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Executive Summary
Hawkeye Engineering analyzed an existing land use plan that was proposed by Snyder &
Associates against the actual development that has taken place in the Northeast Corridor (Figure
1-1) of the City of Muscatine. Commercial development has increased considerably along US61, and the city intends to facilitate continued development with the implementation of Hawkeye
Engineering’s design. As a result of the development analysis, an arterial road connecting IA-38
to US-61 and an arterial road connecting US-61 to 180th St. served as the focal point to
encourage development in the NE Corridor. An additional route that would have extended
University Dr. to the north to connect the E-W arterial connecting IA-38 to US-61 is no longer a
plausible option for development due to the construction of a hotel in its path. Following route
selection, five new intersections in the NE Corridor were analyzed using HCS2010 Warrants to
determine if traffic signals were necessary at any of the intersections. It was determined that four
of the five intersections did not require any traffic signals due the lack of traffic flow at full build
out. The E-W arterial/US 61 intersection required an actuated traffic signal to allow safe through
and left turning movements. The E-W arterial will have a 90 ft. right-of-way with a shared left
turn lane along the length due to the large amount of commercial zoning in the area. The N-S
arterial will have a 100 ft. right of way with a raised median due to the surrounding residential
population. This allowed safe and easy access to the neighborhoods on either side of the road.
Other design considerations for the development plan included a sanitary sewer demand
analysis, 4 Mad Creek crossings, and a stormwater management plan for the modifications to the
watershed resulting from the two new roads. Following a land use analysis to determine the
amount of usable area that is included in each zoning type, the necessary size for a sanitary sewer
trunk line was estimated to be 18 in. A 15 in. sanitary sewer extension is already in place that
would be satisfactory to handle the majority of the flows that are expected to be generated after
development.
Hawkeye Engineering considered the design of a slab-girder bridge according to the
AASHTO LRFD design strip method. After evaluating the design strength of PCC slab using the
ACI building code and computing the girder strength using the AISC steel manual, the bridge
will consist of 7 W21x122 steel girders equally spaced a distance of 7.5 ft. The overall span of
the ridge will be 130 ft. covered with a central span of 50 ft. and 40 ft. spans on either end of the
bridge.
Hawkeye Engineering also considered the use of a culvert. The design recommends three
culverts, one culvert along the E-W arterial with a 10 ft. pipe diameter, the other two culverts
will be along the N-S arterial, one with an 8 ft. diameter and the other with a 15 ft. diameter.
Along with the proposed road, a curb inlet stormwater system was selected as the most desirable
option to handle the excess runoff due to the newly proposed road.
The total cost estimate for the design of the road, storm sewer, sanitary sewer, culverts,
and bridge is approximately $8.6 million.
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I. Introduction
Hawkeye Engineering analyzed an existing land use plan and proposed improvements to
the design for a 1400 acre area located in the northeast part of Muscatine, IA (Figure 1-1).
Elements of the design included two arterial roads connecting Highways 38 & 61 and Highway
61 to 180th Street, a stormwater management plan for the roadways, several Mad Creek
crossings, additional utility system considerations, and a general land use plan. Any additional
considerations regarding stormwater management were not part of the scope of this project.
Design of several detention basins were performed as a part of the Mad Creek Regional Water
Detention Project.

Figure 1-1: Northeast Corridor Project Area
II. Problem Statement
2-1 Design Objectives
Considerations were taken for future growth in the Northeast Corridor of the City of
Muscatine, Hawkeye Engineering evaluated the current conditions in the Northeast Corridor
along U.S. Highway 61 and continuing north to 180th St. The intent to connect Park Ave. to
New Era Rd was investigated by utilizing current land ownership and existing elevation data to
determine the feasibility of the route proposed in Figure 2-1(taken from the Comprehensive Plan
of the City of Muscatine). Two intersections will be designed where the proposed E-W arterial
road intersects Highways 38 and 61. Along this new road, several crossings over Mad Creek
were evaluated. The option of either using a culvert or a bridge were considered. A cost/benefit
analysis was performed for each option to aid in the selection process. Along with an east/west
connector, a north/south route to connect University Dr. to 180th St. was also designed. The two
3

proposed arterial roads resulted in a new intersection near the center of the project location,
which was analyzed as a part of the traffic analysis. A traffic impact analysis was performed to
determine the best option for the location of the arterial roads (Figure 2-1).

Figure 2-1: 38/61 Connector Study for the City of Muscatine
Along with transportation considerations, Hawkeye Engineering investigated utility
extensions to serve the future development that will take place in the northeast corridor. When
considering land use and utility modifications, additional runoff will not be created when
converting farm fields and other pervious surfaces to impervious surfaces. The current state of
Mad Creek will not be altered by the design that is proposed in the later sections of this report.
2-2 Approaches
To begin considerations for future growth in the northeast corridor of Muscatine,
Hawkeye Engineers analyzed several different route possibilities for the arterial roads that serve
as the center of the design for this area. Existing elevation data obtained from the Iowa DNR
GIS Library were utilized to select routes that minimized the grading necessary. Along with
minimizing the amount of earthwork necessary, the number of creek crossings was minimized
during the route selection process. The overall objective was still to provide access to
commercial and residential development that will take place in this area of town in the future.
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Using the most desirable route for the arterial roads, an area analysis was performed to be
used for trip generation and sanitary sewer demand calculations. These area calculations were
performed starting with the parcel lines that were obtained from the City of Muscatine. Any area
that was deemed to be unusable was then subtracted out of the total project area (Figure 2-2).
Unusable area included an assumed 100’ right of way for the arterial roads, the outline of Mad
Creek with a 10’ buffer on either side, and any area with a slope of 20% or greater. Other area
that was currently outside of the corporate limits of the City of Muscatine was not considered for
development. Along with the areas that lie outside of the corporate limits, any already developed
land was differentiated from proposed development and was not factored into the demand for
utility systems. The results of the usable area analysis can be found in Table 3-10.

