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EXECUTIVE SUMMARY 

The Coilolo River Pedestrian Bridge Project aims to serve members of the Coilolo and Tipa Tipa 
communities, located in Coilolo, Jaime Zudáñez, Chuquisaca, Bolivia. The suspended footbridge 
design conforms to design criteria set in the Engineers in Action 2022 Bridge Binder Volume 2.  
The proposed bridge design spans a total distance of 57.8 meters (m) and consists of a customized 
BO-3G-60B abutment on the left bank and a customized BO-3G-60A abutment on the right bank.  
In order to meet anchor uplift requirements and reduce backfill volume, the left abutment was 
placed 3.6 m back from the left bank and was lengthened by 1.4 m.  In addition, the right abutment 
was placed 3.0 m back from the right bank and the anchor was raised by 0.5 meters to provide a 
more efficient design and to prevent stability issues.  In order to meet the floodplain freeboard 
requirement of 2.0 m, the left abutment was modified to incorporate a 1.5 m tall foundation.  The 
difference between the tower saddle heights is 0.385 m, and the achieved freeboard is 2.15 m. Tier 
1 design checks were initially performed on the bridge components to assure that basic failure 
modes were averted. Tier 2 design checks were then performed on the abutments and walkway 
structure components to determine if the custom abutment design would impact the safety of the 
bridge system. It was determined that the structural components met the required safety factors 
and requirements set by EIA in Bridge Binder Volume 2. 
 

Capstone Report Checklist 
 
The contents of this checklist must be completed before the team will receive a passing grade 
from the Engineers in Action staff and ensure the report contains necessary information for the 
building of this bridge project. The team and its reviewers should ensure that this checklist is 
complete before submission to Engineers in Action for review. By signing and dating below, 
reviewers give their professional word that the checklist is complete and accurate.  

 Proof of report review by technical mentors, ambassadors, DEICs, and faculty advisor 
 General report content and quality 
 Statement on international development  
 Labelled AutoCAD survey profile shown  
 Calculations included (hand calcs and/or raw excel file) 
 Drawing Set included and complete according to the Drawings Checklist found on BEDU 
 Drawing Set created from EIA’s “Suspended_Template.dwg” and “EIA.ctb” files 
 Drawing Set meets country-specific requirements 
 Consistent values between Drawing Set, calculations and general report 
 CAD file with bridge elevation view 
 Bill of Quantities  
 Excavation Drawings 
 Construction Schedule 

 
 
 
 
 
 
 

Proof of Review 
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The contents of this report and all appendices must be proofed for errors, omissions, efficiency, 
and strong writing before it is submitted to Engineers in Action for Review. By signing and dating 
below, reviewers give their professional word that they have proofed the report and appendices in 
their entirety and have found them satisfactory for submission to Engineers in Action and use in 
a real-world engineering design-build project in the developing world. Reviewers should not sign 
until they feel the report and appendices meet their standards. If the report does not meet EIA’s 
standards, the team will be assessed a $500 “poor performance fine” as outlined in more detail in 
the Bridge Binder. Failure to secure the required reviews and accompanying signatures will also 
result in the poor performance fine.  
 
The objective of this review system is to hold students accountable to doing excellent work and 
educate them on the level of performance that is required and expected of them when working on 
real-world engineering projects. Thank you for participating in this educational process.  
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1.0 Introduction 
 
This Report will serve as a type, size, and location study for a pedestrian bridge crossing the 
Coilolo River and linking the Coilolo and Tipa Tipa communities in Bolivia. 

2.0 General Background 
 
2.1 Project Development and Justification 
 
This project aims to serve members of the Coilolo and Tipa Tipa communities, which are located 
in the Jaime Zudáñez province in the Bolivian department of Chuquisaca. The population of these 
communities amounts to approximately 800 inhabitants, and the main sources of economic 
activity include agriculture and raising domestic livestock.  In terms of local infrastructure, there 
is one school in the village of Coilolo (located on the west side of the Coilolo River). There are also 
multiple schools, health centers, and markets in the nearby town of Zudáñez (located 7 kilometers 
(km) northwest of Coilolo). A large portion of the agricultural fields and homes that comprise 
these communities are located on the east side of the Coilolo River, and thus community members 
who work and reside on this side remain isolated from the previously described local 
infrastructure during the rainy season, which persists for six months of a given year.  This 
subsequently impacts the access to school, healthcare, and agricultural and livestock markets 
during this time, as it is difficult to cross the Coilolo River and reach the village and town centers 
of Coilolo and Zudáñez. 

2.2 Project Location 
 
This project will be located in Coilolo, Jaime Zudáñez, Chuquisaca, Bolivia.  The Coilolo River 
flows northwest through central Bolivia and borders both the village of Coilolo and the 
neighboring town of Zudáñez on the east.  The proposed footbridge site is located 1 km southeast 
from the direct beneficiary community of Coilolo and 7 km southeast from the town of Zudáñez.  
The proposed bridge alignment and location are shown in Figure 2.2.1 below; the western bridge 
abutment will lie adjacent to agricultural land, while the eastern abutment will impact a portion 
of a community soccer field. 

 

Figure 2.2.1. Plan View of Bridge Site. 
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2.3 Horizontal and Vertical Clearances 
 
On the southwest side of the proposed bridge location, there is little vegetation and the land is flat 
for both horizontal and vertical clearances. On the northeast side of the proposed bridge site, the 
land is flat; however, there are two molle trees and a soccer goal post which will need to be 
removed or relocated prior to construction.  There are no other clearance issues to be considered 
for this site. 

2.4 Restrictions and Utility Conflicts 
 
No information has been provided that suggests that there are any sewer, electrical, or potable 
water lines present in the construction area. If any indication of utilities becomes apparent to the 
team, this will be immediately communicated to the technical advisors to ensure the preservation 
of the utility lines and determine how to proceed with design and construction.  

2.5 Material Acquisition 
 
Figure 2.5.1 below outlines the roles of each respective stakeholder, including information about 
what their responsibilities are and what contributions they will make to the pedestrian bridge 
project. Material acquisition planning will follow along with this table, which was provided by 
Bridges to Prosperity (B2P) and Engineers in Action (EIA) in the Bridge Builder Manual. 
According to the Financing Agreement for the execution of the project (see Appendix A.6), the 
main parties involved in material acquisition for this project are the Engineers in Action 
Foundation, the Autonomous Municipal Government of Zudáñez, and the Community of Coilolo. 
EIA will provide the clamps and steel cables needed for the project. The Municipal Government 
of Zudáñez will be responsible for purchasing the reinforcing steel, cement, sand, gravel, and 
hardwood. They will also be responsible for providing machinery and heavy equipment for 
cleaning, debris removal, excavation of land, laying of cables, and other work on the site, including 
arranging the transportation for the delivery of local and non-local materials. The community of 
Coilolo will be responsible for purchasing and/or collecting the stone for the project.  

According to the Project Social Assessment (see Appendix A.4), the local materials that exist on 
the site and in nearby communities are stone, sand, and gravel. The local community of Coilolo 
will be responsible for collecting the materials purchased for them already on site and for 
performing most of the day-to-day construction activities. There is a main road that runs along 
the left bank of the river that stretches to Zudáñez to the north and Marcani to the south. This 
road is substantial enough that any materials coming from either town will be able to be 
transported by light truck or other vehicles.  
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Figure 2.5.1. Stakeholder Roles, Responsibilities and Contributions. 

2.6 Roles and Responsibilities 
 
The university team is responsible for the complete design of the bridge and the construction plan. 
The role of the technical advisor is to provide design support, complete quality control sign-offs, 
and review reports. The community is responsible for providing laborers as well as the materials 
listed above in Figure 2.5.1. The role of EIA includes site identification and selection, material 
procurement, and supplying skilled laborers, tools, and equipment. 
 

2.7 Environmental Impact and Land Usage 
 
ENVIRONMENTAL IMPACT 
 
The construction of the Coilolo River suspended footbridge will likely impact the natural 
environment on and surrounding the construction site.  During the construction process, it is 
likely that the in-situ soil will be disrupted and the nearby vegetation, including two trees, will be 
removed.  In an attempt to minimize the impact that these disturbances will have on site erosion 
and runoff, the project construction team must be cautious when performing work near the 
riverbanks. 
 
In addition to considering the land and vegetation disturbances that the construction of the 
Coilolo River suspended footbridge may cause, environmental impacts resulting from the mixing 
and installation of concrete must also be considered.  The construction team must be conscious 
of the spoils and corresponding contaminated water that results from mixing concrete, and these 
materials must be collected and disposed of at a location far from the river and agricultural land. 
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LAND OWNERSHIP 
 
The selected site for the bridge would be located between a soccer field to the right and agricultural 
land to the left. The construction of the bridge would affect part of the soccer field, and the 
community is aware of this ramification. There is a vehicular dirt road adjacent to the soccer field 
that can be accessed by light trucks and vehicles. The agricultural land has little vegetation, and 
the homesteads are far from the site. There are no foreseeable land ownership issues. Donation 
certificates from affected landowners have been or will be acquired by EIA. 

2.8 Statement on International Development 
 
The team is taking an informed, conscientious approach with a well-rounded understanding of 
the positive and negative aspects of international development. We recognize that this is an 
opportunity for mutual benefit, with the Coilolo community gaining a vital resource, the 
footbridge, and the university team gaining exposure to expand our horizons by immersing 
ourselves in the Bolivian culture. The project serves to aid the community by providing resources 
that they would otherwise be unable to obtain.  

3.0 Site Overview, Geotechnical, and Hydraulic 
Conditions 
 
Figure 3.0.1 depicts a plan view of the bridge site (coordinates: -19.166861, -64.670142), adopting 
the EIA conventions for left and right banks. Given that the river is flowing northwest, the right 
bank is located to the north of the river and the left bank is located to the south of the river. The 
proposed bridge site will be located just 1 km from the Community of Coilolo, Bolivia and about 7 
km from the nearest city, Zudáñez.  
 

 
Figure 3.0.1. Plan View of Bridge Site. 

 
3.1 Topographic Survey 
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The topographic survey was completed by Richar Galvez in March of 2022 along with a technical 
report of the survey. The data was processed by EIA and was provided to the team via AutoCAD 
along with supplementary photo and video data. Original survey data and the AutoCAD survey 
profile generated can be found in the Site Info folder on Google Drive along with photos and 
videos.  
 
3.2 Site Photos 
 
In accordance with the site documentation requirements set forth in the Technical Survey Form, 
a series of site photos are provided in Appendix A.  
 
3.3 Site Specific Conditions 
 
From the Technical Assessment of the bridge site (see Appendix A.5), there are a few notable 
obstructions to the construction of the bridge. There is little vegetation to the left side of the river 
and no obstructions have been noted. To the right side of the river, there are two molle trees that 
will need to be cut down before the start of construction. There are a number of additional bushes 
and trees upstream and downstream of the bridge site, but they will not affect the construction of 
the bridge. The two vehicular roads located in close proximity to the bridge site do not require 
rerouting. There are no known site constraints, such as power lines, utilities, or land ownership 
issues, impacting the bridge design based on the site-specific information provided by EIA.  
 
3.4 Existing Soil Conditions 
 
The left side of the river consists of all coarse-grained (gravel soil and sandy) soils. The right side 
of the river consists of both coarse-grained (sandy) and fine-grained (clayey) soils. 

 
3.5 Hydraulic Conditions and High Water Line 
 
RIVER CLASSIFICATION 
 
The river and the area surrounding is more characteristic of a floodplain than a gorge. As seen in 
Figures 3.5.1, 3.5.2, and 3.5.3, the slight change in elevation, about 1.1 m on the right and 0.6 m 
on the left between the high water line and the edge of the bank does not allow for the river to rise 
vertically during a flood. Instead, the river overflows into the adjacent trail. Information from the 
local community suggests that the adjacent trail becomes submerged in about 0.39 m of water 
during a flood, indicating a horizontal spread of the river. The suspended footbridge will be 
designed to meet the specifications of a floodplain, with 2.0 m of freeboard.  

   

Figure 3.5.1. Upstream. Figure 3.5.2. Across to Right 
Bank. 

Figure 3.5.3. Across to Left 
Bank. 

