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Section I Executive Summary 

The City of Volga, Iowa requested the design of a new pedestrian bridge to connect the east and 

west ends of town which are separated by the Volga River. The existing bridge that would allow 

pedestrians to cross the Volga River was partially washed away by a flood and is unserviceable. 

According to the City, many pedestrians use the existing trail system, however, it is a challenge 

to travel from the campground to the Reflection Park area because the only available crossing is 

the county bridge on highway C2W. This vehicular bridge is an unsafe pedestrian crossing, 

which is a primary driver for the design of a new pedestrian bridge. Another issue the City noted 

about the remains of the existing bridge is the buildup of debris on the piers when the river is at a 

high stage. The purpose of this project is to connect the two sides of Volga with a pedestrian 

bridge along with connecting trails and demolition of the remains of the old bridge. The 

connection will provide excellent pedestrian mobility within the city, promote safer pedestrian 

walkways, and furnish better access to city services such as the Volga U Campground and the 

new Reflection Park.  

KGMM Engineering has designed a new pedestrian bridge to cross the Volga River at Volga 

Street. The new bridge has been designed with a 12-foot width to accommodate pedestrians, 

cyclists, commercial lawnmowers, and utility terrain vehicles (UTVs). The design width is 

adequate for multiple simultaneous users and is sufficient to satisfy all AASHTO design 

standards for pedestrian bridges in the event federal money becomes available for the project. 

The new bridge will provide pedestrians safe access to key city services and save city staff time 

when crossing the Volga River. The proposed bridge superstructure is a prefabricated Pratt truss 

design from Contech Engineered Solutions which is approximately 12-feet wide and 9-feet-10-

inches tall, or equal provided by another manufacturer. The truss is made of Corten steel that will 

achieve a weathered look to provide a natural aesthetic. The bridge will have two spans, one 

which is 150-feet long and another that is 117-feet long. The bridge superstructure is presented in 

Section 6.2 of this report. Figure 1.1 represents a 3D rendering of the full project site, including 

the pedestrian bridge and trail. 

Hydraulic and hydrologic design considerations ensure that the bridge and bridge connections 

can withstand applicable loading scenarios beyond vertical loads due to pedestrians and vehicles, 

including wind, ice, debris, and water forces. The design freeboard for the proposed bridge is 3.9 

feet above the 50-year flood, which is more than the required 3 feet above the 50-year flood and 

will allow ample space for floating debris to pass under the bridge during a flood event. Also, the 

backwater 400 feet upstream due to the proposed bridge is 1.32 inches, while the maximum 

value is 1.5 feet at a location 1.5 times the length of the bridge upstream. See sections 6.3 and 6.4 

of this report for the hydrologic and hydraulic designs, respectively.  

Reinforced concrete abutments support the bridge on each side of the river. They are situated 

such that they are out of the 100-year floodplain and will not negatively impact the flow of the 

river. The bridge spans are attached to the abutments by anchor bolts designed by Contech 

Engineered Solutions. The total height of each abutment is 11-feet-6-inches, including a 3-foot-

10-inch beam seat, a 2-foot stem, and a 1-foot-3-inch approach slab seat. The abutment footing is

10 feet wide by 15 feet long. The abutments are presented in Section 6.5 of this report.
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Figure 1.1. 3D rendering of the proposed pedestrian bridge and trail. 

The bridge design includes one reinforced concrete pier which is situated out of the main river 

channel to reduce the amount of debris buildup and loading associated with high flows. The pier 

is also situated such that any debris that may build up can safely be removed by city staff. A T-

shaped pier was chosen for design as it can withstand large hydraulic forces and reduces the 

column size in the river. The pier is a total of 23-feet tall, including the pier cap, column, and 

footing. The pier cap width is 15 feet, the column width is 5 feet, and the footing width is 13 feet. 

The pier footing is founded by deep-seated piles to ensure minimal settlement occurs. The bridge 

pier is presented in section 6.6 of this report. A protective riprap layer was designed around the 

pier and both abutments to minimize potential scour and destabilization of the bridge. The 

proposed riprap design is presented in Section 6.9 of this report. 