Figure 2-2: Land use plan for the NE Corridor.
(R = residential, C = commercial, I = Industrial, M = mobile home park, NA = any land that was
not considered)
Traffic Flow Rate Calculations
The traffic flow rate was calculated by taking into considerations a number of factors as
well as making some assumptions. The zoning map in Figure 2-2 along with the area values in
Table A-1 were used to estimate the amount of building area that would be included in the future
development of Northeast Corridor. The office building land use area was based on the
assumption that it accounted for 60% of the total commercial area. This assumption was made by
evaluating the City of Muscatine’s zoning map that indicated a majority of the area is intended to
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be zoned for light commercial as well as office buildings. After reviewing the City of
Muscatine’s comprehensive plan, the maximum floor-to-area ratio for all uses whether
commercial or residential was determined to be 4:1. A 4:1 floor-to-area ratio is very large
compared to the existing buildings in the City of Muscatine. After some trial and error
calculations, a floor-to-area ratio of 2:1 and an open space ratio of 0.5 were determined to be the
most reasonable for the Northeast Corridor.
Combining the open space ratio and the floor-to-area ratio with the number of trips
generated per zone type. These numbers were obtained from the ITE Trip Generation Manual,
and the calculations are summarized in Table A-1. It was assumed that the development in the
Northeast Corridor would be spread out over the course of 30 years. In order to determine the
rate of growth of the area, the Muscatine County Census data was consulted which showed a
relatively steady growth rate of approximately 3%, as shown in Figure 2-3. The steady growth
rate allowed the equal division of the 30 year trip generation numbers into thirds to get both 10
and 20 year trip generation numbers.

Figure 2-3: Population change courtesy of the City of Muscatine Comprehensive Plan
Table 2-1: Trips Generated for each zone type in 10 year increments until full 30 year build out

The zoning map shown in Figure 2-2 was re-analyzed and the zoning map was divided
into four quadrants as shown in Figure 2-4. This was used to distribute the generated trips onto
the surrounding existing and proposed roads for further analysis.
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Figure 2-4: Four Quadrants of Project Area
On a quadrant by quadrant basis, the areas for each zone type were calculated as shown
in Table A-1 in Appendix A. The areas for each zone type in each quadrant were divided by the
total zone area in all quadrants to give a percentage of the total. This is summarized in Table 2-2
below. For example, the northwest quadrant contains 57% of the total residential zoning in the
project area.
Table 2-2: Percentage of each zone type in each quadrant.
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Table 2-3: 10 year trip generation per quadrant by zone type

The trips generated per zone per quadrant were then calculated for 10, 20, and 30 year
build outs by multiplying the total trip generation shown in Table 2-1 by the percentage shown in
Table 2-2. The results for the 10 year (one-third build out) are shown above in Table 2-3. The 20
and 30 year build out numbers can be found in Appendix A. With the total number of trips
generated per zone type per quadrant, the number of cars generated onto each road surrounding
each quadrant was calculated. This was done by looking at traffic flow around Muscatine around
the peak analysis hours of 7:00 to 8:00 AM. It was found that many cars drive south towards the
city itself and therefore the percentages used are divided likewise. These numbers were then
subdivided again as to whether they would turn left or right onto their designated street. Again,
the percentages used were gathered from current Muscatine traffic information. The results for
the northwest quadrant for 10 year build out are seen below in Table 2-4. The results for the rest
of the quadrants during 20 and 30 year build outs can be found in Appendix A.
Table 2-4: Trips generated and turning movements during 10 year build out onto surrounding
roads.
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Existing traffic data was then combined with the trips generated in each direction on each
road to calculate the turning movements for each intersection in the area of analysis. There were
four intersections in the area with existing turning movement diagrams. These were IA 38 &
Park Ave W, US 61 & IA 38, US 61 & New Era Road, and US 61 & Taylor Ave. The turning
movement diagrams for these four intersection can be found in Appendix A. The trips generated
onto each road in each direction were then added onto this existing data to obtain total turning
movements for each intersection in the area of analysis and for all three stages of build out. The
number of turning movements created by trips generated due to development were calculated
using the same assumptions as above where a majority of the populace will be driving south
towards the inner city during the peak hour.
Table 2-5: Turning movements for intersection of proposed East-West arterial and Park Ave W
with IA 38.