HISTORIC HIGH WATER LINES 
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Bolivia is broken up into three main basins: the Altiplano, the Amazon, and the La Plata. Coilolo 
La Tipa Tipa, the project site, falls within the Amazon basin. As a segment of the Amazon basin, 
the water ultimately flows from the Amazon River. The Amazon basin and, therefore, the Coilolo 
River, discharges into the Atlantic Ocean. A breakdown of the Bolivian watersheds is shown in 
Figure 3.5.4 below. 

 

Figure 3.5.4. Hydrological Map of Bolivia (Saavedra et. al., 2022). 

The Coilolo River is located in the Amazon basin and is most directly fed by the Rio Grande O 
Guapay. The only data found for high water lines at the location of the footbridge site are the 
Google Earth images that show changes over time in the Coilolo River. While there is not any 
quantitative data on historical floods on the Coilolo River, as it is more of a stream during the dry 
season, there is quantitative flood data for the Rio Grande O Guapay. During December of 2015, 
heavy rains caused the Rio Grande O Guapay to rise 6 m, which was 3 m above the previously 
record alert levels. The flooding caused by the rains at this time is described as the worst in 50 
years (Floodlist News, 2015). The high water line for the Coilolo River used in this project was 
determined qualitatively by members of the community and is detailed in Figure 3.5.5 below. The 
water line is about 0.5 m above the bottom of the river.  

 
 

Figure 3.5.5 Coilolo River Site High Water Line. 
Changes over time in the Coilolo River can be viewed from the Google Earth images in Figures 
3.5.6-10 below from September, 2002, to October, 2020. The most notable change involves the 
location and abundance of vegetation. From Figure 3.5.6 to Figure 3.5.7, the vegetation decreases, 
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particularly towards the northwest region of the channel. This decrease in vegetation is due to 
particularly intense flooding during this time period. The vegetation stays relatively stagnant 
between Figures 3.5.7, 3.5.8, and 3.5.9 before increasing in quantity in Figure 3.5.10. 
 

  

Figure 3.5.6. September 2002. Figure 3.5.7. August 2016. 

 

  

Figure 3.5.8. June 2017. Figure 3.5.9. July 2018. 

 

 

Figure 3.5.10. October 2020. 

 

4.0 Structure (Standard Design) 
 
4.1 Design Standards 
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Site approval and bridge type selection will conform to the following design criteria: Engineers in 
Action 2022 Bridge Binder Volume 2. It should be noted that the design checks described in this 
section were performed on standard abutment checks early in the design process and the results 
of this section were used to update and customize the design. Updated checks on the finalized 
non-standard design were performed and described in Section 5, so any design failures or 
inefficiencies found in this section are addressed there. 

4.2 Geometric Evaluation 
 
The geometric constraints applied to the bridge profile align with the requirements set by EIA for 
a standard bridge design, shown in Figure 4.2.1 below. As described in Section 3.5, the site is 
designated as a floodplain; therefore, the corresponding freeboard requirement of 2.0 m was 
applied to our design.  

 

Figure 4.2.1. Standard Design Requirements From EIA. 

Once applied to our profile, shown in Figure 4.2.2, all but two of these standard design 
requirements were met (see Table 1 below). Even with the updated freeboard requirements for 
the flood plain designation, our initial standard design did not reach the 2.0 m requirement. In 
addition, the ground profile slope for the left abutment, at 28.79 degrees, exceeds the maximum 
of 10 degrees for abutments in soil.  

 

Figure 4.2.2. Initial Geometric Design Layout. 

 

Table 4.2.1. Proposed Design Geometric Requirements Summary. 
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Following the analysis of several other design options that would conform to the standard design 
requirements, the decision to deviate from these requirements in our selected design was made 
to minimize bridge span and excavation. To meet the floodplain freeboard requirement of 2.0 m, 
a non-standard abutment with a foundation height of 1.5 m will be needed on the left side. The 
Tier 2 design checks and adjustments necessary for the analysis of an abutment with a 1.5 m tall 
foundation are included in Section 5 below.  However, for the purposes of analyzing design 
conformance to the freeboard geometric requirement, we have determined that the increase in 
foundation height will sufficiently increase the freeboard to 2.18 m. 

In addition to increasing the left abutment foundation from 1.0 m to 1.5 m tall, backfill behind the 
left abutment will also likely be needed to address the ground profile slope requirement 
noncompliance and to ensure anchor integrity.  This will also be included in the Review Call #2 
Design Report. 

Figure 4.2.3 shows our selected geometric bridge design layout, while Table 2 displays the 
geometric design requirements that have been met by our design. The standard abutment BO-3G-
60B was selected for use as the baseline left abutment, while the standard abutment BO-3G-60A 
was selected as the right abutment.  As mentioned, the left baseline abutment will be modified in 
order to meet the freeboard and design check requirements. This foundation height change to 1.5 
m is reflected in Figure 4.2.3 to better display how the geometric requirements are met. The 
freeboard with this adjusted abutment foundation on the left side, measured from the lowest point 
of the bridge to the Coilolo River high water line, is 2.18 m. Each abutment sits 3.0 m back from 
the respective edges of the bank, and the difference in tower saddle height is 0.403 m. Standard 
T4 towers will be used to accommodate the four (4) cables in the proposed design.   
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Figure 4.2.3. Design #1 Non-Standard Geometric Layout. 
 

Table 4.2.2. Non-Standard Proposed Design Geometric Requirements Summary. 

 
 

4.3 Anchor Type and Location 
 
The two factors that must be considered when selecting the standard anchor details for the bridge design 
include the bridge’s span length and the number of walkway cables. It was determined through the 
preliminary cable analysis that a total of four (4) 1 ⅛” diameter cables (two handrail and two walkway 
cables) will be required to withstand the dead and live load combination for a 57.2 m bridge span (see 
Appendix 5.5b).  Therefore, the standard A4 anchor, which is designed for 20 to 60 m span bridges with 
two (2) walkway cables, should be sufficient for use in the selected abutments (BO-3G-60B for the left 
bank and BO-3G-60A for the right bank). 
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4.4 Alternative Structure Type Comparison 
 
To improve constructability and reduce cost, our team analyzed additional design alternatives 
prior to selecting the non-standard abutment option described in section 4.2 above.  In particular, 
our team considered moving the left abutment to the top of the adjacent hillside, shown in Figure 
4.4.1 below.  

 

Figure 4.4.1. Design #2 Standard Geometric Layout. 
 

This change resulted in a span length of 77.96 m and allowed for the use of the standard BO-1G-
80B and BO-3G-80A abutments on the left and right banks, respectively. With a resulting 
freeboard value of 2.05 m, this design option satisfies the floodplain freeboard requirement 
without the use of a non-standard, 1.5 m tall abutment foundation.  Table 3 below outlines the 
remaining geometric requirements that are met by this design option. 

Table 4.4.1. Design #2 Geometric Requirements Summary. 

 
 
Although design option #2 is advantageous in that it eliminates the need to utilize 1.5 m tall 
foundations, a detailed cost analysis of the major building components for both design options 
has allowed us to eliminate option #2 from consideration.  Tables 4.4.2 and 4.4.3 below depict 
the detailed BOQ estimates for design options #1 and #2, respectively.  Unit costs were estimated 
through an analysis of the draft agreement for the financing and execution of the Coilolo River 
Pedestrian Bridge, included in Appendix B.1.
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Table 4.4.2. Detailed BOQ and Cost Estimate for Design Option #1. 
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Table 4.4.3. Detailed BOQ and Cost Estimate for Design Option #2. 
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This cost analysis shows a difference of $16,729.90 between the two design options, with design option 
#2 as the more expensive option.  The resulting cost discrepancy can mainly be attributed to the difference 
in cable costs ($10,517.20) between the two options.  The increased span length of design option #2 did 
not simply result in a linear increase in the cable quantity (and subsequently total project cost).  Instead, 
as shown in Tables 4.4.4 and 4.4.5 below, our team determined that the increase in span length from 57.2 
m to 77.96 m resulted in the requirement to use five (5) 1 ⅛” diameter cables for design option #2 as 
opposed to the four (4) cables required for option #1. This component contributed most significantly to 
the difference in cost between both design options. 

  Table 4.4.4. Design #1 Standard Cable 
Design Check. 

 
  

Table 4.4.5. Design #2 Standard Cable 
Design Check.

 

 

In addition to considering the building material cost difference between design options #1 and 
#2, our team also deemed it necessary to consider the amount of excavation that would be 
required for each option.  This factor is likely to impact the total project cost and schedule, and 
therefore, it is necessary to analyze the difference in required excavation totals when comparing 
both design options. Excavating 1 m3 of wet, medium textured soil to an average of 2nd lift, or 2.5 
m, is estimated to require approximately 5 man-hours (The Project Estimate, 2019). Using the 
mean hourly wage of a construction laborer from the U.S. Bureau of Labor Statistics (2021), it will 
cost $21.22 per hour of work per person. Therefore, excavating 1 m3 of the soil on site will cost 
around $106. Below, in Table 4.4.6, is a comparison of the time and cost required for excavation 
of design option #1 and design option #2. 

Table 4.4.6. Excavation Comparison between Design #1 and Design #2. 

 Design Option #1 Design Option #2 △ (Option #2 - Option #1) 

Total Excavation (m³) 73 115 42 

Excavation Duration (man-
hour) 364 572 209 

Excavation Cost $7,719 $12,144 $4,425 

 

The large difference in the required volume of excavation between the two design options 
indicates that design option #1 will require less time and money for excavation than option #2.  

Based on the significant cost difference, considering both cost of material and excavation, and 
overall design efficiency in terms of material and schedule, the team has decided to move forward 
with design option #1.
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4.5 Bridge Details 
 
Based on the team's findings, a suspended bridge will meet the requirements to cross the Coilolo 
River across the proposed centerline. While standard designs were studied, a modified non-
standard design will be required in order to reach the desired freeboard over the Coilolo River. A 
BO-3G-60B abutment design was chosen for the baseline abutment on the left side, and a BO-3G-
60A abutment design was chosen as the abutment for the right. This design was chosen because 
it met the geometric requirements with the exception of the freeboard requirement, while 
minimizing cost and labor due to its shorter span. A summary of the achieved factors of safety are 
provided below in Table 9.  

Table 4.5.1. Summary of Achieved Factors of Safety for Standard Design Checks. 

Design Check FS Required Low Side Achieved High Side Achieved 

Cable Design 3.0 3.07 

Suspender Design 5.0 14.81 

Tower Overturning 1.5 5.95 5.82 

Bearing Pressure 2.0 3.20 3.17 

Anchor Sliding 1.5 2.75 3.34 

Anchor Uplift 1.5 1.31 1.34 

 

An analysis of the cables determined that four (4) 1-⅛” diameter cables would be sufficient to support the 
design load, with two handrail cables and two walkway cables. This number was chosen to ensure the 
factor of safety of 3 while minimizing steel costs. Calculations for the design loads and cable design are 
provided in Appendix C.1 and C.2 respectively. 

Our walkway analysis revealed that standard, No. 3 sized imperial reinforcing bars are sufficient 
to serve as suspenders to meet the required factor of safety of 5.0. This analysis is reflected in 
Appendix C.3. Steel crossbeams will be required for the bridge span to accommodate the two 
walkway cables required. These will be constructed in accordance with the standard detail C1 (see 
Appendix D.8), which details a steel crossbeam and timber nailers. Likewise, the walkway for the 
bridge will be constructed in accordance with standard detail W3 (see Appendix D.7) for the 
decking on top of the crossbeams. 

Bearing pressure and overturning moment analysis also met the required safety factors, and the 
calculations are shown in Appendix C.4. 

Sliding analysis was completed on both abutments, and both met design requirements; the 
calculations are provided in Appendix C.5. For the left abutment, a soil angle of 5 degrees was 
assumed due to the fill necessary for the abutment. For the right abutment, an angle 0f zero 
degrees was assumed. Analysis on the anchor uplift forces showed that the current abutment 
designs did not meet the required factors of safety provided in the Bridge Binder Volume 2. 
Further analysis was completed to include the separate densities of the masonry and concrete in 
the overburden force resisting uplift, but the safety factor was still too low. In order to meet this 
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requirement, a few different design changes could be made, including increasing the masonry 
back wall height to provide more volume for the overburden, increasing the density of the fill, and 
increasing the volume of the anchor. Ultimately, design changes related to the position of the 
anchor and abutment sizes were made to meet this safety factor, as detailed in Section 5. 