Connecting to the bridge is a 10-foot wide shared-use path. The path is constructed of a 6-inch 

thick layer of Portland cement concrete (PCC) with a design cross slope of 1.5% to account for 

drainage while meeting Americans with Disabilities Act (ADA) regulations. The trail was 

designed to meet all ADA regulations and followed the IADOT Design Manual standards for 

pedestrian trail design. The trail will serve pedestrians, cyclists, commercial lawn mowers, and 

UTVs, and may serve equestrians in the future. The total length of the shared-use trail is 

approximately 640 feet. The pedestrian trail design is presented in Section 6.8 of this report. 

The engineer’s project cost estimate has been produced for the pedestrian bridge and trail which 

includes the cost of materials, labor, equipment, overhead, profit, contingency, possible 

easements or property acquisition, final design, and administration. The total project cost is 

estimated to be $1,494,000. Unit costs for each major bid item were determined from RSMeans 

Cost Handbooks and the IADOT bid tabulations. The full cost estimate is presented in Section 

VII of this report. 
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Section II Organization Qualifications and Experience 

1. Name of Organization

KGMM Engineering

2. Organization Location and Contact Information

Ryan McDonough – Project Manager

Email: ryan-p-mcdonough@uiowa.edu

3. Organization and Design Team Description

KGMM is a team of senior civil engineering students at the University of Iowa in the

capstone design class. The team is comprised of four members: Ryan McDonough,

Nathan Gjersvik, Ryan Kowalsky, and Spencer McDermott. Ryan McDonough is

specializing in structural design and business management, Nathan Gjersvik is

specializing in transportation design with a focus area of civil engineering practice, Ryan

Kowalsky is specializing in civil engineering practice, and Spencer McDermott is

specializing in structural design and business management. Each individual performed a

team role and a substantive task leader role.

Section III Design Services 

1. Project Scope

The goal of this project was to reconnect the city of Volga with a pedestrian bridge over

the Volga River that divides it, including designing a trail to connect the bridge with the

existing network of trails, and estimating the cost for the removal of the existing bridge

remains. The designed trail creates a continuous path from the campground on the east

side of the river to the kayak/boat launch area of the Reflection Park on the west side.

The need for a bridge has been long overdue since the existing bridge partially washed

away during a flood in 1999, leaving the bridge unserviceable. KGMM included a cost

estimate for the removal of the existing bridge that can be performed along with the

construction of the new bridge or divided into a separate phase.

2. Work Plan

Throughout the project, KGMM Engineering followed the Gantt Chart timeline laid out

in Figure 3.2.1. KGMM informed the client weekly of goals, completed tasks, and

problems that were faced with the project.
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Figure 3.2.1. Project Gantt Chart. 

  

Section IV Constraints, Challenges, and Impacts 

1. Constraints 

In brainstorming and developing the options for constructing a bridge to cross the Volga 

River, the design team came across various project constraints. The primary constraint is 

that the bridge cannot, in any way, increase the flood risk for the community. The team 

considered multiple bridge locations to determine the best site to meet all of the City’s 

requests without causing an increased flood risk. Another major constraint was the 

available budget. The City of Volga may have to receive grant money to pay for the 

design and construction of the bridge. Budget limited KGMM’s design and kept the 

design team budget conscious. 

  

2. Challenges 

A challenge the team noticed immediately is the amount of debris buildup on the piers of 

the washed-out bridge. This posed as a hurdle the team, which the resolved by 

constructing a 150-foot span to keep the center pier out of the normal flow of the river. 

Another challenge was the unprecedented Coronavirus (COVID-19). The University of 

Iowa transitioned to online courses mid-semester, which made the flow of the project 
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much more difficult as each of the team members worked remotely and could not meet 

face to face for collaboration. COVID-19 also limited our team to only one site visit, so 

the team had to rely heavily on aerial data and available maps of Volga.  

