete wall is to be 3’ tall and 12” wide, with an additional 6” extending above 
grade. Vertical Gr. 60 #5 rebar is to be spaced at 16” O.C. The 12” thick footing below is 
to be 5’ wide and match the length of the wall. Gr. 60 #5 rebar is to be placed at 12” O.C. 
See Detail 4. 
 
Anchors to attach the steel bridge to the concrete foundation should be provided as 
shown in Detail 5. 
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Plan view 

 
Figure 3 Plan view of foundation option 2- continuous foundation wall 

  
 
 
Section View 

 
Figure 4 Section view of option 2- continuous foundation wall 
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Option 3: Deep Foundation Design 
The deep foundation design includes concrete auger cast in place piles with a radius of 
2 feet and a depth of 32.5 feet. Attached to the end of these are anchor bolts for which 
the loading of the bridge rests. Design loadings are based on assumed loading cases 
and will need to be compared with the actual bridge design. Structural fill will be 
required at the depths specified in the geotechnical report to prevent lateral movement. 
 
Section View 

 
Figure 5 section view of option 3- Deep Foundation   

Recommendation 
 
While a deep foundation option was provided, it is not recommended due to its high 
expense and relative complexity. Of the two shallow foundation designs, Team Cedar 
recommends using the individual concrete piers option. This provides more simplicity in 
anchor design and uses much less concrete. This option is also more readily adaptable 
to bridge design and load changes. The proposed foundation and anchor design should 
be reviewed for conformance with the final bridge design and design loads provided by 
the steel bridge fabricator. 
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Related Issues 
 

The prefabricated steel pedestrian bridge in Spanish Fork, Utah will have significant 
impacts on public health and safety, and social and environmental factors. There is a 
potential for positive economic impacts as well. This proposed location of the bridge 
will be as part of a trail network for both pedestrians and cyclists that is popular with 
residents of the city and nearby areas. 
 
In an area such as Utah with high population density, may people don’t have large yards 
that give them access to enjoying the natural environment. Spending time in nature, as 
well as exercising, are critical for physical, mental, and emotional health, and hiking and 
walking trails are a popular way to do this. While walking or running around one’s 
neighborhood provides exercise, many people prefer going somewhere with more 
variety and leaving the areas they are exposed to every day. The new pedestrian bridge 
will provide better access to the trail as well as an expansion of the trail system, 
providing more opportunities for people to get outside and improve their quality of life 
and health. Many people use the existing trail system for walking, running, and cycling, 
and expanding the system will provide those opportunities to more people. 
 
Furthermore, safety will be improved by giving a separate bridge specifically designed 
primarily for non-vehicle traffic. Currently, there is only a narrow vehicle bridge across 
the river that has very narrow shoulders and isn’t a safe place for pedestrians to cross, 
especially once the trail system extends to the other side of the river and there is more 
traffic. The proposed pedestrian bridge will keep people off the vehicle bridge and 
protect them from potential harm. 
 
Socially, trail systems are a popular gathering place for running or walking groups as 
well as individuals. People with limited opportunities to interact with others rely on the 
groups that they’re a part of to give them a feeling of connection with other people and 
reduce feelings of isolation. The expanded trail system and new bridge will draw more 
people to the area and encourage people to come together and enjoy one another’s 
company as well as the beautiful scenery along the path. More extensive trails also 
bring with them the potential for more visitors from outside the area, which could boost 
the economy of the nearby area as people stop at restaurants or fill up on gas. 
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Effects of the bridge design don’t end with people – the natural environment will also be 
affected. Care was taken in bridge foundation design to provide the most economical 
solutions while still meeting design criteria in order to minimize the carbon footprint of 
the project. While some soil will be disturbed by excavation and heavy equipment and 
some of the existing vegetation will be removed, the creation of a trail system implies 
an investment in the existing ecosystem and demonstrates a desire to preserve it so 
that people can enjoy and appreciate it. Much of the soil to be excavated will be 
structural fill that was placed there when the road bridge was built, and the existing 
riverbanks will not be modified; the bridge was designed around it. 
 
The Spanish Fork pedestrian bridge will have positive social, economic, and public 
health repercussions while minimizing effects on the natural environment and 
preserving it for years to come. The trail system is open access, so people of any 
background will be able to enjoy it. It is a little out of the way, so it may be hard to 
access without a personal vehicle, so Team Cedar recommends that Spanish Fork city 
looks into ways to make the trail system accessible to those in the population without 
vehicles so that it can be more equitable and so the benefits will be available to all. 
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Lessons Learned 
 

Our capstone project was unique because it required both a geotechnical and structural 
report. However, our group was well suited to the challenge with members experienced 
in the fields of geotechnical and structural engineering. Because of this exceptional blend 
of experience, we took this as an opportunity to learn from each other during the project. 
Our most important lesson learned was to know the process behind what each field does 
when generating their respective reports.  
 
Another important lesson that we learned was how to acquire knowledge we didn’t know. 
Some examples include reaching out to our mentor, Dr. Rollins to learn more about 
liquefaction, contacting various professors to understand how to perform a bridge scour 
analysis, and asking questions to Taylor during meetings to know how we could produce 
a quality product. We also learned how to work with limited information, when we learned 
that our Shelby tube was mostly sluff and very little native sample. We solved this by 
performing the tests that were still possible and having a pocket penetrometer on hand 
to use to estimate the data we would have received, had we had a full Shelby tube sample. 
 