Separate calculations were made to determine the minimum design changes needed for each of 
these scenarios, and these are provided in Appendix C.5. On their own, these changes are 
somewhat extreme, so an optimal custom design will likely use a combination of these changes. 
Alternatively, the abutment designs could also be changed to BO-3G-80B on the left abutment, 
and BO-3G-80A on the right, which would both increase the back wall height and the anchor 
volume. All of these design options will be investigated in preparation for Review Call #2. 

4.6 Concept Definition Call Follow-Up 
Table 4.6.1. Action Items from Concept Definition Call. 

Action Item  Responsible Party  Status  
1 Implement new custom sag values Design Manager Complete 
2 Update design drawings with required annotations Project Manager Complete 

3 Continue to update the design to meet the required 
checks and become more efficient Project Team Complete 

 

5.0 Design Process (Custom Design) 
 
A narrative summary of the design process is provided herein. Please reference the full Rio Coilolo 
Suspended Bridge drawing set for details.  
 
5.1 Design Standards and Objectives 
 
Site approval and bridge type selection will conform to the following design criteria: Engineers in 
Action 2022 Bridge Binder Volume 2 and the Bridges to Prosperity Bridge Builder Manual, 5th 
Edition.  

To guide the overall design,  the team began with the objectives laid out by EIA in Section 2.1 of 
the Bridge Builder Manual Volume 2a, which are ordered by relative importance in the design 
process:  

1. Safety 

The design’s primary and most important objective is to ensure the safety of the bridge 
itself and its users. Beyond maintaining structural integrity, the design must also include 
features that promote the safe use of the bridge, such as guardrails along the abutment 
ramps to protect against fall risks. 

2. Durability 

The design’s second objective is to provide durability. This can be achieved in both the 
selection of durable materials and design features that work to extend the lifespan of the 
design. 

3. Serviceability 

Serviceability as a design objective focuses on how effectively the design functions, 
particularly from a user-centered design approach. In a suspended bridge design, this can 
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manifest in reducing cable sway and deformations to make the pedestrian experience 
more comfortable. 

4. Maintainability 

This design objective focuses on creating a design that can be maintained by the 
community at manageable costs and rates for years to come. 

5. Constructability 

Constructability as a design objective entails ensuring that the design is feasible to 
construct in a safe and efficient manner. 

6. Economy 

This sixth design objective focuses on optimizing the economic efficiency of a design. This 
can be accomplished by making design choices that reduce expensive material, labor, or 
temporal costs. 

7. Aesthetics 

The final objective in design is aesthetics and focuses on creating a design that 
complements the natural environment and surroundings of the communities. 

 
While all of these objectives guided our design, we mainly focused on optimizing the safety, 
serviceability, constructability, and economy of our standard design presented in Section 4. When 
developing the standard design, we identified a few areas of improvement related to these 
objectives and worked to achieve a design that better accomplished them in the non-standard 
design presented in Section 5 of this report. These areas of improvement are summarized below: 
 

1. Safety: 

Our standard geometric design did not meet the required uplift checks and freeboard 
requirements to provide a safe and structurally sound design. In the later design process, 
we focused on meeting these requirements and creating a safer design by adjusting the 
anchors and foundations of our abutments. 

 
2. Constructability and Economy: 

When considering the different design choices necessary to achieve the safety objective, 
we also needed to consider constructability and economy of these choices when picking 
the optimal design. For example, more simple design options that simply involved 
increasing the bridge span were discarded due to increased cable costs and the difficulty 
of excavation and backfill that they required. To prioritize constructability and economy, 
we decided against these designs in favor of options that required more non-standard 
design. 

 
3. Serviceability: 

One aspect of our standard design that needed to be substantially reevaluated was 
serviceability, particularly in terms of bridge accessibility. This guided our design choices 
related to the addition of features such as moving and extending the left abutment and 
adding ramps and guardrails to both abutments. 
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5.2 Left Side Anchor & Abutment Placement 
 
The left abutment location and design was one of the major areas of consideration for our team 
moving forward from the standard geometric design. From the design presented in Section 4, the 
standard abutment and its setback of 3.00 m did not allow our design to conform to the geometric 
constraints, particularly the freeboard requirement and the ground profile slope angle. This 
design also had issues with achieving the required uplift factors of safety for the anchor.  
 
Our final abutment placement, at 3.6 m back from the left edge of the bank, was governed mainly 
by the span and excavation limits of our project. Pushing the left abutment back into the hillside 
would have resolved the uplift issue described above but would have extended the span so much 
that we would require an extra cable, as well as more excavation. These considerations guided our 
final placement of the abutment; we aimed to maximize the bridge span on the left side (in order 
to minimize backfill behind the left abutment) to the extent that we could without requiring an 
additional walkway cable or significant benching excavation. 
 
To both help with achieving the proper factor of safety for uplift and minimize backfill, we decided 
to modify the BO-3G-60B abutment by lengthening it by 1.4 m. This both increases the 
overburden on the anchor and pushes the anchor into the hillside. Originally the abutment was 
only increased away from the river bank, but moving the anchor too far back resulted in additional 
changes to the excavation plan that would affect the schedule and work needed. The abutment 
was therefore also increased in length towards the river to a small margin which also decreased 
the span resulting in the final setback from the bank of 3.6 meters. In addition to helping with 
uplift, lengthening the abutment and pushing the back wall closer to the hillside reduces the 
amount of fill necessary behind the back wall, subsequently improving bridge constructability. 
 
In addition to these modifications to the abutment length and location, we also increased the 
foundation height to 1.5 m on the left side. This was done to help achieve the freeboard 
requirement and uplift safety factor. 
 
With this modified abutment design, shown on page 3 in the Rio Coilolo Suspended Bridge 
drawing set, we will continue to use a standard A4 anchor on the left side. 
 
5.3 Right Side Anchor & Abutment Placement 
 
The right abutment was also modified from the standard design and is located 3.00 m back from 
the right edge of the bank. This placement minimized the bridge span while still achieving 
geometric conformance, especially in conjunction with the modified left abutment. Here, the 
standard A4 anchor was placed in a modified BO-3G-60A abutment which raised the anchor 
location by 0.5 meters to provide a more efficient design and address stability issues in the tower. 
The back wall height was also increased, and the angle of the ramp was adjusted, in order to 
provide sufficient overburden to combat anchor uplift forces. This final anchor placement resulted 
in an anchor elevation of 99.86 meters. This modified abutment design is shown on page 4 in the 
Rio Coilolo Suspended Bridge drawing set. 
 
While this abutment location disrupts one of the makeshift roads on the right bank, the costs and 
labor required to increase the span past this road do not seem to be justified given that this is the 
only issue with the abutment in this location. The road is a makeshift dirt road which can be routed 
around the abutment, as the vegetation there will already have to be cleared.  
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5.4 Geometric Conformance 
 
As mentioned in Section 5.1, compliance with design standards was the primary objective. 
Therefore, ensuring geometric conformance was crucial and was achieved, as itemized in Table 
5.4.1. Note that the setback requirement was dictated by the assumption of soil conditions for 
both banks.  
 
The required ground profile slope angle is 10 degrees for a standard design and 20 degrees for a 
non-standard design. The left side ground profile slope angle of our design is 23.12 degrees. The 
main concern with a higher ground profile slope angle is the increased soil behind the abutment 
resulting in an increased active earth pressure. Active earth pressure could cause the abutment to 
slide or the soil behind the abutment to cave in. The team performed sliding checks to test if the 
left abutment would slide under the active earth pressure; these checks passed, and the team 
confirmed that the increased left ground profile slope angle was not a concern. This can also be 
analyzed by the nature of the site and the hill to the left of the abutment. Since this site geometry 
is not present under the ramp of the abutment and the extreme amount of work that would need 
to be done to level this area, the team decided to work with the geometry present, as it did not 
affect the safety of any of the design checks. 
 

Table 5.4.1. Geometric Conformance Summary. 
 

 
 

5.5 Comparison of Alternatives 
 
Before deciding on the final design, other alternative designs were considered and compared 
based on cost, constructability, and design conformance. In order to make the approach ramp 
constructable and serviceable for community members, the team decided to place the end of the 
left abutment near the end of the hillside. This was done in order to allow for easy access to the 
ramp, which became difficult to accommodate for if the end of the ramp was placed too far from 
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the hillside.  However, placing the ramp too far into the hill would necessitate a large amount of 
additional benching excavation and would likely extend the construction schedule. 

Once an ideal placement for the end of the abutment was determined, the next issue was deciding 
how to adjust the abutment and span length to place it there. The team considered extending the 
span and using the appropriate standard abutment type for the left side. This could reduce 
uncertainty in design checks, as custom design checks would not be necessary. However, 
extending the span in this case would have increased the required number of cables from 4 to 5 
cables due to the higher stresses. Since the steel cables are one of the most expensive materials 
used in the project, it was decided that the change in cost was too much to justify expanding the 
span by less than 10 meters. Instead, an extended abutment was considered with a modified 
(increased) angle for the ramp so that the end of the abutment was still at the appropriate location.  

After making this adjustment, new issues in efficiency and stability were noticed, which required 
further changes. On both abutments, the eccentricity check of the tower failed, which could 
threaten the stability of the tower. In addition, the new design was inefficient in regards to anchor 
checks; the sliding safety factor was over double its requirement while the uplift safety factor 
passed by a much smaller margin. Due to these issues, the team decided to consider adjusting the 
anchor locations in both abutments in order to provide a better design.  
 
For the right abutment, the anchor could be raised to decrease the anchor forces in the vertical 
direction, as well as decrease the eccentricity of the tower. The angle of the ramp wall was also 
adjusted in order to raise the back masonry wall and provide more overburden force on the 
anchor. This new design also reduced the amount of excavation and fill needed for the 
construction process, decreasing the overall cost and labor for the project. 
 
For the left abutment, raising the anchor was also considered, but it could not be done as easily 
since the anchor was not as deeply embedded. Instead, lengthening the abutment was again 
considered. Increasing the length of the abutment away from the river bank to fulfill the 
eccentricity requirements could be done, but it would also require significantly more excavation, 
as benching would be required for a large portion of the adjacent hillside. Instead, increasing the 
abutment length to meet this requirement and then shifting the entire abutment towards the river 
bank was considered, as this would decrease the amount of excavation and time required by the 
workers. Since the foot of the abutment initially sat 4.14 meters from the edge of the bank, there 
was room for this modification. Additionally, this change would decrease the span of the bridge, 
which would then decrease the total dead load. Due to the low embankment of the anchor, a 
rock/grout bearing pad 20-30 cm under the anchor was also considered to add extra compaction 
under the anchor. While this change could be useful, it would also require benching excavation, 
and the schedule would once again be adversely affected; therefore, this option was not utilized 
as this would have added even more labor which was already being increased due to the extended 
abutment.  
 
On the end of the leftward abutment, the access ramp connecting the ramp to the hillside was 
originally planned to slope in a downward arc to transition the two areas. This design would have 
used soil excavated from the hillside. This design choice, however, posed an issue in terms of 
drainage, as this soil could be washed away by rainwater. Instead a flat access ramp was proposed 
with a concrete cap and the same rock and grout fill as the abutment. This would provide a more 
compact transition area and prevent water from penetrating the ramp.  
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5.6 Design Checks 
 
The table below summarizes the complete set of design checks for our non-standard bridge 
design. After completing our non-standard design, we first rechecked all of the Tier One design 
checks assessed for the standard design in Section 4 to make sure our design met those conditions 
before completing a more detailed analysis. The major Tier Two checks are summarized below 
and are detailed out in both Appendix C and the calculation spreadsheet in the Review Call folder. 