 

3. Societal Impact within the Community and/or the State of Iowa 

The addition of a pedestrian bridge in Volga will bring many positive outcomes to the 

community. With the town currently having limited access to cross to the other side of 

town without driving all the way around, it leaves a divided community. This pedestrian 

bridge, KGMM feels, will tie the community and the walking trail systems back together.  

 

A positive impact this bridge and trail system will have on the community is connecting 

the campground and the old middle school on the east side of the river to the west side, 

which is home to the kayak entrance as well as multiple other attractions soon to come in 

the Reflection Park. This bridge will allow for additional tourism and revenue as campers 

will have direct access to the gorgeous Volga Reflections Park as well as the kayak boat 

ramp. 

 

Section V Alternative Solutions that were Considered 

The layout and terrain in the city of Volga presented many unique options for designing a bridge 

to cross the Volga River. KGMM Engineering collaborated with the City to produce three 

potential locations for bridge crossings that would each satisfy the City’s needs. Alternative 1 

was a bridge crossing the Volga River between Volga Street and Chase Street. Alternative 2 

included the removal and replacement of the existing Cass Street bridge which is partially 

washed out due to flooding. Alternative 3 included a pedestrian connection to the existing C2W 

bridge south of town. Figure 5.1 graphically shows the locations of each alternative considered. 

 

The advantages and disadvantages of each alternative were critically analyzed to choose the best 

project site for the City. Alternative 1 presented many advantages, including proximity to the 

Reflection Park and existing trails, the highest dike elevation on the west side, the possibility for 

another senior design group to provide a culvert for street drainage, only one pier in the river, 

and proximity to the largest population of children in the city. However, Alternative 1 would 

possibly require a temporary construction easement for private properties located near the dike. 

Alternative 2 was advantageous because it would remove the old bridge which is considered an 

“eyesore,” it is located in the center of town, it can easily connect to the school and gymnasium 

on the east side of the river, and it could help another senior design group alleviate some flow at 

the flood gates. However, Alternative 2 would require the most initial funding, it would have at 

least two piers in the river, and it is at an elevation that has previously been flooded. The only 

advantage of Alternative 3 is the possibility of simply connecting to the existing C2W bridge, 

eliminating the need for a completely new bridge. However, Alternative 3 is located far from the 

center of town and the trail connection would traverse through an area that is frequently flooded. 

 

Upon seeking input from the City, KGMM Engineering chose Alternative 1 for design. A new 

bridge across Volga Street would meet all of the City’s requirements, including connecting the 

east and west ends of town, connection to existing trails, fewer piers in the river, and low cost. 
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Figure 5.1. Volga pedestrian bridge alternative locations considered. 

 

Section VI Final Design Details  

The goal of this project was to produce a pedestrian bridge that would suit the needs of the City 

of Volga for many years to come. The delivered design can accommodate pedestrians, cyclists, 

UTVs, and commercial lawnmowers, and connects the two seemingly disconnected sides of 

Volga. The following sections describe each design element and the description includes the 

methods used to size elements, select materials, and estimate quantities. See Appendices F and G 

for design drawings and design renderings/models, respectively. 

 

1. Bridge Deck 

Our team began designing the bridge deck by reading through the Iowa DOT Design 

manual for pedestrian bridges to determine the loading scenarios we would need to 

consider. The next step was to calculate loads to use for the bridge deck following 

AASHTO LRFD standards. The load combination used was a 90 psf live load on the full 

deck or one 20,000 lb vehicle load to represent a maintenance vehicle, a 35 psf wind load 

on the full height of the bridge as if it was enclosed, and a 20 psf upward wind force 

applied at 3’ from the edge of the deck in the transverse direction per AASHTO 3.8.2. 