Table 2-5 above shows the existing turning movements, additional trips generated per
approach, and total divided turning movements for the intersection of IA 38 with Park Ave W
and the designed EW Arterial during 10 year build out. The turning movements for the rest of
the intersections during each stage of build out can be found in Appendix A. These numbers
along with the lane configurations for each intersection approach were then used to determine the
signal warrants at each intersection. The signal warrants were determined for every intersection
at all three stages of build out using HCS 2010 Warrants. The five intersection warrant results
summaries for full (30 year) build out can be found in Appendix A. Results for these
intersections at the 10 and 20 year build out marks are available upon request.
Runoff analysis
Several runoff analyses were performed to ensure the proper handling of stormwater that
will be generated by rain events in the northeast corridor. A runoff analysis for the existing state
of the land was performed to determine the flow rate in Mad Creek for a 100 year rain event to
be used when determining a size for any of the proposed culverts. The rational method was used
to perform a runoff analysis for the new arterial roads that was used for the design of a
stormwater management system along the roadway. According to the Iowa Stormwater
Management Manual (ISMM), the rational method is suitable for estimating the runoff of a small
and highly impervious area such as parking lots and roads. The maximum area eligible in order
to use the rational method is 160 acres. The largest area for the proposed roadway is 20.1 acres,
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which falls within the appropriate range for the rational method. In order to follow the City of
Muscatine City Code, a runoff analysis for a 2-year and 100-year return period was performed
because more than 5 acres were developed in the Northeast Corridor. The rainfall intensity for
zone 6 (Figure 2-5) from the ISMM was used for analysis.

Figure 2-5: Rainfall intensity zone map of Iowa
The NRCS unit hydrograph method was used to estimate the entire area’s runoff as part
of the Mad Creek Regional Water Detention Project. The NRCS method was conducted under
the condition of both the 2-year and 100-year return period for a 6 hour rainfall duration. This
runoff analysis was used in the design of all culverts because the area contributing to Mad Creek
is too big for the rational method to be a viable option for runoff analysis. Since all of the
culverts were designed for a 100-year return period, a backwater analysis was not necessary for
Mad Creek.
Creek Crossing Design
Due to the nature of the terrain in the northeast corridor, four creek crossings were
necessary along the arterial roads. The location of creek crossing 1, as shown in Figure 2-6, was
considered to be the most extreme location due to the high flow experienced at that location.
Also, the elevation difference between the creek bed and proposed road elevation on either side
of Mad Creek was evaluated at that location. As a result of the large elevation difference and
high flow rate, a bridge was considered as an alternative creek crossing at this location. A
detailed discussion of the alternatives for the creek crossing can be found in Section III of this
report. Creek crossings 2, 3, and 4 were less critical than the location of culvert 1 because the
flows experienced here are much less because they are on smaller branches of the creek or
located further upstream. Creek crossing 2 serves as another creek crossing for Mad Creek.
Creek crossings 3 and 4 primarily serve to allow runoff to reach the detention basins that have
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been proposed as a part of the Mad Creek Regional Water Detention Plan shown in Figure 3-2.
Section 2-N of the Iowa Stormwater Management Manual was used to design culverts.

Figure 2-6: Creek Crossing Locations
Storm Sewer System Design
In order to handle runoff created from the construction of the new roadways, a pipe
system with curb inlets and a vegetative swale were considered by Hawkeye Engineering. These
two sewer systems were considered because they each have their own advantages and
disadvantages, which will be further discussed in Section III.
The approach used to design a curb inlet and pipe size estimation was to follow the
ISMM and Water-Resources Engineering 3rd edition’s recommendations. The calculation and
selection of the curb inlet was made using Chapter 2M-3 of the ISMM.
The vegetative swale was designed using the Water-Resources Engineering 3rd edition.
This swale was designed to retain a fixed volume of runoff with a triangular cross-section. The
Manning equation was also used to calculate the required length of the swale.
Bridge Design
As an alternative to culvert 1, a slab-girder bridge was designed that would not modify
the cross-section of Mad Creek. Since the cross-section of the creek was not modified, a
backwater analysis was not performed. The AASHTO LRFD bridge design strip method was
used to determine the required strength of the girder and slab. A detailed analysis of the bridge
substructure was not investigated as a part of this project, but it would be necessary for the final
design. The load in Figure 2-7 was applied to the slab design strip widths as a moving load to
determine the worst loading case for positive bending moment, negative bending moment, and
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shear force in the slab. All moving load analyses were performed using Autodesk’s Robot; the
resulting influence functions can be found in Appendix B. The vehicular live load was applied
along with the self-weight of the bridge and a load resulting from a 2” asphalt overlay that would
simulate a potential wearing surface replacement later in the life of the bridge.

Figure 2-7: Cross-section with vehicular point loads
The (American Concrete Institute) ACI building code was used when computing the
design strength of the concrete slab. The results of the design strength calculations can be found
are presented in Section III. To determine the required strength of a girder, the AASHTO HL-93
truck load (Figure 2-8) was applied as a moving load to determine the worst loading case and the
load placement that causes maximum positive bending moment, maximum negative bending
moment, and maximum shear force in a girder. As with the slab, other loads that were applied to
determine the required strength of the girders include the self-weight of the bridge along with the
load that would result from a 2” asphalt overlay. The American Institute of Steel Construction
(AISC) steel construction manual was consulted to calculate the design strength of a steel girder.

Figure 2-8: AASHTO HL-93 truck loading side view
Image courtesy of Design of Highway Bridges: An LRFD Approach by Barker and
Puckett
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Sanitary Sewer Approach
Using the usable area values for several land use types in Table 3-1, the expected sanitary
sewer flows that would be generated after development for each land use were estimated based
on the Iowa DNR Design Manual. With the expected daily flow, a diameter and slope of the
sanitary sewer pipe was assumed and iterated together in order to calculate the size of the
sanitary sewer. Using Manning’s equation, the flow rate in the pipe was estimated and confirmed
to be less than the maximum velocity in the pipe to prevent scouring.
2.3 Constraints
Several constraints became evident upon further analysis of the terrain in the Northeast
Corridor. Most of the constraints served to confine the location of the arterials to a small area of
the land available for development. The location of the proposed arterial roads were constrained
by the existing intersections along U.S. 61 and IA-38 which provided natural access points to the
proposed roads without significant alterations to the existing road network, as shown in Figure 29 and Figure 2-10.