Table 5.6.1. Safety Factor Checklist 
 

Safety Factor Checklist 

Design Check FS Required Left Side Achieved Right Side Achieved 

Cable Design 3 3.07 

Suspender Design 5 14.81 

Tower Overturning 1.5 4.49 4.62 

Bearing Pressure 2 4.49 4.62 

Anchor Sliding 1.5 3.71 3.57 

Anchor Uplift 1.5 1.54 1.53 

Tower Overturning 1.5 1.64 1.65 

Column moment capacity Mn>M/Mcr 60.27 60.27 

Tower Eccentricity <0.45 m 0.4498 0.4476 

Decking See Sheet Pass Pass 

Fencing See Sheet Pass Pass 

Construction Winch 1 3.28 3.57 

Hoisting Uplift 1.5 7.69 21.78 

Hoisting Sliding 1.5 1.73 4.75 

Erection Hook 3 12.28 13.37 

Concrete Flexure 1 
Load factored Moment <Mn 8.56 8.20 

Concrete Flexure 1 
Critical Moment <Mn 35.78 35.78 

Concrete Flexure 2 
Load factored Moment <Mn 8.56 8.20 

Concrete Flexure 2 
Critical Moment <Mn 48.41 48.41 

Calculated Dead Load 1.04 0.86 
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Water Effect on Uplift 1.25 not required 1.47 

*Note: See section below on tower eccentricity for more details about this design check 
Cable Analysis 
 
Designs specified a cable with a diameter of 1-⅛”. The breaking strength of such a cable was determined 
to be 492 kN from Table 3.3.1 of the Bridge Binder Manual Vol. 2 (see appendix C.2 Cable Analysis and 
Design). The team found that 2 handrail and 2 walkway cables would be sufficient to hold the determined 
tensile load of the bridge while minimizing the total number of cables that would need to be placed during 
construction. The calculations of the tensile forces present in the cables along with the further 
determination of the number of cables is shown in Appendix C.2. 
 
Table 5.6.2 from the Bridge Binder Volume 2, as shown below, states that the 1-⅛” diameter cables will 
require 6 clamps per cable at the anchor. These cables will need to be placed 15 cm (6 inches) apart and 
require an applied torque of 225 ft-lb to be secure. This is detailed in the general notes on page 1 of the 
drawing set. 
 

Table 5.6.2 Clamp Number, Spacing, and Torque Requirements. 
 

 
 
Sag Values for hoisting, design, and live loading were provided by EIA for the project based on 
the bridge geometry. They are shown in table 5.6.3. 

 
Table 5.6.3 Sag Values and Percentages. 

 

Sag Values 

Hoisting 3.35% 1.94 meters 

Design 4.00% 2.31 meters 

Live 5.57% 3.22 meters 

 
Uplift 
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Initial calculations for the Uplift Safety factor found the safety factor to be below the required 
value of 1.5. A non-standard design for the left abutment was chosen for the reasons described in 
section 5.5, and also decreased the uplift forces in the left abutment due to the decreased angle of 
the backstay cables. Further analysis of the uplift was made using a split cable analysis, splitting 
the tension on the anchor into the handrail and walkway cables rather than idealizing it only in 
the handrail cables.  These values are shown in Appendix C.2 and were used to re-evaluate the 
uplift safety factors along with a more detailed overburden analysis using the gravity forces from 
masonry and concrete areas contributing to overburden as seen in Appendix C.5. Since the volume 
of overburden had changed due to the non-standard design, it was necessary to do a Tier Two 
analysis on the anchor forces. These further analyses brought the factor of safety of uplift above 
the required 1.5 value. 
 
The high water line present at the site posed an issue for the right side abutment as the anchor is 
partially under the elevation of the water line; therefore, an additional analysis of the buoyant 
water forces was done to ensure this did not affect the anchor forces. Based on site conditions at 
the area of the anchor placement and the distance from the river bank, a safety factor of 1.25 was 
used in this check. It was assumed that 100% of the water present around the concrete anchor 
would be displaced and that 60% of the fill would be displaced. This gave a safety factor of 1.47, 
meeting the desired requirements. This analysis can be viewed in Appendix C.8. 
 
Sliding 
 
While our non-standard design passed the Tier One checks for sliding, we completed the Tier Two 
checks for a more detailed and comprehensive analysis of the bridge. Using more detailed values 
for abutment component weights, as well as considering sidewall friction and soil forces, assured 
us that our abutments would not be at risk from sliding. 
 
Tower Eccentricity 
 
Design checks on the tower dictated that the eccentricity of the tensile forces should be analyzed, 
as it falls within the tower boundaries. Initial analysis of this feature showed that this test did not 
pass by about 2 cm on each side, meaning that the resultant force on the tower fell into the 
masonry section of the tower. This, along with other efficiency concerns, prompted new designs 
to be considered, as described  in section 5.5. The final design altered the eccentricity in the tower, 
ensuring that the resultant force stayed within the boundaries of the concrete section of the tower. 
This analysis can be viewed in Appendix C.4. 
 
Decking and Superstructure Checks 
 
Checking the superstructure of the bridge involved checking the EIA standard details for timber 
decking (W3), steel crossbeams (C1), and fencing for the approach ramp (F3). These details are 
shown in Appendices D.7, D.8, and D.9. Both the decking and crossbeam analysis was 
straightforward, using the NDS and AISC codes, and both details passed. The fencing analysis was 
more complex due to the non-standard steel HSS sections used, as all the section properties 
needed to be calculated, but the fencing detail did pass all design requirements. These calculations 
are detailed fully in Appendix C.6. 
 
Construction 
 
The Tier 2 Construction checks were to determine the early strength of the concrete, the concrete 
flexure load factored moment, and the concrete flexure critical moment. These checks were 
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conducted according to the strength of the concrete at day 3 and day 14. All Load Resistance and 
Factor Design (LRFD) requirements were met. Further checks include the construction sag 
calculations, winch analysis, and the erection hook analysis. All checks passed. It was determined 
that a 3.00% sag for construction could be used, that the loading effects would not affect the uplift 
and sliding, and that the construction winches and erection hooks have the capacity to hold a cable 
loading under this sag. The properties of the construction winch and erection hook were taken 
from the details in Appendices D.5 and D.6. 
 
Full calculations for these and further analyses are provided in Appendix C and the calculation 
spreadsheet in the Review Call 2 folder. 
 
Load Assumptions 
 
The following loads and load combinations were calculated in accordance with Bridge Binder 
Volume 2 as well as the Structural Design and Advanced Structural Design courses. 
 

Permanent Load: 
Dead Load (DL): 1.04 kN/m 
 
The dead load design requirement is not to exceed 1.04 kN/m. Taking the dead load as a 
combination of the decking, crossbeam and nailer, suspenders, fencing, and cables, it is 
0.864 kN/m, meeting the requirement.  
 
Transient Load: 
Live Load (LL): 4.07 kN/m 
Reduced Live Load (LL): 3.55 kN/m 
 
Primary Load Combination: 
Distributed, Wc Primary (DL + LL): 4.49 kN/m 
 
Secondary Load Combination:  
Point Load: 2.22 kN 
 

5.7 EIA Drawings Selection 
 
EIA Standard Drawings: 

● A4 anchor detail 
● T4 tower detail 
● W3 decking detail 
● C1 crossbeam detail 
● F3 fencing detail 

 
Non-standard Drawings created by team: 

● BO-3G-60B abutment detail for left abutment (modified) 
● BO-3G-60A abutment detail for right abutment (modified) 
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6.0 Bill of Quantities 

6.1 Quantity Take-Off 
 
The estimated Bill of Quantities (BOQ) for all variable construction materials is shown in Table 
6.1.1 below.  The quantity estimate for these variable materials, as outlined in this table, is 
considered preliminary and is dependent upon the approval of the final bridge design.  The BOQ 
estimate for these construction materials was completed in accordance with the EIA Bridge 
Program: Volume 2 Design Manual and the corresponding BP-301 Construction Management 
course on BEDU. 
 

Table 6.1.1. Variable Construction Material BOQ. 

 
*Note: Given that our team has not previously completed an EIA bridge project and therefore lacks 
necessary contingency factor data, the contingency factors applied in Table 6.1.1 are those provided by EIA 
for a typical bridge project, as defined in the EIA Bridge Program: Volume 2 Design Manual 
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In addition to the estimated Bill of Quantities (BOQ) for variable construction materials shown 
above, the BOQ estimate for static construction materials is shown in Table 6.1.2 below.  The 
quantity estimate for these materials are considered final and are not dependent on the approval 
of the final bridge design.  The BOQ estimate for these construction materials was derived from 
an evaluation of previous EIA bridge projects, the in-country manager estimate for the Coilolo 
River Pedestrian Bridge, the EIA Bridge Program: Volume 2 Design Manual, and the Example 
Bolivia Student BOQ. 
 

Table 6.1.2. Static Construction Material BOQ. 
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A direct comparison between the Variable Construction Material BOQ (shown in Table 6.1.1 
above) and the in-country manager estimate for the Coilolo River Pedestrian Bridge (shown in 
Appendix B.1) is shown in Table 6.1.3 below. 
 

Table 6.1.3. Material BOQ Discrepancy Report. 

 
 
Major discrepancies between these two material estimates for the Coilolo River Pedestrian Bridge 
are shown below: 
 

1) Required Quantities of Rock:  
a) The total required quantities of rock to be collected was determined by the UVA 

team to be 52 m3 (15.1%) less than that originally proposed by the in-country 
manager.  This discrepancy can likely be explained by the UVA team’s decision to 
utilize 1.5m tall foundations only on the bridge’s left abutment, as opposed to 
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custom foundations on both abutments, resulting in an overall decrease in the total 
abutment volume (both in the foundation and approach ramp volumes). 

 
2) Required Quantities of Cement, Sand, and Gravel:  

a) The total required quantities of cement, sand, and gravel was determined by the 
UVA team to be 29 bags (6.4%) greater than, 19 m3 (13.6%) less than, and 2 m3 
(10.2%) less than the original estimate, respectively.  Given that the estimated 
amount of required cement increased between the two estimates and that the 
estimated amount of required sand and gravel decreased, it is likely that either 
different volume ratios or contingency factors for concrete and slurry mix designs 
were used by the UVA team and the in-country manager.  However, the UVA team 
is confident in their estimate for these construction materials, as we utilized the 
Bolivia-specific volume ratios provided by EIA in the BP-301 Construction 
Management course to determine component material quantities. 

 
3) Required Quantities of Rebar:  

a) The total required quantities of #4, #5, and #6 rebar was determined by the UVA 
team to be 2 bars (28.6%) less than, 1 bar (25%) greater than, and 2 bars (40%) 
less than the original in-country manager estimate, respectively.  This discrepancy 
can likely be explained by the difference in the standard anchor details used 
between the two designs, as the UVA team utilized standard detail A-4 (two 
walkway cables and a 20-60m span) while the in-country manager likely utilized 
standard detail A-5 (two walkway cables and a 60-100m span), resulting in slightly 
different rebar quantity requirements. 

b) In addition, the total required quantity of #3 rebar was determined by the UVA 
team to be 2 bars (8%) less than the original in-country manager estimate.  This 
discrepancy can likely be explained by the difference in span lengths for the bridge 
design, as the in-country manager design calls for a span of 61m, while the updated 
final design calls for a span of 57.8 m. 
 

4) Required Quantities of Brick: 
a) The total required quantities of brick was determined by the UVA team to be 152 

ea (15.8%) greater than the in-country manager estimate.  Although the UVA team 
is unaware of the reason for this discrepancy between the two estimates, the UVA 
team is confident in their estimate for brick masonry, as they utilized the guidelines 
set out in the BP-301 Construction Management course to determine the required 
material quantities for each tower. 

 

6.2 Equipment and Tools 
 
The suspended bridge construction process can be broken down into 10 steps as described in 
Volume 3: Field Operations of the Bridge Binder, provided by Engineers in Action: Construction 
Layout; Excavation; Foundation and Tiers; Towers; Anchor and Cable Preparation; Approach 
Ramp Stage I; Cable Hoisting; Approach Ramp Stage II; Construct Walkway, Grout Tubes and 
Construct Ramp Topping Slab; and Approach Ramp Stage III and Completion. Equipment and 
tools required for each step of this process are laid out in Table 6.2.1 below with the exception of 
Approach Ramp Stage III and Completion, which does not require any equipment to be used. 
Additionally, key equipment and tools needed every week will be listed on the full construction 
schedule provided in Appendix E.2. 
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Table 6.2.1. Equipment and Tool Requirements for Bridge Construction. 