From these two resources the team determined that the bridge deck would be a 12’ wide, 

6” deep concrete slab that will be doubly reinforced with #6 deformed reinforcing steel 

(rebar). Figure 6.1.1 shows an image of the cross-section of the bridge. The rebars will be 

spaced 6” on-center (OC) in the east-west direction and 1’ OC in the north-south 

direction. The concrete will be poured over a trapezoidal metal deck form designed by 

the prefab company that will be attached to steel W14x43 floor beams. The bridge deck 

Alternative 1 

Alternative 2

 

Alternative 3 
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will share the camber of the truss and will drain at the supports and laterally due to the 

pavement crown applied when paving. The hand-rail system will be attached directly to 

the bridge truss. The hand and toe rub rail will be C4x1x10 GA steel members and the 

safety rail will be steel HSS 1x1x1/8. 

Figure 6.1.1 Bridge cross-section 

  

2. Bridge Truss 

The bridge truss KGMM used was a prefabricated steel truss designed by Contech 

Engineered Solutions from Alexandria, Minnesota. This is one of many prefab companies 

in the area, and others include Bridge Brothers and Pioneer Bridges. We decided to use a 

prefab company to design the steel truss because we determined it would be cheaper to 

design and construct. We recommend receiving bids from each of these companies to 

find the most economical choice. The bridge design we chose was a two-span bridge with 

spans of 150 feet and 117 feet. By using these spans, the 267-foot total span can be 

cleared with one pier outside of the main river channel. This was a concern expressed by 

our client as they wanted to minimize the obstruction of the river flow and prevent debris 

buildup. The truss is designed using HSS members (Fy =50 kip). Figure 6.2.1 shows a 

member schedule for the truss. The individual bridge spans are shown below in Figures 

6.2.2 and 6.2.3 as well as the entire bridge in Figure 6.2.4. The loading on the bridge was 

based on LRFD standards and the Iowa DOT Design Manual. The weathered steel finish 

we chose was the most economical solution and will have a rustic look and does not 

require repainting. They also offer a painted finish for an additional cost. Figure 6.2.5 

shows examples of different finishes. 
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Figure 6.2.1. Schedule of members. 

 

Figure 6.2.2. 150’ truss 
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Figure 6.2.3. 117’ truss. 

 

 
 

Figure 6.2.4. Full bridge span from 3D model. 

 

 

Figure 6.2.5. Weathered steel vs. painted finish. 
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3. Hydrologic Information 

The Volga River hydrologic information was determined using the online program 

StreamStats from the United States Geological Survey (USGS). The analysis point 

selected indicated an upstream drainage area of 262 square miles. The exceedance 

probability discharges for the 2, 5, 10, 25, 50, 100, 200, and 500-year flood were 

determined using StreamStats and are as follows: 

 

− Q2 = 5,150 cfs  

− Q5 = 9,230 cfs  

− Q10 = 12,200 cfs  

− Q25 = 16,100 cfs  

− Q50 = 19,300 cfs  

− Q100 = 22,300 cfs  

− Q200 = 25,500 cfs  

− Q500 = 29,700 cfs 

 

According to the Iowa DOT LRFD Bridge Design Manual Section 3.2.2, the design 

exceedance probability discharge for a bridge is the 50-year flood, so a river flow rate of 

19,300 cfs was used for bridge design. See Appendix A for the full StreamStats output. 

The base flood elevation (BFE) was determined using ESRI ArcMap and was determined 

to be 794.5 feet upon linear interpolation of the water surface elevation (WSEL) data 

provided by the Iowa Department of Natural Resources (IDNR). See Appendix B for the 

full BFE calculation process.  

 

4. Hydraulic Design  

The Hydraulic analysis was completed using the Army Corps of Engineers program, 

HEC-RAS. The Iowa DNR states that for any bridge or culvert structure there must be a 

minimum freeboard of 3.0 feet during a 50-year flood event and a maximum backwater 

of fewer than 1 foot during a 100-year flood event. Upon completion of HEC-RAS 

analysis it was determined that during a 50-year flood event, the freeboard was roughly 

3.9 feet. Figure 6.4.1 depicts the water surface level for the 50-year event. The backwater 

analysis determined that the backwater created by the construction of the bridge was 

1.32” at a distance of roughly 450 feet upstream. Figure 6.4.2 displays the water surface 

profile before construction, and Figure 6.4.3 displays the water surface profile after 

construction. Once the bridge at Cass St. is removed, the backwater will drop below the 

1.32” and should see a net positive decrease in water level due to the old bridge having 

two piers in the river. 
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Figure 6.4.1. Water surface elevation during the 50-year flood event. 