Figure 2-9: Location of the intersection of the E-W arterial with IA-38
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Figure 2-10: Location of the intersection of the E-W arterial with US-61
The N-S arterial had a similar set of constraints when considering the location of the
intersection with surrounding roads. The north intersection was constrained to be between two
branches of Mad Creek near 180th St. (Figure 2-11).
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Figure 2-11: General Location of the intersection of the N-S arterial with 180th St.
The willingness of the current landowners to sell their land for development could
become a major hindrance in the progression of the development plan in the Northeast Corridor
and is the biggest potential delay in the project.
When considering whether to use a bridge for each of the creek crossings discussed in
Section 2-2, the creek cross-section provided a constraint. If a bridge were to be utilized for
creek crossing 1, it would span a distance of 130 ft. to connect the two peaks as shown in Figure
2-12.

Figure 2-12: Mad Creek cross-section at creek crossing 1 looking north
15

2-4 Challenges
Many challenges related to the terrain in the Northeast Corridor influenced the design of
the roads and necessary creek crossings. Some of these challenges were discussed in detail in
Section 2.3. Aside from the constraints discussed previously, the steep terrain dictated the
vertical alignment of the proposed roadways to minimize the necessary earthwork. However, the
sudden changes in elevation required fairly significant alterations to the terrain in certain areas to
maintain a reasonable longitudinal slope for the arterial roads. Along with the terrain, new
development along US 61 (Figure 2-13) prevented one of the designed road segments initially
proposed by Snyder & Associates, Inc. from being implemented. Hawkeye Engineering was
required to develop an alternate plan to connect US 61 with the E-W arterial.

Figure 2-13: Development conflicting with the proposed extension of University Dr.
2-5 Selection Process
Creek Crossing Selection
Using the runoff calculated for a 100-year return period in Table 3-2, a culvert with a
diameter of 25 ft. was determined to be necessary at creek crossing 1. A bridge was determined
to be the superior option for creek crossing 1 due to the excessively large 25 ft. diameter culvert
that was determined to be necessary to handle the flow in Mad Creek. The cross-sectional view
of Mad Creek at creek crossing 1 is shown in Figure 2-14. Also, constructing a culvert in this
location would require a large amount of floodplain to be filled around the culvert which is
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undesirable. The other three creek crossings have a much lower flow rate than creek crossing 1
and are more suitable for a culvert than a bridge.

Figure 2-14: Cross-Section Mad Creek at culvert 1 location looking north

Lane Options
Snyder & Associates, Inc. proposed two different lane options which are shown in
Figures 2-15 and 2-16. The first option includes a median along the road, with a left turning lane
at the intersections. The second option has a shared left turn lane along the entire length of the
roadway. Due to the large amount of commercial zoning in the area, it was determined the E-W
arterial will utilize option 1. It will have a 90 ft. right-of-way with a shared left turn along the
length of the road as shown in Figure 2-15 below. This allows for easy access to the multitude of
stores and businesses located alongside the road and will slow traffic down without causing
major interruptions. The N-S arterial will utilize option 2 and have a 100 ft. right-of-way with a
raised median like that shown in Figure 2-16 below. The road serves a mainly residential
population and will allow safe access to neighborhoods on either side. The right-of-ways
associated with each cross section are typical of similar arterial roads and will provide a small
amount of room for road expansion and improvements if deemed necessary in the future.
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Figure 2-15: Typical Cross Section

Figure 2-16: Typical Cross Section
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2-6 Societal Impacts
The development in the northeast corridor in the City of Muscatine has been planned by
the city to encourage growth in the area. US-61 and IA-22 have been built to increase
accessibility to the properties in this area, this means that the economy around this neighborhood
will have a greater possibility for business development. More commercial stores are planned to
be built in order to offer convenience to the neighborhood, and thus attracting more residents.
The stormwater structures in our plan will reduce the contamination in the runoff going to
the river to eliminate negative health effects on residents.
The population in the city of Muscatine has been steadily increasing at a rate of
approximately 3%. The expansion will provide sufficient new space for the increasing populace.
A low unemployment rate is an important factor in maintaining a strong, durable, and diverse
economy. From Chapter 9, Figure 1 of Muscatine Comprehensive Plan, the unemployment rate
has been below the average for the state of Iowa and the US. It can be deduced that with our
expansion of the city, more jobs will be created. The categories include but are not limited to: the
construction of the roads, utilities, facilities and the employees in the new retailer outlets. There
is a potential need for government employees within utility services. All of the jobs created will
support economic growth.
The project will also allow more interactions between the City of Muscatine and other
cities in the state of Iowa, given a development in the transportation, and an expansion in
industry. The efficient design of intersections will lead to minimal traffic delays and therefore
reduce the economic costs associated with congestion.
Hawkeye Engineering strives to uphold all guidelines in order to practice under the
fundamental canons of ethics. All team members of Hawkeye Engineering perform services only
in areas of their competence. Working alongside the Van Allen Design Group, all team members
act in a professional manner while avoiding any conflicts of interest. Most importantly, the City
of Muscatine was under strict eye of Hawkeye Engineering in order to ensure the safety, health
and welfare of the public throughout the duration of this project. Hawkeye Engineering is an
honorable firm upholding the dignity of the engineering profession with no tolerance for bribery,
fraud or corruption.
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III. Preliminary Development of Alternative Solutions
Route Design