Construction Layout ● 100 Meter Measuring 
Tape 

● String Line 
● Spray Paint 
● Machete 

● Level 
● Plumb Bob 
● Stakes 
● Hammer 
● Automatic level 

Excavation ● Measuring Tape 
● String Line 
● Plumb Bob 
● Excavation Bars 
● Shovels 
● Hammer 
● Buckets 
● Water tube 

● Level 
● Automatic Level 
● Survey Rod 
● Spray Paint 
● Picks 
● Machete 
● Carpentry Nails 

 

Foundation and Tiers ● Shovels 
● Masonry Tools 
● Level 
● String Line 
● Spray Paint 
● Tamping Rod 

● Buckets 
● Construction Square 
● Plumb Bob 
● Tape Measure 
● Stakes 

Towers ● Shovels 
● Grinder 
● Construction Square 
● Plumb Bob 
● Tape Measure 
● Wire Cutters 
● Saw Blades 
● Angle Grinder 
● Generator 

● Buckets 
● Masonry Tools 
● Level 
● String Line 
● Spray Paint 
● Saw 
● Hacksaw 
● Angle Grinder Discs 

Anchor and Cable 
Preparation 

● Shovels 
● Buckets 
● Angle Grinder 
● Construction Square 
● Plumb Bob 
● Tamping Rod 
● Spray Paint 
● Mallet 

● Pickaxes 
● Buckets 
● Masonry Tools 
● Level 
● String Line 
● Tape Measure 
● Wire Cutters 
● Cement Mixer 

Approach Ramp Stage I ● Shovels 
● Masonry Tools 
● Level 
● String Line 
● Tape Measure 
● Hammer 
● Scaffolding 

● Pickaxe 
● Buckets 
● Construction Square 
● Plumb Bob 
● Tamping Rod 
● Cement Mixer 
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Cable Hoisting ● Winch 
● Automatic Level and 

Tripod 
● Sockets 
● Measuring Tape 
● Spray Paint 
● Duct Tape 

● Torque Wrench 
(small, medium and 
large) 

● 4-foot Level 
● String Line 
● Permanent Marker 
● Walkie Talkies 

Approach Ramp Stage II ● Shovels 
● Construction Square 
● Plumb Bob 
● Tamping Rod 
● Cement Mixer 

● Buckets 
● Level 
● String Line 
● Tape Measure 

Construct Walkway, Grout 
Tubes and Construct Ramp 
Topping Slab 

● Masonry Tools 
● Shovels 
● Hack Saw 
● Drill Press 
● Impact Driver 
● Drill Charger and 

Batteries 
● Socket Wrench 
● Measuring Tape 
● Markers 
● Cement Mixer 

● Buckets 
● Wood Saw 
● Blades 
● Drill 
● Drill Bits 
● Sockets 
● Hammers 
● Pipes for Bending 

Suspenders 
● Wire Cutters 

 

7.0 Construction Plan 
Construction on site will be conducted according to the drawing set, as described above and as 
shown in Appendix D.  Physical copies of this drawing set and any other documentation necessary 
for the successful construction of the Coilolo River Pedestrian Bridge will be available on site.  The 
QC manager will hold responsibility for checking and documenting the as-built structure 
dimensions.  In the sections that follow, a detailed description of the team’s construction plan is 
provided; these descriptions, in conjunction with the supporting appendices, will guide the 
project team in the implementation of the bridge design at the Coilolo site. 

7.1 Excavation Drawings 
 
Appendix E.1 contains the sample excavation drawings for both the left and right abutments. 
Excavation for each of the abutments is broken up into two phases: Phase I and Phase II. Phase I 
shows the excavation required to install the foundation, while Phase II shows the excavation 
required to install the ramp walls and anchor. For the left abutment, Phase I will involve 
excavating dirt to a depth of 1 m in the same footprint as the foundation. For the right abutment, 
excavation will involve digging a hole to the exact dimensions of the foundation. Benching is not 
required for either of the foundation excavations because excavation into the ground will not 
exceed 1.5 m. Because the ramp walls and anchor of the left abutment will not exceed 1.5 m below 
the surface, there is no benching required for this abutment. There are two access excavation 
shapes in the left abutment excavation drawing. The leftmost shape signifies excavation necessary 
to make the transition from the hillsidel to the left abutment smoother. The rightmost access 
excavation shape is a 30 cm hole that will allow the access ramp to be anchored into the ground. 
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The right abutment, specifically the ramp wall and anchor, will be installed at a depth of greater 
than 1.5 m and, as a result, benching will need to be implemented during the excavation of this 
abutment. By creating a bench 1 m offset from the main excavation of Phase II, the risk of injury 
due to fall or soil cave-in is greatly reduced. Like the left abutment, the right abutment requires 
access excavation because the approach ramp will need to be extended to meet the grade of the 
existing surface. As such, a 30 cm deep access excavation is required to allow for this extension to 
be lodged into the ground.  
 
7.2 Construction Schedule 
 
A complete work breakdown structure (WBS) and detailed construction schedule for the Coilolo 
River Pedestrian Bridge are provided in Appendices E.3 and E.2, respectively.  Table 7.2.1 below 
summarizes the detailed schedule and depicts all major construction activities and their 
corresponding durations.  The assumption was made that site preparation and foundation 
excavation will commence on May 15 and will be completed by May 21, prior to the team’s arrival.  
In addition, initial material collection was assumed to have been performed prior to the team’s 
arrival and will continue throughout the duration of the project as needed. Note that excavations 
are expected to be completed by the community per the excavation drawings, included in 
Appendix E.1. 

 
Table 7.2.1. Construction Schedule Summary. 

 
 

Following the arrival of the team, and prior to the commencement of foundation and tier 
construction, the Quality Control Manager is to ensure that all site preparation and excavation 
work has been completed in accordance with the QC sign offs for these activities, shown in Section 
7.3.  Proper site preparation and layout is critical to the successful construction of the Coilolo 
River Pedestrian Bridge; therefore, special attention should be paid to confirming the layout and 
dimensions of the bridge centerline, layout, and excavations. 

 
Construction activity durations, relationships, and procedures were approximated through an 
analysis of several previous EIA bridge projects, and modifications were made to consider the 
unique characteristics of the Coilolo River Pedestrian Bridge.  For example, excavation durations 
were approximated through the analysis of three previous EIA bridge projects, and the 
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corresponding excavation rates were approximated and applied to the Coilolo bridge site (see 
Appendix E.4).  A similar analysis was performed to approximate the durations of several other 
construction activities unique to the Coilolo River Pedestrian Bridge, including the construction 
of the 1.5m tall custom foundations and the 57.8 m span bridge deck.  In terms of the construction 
procedures unique to the Coilolo bridge site, our team has determined that the cables can be 
walked across the Coilolo River during hand hoisting due to the flat nature of the site and the 
small depth of the HWL (approx. 0.5m) in relation to the river bed. 
 
In addition to the construction activities listed on the critical path schedule shown in Appendix 
E.2, our team has identified several additional “float activities” that can be completed throughout 
the duration of the project (time permitting).  However, these activities must be completed by 
certain dates, specified in Table 7.2.2 below, in order to avoid critical path delay. 
 

Table 7.2.2. Float Activities. 

 
 
The following description provides a explanation of the construction procedures and 
considerations necessary to complete each task listed in the detailed project schedule.  This 
description is split into three sections: Site Preparation, Construction Phase 1, and Construction 
Phase 2. 

 
Site Preparation 
Site preparation involves completing the initial work that must be done prior to 
performing construction activities. It is pertinent that the site preparation activities are 
completed prior to bridge construction, as they will likely increase construction efficiency, 
productivity, and safety throughout the duration of the project. 

 
Construction Phase 1 
 

1. Materials 
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a. Material Collection (2-6 weeks): Material collection involves collecting all 
materials necessary for construction that are not purchased and delivered 
to the jobsite. Given that the Coilolo bridge site is in Bolivia, it is likely that 
sand (in addition to materials such as cement, rebar, cables, etc.) will be 
sourced locally and delivered to the site via trucks. 

2. Foundations and Tiers 
a. Site Layout and Preparation (1-2 days): The layout for bridge excavation 

and construction is one of the most crucial stages of all activities listed on 
the detailed project schedule. Site layout and preparation involves 
transferring critical design information from the drawings to the 
topography of the site.  It is assumed that site layout and preparation will 
be completed prior to the arrival of the student team on-site. 

b. Foundation Excavations (1 week): Special considerations must be made for 
excavations that exceed 1.5 meters in depth, as benching/sloping is 
required for such a scenario.  As mentioned, it is also assumed that 
foundation excavation will be completed prior to team arrival on-site.  See 
Appendix E.1 for excavation drawings. 

c. Foundation/Tier Construction (2 weeks): For the Coilolo bridge site, 
foundation construction is expected to take longer than that for a 
traditional bridge, as the left abutment foundation is 33% larger than that 
typically constructed.  Given that each abutment will require 3 tiers on each 
side, the utilization of scaffolding (fall protection) will be necessary for tier 
3 and tower construction. 

3. Towers 
a. Tower Construction (1 week): The construction of the abutment towers 

occurs in four steps, as defined in the EIA Bridge Program Volume 3: Field 
Operations Manual. Throughout this stage of construction, anchor, ramp 
wall, and cable area excavation should be completed in accordance with the 
excavation drawings. 
 

Construction Phase 2 
 

1. Anchors & Approach Walls 
a. Anchors (2 days): Prior to this stage of construction, the anchor reinforcing 

cage should have been assembled by the team.  During this stage, the 
reinforcing cage should be placed in the anchor pit, and tubing should be 
wrapped around the cage.  

b. Construct Ramp Wall Foundation (2 days): During anchor placement and 
pouring, the construction of the ramp wall foundations should begin.  It is 
critical that ramp wall foundations are constructed prior to cable hoisting 
to transfer cable load from the anchor to the tiers. 

c. Construct Approach Walls (3 days): While the anchors are curing prior to 
cable hoisting, the remainder of the approach walls should be constructed. 

2. Cable Hoisting and Sag Setting 
a. Hand Hoisting and Hoisting Preparation (1 day): Following the curing of 

the anchor and the completion of the ramp wall foundation, cables should 
be hand-hoisted. 

b. Cable Hoisting & Setting Sag (4 days):  After the cables have been hand 
hoisted, the winch should be used to hoist the cables well above the desired 
f-value.   

3. Superstructure & Approach Completion 
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a. Walkway Construction (1 week): This stage of construction includes 
assembling and launching swings and installing decking and fencing across 
the entire bridge span.  

b. Ramp Fill and Topping Slabs (3 days): Following decking installation, ramp 
fill should be completed, access ramps should be constructed, and the 
topping slab/handrails should be installed for both abutments. 

4. Bridge Inauguration 
a. Bridge Celebration (1 day):  One day at the end of the project has been 

reserved to celebrate the completion of the Coilolo River Pedestrian Bridge. 
 
7.3 Quality Control Sign Offs 
 
Quality control (QC) operations and sign offs will be managed on the jobsite primarily by the 
team’s QC manager; however, it is the responsibility of the entire team, including the EIA staff 
and the community members to ensure the quality of their work and its conformance to the design 
requirements.  QC activities that will be performed on the jobsite include: dimension checking, 
construction procedures, materials handling, calibrations and maintenance of equipment, 
document control, and sampling/testing/inspecting construction materials.   

For each stage of construction, there exists a form that lists the main QC checks that must be 
made; the QC manager will be responsible for the completion and implementation of all required 
QC checklists and forms, and they will work in conjunction with the media manager to capture all 
necessary QC photos during the construction process.  It is also required that a responsible 
technical advisor signs off on each QC point during construction.   

It is important to note that a portion of the tasks listed on these QC forms will likely be complete 
before the university team arrives in-country.  If this is the case, it will be necessary for the QC 
manager to re-verify each quality control point, all dimensions, and photos to ensure conformance 
to design drawings.   

 The major QC considerations that must be made at each stage of construction are listed in Table 
7.3.1 below: 

Table 7.3.1. Construction Quality Control Concerns. 