 

 
 

Figure 6.4.2. Water surface profile before bridge construction. 
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Figure 6.4.3. Water surface profile after bridge construction. 

 

 

5. Abutment Design 

The bridge abutments were designed using AASHTO LRFD methods presented in the 

IADOT Bridge Design Manual (BDM). The bearing capacity calculations were based on 

the methods presented in Foundation Analysis and Design by Joseph E. Bowles. As the 

designed bridge is intended to be prefabricated, it is not feasible to use integrated 

abutments for the bridge. Therefore, KGMM chose stub abutments with spread footings 

as foundations. The abutment width (dimension parallel to the bridge direction) was 10.0 

feet and the length (dimension perpendicular to the bridge direction) was 15.0 feet. The 

abutment stem was designed to be a total of 5.0 feet wide, with a 1-foot-inch beam seat 

and a 1-foot-3-inch approach slab seat. The steel reinforcement at the abutment bottom 

was chosen to be 19 #5 rebars at 6-inch OC spacing. The dowel bars are designed to be 

#8 rebars and connect the abutment footing and stem. The stem reinforcement is made up 

of #6 rebars. A splice length of 1-foot-6-inches is used for the stem reinforcement and the 

dowel bars. The height of the stem is 9-feet-10-inches, with a 3-foot-10-inch beam seat 

and a 6-inch approach slab seat. The total height of the abutment and footing is 11-feet-

10-inches. See Figure 6.5.1 for the final abutment design and Appendix C for abutment 

design calculations. Consult the design drawings for element dimensions and details as 

well as a reinforcement key. 
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      (a)        (b)                (c) 

Figure 6.5.1. (a) Abutment cross section; (b) profile view; (c) plan view. 

 

A three-dimensional (3D) rendering of the abutment was developed by KGMM is shown 

in Figure 6.5.2 such that the client can easily visualize the finished product. 

 

       
Figure 6.5.1. 3D rendering of the abutments from two different viewpoints. 

 

One of the major design considerations for this bridge was the elevation at which the low 

steel would be set at. According to the IDNR, for new bridges and roadway 

embankments, the freeboard must be 3 feet or more between the BFE and the low 

superstructure horizontal bridge member unless a licensed engineer provides certification 

that the bridge is designed to withstand the applicable effects of ice and the horizontal 

stream loads and uplift forces associated with the 100-year flood. Thus, the bridge was 

designed with the low steel 3.9 feet above the 50-year flood. The low steel elevation is 

795.5 feet (NAD83-11 datum) and is the same elevation as the beam seat elevation and 

the top of pier elevation. The low steel elevation choice also affected the location of the 

pier and trail, so careful consideration was taken when determining final elevations.  
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6. Pier Design 

The bridge T-pier was designed based on AASTHO LRFD Section 3.6.5 presented in the 

IADOT BDM Section 6.6 along with Excel calculation files produced and published by 

IADOT. Hydraulic loading was computed using AASHTO LRFD 3.7, and the design was 

checked to ensure the pier has adequate strength to resist wind, ice, and water loading. 