Other lessons that we learned included facing challenges of unexpected events such as 
sickness due to COVID and how to work as a team despite not meeting in person and 
coordinating with various schedules. We proudly did what we could and still met our self-
imposed deadlines. Similarly, we learned to overcome challenges of lack of software by 
researching free software and working with the resources that we could find. And we 
showed resilience by learning how to navigate situations with lack of communication and 
patiently contacting the right people until we were able to obtain necessary information.  
 
Overall, this project provided invaluable growth and learning about engineering practices 
in the geotechnical and structural fields. Our knowledge gained prepared us for our 
careers and establishing ourselves as professional engineers. We will be forever grateful 
for the many lessons learned and will use them to go about doing good in the world. 
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Conclusions 
 
 A summary of the conclusions drawn from our research and analysis can be easily 
referenced in the Recommendations section directly below. Through this capstone 
project, Team Cedar has learned common practices in producing a geotechnical report 
and structural report, how to accurately perform soil testing, how to design for bridge 
scour and slope stability, how to design a structural footing and foundation, and how to 
design adequate anchorage. Additionally, the team learned valuable lessons of 
teamwork, communication, time management, and technical writing. Overall, the 
construction of the pedestrian bridge in Spanish fork, Utah will not only serve to benefit 
the people of the community for years to come, but will positively impact Team Cedar 
into their careers with the knowledge and experience it offered.   
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Conclusion and Recommendations 
 
Table 10 Conclusion and Recommendations 

Topic Conclusions and Recommendations 
Subsurface 
Conditions 

- Existing fill was found to extend to a depth of 5.5 feet at both 
bore hole locations.  

- Native soil primarily consisted of lean clay with variable 
amounts of sand, silt, and gravel often found in lenses. 

Earthwork - Remove existing fill within 5 feet of the edge of proposed 
footings and replace with proper structural fill for shallow 
foundation designs. 

- Wet or disturbed clay during construction should also be 
removed. 

- Proper grading and compaction techniques, which are included 
in the report, should be followed. 

- Active, at-rest, and passive lateral earth pressures are 180, 
1284, and 2907 lbs/ft respectively. 

Groundwater - Groundwater levels were found to be at 12 feet and 9 feet for 
B-5 and B-6, respectively.  

Shallow 
Foundations 

- Allowable bearing capacity is 2500 psf for embedment greater 
than 30 inches.  

-  Settlement is expected to be less than 1 inch 
Slope 

Stability and 
Scour 

- Proposed loadings from the bridge abutments will maintain a 
factor of safety against slope failure of 1.4 or higher for both 
slopes. 

- Rip rap or concrete paving should be used to the height of the 
bridge foundations and extending 25 feet laterally 

Pavement 
Design 

- Asphalt concrete or similar mixture for trails should be 
constructed as follows: 

- Hot mix asphalt topping of 3 inches 
- Compacted aggregate base of 6 inches 

Design Loads - 226 Kips per abutment 
Foundation 

Design 
- Provide a continuous footing and two individual piers as 

shown in Details 1 and 2 
Anchor Bolt 

Design 
- Provide J-bolts as shown in Detail 3 
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Appendix A 
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Appendix B 
 
Boring Location Map 

 
Figure 6 Boring Location Map 

 
 
Boring Logs 
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Figure 7 Boring Logs 
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Grain-size Distribution Curves 
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Figure 8 Grain Size Distribution Plots 
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D-Value Tables 
 
Table 11 D-Values 

B-5
Depth D100 D60 D30 D10 %Cobbles %Gravel %Sand

6.5 0.85 0.15 0.10 - 0% 0% 83%
9 2 0.27 0.15 0.08 0% 0% 90%

14 - 11.01 1.68 0.36 0% 42% 57%
19 - 12.70 2.77 0.09 0% 52% 39%

B-6
Depth D100 D60 D30 D10 %Cobbles %Gravel %Sand

6.5 2 - - - 0% 0% 38%
9 4.75 - - - 0% 0% 6%

19 2 - - - 0% 0% 13%

 
200 Sieve Washes 
 
Table 12 200 sieve washes results. 

Sample Tare weight (g) 
Mass of dry 
soil+tare (g) 

Mass after 
wash +tare 

(g) 

dry unit 
weight 
pre 200 

wash 

dry unit 
wight after 
200 wash. 

Mass of 
washed 
fines (g) 

Mass of 
washed fines 

(%) 

B-5@6.5 266.6 441.4 414.6 174.8 148 26.8 15.3 

B-5@9 152.1 378.3 360.8 226.2 208.7 17.5 7.7 

B-5@14 152 510 505.1 358 353.1 4.9 1.4 

B-5@19 348.8 664.3 637.4 315.5 288.6 26.9 8.5 

B-6@6.5 215.3 380 316 164.7 100.7 64 38.9 

B-6@9 188.7 338.8 200.3 150.1 11.6 138.5 92.3 

B-6@14 266.5 422.3 276.8 155.8 10.3 145.5 93.4 

B-6@19 196.4 315.4 213.3 119 16.9 102.1 85.8 
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Atterberg Limits Results 
 

 
Figure 9 Plasticity chart with  B-6 @ 9, B-6 @and B-6@19 plotted 

 
Table 13 B-6 @9, B-6 @14 and B-6@19's Atterberg Limit test results and classification. 
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FEMA 100 Year Flood Map 

 
Figure 10 100-year flood map.  
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Slope Stability 
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Figure 11 Slope Stability 
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Appendix C 
Two individual piers - Structural Calculations 
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Figure 12 Structural Calculations Option 1 
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Figure 13 Anchor Design Option 1 
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One Concrete Foundation Wall 
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Figure 14 Structural Calculations Option 2 
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Figure 15 Anchor Design Option 2 
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DETAILS FOR RECCOMENDED OPTION: 
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Figure 16 Details for Shallow Foundations 

 