Construction Stage Quality Control Concerns 

Construction Layout ● Identify existing survey points marked at site 
● Establish bridge centerline 
● Confirm bridge span and offsets from survey points 
● Confirm foundations and anchors marked/located 

correctly square to centerline 
● Record all as-built dimensions 

Excavation ● Ensure foundation, anchor, and ramp wall depths, 
widths, and elevations conform to design drawings 
within tolerance 

● Ensure base of foundation and anchor are level 
● Ensure that no ground water is entering excavation 
● Check soil bearing capacity at base of excavation (if 

possible) 
● Record all as-built dimensions and elevations 
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Foundations and Tiers ● Ensure the excavation is free of standing/seeping 
water 

● Confirm orientation with respect to centerline 
● Ensure proper use of plan and elevation dimensions 

(including masonry wall thickness) 
● Ensure interiors are filled with rock and grout (no 

soil) 
● Ensure mortar and grout are placed within one hour 

of mixing 
● Record all as-built elevations and dimensions 

Towers ● Confirm orientation with respect to centerline 
● Confirm reinforcing bar size and placement 
● Confirm sizing of concrete column 
● Ensure saddle elevations are level with one another 
● Ensure saddle alignment with bridge centerline 
● Record all as-built elevations and dimensions 

Anchors ● Ensure the excavation is free of standing/seeping 
water 

● Confirm orientation with respect to centerline 
● Confirm reinforcing bar size, quantity, bends, and 

placement 
● Ensure proper tubing and erection hook placement 
● Record all as-built elevations and dimensions 

Ramp Walls ● Ensure the excavation is free of standing/seeping 
water 

● Confirm masonry wall thickness 
● Confirm top of wall elevations 
● Ensure connection to both anchor and 

foundation/tiers 
● Ensure mortar is used within one hour of mixing 
● Record all as-built elevations and dimensions 

Cable Hoisting ● Ensure anchor has properly cured 
● Verify span length and difference in elevation 
● Inspect cable for wire damage/splices 
● Ensure cable and clamp sizing 
● Ensure handrail cables are in proper bearing position 

on tower saddles 
● Ensure walkway cables are threaded through sleeve 

and between rebar guides on walkway hump 
● Confirm calculated f-value 
● Confirm number, spacing, and torquing of clamps 
● Ensure cable tubing filled with grout and cables are 

coated in tar 
● Record all as-built dimensions 

Back Wall and Ramps ● Ensure the interior is filled with rock and grout (no 
soil) 
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● Ensure tamping of fill material to minimize voids 
● Confirm concrete topping slab thickness 
● Ensure concrete and grout placed within one hour of 

mixing 
● Record all as-built dimensions 

Walkway ● Verify cables are level and at correct sag 
● Confirm cross beams dimensions and spacing 
● Ensure nailers and decking boards are dimensioned 

correctly and are properly fastened 
● Confirm proper vertical distance between handrail 

and walkway cables 
● Confirm suspenders are wrapped tightly around 

crossbeam and handrail cable 
● Confirm fencing is sufficiently attached to deck and 

handrail cables 

Completion ● Ensure bridge decking is free of debris 
● Clear work area 
● Ensure access to bridge is graded correctly 
● Mark handrail cables at centerline saddle 

 

As noted in the table above, the QC manager must verify and record the as-built dimensions of 
the project at the various stages of construction directly on the design drawings. The as-built 
dimensions will be paired with a QC photo inventory to show the proper execution of the 
construction plan.   

It will be key for the EIA and student team to stay vigilant during the construction process so that 
all QC issues can be addressed as soon as possible.  The early identification and correction of QC 
errors are pertinent to minimize the need for costly bridge modifications or potential bridge 
component demolition and reconstruction. If procedural errors are discovered early in the 
process, correctional measures can be implemented to ensure that workers proceed with the 
correct techniques.  If dimensional errors are identified during any stage of the construction 
process, corrective action must be taken immediately to avoid compounding effects.  It is the 
responsibility of the QC manager and technical advisor to ensure that all physical dimensions are 
within a previously agreed-upon construction tolerance, or extent of variation from design 
specifications. 

 

 

 

 

 

7.4 Challenging Design and Constructability Elements 
 
The UVA team has identified the following critical design and constructability challenges that the 
Coilolo site presents: 
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Transportation of Materials and Tools: The team expects the materials provided by 
the community to be onsite prior to the team arrival. This material will be staged on both 
sides of the river to allow for greater ease of access during construction. Tools must be 
stored in a safe place overnight to ensure they are not damaged or stolen.  

 
Increased Abutment Heights: The total height of all tiers for the left and right 
abutments will be 4.5m and 4.0m above existing grade, respectively. Per OSHA, in 
construction, any drop over 6 ft (1.8 m) requires fall protection. Due to the use of 3 tiers 
for both abutments, work on the upper tiers presents an increased fall hazard, requiring 
the need for scaffolding while constructing the third tier and tower for both abutments. It 
is important that all workers onsite understand the risks and how to prevent harm in their 
native language. The team, particularly the safety manager, will work with the local 
community to ensure understanding of this fall hazard. 

 
Weather Challenges: Daytime temperatures in Coilolo, between May and September, 
are typically in the 70s, with nighttime temperatures in the 30s. Because of the wide range 
in daily temperatures, especially with colder temperatures at night, the team will need to 
take steps related to cold curing concrete. This includes pouring the concrete early in the 
day to take full advantage of the warmer temperatures before nightfall. Additionally, tarps 
can be positioned over the concrete to trap heat from escaping in order to maintain a 
higher temperature throughout the night.  

 
Excavation: The Coilolo River bridge site is unique in that it is more characteristic of a 
flood plain than a gorge. During excavation, the team may experience difficulties related 
to high water tables and groundwater. In order to mitigate this issue, the team may need 
to use pumps during excavation to remove excess water from the area of excavation.  

 
Drainage: Due to the steep slope on the left bank, the team will need to take caution when 
excavating and backfilling the hillside behind the left abutment.  Care must be taken to 
ensure a smooth transition from existing grade to the back of the proposed abutment, and 
an effort must be made to minimize the likelihood of pooling water in this area. In order 
to avoid drainage issues, the team has reduced the difference between grades with a 
smooth transition. It is important that this condition is viewed in the field and any 
adjustments are made if water pools and is unable to drain. 

 
Design and Construction Call Follow-Up 

Table 7.4.1 – Action Items from Review Call 2 
Action Item  Responsible Party  Status  
1 General report revisions Project Team Complete 

2 Adjust left abutment to improve efficiency and add 
concrete/masonry approach ramp 

Design/Construction 
Managers Complete 

3 Adjust right abutment to improve efficiency (raise 
anchor) Design Manager Complete 

4 Adjust BOQ to reflect #3 rebar unbending method Construction Manager Complete 
5 Minor drawing set edits Project Manager Complete 
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Appendix A: Site Information 
 
A.1 Maps 
 
Community: COILOLO Region: CHUQUISACA GPS Coordinates: N/S -19°10’00.7”  
District: ZUDÁÑEZ Country: BOLIVIA   W/E 64°40’12.5” 
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A.2 Media 
 
A.2a Downstream 
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A.2b Upstream 
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A.2c Left Bank, Towards River 
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A.2d Left Bank, Away 
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A.2e Right Bank, Towards River 
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A.2f Right Bank, Away 
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A.3 Autocad Survey Profile  
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A.4 Project Assessment 
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A.5 Technical Survey Form 
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Appendix B: Draft Agreement for the Coilolo River 
Pedestrian Bridge 
 
B.1 In Country Manager Material List 
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Appendix C: Design Calculations 
 

C.1 Loads Calculations 

 
Tier 1 
 

Dead Load Distributed 

w 1.0 kN/m^2 

tributary width 1.04 m 

w_DL 1.04 kN/m 

 
 

Distributed Live Load (metric) 

w(unreduced LL)= 4.07 kN/m^2 

   

Bridge Area, A= 60.06 m^2 

*reduced LL since A>37 
m^2   

w(reduced LL)= 3.55 kN/m 

*reduced LL greater than 
3.14 kN/m^2   

 
 

Load Combinations 

Wtotal (reduced) 4.59 kN/m 

Wtotal (nonreduced) 5.27 kN/m 

 
Tier 2 
 

GEOMETRY 

SPAN 57.8 YES 

WIDTH 1.04 m 

AREA 60.06 m² 

DEAD LOAD 
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AREA DEAD LOAD 1 kN/m² 

LINE DEAD LOAD 1.04 kN/m 

LIVE LOAD 

UNREDUCED LINE LIVE LOAD 4.07 kN/m 

REDUCED LINE LIVE LOAD 3.55 kN/m 

reduction factor 3.42 kN/m 

reduction factor' 3.42 kN/m 

UNREDUCED POINT LIVE LOAD 2.22 kN 

TOTAL LOADS 

REDUCED LIVE TOTAL LOAD 4.59 kN/m 

UNREDUCED LINE TOTAL LOAD 5.27 kN/m 

Ph   

   

 Value Units 

Decking 

Deck Material Timber  

Deck Density 900 kg/m³ 

Deck Thickness 5 cm 

Deck Width 1.04 m 

W_Deck 0.46 kN/m 

Crossbeam and Nailer 

Crossbeam Material Steel  

Crossbeam Density 7850 kg/m³ 

Crossbeam Cross Sectional Area 10 cm2 

Crossbeam Length 150 cm 

Nailer Material Timber  

Nailer Density 900 kg/m³ 

Nailer Width 20 cm 

Nailer Length 100 cm 

Nailer Height 5 cm 

Crossbeam Spacing, s 1 m 
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W_Cross 0.21 kN/m 

Suspenders 

Suspender No. 3.00  

Suspender Cross Sectional Area 71.00 mm² 

Suspender Length 2.00 m 

Suspender Steel Density 7850.00 kg/m³ 

W_Suspender 0.02 kN/m 

Fencing 

Fencing Density 4.06 kg/m 

Fencing Height 1.20 m 

W_Fence 0.04 kN/m 

Cables 

Number of Cables 4.00  

Cable Diameter 1.125  

Cable Weight 3.49 kg/m 

W_Cables 0.14 kN/m 

   

Total Dead Load 

W_DeadLoad 0.864 kN/m 

Design Dead Load 1.04 kN/m 

OK? YES  
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C.2 Cable Analysis and Design 

 
Tier 1 
 

Cable Analysis 

Ph 584.76 m 

Cable Sag 3.22 m 

dH 0.113 m 

Span Length 57.8 m 

value Low Side (Left) High Side (right) units 

angle to horizontal 12.58 12.80 degrees 

Vertical Mainstay Pv 130.53 132.84 kN 

Total Mainstay Pt 599.15 599.66 kN 

Backstay angle 23.83 24.31 degrees 

Pt back 639.25 641.65 kN 
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Pv back 258.27 264.15 kN 

Tower reaction R 388.81 396.99 kN 

 
 

Cable Analysis 

Ps Max 641.65 kN 

Factor of safety needed 3.0 

Cable diameter Tensile Capacity n exact n decision 

1-⅛” 492 3.91 4 

Factor of Safety 
Achieved 

3.07 

 
 
Tier 2 
 
 

Unsplit Value 

Ph 589.100 kN  

Force Max 
(cable design) 641.121 kN  

 Left Side (High) 
Right Side 
(Low) Units 

theta(hand) 0.23 0.22 rad 

theta(hand) 13.04 12.32 degrees 

Pt 604.70 602.99 kN 

Pv 136.46 128.68 kN 

    

Alpha (hand) 0.41 0.39 rad 

Alpha (hand) 23.24 22.22 degrees 

Pt,back 641.12 636.36 kN 

Pv,back 252.98 240.65 kN 

Rtower 389.44 369.33 kN 
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Split Cable Handrail 

 Left Side (High) 
Right Side 
(Low) Units 

Pt_main_h 302.35 301.50 kN 

Pv_main_h 68.23 64.34 kN 

Ph_main_h 294.55 294.55 kN 

    

mu hand 0.20 0.20  

Pt_back_h 264.26 265.12 kN 

Pv_back_h 104.27 100.26 kN 

Ph_back_h 242.82 245.43 kN 

    

Pv_hand (1 column) 86.25 82.30 kN 

Ph_hand (1 column) 25.87 24.56 kN 

    

Split Cable Walkway 

 Left Side (High) 
Right Side 
(Low) Units 

alpha (walkway) 0.321 0.307 rad 

alpha (walkway) 18.42 17.57 degrees 

Pt_main_w 302.35 301.50 kN 

Pv_main_w 68.23 64.34 kN 

Ph_main_w 294.55 294.55 kN 

    

mu walk 0.23 0.23  

Pt_back_w 264.04 264.96 kN 

Pv_back_w 83.43 79.98 kN 

Ph_back_w 250.51 252.59 kN 

    

Pv_back total 187.70 180.24 kN 

Pv_walk total 151.66 144.32 kN 
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Ph_walk_total 44.04 41.96 kN 