Figure 3-1: Potential EW Arterial Options
Potential layouts for the East-West arterial are shown above in Figure 3-1. Option one
consists of a relatively linear road with only curved sections at the ends to provide perpendicular
attachments to US-61 and IA-38. Option two is an entirely linear road with non-perpendicular
connections at each end. Option 3 consists of a much curvier road than the previous two with
perpendicular connections at each end.
Runoff Analysis
The results from runoff analyses for the proposed N-S and E-W roads are shown in Table
3-1 for the final cross-section selections. Analyses for the pre-development state with a runoff
coefficient of 0.15 and the post-developed state with a runoff coefficient of 0.90 (typical for
impervious pavement) were performed and later used in the design of a stormwater management
system for the new roads.
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Table 3-1: Final proposed route runoff analysis

Curb Inlet Design Analysis
A curb inlet system was designed using the ISMM with following parameters to handle the
runoff that was calculated using the rational method.
● Longitudinal slope: 4%
● Transverse slope: 2%
● Manning’s coefficient: 0.013
With the design flow rate for a 100-year storm, the total runoff rate was estimated to be 0.219
cfs. According to intake standards, the Curb-Grate SW-501 was selected. The capacity of the
curb inlet was estimated to be 0.161 cfs. Five intakes along the N-S road and four intakes along
the E-W road were designed. The curb inlets were located at low points along the path of the
proposed roads. All design calculations for the curb inlet system can be found in Appendix D.
Swale
All of the calculations and formula used in this section can be found in Appendix D. A
swale was designed to treat the same amount of runoff as the curb inlet sewer system, which is
0.219 cfs for 100-year return period storm. An infrequently mowed swale was selected with a
Manning roughness coefficient of 0.24. The length of the swale was estimated to be 1600 ft.
from the Water-Resource Engineering 3rd edition.
Stormwater System
The curb inlets along with pipes and the vegetative swale were considered in our design.
A curb inlet system is one of the most popular storm sewer systems. The advantage of using a
curb inlet and pipe system to collect extra runoff is that the pipe can be used for future
development runoff collection by simply adding branch pipes and other curb inlets, as long as the
pipe has enough capacity. A curb inlet system can also provide redundancy during the high flows
preventing flash flooding. The disadvantage is that future maintenance could be expensive, and
the capital cost is high. As for the swale, it cannot handle as much water as the pipe system can
take, due to the requirement of large collecting area. A swale cannot be connected for future
development either. However, it is much cheaper and easier to be built and can provide a green
space, while there is no precipitation. The curb inlets were selected in our final design as the
stormwater management method due to the expected growth in the NE Corridor. The final
design details for the stormwater system are presented in Section IV.
Culvert Design
The overall peak discharge data was analyzed using the NRCS unit hydrograph method
as a part of the Mad Creek Regional Water Detention Project for the 6 rainfall subcatchments in
Figure 3-2. Both 2-year and 100-year return period storm conditions were estimated. The peak
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discharge used in the culvert design process was the 100-year return period for pre-developed
state.

Figure 3-2: Subcatchment Arrangement
All of the calculations and formulas used for the culvert design can be found in Appendix
C. The fixed-flow method was used in the culvert designs. The peak discharge of an individual
culvert was estimated by the percentage of each water subcatchment and the runoff flow path.
The peak discharge was estimated by summing the contributing areas’ runoff, which was the
worst scenario that can happen in real life. Adding all of the peak discharge of the contributing
areas together means that there are storm delays for every contributing area and the delays
accumulate runoff together. This is a very conservative peak discharge to use in culvert design.
In Figure 3-2, the shaded area represents different subcatchments. Culvert 1 located in the main
branch of Mad Creek, thus the peak discharge for culvert 1 was almost the overall peak
discharge. Because culverts 2, 3, and 4 are not located on the main branch of Mad Creek, the
runoff at these locations is significantly less. The calculated peak discharge for each culvert is
shown Table 3-2.
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Table 3-2: Peak Discharge for each Culvert

During the design process, the culvert length was assumed to be a little bit larger than the
road width, which is 75 ft. The slope of the culvert was assumed to be 1%. All of the culverts
are concrete grooved pipe culverts with different sizes. The Manning constant for a concrete pipe
with good joints and smooth walls is 0.013. The culvert entrance loss coefficient for groove end
with wing walls is 0.2. A rendered picture of the proposed culverts is shown in Figure 3-3.