The pier cap and pier cap overhang were designed using an IADOT Excel file called 

LRFD_Cap_Design_General.xlsb which is published on the Final Design Software 

section of the BDM. Using this software, the pier cap was checked for flexural strength 

and shear strength for the applied loading. Outputs include rebar dimensions and details 

as well as shrinkage and temperature reinforcement. The pier piles were designed using 

the IADOT Excel file Pile_Length_LRFD_WEAP.xlsb which determines the number of 

piles and pile length for the given loading, soil information, and pile type. The pier pile 

footing was designed using the IADOT Excel file LRFD_Footing_Design_General.xlsb 

and uses the pile information along with the soil information to determine the dimensions 

and required reinforcement for pier footings. See Figure 6.6.1 for general schematics of 

the pier. Upon completion of the design, the pier dimensions are as follows: 

 

− Pier cap height = 3.0 feet 

− Pier cap depth = 3.0 feet 

− Pier cap overhang = 5.0 feet 

− Pier column width = 5.0 feet 

− Pier column depth = 3.0 feet 

− Pier column height (un-tapered) = 12.5 feet 

− Pier footing width = 10.0 feet 

− Pier footing length = 13.0 feet 

− Pier footing thickness = 4.0 feet 

− Pier piles: 12 HP10x42 piles with a contract length of 65.0 feet, spaced at 3.0 feet 

OC, embedded 1.0 feet, with an edge spacing of 1.0 feet. 

 

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

Figure 6.6.1. (a) Pier cross section; (b) profile view; (c) plan view; (d) pile cap plan view. 
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A 3D rendering was also developed for the pier and pile cap, as shown in Figure 6.6.2. 

 

 
Figure 6.6.2. 3D rendering of the pier and pile cap. 

 

7. Pedestrian Trail 

Trail design followed the Iowa DOT Design Manual sections 12A-2 Standards for 

Accessibility and 12B-2 Shared Use Path Design. The trail was determined to be Type 2 

based on the criteria of a path serving as a transportation route to facilities that fulfill a 

basic life need, provide access to services, or provide a safe route for non-drivers. The 

recommended shared-use trail was designed as a 10-foot wide by 6-inch Portland Cement 

Concrete (PCC) shared path trail, with a 2-foot graded earth shoulder on both sides of the 

trail. The trail should be machine placed and broom finished, or burlap drag surfaced to 

provide texture. The path was designed with a maximum cross slope of 2.0% with a 

construction target value of 1.5%. Based on a design speed of 18 mph for bicyclists, the 

minimum radius for any curve on the path is 60 feet, with grades equal to or less than 

5.0% to meet ADA regulations. All portions of the trail were designed to comply with 

ADA regulations. See Figure 6.7.1 for the trail typical section. 

 

The earthwork and grading for the trail follow the Iowa DOT Design Manual sections 

10B-1 Seeding, Fertilizing, and Mulching and 12B-2 Shared Use Path Design. 

Volumetric analysis was completed in Autodesk Civil3D and the Cut/Fill quantity 

amounted to 669.19 cubic yards of fill. The target cross slope of 1.5% will be more than 

adequate to ensure that water drains off of the sidewalk and down into the river valley 

below. There will be 4 feet on both sides of the trail corridor that will also need to be 

seeded and fertilized as they will be cleared during construction. The total area needed to 

be seeded and fertilized is 0.156 acres. See Appendix D for the earthwork report provided 

by Civil3D.  
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Figure 6.7.1. Typical trail cross-section. 

 

8. Riprap Design 

Scour protection for the bridge pier and abutments is critical for the long-term 

serviceability of the bridge. To minimize scour potential at the bridge pier and abutments, 

a protective riprap layer was designed. The riprap layer design was based on 

recommendations from the IADOT BDM section 3.7.3.5 and section C3.2.2.7, and the 

FHWA publication Evaluating Scour at Bridges, Fifth Edition, commonly known as 

HEC-18. According to the IADOT BDM 3.7.3.5, slope protection for bridges typically is 

specified to a minimum of the 50-year flood elevation. Using hydraulic and hydrologic 

data for the Volga River, the references recommended a 2- to 3-foot thick layer of Class 

E revetment stone which extends 10 feet upstream and downstream from the abutments 

and is 10 feet wide in both directions at the pier. A layer of engineering fabric is 

recommended under the layer of riprap, according to IADOT BDM guidelines and 

standard drawings. See Appendix E for the riprap design calculations. Figure 6.8.1 

depicts the final riprap design configuration and its relation to the substructure elements.  

 

 

 
 

Figure 6.8.1. Riprap design configuration. 