 
 
 
 
 
 
 
 
 
C.3 Walkway Analysis 
 
Tier 1 
 

Suspender Analysis 

n handrail 2 

n walkway 2 

n total 4 

Area cable 71 mm^2 

P beam 5.27 kN/m 

fy 275 Mpa 

Psus 1.32 kN/m^2 

Factor of Safety req 5.0 

actual factor of safety 14.81 

 
C.4 Tower and Foundation Analysis 
 
Tier 1 
 

Overturning Moment 

Value Left side Right Side Unit 

back angle alpha 23.83 24.31 degrees 
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Pback 560.01 559.81 kN 

PvBack 226.26 230.45 kN 

PhSaddle 72.49 74.59 kN 

PvSaddle 356.79 363.30 kN 

PhHand 36.24 37.29 kN 

PhWalk 36.24 37.29 kN 

Yhand 5.5 5.5 m 

Ywalk 4.4 4.4 m 

M_Overturning 358.81 369.21 kN-m 

 

Restorative Moment 

Value Left side Right Side Unit 

P_foundation 249.08 249.08 kN 

P_tier 1 193.52 193.52 kN 

P_tier 2 142.81 142.81 kN 

P_tier 3 96.93 96.93 kN 

P_tower 30 30 kN 

X_foundation 1.8 1.8 m 

X_tier1 1.875 1.875 m 

X_tier2 1.95 1.95 m 

X_tier3 2.03 2.03 m 

X_tower 2.1 2.1 m 

X_saddle 2.2 2.2 m 

M_Restorative 2133.88 2148.21 kN-m 

 
 

Overturning Safety Check 
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Value Left side Right Side 

Required FS 1.5 1.5 

Factor of Safety 5.95 5.82 

 
 

Bearing Pressure 

Value Left side Right Side Unit 

q_u 286 286 kN-m 

Mo 358.82 369.21 kN-m 

Mr 2133.88 2148.21 kN 

Ptotal 1069.12 1075.635 kN 

B* 3.32 3.31 m 

l 3.6 3.6 m 

qs 89.44 90.33 kN-m 

FS 
required 

2 2 

Factor of 
Safety 

3.20 3.17 

 
 
 
Tier 2 
 

Over turning analysis 

 Left tower (high) 
Right Tower 
(Low)  

Pv_hand_single 86.25 82.30 kN 

Ph_hand_single 25.87 24.56 kN 

Pv_walk 151.66 144.32 kN 
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Ph_hand 44.04 41.96 kN 

Ptower 30 30 kN 

Moverturning 95.21 90.46 kN-m 

Mrestore 156.37 149.52 kN-m 

FSrequired 1.5 1.5  

FS 1.64 1.65  

    

Flexural Capacity 

Factored loads    

PvLL 70.34 67.56 kN 

PhLL 21.41 20.54 kN 

MLL 20.80 19.95 kN-m 

PvDL 20.65 19.84 kN 

PhDL 6.29 6.03 kN 

MDL 6.11 5.86 kN-m 

M 40.61 38.94 kN-m 

Tower Capacity 

As 0.0004 0.0004 m^2 

fy 275 275 MPa 

f'c 10 10 MPa 

b 0.4 0.4 m 

a 0.0324 0.0324 m 

d 0.625 0.625 m 

Mn 66.97 66.97 kN-m 

Cracking Moment 

S 0.0327 0.0327 m^3 

Fr 242.75 242.75 psi 

Fr 1.67 1.67 MPa 

Mcr 54.69 54.69 kN-m 

Check    

Factored M 54.02 51.79 kN-m 
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Factored Mcr 58.63 58.63 kN-m 

Factored Mn 60.27 60.27 kN-m 

Final check OK OK  

    

Tower Eccentricity 

Resultant 0.291 0.290 
radian
s 

Resultant 16.69 16.62 
degree
s 

Emax 0.45 0.45 m 

Ecalc 0.4498 0.4476 m 

pass? OK OK  

 
 
 
 
 
 
 
 
 
 
 
C.5 Anchor Analysis 
 
Tier 1 
 

Anchor Sliding 

Value Left side Right 
Side 

Unit 

Panchor 67.03 67.03 kN 

Mu_saddle 0.15 0.15  

Beta Soil 5 0 degrees 

phi 30 30 degrees 

H1 2.5 2.5 m 

Pv Anchor 218.74 218.74 222.67 
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PhAnchor 495.26 492.93 kN 

Ka 0.3385 0.333  

P active 55.98 55.13 kN 

Rs 640.73 639.88 kN 

 
 

Resisting force 

Value Left side Right Side Unit 

Ramp Wall 804.06 1082.92 kN 

Ramp Fill 1087.04 1130.27 kN 

Soil Area 134.4 441.24 kN 

Concrete Cap 113.25 136.00 kN 

Pt Main 599.15 599.66 kN 

Rn 1760.08 2137.62 kN 

 
 
 
 
 

Sliding Safety Check 

Value Left side Right Side 

Required FS 1.5 1.5 

Factor of Safety 2.75 3.34 

 
 

Uplift 

Value Left side Right Side Unit 

Pvback/Vs 226.26 308.84 kN 

Aanchor 0.95 0.95 m^2 
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Pvanchor 67.03 67.03 kN 

Volume fill 12.31 12.99 m^3 

Vn 296.20 230.46 kN 

Fs required 1.5 1.5  

Factor of Safety 1.31 1.34  

 
 
 
 
 
Tier 2 
 

Sliding 

Value High Side Low Side Units 

Sidewall Friction Forces 

Effective Internal Angle 
of Friction, Phi' 0.52 0.52 radians 

Coeff. of Lateral Earth 
Pressure, Ko 0.5 0.5  

Soil Unit Weight 17.66 17.66 kN/m^3 

Soil depth above front of 
foundation, Dfront 0.7 0.7 m 

Soil depth above back of 
anchor, Dback 2.7 1.83 m 

Embedment below soil 
surface, H 1.7 1.265 m 

Height of embedment 
wall, B 0.85 0.6325 m 

Embedment wall length, 
t 13.7 15.2 m 

Angle of friction between 
soil & surface 0.262 0.262 radians 

Force of sidewall friction, 
Fs 93.67 57.54 kN 

Ph tower 

Ph main 589.10 589.10 kN 

Ph back walk 250.51 252.59 kN 
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Ph back hand 242.82 245.43 kN 

Ph tower 95.77 91.07 kN 

Additional Ramp Walls 

40 cm thick wall area 5.597 5.597 m2 

60 cm thick wall area 16.002 16.002 m2 

70 cm thick wall area 46.003 53.560 m2 

Backwall Cross-Sectional 
Area 0.428 0.354 m2 

Masonry Density 2100.000 kg/m3 

Precise Ramp Wall 
Masonry Weight, 
F_ramp,masonry 932.780 1037.118 kN 

Undisturbed Soil Sliding Resistance/Updated Ramp Self-Weight 

Ramp Wall Area, 
A_ramp 32.47 37.85 m2 

Ramp Fill Area, A_fill 29.15 28.81 m2 

Undistrubed Soil Area, 
A_soil 3.33 9.04 m2 

Fill/Soil Width, w_fill 2.2 2.2 m 

Fill Material Density 18.62 18.62 kN/m^3 

Soil Density 17.66 17.66 kN/m^3 

Undistruebd Soil Weight, 
W_soil 129.25 351.14 kN 

Ramp Fill Weight, 
W_ramp 1193.98 1180.25 kN 

Sliding Forces 

Precise Ramp Self-
Weight 2126.94 2217.56 kN 

Horizontal Sliding Force, 
Rs 617.66 642.49 kN 

Horizontal Sliding 
Resistance, Rn 2292.45 2291.18 kN 

Factor of Safety 
Achieved 3.71 3.57  

Greater than or Equal 
to 1.5? Yes Yes  
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Sliding Check (metric) 

Value High Side Low Side Units 

Factor of Safety, FS 1.5 - 

Internal Angle of 
Friction, Phi 0.524 0.524 radians 

Soil Angle above Ground, 
Beta 0.404 0.000 radians 

Soil density, gamma 1800 kg/m^3 

Sliding friction 
coefficient, u 0.577 0.577 - 

width of anchor beam, w 3.0 m 

Soil Height, H 1.5 1.6 m 

Ratio of Lateral to 
Vertical Pressure, Ka 0.456 0.333  

Active Lateral Earth 
Pressure, Pactive 27.20 22.60 kN 

Horizontal Force on the 
Anchor, Ph,anchor 986.65 996.05 kN 

Tower Vertical Force, 
Pv,tower 648.33 617.85 kN 

Tower Self-weight, 
Ptower 30 kN 

Sum of the Tiers + 
Foundation Self Weights, 
Ptiers 806.85 682.23 kN 

Anchor Self-weight, 
Panchor 67.0322 kN 

Ramp Self-weight, 
Pramp 1720.49 2234.40 kN 

Sliding Force coefficient 0.577  

 

Horizontal Sliding Force, 
Rs 1013.86 1018.65 kN 
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Horizontal resisting 
Force, Rn 1889.49 2168.60 kN 

Factor of Safety 
Achieved 1.86 2.13  

Greater than or equal 
to 1.5? Yes Yes  

 
 
 

Uplift 

Value High Side Low Side Units 

Factor of Safety, FS 1.5  

Anchor Area, A_anchor 0.95 m2 

Concrete Density 2400 kg/m3 

Anchor beam width, w 3 m 

Anchor Self-Weight, 
P_anchor 67.03 67.03 kN 

Uplift Force, Pv back 187.70 180.24 kN 

Overburden Fill Density 1900 kg/m3 

Anchor beam depth, b 1.1 m 

Back wall height, H 3 m 

Overburden top length, B 2.832 m 

Volume of Fill, V_fill 6.896 6.447 m3 

Volume of Masonry, 
V_masonry 3.638 3.407 m3 

Volume of Cap Concrete, 
V_concrete 0.812 0.811 m3 

Density of Masonry Walls 2100 kg/m3 

Overburden Self-Weight, 
P_Overburden 222.37 209.23 kN 

Vertical Uplift Force, Vs 187.70 180.24 kN 

Vertical Resisting Force, Vn 289.40 276.27 kN 

Factor of Safety 
Achieved 1.54 1.53  

Greater than or Equal 
to 1.5? Yes Yes  



 

81 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C.6 Superstructure 
 
Tier 2 
 
 

SUSPENDER ANALYSIS 

GEOMETRY AND PROPERTIES 
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CABLES 

HANDRAIL CABLES 2  

WALKWAY CABLES 2  

TOTAL CABLES 4  

REINFORCING 

DESIGNATION No. 3  

SUSPENDER AREA 71 mm 

REINFORCING YIELD STRESS 275 MPa 

 275000 kN/m² 

LOADS + CHECKS 

TOTAL DISTRIBUTED BEAM LOAD 5.27 kN/m 

AXIAL LOAD, Psuspender 1.32 kN 

FoS REQUIRED 5  

FoS ACTUAL 14.81 GOOD 

 
 
 
 

DECKING ANALYSIS 

SECTION/DETAIL W3   

LOADS + GEOMETRY 

UNREDUCED AREA LOAD 4.07 kN/m²  

UNREDUCED DISTRIBUTED LINE 
LOAD 0.81 kN/m  

UNREDUCED POINT LOAD 2.22 kN  

DECK WIDTH (b) 20 cm  

THICKNESS (d) 5 cm  

DECKING AREA (b*d) 100 cm²  

MOMENT OF INERTIA 208.33 cm⁴  

SECTION MODULUS 83.33 cm³  

LOAD FACTORS 
POINT 
LOAD DIST. LOAD 

BENDING + SHEAR LOAD DURATION FACTOR 1.6 1 

  SHEAR BENDING 
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 WET USE FACTOR 0.97 0.85 

 TEMPERATURE FACTOR 1  

 INCISING FACTOR 1  

BENDING ONLY BEAM STABILITY FACTOR 1  

  DECKING 
CROSS 
BEAMS 

 SIZE FACTOR 1.2 1.5 

 FLAT USE FACTOR 1.15 1.1 

 
REPETITIVE MEMBER 
FACTOR 1.15 1 

    