Figure 3-3: Concrete grooved pipe culvert
According to the ISMM, the flow velocity inside the culvert should be between 3 ft/s to 5
ft/s. During the design process, 5 ft/s of the flow velocity within the culvert was used. Type 2
flow (inlet control) was assumed in the first. To determine whether the culvert was inlet control,
the ratio of the head water depth and the diameter of the pipe culvert had to be calculated. The
ratio of head water depth to the diameter of the pipe culvert was found by using the inlet control
nomograph in the ISMM Section 2N-2 found in Appendix C. Once the ratio is known, the head
water depth was calculated. If the head water depth is greater than the pipe diameter, the culvert
will be inlet controlled. Otherwise, the culvert will be outlet control. Both Type 2 and Type 3
flows were considered. The difference of the head water depth and the diameter of the culvert
pipe was always positive, thus inlet submergence was sustained. Since the length of the culvert is
smaller than ten times the culvert pipe diameter, the culvert was hydraulically short. Thus, Type
3 flow can also be a possibility of this culvert. The ratio of headwater depth and the diameter of
the culvert pipe was smaller than 1, which means that the inlet was not submerged. All Type 3
flow should be inlet control, therefore the proposed culverts should not be type 3 flow. Thus
Type 2 flow was the designed flow type for all of the proposed culverts. The typical headwater
depth and culvert diameter ratio in the United States is 1 to 1.5. All of the culvert designs in this
project were within this range. The design summaries of four culverts are shown below, from
Table 3-3 to Table 3-6.
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Table 3-3: Culvert 1 design results and parameters

Table 3-4: Culvert 2 design results and parameters
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Table 3-5: Culvert 3 design results and parameters

Table 3-6: Culvert 4 design results and parameters

Bridge Design
The moving load analyses performed using Robot resulted in the required strength of the
PCC slab in Table 3-7, which summarizes the data found in Figures B-1, B-2, B-3, B-7, B-8, and
B-9 (Appendix B). Following the ACI building code, the design strength computation results
are shown in Table 3-8. The 12 in. slab thickness that is recommended was controlled by the
applied shear force. If shear reinforcement were provided, the slab thickness could be reduced if
desired.
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Table 3-7: Required strength of the PCC slab for 2 different girder spacings

Table 3-8: Design strength of a concrete slab for varying girder spacing

Following a moving load analysis for the three load cases in Figure 2-8, the required
strength of an interior girder is shown in Table 3-9, which summarizes the data found in Figures
B-4, B-5, and B-6 (Appendix B).
Table 3-9: Required strength of an interior girder for 2 different girder spacings

The bending strength of a W21x122 section provides bending moment strength of 1151
kip-ft. This strength was computed with lateral truss braces spaced at 10 ft. to prevent lateral
torsional buckling from occurring when the section is under negative bending moment. The
shear strength of the section was computed to be 351 kips. The strength provided by the
W21x122 section is adequate for the applied loading. Detailed results and calculations for the
structural design of the slab-girder bridge can be found in Appendix B.
Sanitary Sewer Analysis
Using the results from the land use analysis, the expected sanitary flows were estimated
using the Iowa Wastewater Facilities Design Standards from the Iowa DNR. For the residential
zones, the US Census Bureau estimates the number of people per home to be 2.41 for the state of
Iowa. The average size of a single residential lot was estimated to be 6500 ft2. Besides the
residential wastewater production, the commercial wastewater flow was also estimated. The
commercial wastewater flow was related to type and size of the business, and the number
employees using the DNR standard. An open space ratio of 0.5 combined with a floor to area
ratio of 2 (low end estimate) and 4 (high end estimate), the overall commercial area was
estimated. The industrial wastewater flow depends largely on the type and size of the industry,
operational techniques, and methods of on-site wastewater treatment. Therefore, a more detailed
analysis of a particular industry would be required to more accurately predict the discharge
coming from an individual plant. Unit flows obtained from the Iowa DNR were used to estimate
the total flows that are expected for the given area, and the results from these calculations are
presented in Table 3-10.
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Table 3-10: Land use and corresponding expected flow

Besides the overall wastewater flow, there may be fluctuations of flow for the residential
and commercial sector. The infiltration/inflow were also taken into consideration at the
beginning and end of the design period. Since the infiltration/inflow are not the key factor in our
design and can be considered constant, a conventional number of 0.029m3/s was used in our
design. The peak factor had been applied to the residential and commercial sector, which yields a
total of 0.302 m3/s as peak discharge, and a minimum of 0.181m3/s. The calculations for the peak
factors were demonstrated in Appendix E.
Based on a few iterations, the diameter and slope were calculated to be 0.5 m and 1%
respectively. With several attempts in iteration, the slope of 1% would be considered appropriate
with a design diameter of 0.5 meter. The iteration process can be found in Appendix E.
From Manning’s equation, the flow velocity in the pipe under the full flow condition was
estimated to be 2.95 m/s, which was below the limit of 3.5 m/s to 4.5 m/s. The velocity when the
flow rate was equal to Qmin was also estimated and was above the limit of 2 ft/s to ensure selfcleansing. Detailed calculations are shown in Appendix E.
The depth of the sanitary is designed to be 10 ft. under the ground in order to prevent
freezing and along the contour lines for a steady slope. The sewer pipe is to be constructed under
all utilities and is to be connected to the wastewater treatment facilities outside our design
boundary.
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IV. Final Design Details
Creek Crossings
As discussed in Section 2.5, culvert 1 was replaced by a bridge due to the enormous size
and possible backwater effect (if designed with 25 return period storm). The locations of the
bridge and other three culverts are shown in Figure 4-1.

Figure 4-1: Final Creek Crossing Location
Bridge Design
The final bridge design consists of 7 W21x122 steel girders equally spaced at a distance
of 7.5 ft., as shown in Figure 4-2. Along the span of the bridge, truss structures consisting of
L6x6x1/2 members will be provided between the girders at a longitudinal spacing of 10 ft. The
overall 130 ft. span will be covered by 40 ft. spans on either end and a 50 ft. central span (Figure
4-3).
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Figure 4-2: Bridge superstructure cross section looking west

Figures 4-3: Bridge side view
Culvert Designs
Based on the previous calculations and analyses, the following AutoCAD sketches of the
designed culverts were generated. The culvert sketches are from Figure 4-4 to Figure 4-6. All of
the units used in these sketches are ft.