 

 

Section VII Engineer’s Cost Estimate  

The primary source used to estimate the cost of the Volga Pedestrian Bridge and Trail was the 

Iowa Department of Transportation’s Bid Tabulation. The costs associated with the steel trusses 

for the prefabricated bridge were estimated by Contech and the remaining bid item costs were 

determined by KGMM. Table 7.1 displays the material unit legend to clarify the units used for 

cost estimation.  
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Table 7.1. Material unit legend. 

Unit Name Unit Description 

CY Cubic Yard 

EA Each 

STA Per Station 

ACRE Acre 

SY Square Yard 

SF Square Foot 

HR Hour 

LF Linear Feet 

TON Ton (2000 lbs) 

 

Table 7.2 displays the final cost estimate for the Volga Pedestrian Bridge and Trail. KGMM 

recommends performing the entire project in a single phase which includes the construction of 

the pedestrian bridge and trail as well as the demolition of the remains of the Cass Street Bridge. 

Performing the project in a single phase would decrease the overall project cost as equipment 

would only be transported once and would be in the area for the Cass Street bridge demolition. 

The crane and crane operator could quickly and easily demolish the Cass Street bridge after 

installing the bridge superstructure, which would reduce the costs associated with equipment 

mobilization and rental. However, the client may phase the project in two steps if necessary. 

KGMM recommends that Phase 1 consist of the construction of the pedestrian trail and the 

bridge substructures as well as the installation of the prefabricated bridge superstructure. It is 

recommended that Phase 2 consist of the demolition of the Cass Street bridge. The total project 

cost estimate including contingency, engineering fees, and administration fees is $1,494,000.00. 
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Table 7.2. Final project cost estimate. 
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Appendices 

The following appendices contain the outputs, design calculations, assumptions, and standards 

referenced for each design element.  

 

Appendix A – StreamStats Output 

The USGS StreamStats program was implemented to determine design flood flowrates for the 

Volga River at the bridge location. See below the StreamStats output file. 
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Appendix B – Base Flood Elevation Calculations 

The base flood elevation (BFE) for the 100-year flood was determined using data obtained from 

IDNR, a preliminary flood insurance rate map (FIRM) from FEMA, and a rating curve for the 

Volga river produced using the USGS WaterWatch program. 

 

ESRI ArcMap shapefiles containing water surface elevations (WSELs) of the 100-year flood 

were provided from IDNR. The WSEL downstream from the bridge is 793.4639 feet and the 

WSEL upstream from the bridge is 795.4095 feet. See Figure B.1 and Figure B.2 for Civil3D 

screenshots of the provided section locations and WSELs.  

 

 
 

Figure B.1. Provided WSEL downstream from the bridge. 
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Figure B.2. Provided WSEL upstream from the bridge. 

 

To estimate the WSEL at the proposed bridge location, the bridge was estimated to be halfway 

between the two sections provided. See Figure B.3 which depicts the relative locations of the 

sections and the bridge. The yellow lines represent the locations of the sections and the red line 

indicates the location of the proposed bridge. 
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Figure B.3. Relative locations of the proposed bridge and the provided sections. 

 

The calculation of the WSEL at the bridge is as follows:  

WSEL = 0.5 x (793.4639 ft + 795.4095 ft) = 794.4367 ft  794.5 ft. This is the estimated BFE 

for the bridge location. To check that the estimated BFE is accurate, the 794.0 feet contour line 
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from Civil3D was compared to the preliminary FIRM from FEMA. See the comparison in Figure 

B.4. 

 

 

 
 

Figure B.4. Contour line comparison to the preliminary FEMA FIRM. 