CAPACITY VALUES FOR TIMBER DECKING 

 POINT LOAD DIST. LOAD  

SHEAR STRESS (Fv) 1.44 1.44 MPa 

BENDING STRESS (Fb) 3.96 3.96 MPa 

SHEAR STRESS (F'v) 2.23 1.40 MPa 

BENDING STRESS (F'b) 8.55 5.34 MPa 

 
 
 

DECKING FORCES  POINT LOAD DIST. LOAD  

FIRST BOARD LENGTH 0.9 m 

 BENDING MOMENT 0.500 0.082 kN-m 

 SHEAR 1.11 0.37 kN 

MIDDLE BOARDS LENGTH 1.0 m 

 BENDING MOMENT 0.45 0.10 kN-m 

 SHEAR 1.32 0.51 kN 

WHOLE BRIDGE MAX. BENDING MOMENT 0.500 0.102 kN-m 

 MAX. SHEAR 1.32 0.51 kN 

 BENDING STRESS, Fb 5.99 1.22 MPa 

 SHEAR STRESS, Fv 0.198 0.076 MPa 
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TIMBER DECKING CHECK  POINT LOAD DIST.LOAD 

CHECK BENDING MOMENT    

 FoS 1.43 4.37 

CHECK SHEAR    

 FoS 11.30 18.30 

 
 
 

CROSSBEAM ANALYSIS 

SECTION/DETAIL C1  

GEOMETRY 

TIMBER 

CROSSBEAM SPACING 1 m 

NAILER WIDTH 20 cm 

NAILER THICKNESS 5 cm 

DECK THICKNESS 5 cm 

BRIDGE DECK WIDTH 1.04 m 

TIMBER DENSITY 900 kg/m³ 

STEEL 

SECTION C4x5.4  

YIELD STRENGTH 240 MPa 

ELASTIC SECTION MODULUS, Sy 4.54 cm³ 

PLASTIC SECTION MODULUS, Zy 9.26 cm³ 

LOADING 

UNREDUCED AREA LOAD 4.07 kN/m² 

DIST. DECK LOAD 0.44 kN/m 

DIST. NAILER LOAD 0.09 kN/m 

TOTAL UNREDUCED LINE LOAD 4.76 kN/m 

POINT LOAD 2.22 kN 

   

CROSSBEAM CAPACITY 

NOMINAL MOMENT 1.74 kN-m 
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ALLOWABLE MOMENT 1.04 kN-m 

 
 
 

CROSSBEAM DEMAND 

 POINT LOAD DIST. LOAD  

BENDING MOMENT 0.577 0.644 kN-m 

SHEAR 1.11 2.477 kN 

    

CROSSBEAM CHECKS POINT LOAD DIST. LOAD  

CHECK BENDING MOMENT    

FoS 1.81 1.62  

 
 
 
 

FENCING ANALYSIS 

SECTION/DETAIL F3  

LOADS 

DEAD LOAD 

STEEL UNIT WEIGHT 490 lb/ft³ 

1.5" DIAMETER PIPE 

R1 0.75 in 

R2 0.65 in 

AREA 0.0031 ft² 

SECTION UNIT WEIGHT 1.50 lb/ft 

1.25" DIAMETER PIPE 

R1 0.625 in 

R2 0.525 in 

AREA 0.0025 ft² 

SECTION UNIT WEIGHT 1.23 lb/ft 

COMPONENTS DEAD LOAD 

POST SELF WEIGHT 6.87 lb 

1.5" HANDRAIL LOAD 9.82 lb 
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1.25" GUARDRAIL LOAD 8.07 lb 

TOTAL DEAD LOAD PER POST 24.76 lb 

LIVE LOAD 

DISTRIBUTED LIVE LOAD 50 lb/ft 

TOTAL LIVE LOAD PER POST 328.1 lb 

   

POST CHECKS 

DEMAND 

AXIAL 24.76 lb 

FLEXURAL 1076.50 lb-ft 

CAPACITY 

COMPRESSION 

(KL)/r 1.10  

4.71(SQRT(E/Fy)) 133.68  

 GOOD  

ELASTIC BUCKLING STRESS 235702410 lb 

CRITICAL STRESS 235687342 lb 

AXIAL CAPACITY 71986.60225 lb 

FLEXURE 

BENDING COEFFICIENT, Cb 1  

NOMINAL MOMENT 62384.49 lb-ft 

CHECKS 

AXIAL 2907.08  

FLEXURE 57.95  

 
 
 

GEOMETRY + MATERIAL PROPERTIES 

MAXIMUM TRIBUTARY LENGTH 6.56 ft 

POST HEIGHT 3.28 ft 

EMBEDMENT DEPTH 1.31 ft 

1.5" DIAMETER PIPE 
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R1 0.75 in 

R2 0.65 in 

AREA 0.0031 ft² 

SECTION UNIT WEIGHT 1.50 lb/ft 

THICKNESS 0.1 in 

WIDTH/THICKNESS RATIO 7.5  

RADIUS OF GYRATION 0.496 in 

UNBRACED LENGTH 3.28 ft 

EFFECTIVE LENGTH FACTOR 2  

YOUNG'S MODULUS 29000000 psi 

 210000 MPa 

YIELD STRENGTH 36000 psi 

 248 MPa 

PLASTIC SECTION MODULUS, Z 0.144 in³ 

SLENDERNESS + COMPACTION CHECKS 

COMPRESSION 88.61 GOOD 

 56.39 GOOD 

FLEXURE 362.5 GOOD 

   

EMBEDMENT CHECKS 

RAMP THICKNESS 10 cm 

 3.94 in 

CONCRETE STRENGTH 10 MPa 

 1450.38 psi 

BREAKOUT WIDTH 15 cm 

 5.906 in 

CONCRETE BEARING ON RAMP 

OVERTURNING MOMENT 1076.50 lb-ft 

RESTORATIVE MOMENT 66487.15 lb-ft 

CHECK 61.76  

POST BEARING ON CONCRETE 
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OVERTURNING MOMENT 1076.50 lb-ft 

RESTORATIVE MOMENT 22483.13 lb-ft 

CHECK 20.89  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C.7 Construction 
 
Tier 2 
 
 

Early Strength Concrete 

 Value Units 

Final Concrete Compressive Strength 10 MPa 

fc(t) = A*ln(t) + B 

A = 1.4035*ln(B) + 2.9956 2.67 

B = 0.005*(fc^2.2) 0.79 

Days, t fc(t)  

1 0.79 MPa 

2 2.64 MPa 

3 3.72 MPa 

4 4.49 MPa 

5 5.09 MPa 

6 5.57 MPa 

7 5.99 MPa 

8 6.34 MPa 
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9 6.66 MPa 

10 6.94 MPa 

11 7.19 MPa 

12 7.42 MPa 

13 7.64 MPa 

14 7.84 MPa 

15 8.02 MPa 

16 8.19 MPa 

17 8.35 MPa 

18 8.51 MPa 

19 8.65 MPa 

20 8.79 MPa 

21 8.92 MPa 

22 9.04 MPa 

23 9.16 MPa 

24 9.28 MPa 

25 9.38 MPa 

26 9.49 MPa 

27 9.59 MPa 

28 9.69 MPa 

Flexure #1 

f'c(3) = 3.72 MPa 

Steel Reinforcing Yield Strenth, fy 275 MPa 

Effective width, b 0.4 0.4 m 

Reinforcing Steel Area, As 0.00057 0.00057 m2 

Compressive Block Width, a 0.124 0.124 m 

Reinforcing depth, d 0.625 0.625 m 

Nominal Flexural Capacity, Mn 88.27 88.27 kN*m 

Hoisting Sag, h_hoist 1.953 1.953 m 

Mainspan angle, theta 0.23 0.22 radians 
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Handrail backstay angles 0.41 0.39 radians 

P_h, cable weight 29.20 29.20 kN 

P_h, hand, cable 25.87 24.56 kN 

P_v, hand, cable 86.25 100.26 kN 

Tower Offset 0.1 0.1 m 

Tower Height 1.5 1.5 m 

Factored Moment from Cable Load 8.56 8.20 kN*m 

Reduction Factor, Phi 0.9 0.9  

Phi * Mn Reduced Moment Capacity 79.45 79.45 kN*m 

LRFD Requirement Met? YES YES  

Reinforcement 

Modulus of Rupture, f_r 1.022 Mpa 

1.33 * Mu 11.38 10.90 kN*m 

Sectoin Modulus, s 0.0327 m3 

Modified M_cr 35.78 kN*m 

Sufficient Reduced Moment Capacity? YES YES  

Flexure #2 

f'c(14) = 7.84 MPa 

Steel Reinforcing Yield Strenth, fy 275 MPa 

Effective width, b 0.4 0.4 m 

Reinforcing Steel Area, As 0.00057 0.00057 m2 

Compressive Block Width, a 0.059 0.059 m 

Reinfocing depth, d 0.625 0.625 m 

Nominal Flexural Capacity, Mn 93.36493611 93.36493611 kN*m 

Hoisting Sag, h_hoist 1.953 1.953 m 

Mainspan angle, theta 0.23 0.22 radians 

Handrail backstay angles 0.41  radians 

P_h, cable weight 29.20 29.20 kN 

P_h, hand, cable 25.87 24.56 kN 

P_v, hand, cable 86.25 100.26 kN 
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Tower Offset 0.1 0.1 m 

Tower Height 1.5 1.5 m 

Factored Moment from Cable Load 8.56 8.20 kN*m 

Reduction Factor, Phi 0.9 0.9  

Phi * Mn Reduced Moment Capacity 84.03 84.03 kN*m 

LRFD Requirement Met? YES YES  

Reinforcement 

Modulus of Rupture, f_r 1.48 Mpa 

1.33 * Mu 11.38 10.90 kN*m 

Section Modulus, s 0.0327 m3 

Modified M_cr 48.41 kN*m 

Sufficient Reduced Moment Capacity? YES YES  

 
 
 
 

Construction Sag Calculation 

w_cable 0.14 kN/m 

construction sag 0.03 % 

construction 
delH 1.73 m 

Ph 32.92 kN 

P_max_single 8.96 8.23 kN 

Pt_back_h 13.28 13.36 kN 

Pv_back_h 5.24 5.05 kN 

Pt_back_w 14.23 14.33 kN 

Pv_back_w 4.88 4.91 kN 

Pover 10.79 150.10 kN 

Panchor 67.03 67.03 kN 

Vs 10.12 9.97 kN 

Vn 77.82 217.13 kN 

FS 7.69 21.78 kN 
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FS req 1.5 1.5  

check OK OK  

Pramp 129.25 351.14 kN 

Pactive 80.60 55.13 kN 

Ph_tower 6.49 20.55 kN 

Ph_anchor 26.43 12.37 kN 

Rs 113.52 88.04 kN 

Rn 196.29 418.18 kN 

FS 1.73 4.75 kN 

FS req 1.5 1.5  

check OK OK  

 
 
 

Winch Analysis 

P winch 29.4 29.4 kN 

P single cable 8.96 8.23 kN 

Winch/Cable 3.28 3.57  

 
 

Erection Hook Analysis 

As _#5 0.0002 0.0002 m^2 

Fy 275000 275000 kpa 

Hook capacity 110 110 kN 

P single cable 8.96 8.23 kN 

FS required 3 3  

FS actual 12.28 13.37  

Check OK OK  

 
 
 
C.8 Additional Checks 
 
Tier 2 
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Water Buoyancy Effect on Uplift 
  
 

Water Buoyancy considerations For Right Abutment 

HWL 100 elevation 

Right Anchor 99.86 elevation 

Volume of Anchor 
under HWL 0.4644 m^3 

Volume Overburden 
under HWL 0.0267 m^3 

bouyant force 10.6243956 kN 

new resisting force 265.64  

Factor of Safety 1.47  

FS required 1.25  

Check OK  
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Appendix D: Drawing Set  
 
D.1 Title + General Notes  
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D.2 Layout 
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D.3 Left Abutment Details 
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D.4 Right Abutment Details 
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D.5 Anchor Details 
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D.6 Tower Details 
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D.7 Walkway Details 
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D.8 Steel Crossbeam Details 
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D.9 Approach Ramp Details 
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Appendix E: Construction Plan 
 
E.1 Excavation Drawings 
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E.2 Construction Schedule 
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E.3 Work Breakdown Structure 
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E.4 EIA Bridge Project Comparisons - Activity Duration Estimates 
 

 

 
 
 