Figure 4-4: Culvert 2 Design Details
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Figure 4-5: Culvert 3 Design Details

Figure 4-6: Culvert 4 Design Details
The proposed culvert sizes were calculated under the most severe storm situation, which
is a 100-year return period for 6 hour duration. By using 100-year return period runoff, it can be
almost guaranteed that there will be no flood in that area, which is a very attractive characteristic
to those people who are planning to open a business or move their homes to this area. Normally,
culverts are designed for a 25-year return period storm. Thus, these culverts are much bigger
than a typical design. In the future, taking into account the Mad Creek Regional Water Detention
Project, the peak discharge of this area would be reduced significantly. Thus, the culvert sizes
can be decreased, which would be more affordable.
Storm Sewer System Design
The final design for the storm sewer structure of our choice was the Curb-Grate SW-501.
The locations of the inlets are denoted in Figure 4-7 by the blue dots. The inlets were located at
the lower elevation part of the road for maximum intake of the runoff from the road.
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Figure 4-7: Curb Inlet Locations
Sanitary Sewer Design
The final design for the sanitary sewer pipes were selected with an 18 in. diameter
reinforced concrete pipe. The alignment of the pipes were to be designed along the contour lines
(in Figure 4-8) in order to take advantage of gravity.
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Figure 4-8: The position of the gravity sewer is shown in dark green.
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Roadway and Traffic Design

Figure 4-9: Roadway Layout
The final roadway layout can be seen in Figure 4-9. Option 3 from Figure 3-1 was
determined to be the most appropriate option for the area. While the curvy layout is naturally
longer and consequently more expensive than the linear options, the layout of the route follows
the natural contours of the existing ground and therefore requires the least amount of grading
along the roadway. This option also provides the added benefit of slowing traffic and making the
entire area safer for the general populace.
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Figure 4-10: First quarter of E-W arterial profile
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Figure 4-11: Second quarter of E-W arterial profile
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Figure 4-12: Third quarter of E-W arterial profile
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Figure 4-13: Final quarter of E-W arterial profile
Figures 4-9 through 4-13 show the elevations of the E-W arterial at different stations. The
slopes of the roads were designed following the recommended guidelines shown in Figure A-1 in
Appendix A.
Table 4-1: Intersection Traffic Control Devices

The five main intersections created by the two arterials will be controlled by stop signs
with the exception of the intersection of the E-W arterial and US 61 as seen in Table 4-1 above.
While there were no signal warrants for this intersection at any stage of build out, it was
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determined it would require a signal for drivers to use safely. The signal will be actuated along
the E-W arterial and New Era Road since the traffic along these two roads is too low to warrant a
non-actuated signal and the traffic along US 61 is too heavy to safely allow the increased number
of left hand turns and through movements generated by development at peak hours.
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V. Cost and Construction Estimates
For the pipe system, 15 inch diameter reinforced concrete pipe was selected. The unit
price of this pipe is $ 33. The unit length is about 2 ft. The total length of the proposed the route
is 14974 ft. Thus, the cost of the pipe system of this project is to be about $250,000.
The total cost estimation for road construction was calculated to be $7.1M. The cost per
foot of road is about $500. The N-S arterial road has total length of 6030 ft., which results in a
cost of $3.0M. The E-W arterial road is a total length of 8350 ft., resulting in a cost of $4.1M.
The unit cost for the reinforced concrete pipe used for the culverts was estimated from
source of a company called “Con Cast Pipe.” The total cost of the three proposed culverts was
estimated to be $400,000. Considering this is the result of the overdesign 100 year flow rate, the
actual cost may be subjected to a lower change.
The length of the sanitary sewer was estimated to be 6300 ft. The unit cost for the
sanitary sewer was to be estimated with the project information sheet for Coralville. The unit
cost for the sanitary pipe was estimated to be $60 for each 2 ft. Therefore the total cost was
estimated to be $190,000.
According to the Iowa DOT Preliminary Bridge Design Manual, the average cost for a
three span rolled steel beam bridge is $90/ft2. The total surface area for the 130 ft. x 50 ft. bridge
deck is 6500 ft2, which brings the total cost estimate of the bridge to $585,000.
The total cost has been approximated to be $8.6M, shown below in Table 5-1.
Table 5-1: Cost Estimate
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VI. Conclusions
With the implementation of the two new arterial roads, the City of Muscatine will
experience significant growth in the Northeast Corridor. Other considerations were made to
encourage developers to build in this area. Some of the considerations include a stormwater
management system, a sanitary sewer, along with other necessary infrastructure.
The roadway design proposed by Hawkeye Engineering features four Mad Creek
crossings, 3 of which will be RCP culverts and the fourth will be a slab-girder bridge. The total
cost of the project is estimated to be approximately $8.6 million. The positive outcomes as a
result of this project will far outweigh the initial cost of the project.
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Appendix A: Transportation Data, Calculations and Analysis
Table A-1: The figure below shows the spreadsheet of the calculations for the traffic flow rate.
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Figure A-1: Road Design Guide
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Traffic Data
10 year (⅓ build out):
Trip Generation Data:
Table A-2: Trips Generated per Zone Type from Each Quadrant

Table A-3: Trips generated and turning movements onto surrounding roads.
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Turning Movement Data:
Table A-4: Turning Movements for Intersection 1 (US 61 & IA 38)

Table A-5: Turning Movements for Intersection 2 (IA 38 & Park Ave W/EW Arterial)

Table A-6: Turning Movements for Intersection 3 (IA 38 & 180th St.)
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Table A-7: Turning Movements for Intersection 4 (NS Arterial & 180th St.)