 

As shown in Figure B.4, the 794.0 contour line matches well with the blue 100-year flood 

elevation provided by FEMA. One last check of the BFE comes from USGS WaterWatch. A 

rating curve for the Volga River at Littleport, Iowa was created using USGS WaterWatch. Rating 

curves are used to estimate the WSEL for different discharge values. The discharge for a 100-

year flood was determined to be 22,300 cfs, so the gage height at Littleport is estimated to be 21 

feet. See the rating curve in Figure B.5. The datum for the gage height at Littleport is 677.0 feet 

above NGVD29, so a total height of 698.0 feet was determined for the BFE at Littleport. Next, 

the BFE was be converted to NAD83-11 so that a proper comparison could be made. The 

conversion from NGVD29 to NAD83-11 is shown in Figure B.6. From the conversion, the BFE 

for Littleport is 800.17 feet. A 5-foot increase in the BFE from Volga to Littleport is reasonable, 

therefore the BFE at Volga is reasonably accurate.  
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Figure B.5. Rating curve for the Volga River at Littleport, Iowa. From USGS WaterWatch. 

 

 
 

Figure B.6. Vertical datum transformation. 
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Appendix C – Substructure Design Calculations 

The substructure designed includes abutments on the east and west ends of the pedestrian bridge 

as well as one pier to connect the two bridge spans. Below are the abutment design calculations. 
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The abutment free-body diagram for analysis: 
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See the separate appendix for design drawings and final abutment details. Below are the design 

calculations for the pier column, footing, and pile foundation. 
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Appendix D – Earthwork Report 

See Figure D.1 for the earthwork report provided by Civil3D. 

 

 

 
Figure D.1. Cut/Fill earthwork report from Civil3D. 
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Appendix E – Riprap Design Calculations 

Below are the equations and methods used to design the riprap layer around the pier and 

abutments.  

 

Riprap at abutments: IADOT BDM C3.2.2.7 Scour. 

− Vavg = Q/A = 2.33 ft/s (from HEC-RAS output) 

− If Vavg < 8 ft/s, use Class E revetment stone 

− If Vavg >= 8 ft/s, use Class B revetment stone 

USE CLASS E 

− Riprap upstream and downstream from the abutment, about 10’ 

− Riprap 2’ deep into existing soil to prevent floodway constriction 

 

Final design: 2-foot deep riprap layer which extends 10 feet upstream and downstream from the 

abutment with engineering fabric underlain.  

 

Riprap at piers: HEC-18 section 7.5.1 and IADOT Standard Bridge Sheet 1006C - MACADAM 

STONE SLOPE PROTECTION - STUB ABUTMENT. 

− D50=
(K V)2

153.6
=

(1.7*2.33*1.3)2

153.6
=0.17 ft.  

− D50 = median stone diameter, ft 

− K = coefficient of pier shape, 1.5 for round nose and 1.7 for square nose 

− V = velocity approaching pier = (Q/A)*C, C = 0.9 for near bank/ straight, 1.7 for middle/ 

curved. Use 1.3 for between middle and edge of channel and straight bank. 

− Use Class E since D50 < 1 ft (Class E D50 = 1.0 ft) 

− Width of riprap should be 2 x pier column width minimum. IADOT usually uses 25’ for 

county bridges, but no need for this pedestrian bridge. 

− Thickness = 3 x D50 = 3 x 1.0 ft = 3.0 ft 

− Width = 2 x 5.0’ = 10.0’ (column width = 5.0 ft) 

 

Final design: 3-foot deep riprap layer which extends 10 feet in all directions from the pier with 

engineering fabric underlain. 
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Appendix F – Design Drawings 

The design drawings are available in a file titled “Volga Pedestrian Bridge.pdf” located in the 

project submittals folder. 
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Appendix G – Design Renderings and Models 

This section is a collection of images from the 3D model created using Autodesk Infraworks.  

 

 

Figure G.1. 3D rendering of the entire project, looking north. 

 

 

Figure G.2. 3D rendering of the pedestrian bridge, looking north. 
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Figure G.3. 3D rendering view looking west. 

 

 

Figure G.4. 3D rendering of the bridge approach, looking west. 
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Figure G.5. 3D rendering view looking south from the Reflection Park. 

 

 

Figure G.6. 3D rendering pedestrian view looking west, showing the expansion joint.  
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