Table A-8: Turning Movements for Intersection 5 (US 61 & Taylor Ave.)

Table A-9: Turning Movements for Intersection 6 (US 61 & EW Arterial)
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Table A-10: Turning Movements for Intersection 7 (EW Arterial & NS Arterial)

Table A-11: Turning Movements for Intersection 8 (US 61 & NS Arterial)

20 year (⅔ Buildout):
Trip Generation Data:
Table A-12: Trips Generated per Zone Type From Each Quadrant
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Table A-13: Trips generated and turning movements onto surrounding roads.

Intersection Data:
Table A-14: Turning Movements for Intersection 1 (US 61 & IA 38)

48

Table A-15: Turning Movements for Intersection 2 (IA 38 & Park Ave W/EW Arterial)

Table A-16: Turning Movements for Intersection 3 (IA 38 & 180th St.)

Table A-17: Turning Movements for Intersection 4 (NS Arterial & 180th St.)

Table A-18: Turning Movements for Intersection 5 (US 61 & Taylor Ave.)
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Table A-19: Turning Movements for Intersection 6 (US 61 & EW Arterial)

Table A-20: Turning Movements for Intersection 7 (EW Arterial & NS Arterial)

Table A-21: Turning Movements for Intersection 8 (US 61 & NS Arterial)
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30 year (Full Buildout):
Trip Generation Data:
Table A-22: Trips Generated per Zone Type From Each Quadrant

Table A-23: Trips generated and turning movements onto surrounding roads.
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Intersection Data:
Table A-24: Turning Movements for Intersection 1 (US 61 & IA 38)

Table A-25: Turning Movements for Intersection 2 (IA 38 & Park Ave W/EW Arterial)

Table A-26: Turning Movements for Intersection 3 (IA 38 & 180th St.)
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Table A-27: Turning Movements for Intersection 4 (NS Arterial & 180th St.)

Table A-28: Turning Movements for Intersection 5 (US 61 & Taylor Ave.)

Table A-29: Turning Movements for Intersection 6 (US 61 & EW Arterial)

Table A-30: Turning Movements for Intersection 7 (EW Arterial & NS Arterial)
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Table A-31: Turning Movements for Intersection 8 (US 61 & NS Arterial)
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Warrant Summary
Intersection warrants for all five created intersections for full (30 year) build out

Figure A-2: Signal warrants for intersection #1
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Figure A-3: Signal warrants for intersection #2
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Figure A-4: Signal warrants for intersection #3
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Figure A-5: Signal warrants for intersection #4
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Figure A-6: Signal warrants for intersection #5
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Appendix B: Bridge Load Analysis Results and Strength Calculations

Figure B-1: Bending moment (kip-ft) in the slab at mid-span vs. vehicle load position from left
end (position 1 corresponds to the starting point of x = 0 ft)

Figure B-2: Bending moment (kip-ft) in the slab at the first girder vs. vehicle load position
from left end (position 1 corresponds to the starting point of x = 0 ft)
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Figure B-3: Shear force (kips) in the slab at the first interior girder vs. vehicle load position
from left end (position 1 corresponds to the starting point of x = 0 ft)
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Figure B-4: Bending moment diagram from load case B applied at a distance of 64’ from the
left end
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Figure B-5: Bending moment diagram from load case B applied at a distance of 56’ from the
left end

Figure B-6: Shear force diagram from load case B applied at a distance of 40’ from the left end
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Figure B-7: Bending moment diagram for the slab with the vehicle load placed at a distance of
21’ from
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Figure B-8: Bending moment diagram for the slab with the vehicle load placed right at the left
end

Figure B-9: Shear force diagram for the slab with the vehicle load placed at a distance of 11’
from the left end
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Figure B-10: Bending moment diagram from load case B applied at a distance of 65’ from the
left end
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Figure B-11: Bending moment diagram from load case C applied at a distance of 0’ from the
left end

Figure B-12: Shear force diagram from load case B applied at a distance of 41’ from the left
end
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Appendix C Culvert Design Process
Table C-1: Runoff calculation for each culvert location

Table C-2: Design parameters for culvert 1

A=Q/v---------Eq. C1
R=D/4---------Eq. C2
Table C-3: Calculation to confirm culvert flow type for Culvert 1
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---------Eq. C3
------------Eq. C4
---------Eq. C5

Table C-4: Design parameters for culvert 2

Table C-5: Calculation to confirm culvert flow type for Culvert 2

Table C-6: Design parameters for culvert 3
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Table C-7: Calculation to confirm culvert flow type for Culvert 3

Table C-8: Design parameters for culvert 4

Table C-9: Calculation to confirm culvert flow type for Culvert 4
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Figure C-1: Inlet control Nomograph
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Appendix D Curb Inlet & Swale Sample Calculation
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Figure D-1: Nomograph for Capacity of the Gutter for Straight Crown
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Figure D-2: “K”Values for Driveway Grate Intake
Swale
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Appendix E: Sanitary Sewer Design Calculations
Table E-1: The estimation process of the expected daily wastewater flow for each type of land
use.
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