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Executive Summary 

 

The University of South Florida’s Capstone Transportation and Geotechnical Engineering Design 
had the pleasure of working with the City of Palmetto and CSPP to enhance the design of the US 301 and 
US 41 diamond interchange, as well as US 301 signalized intersections from 8th Avenue to Haben/12th 
Boulevard, spanning 1.3 miles. With the aid of Professor Qing Lu, Bijan Behzadi, local firms and the Florida 
Department of Transportation, the capstone team came up with a comprehensive project development 
and environmental plan that encompasses traffic simulation, traffic calculations, and two alternative 
roadway designs to support the future of Palmetto City. After a time span of four months, the USF 
Capstone Transportation and Geotechnical Engineering Design teams present to you this comprehensive 
report. 
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Project Development & Environment 

 
1. Introduction  
 

1.1 Project Overview 

The goal for this project is to alleviate existing congestion along the US 301 corridor at the 
intersections of 8th Street, 6th Street, Haben Boulevard/12th Street, as well as the ramp terminals of US 
41. Issues occur primarily at the Walmart entrance, because the entrance is located too close to the US 
41 northbound ramps influence zone. Utilizing project development and environment (PD&E) 
technologies such as Traffic Software Integrated System (TSIS) and Excel, it was determined that relocating 
the Walmart intersection 600 feet east to Palm 2nd and widening the driveway to accommodate the 
incoming vehicle traffic and truck traffic would raise the level of service. The existing Walmart driveway 
will be converted to a right-in/right-out driveway. There will be additional left turn lanes added 
throughout the project limits at the following locations: 

 US 301 EB & proposed Walmart entrance 

 US 301 WB & US 41 SB on ramp  

 US 301 WB & 8th Avenue.  

US 301 will be widened from a 4-lane median divided to a 6-lane divided urban arterial. The US 
301 corridor has varied lane widths of 11 and 12 feet with continuous curb and gutter, with fully 
functioning existing 5-foot bike lanes and sidewalks. The US 41 typical section will not change. 

 

Figure 1. Project Location Map 

 

As depicted in Figure 1, the yellow resembles US 301 and the red resembles US 41. As shown, the 
study begins at 8th Avenue and ends at 12th Avenue/Haben. The scale is set to 500 feet as shown in the 
right-hand bottom corner. 
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2. Existing Conditions 

 

Figure 2. US 301 & 8th Avenue 

This intersection is located west of US 41 and the railroad. The street running east and west is 
10th Street West, also known as US 301. The north and southbound street, 8th Avenue West is best known 
as Business 41, which turns into a bridge south of the intersection. This intersection resides in Manatee 
County, Palmetto. Some issues with the intersection include: poor level of service, minimum right-of-way, 
heavy traffic south towards the US 41 overpass, and there are only two southbound lanes while the 
northbound has three. 

 

Figure 3. US 301 & Walmart Driveway 

 



 
 
 

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone 
Geotechnical and Transportation Engineering Design; p. 16  

 
 

This intersection lies just to the east of US 41 Northbound ramps. The street running east and 
west is 10th Street West, also known as US 301. North of the intersection is Walmart and south of the 
intersection is a strip mall. This intersection resides in Manatee County, Palmetto. Some issues with the 
intersection include: poor level of service, and low weaving distance. 

 

Figure 4. US 301 & Haben Boulevard/12th Avenue 

 

This intersection lies east of US 41. The street running east and west is 10th Street West, also 
known as US 301. North of the intersection is 12th Avenue East and south of the intersection is Haben 
Boulevard. This intersection resides in Manatee County, Palmetto. Some issues with the intersection 
include: poor level of service, minimum right-of-way, heavy traffic east towards US 41 and west from US 
41, as well as heavy right hand turn traffic from Haben Blvd. 
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Figure 5. 17th St. to US 41 

 

North of the US 41 and US 301 diamond interchange, US 41 is a four-lane divided highway with 
12 foot lanes. The speed limit is 50 mph, and the corridor is classified as a Principle Arterial Highway. The 
northbound roadway as 10 foot paved shoulders, and the southbound roadway has 4 foot paved 
shoulders. The southbound roadway has guardrail, and the median is of varying width. 

 

Figure 6. US 41 Bridge over US 301 

 

As US 41 passes over US 301, lane widths are reduced from 12 feet to 11 feet. An 8-foot concrete 
barrier median is introduced to divide the roadway. Both the northbound and southbound roadways have 
a 10-foot paved shoulder. The northbound and southbound roadways both have a 2% grade. 
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Figure 7. South of US 41 & US 301 Interchange 

 

South of the US 41 and US 301 diamond interchange, following the US 41 overpass, lane widths 
transition to 12 feet, as the north of the interchange. A right turn lane is introduced to the southbound 
roadway. The concrete barrier median ends with the overpass, and a varying median is introduced. The 
southbound roadway has an 8-foot paved shoulder, while the northbound roadway has a paved shoulder 
of varying width. 

 

2.1 Turning Movement Counts 

 

Figure 8. US 301 Existing Turning Movement Counts at A.M. Peak Hour 

  



 
 
 

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone 
Geotechnical and Transportation Engineering Design; p. 19  

 
 

In the morning, the westbound traffic is still heavier than the traffic eastbound, west of the US 41 
because they are avoiding the usage of US 41. It also shows that the traffic is avoiding US 41 all together 
by the extensive amount of traffic traveling south on 8th avenue. The westbound traffic that is east of US 
41 is greater than the eastbound traffic, although not by much. At the entrance of Walmart, the eastbound 
traffic entering is not significantly higher than the westbound traffic like in the afternoon.  

 

Figure 9. US 301 Existing (2010) Turning Movement Counts at P.M. Peak Hour 

 

The current eastbound traffic, east to US 41, is much heavier than the traffic traveling westbound. 
However, west of US 41, the traffic is heavier westbound than eastbound. This is most likely because that 
everyone is getting off US 41 and heading home for the day into their neighborhoods. Another thing to 
notice is that people are coming off of US 41 and going directly into the Walmart, causing shockwave 
effects in the traffic flow.  

 

Figure 10. US 41 Existing Turning Movement Counts at A.M. Peak Hour 
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Only 30% of westbound traffic is using the south US 41 on ramp, and only 10% is using the north 
US 41 ramp. For the eastbound traffic, 16% are using the US 41 south ramp, while 3% use the north ramp. 
It goes to show that the traffic is not using the traffic as much in the morning, in fact, more traffic is exiting 
US 41 in the morning rather than getting on it.  

 

Figure 11. US 41 Existing Turning Movement Counts at P.M. Peak Hour 

 

In the afternoon, there is more traffic going south on US 41 than north, which is strange because 
this is the same behavior in the morning, usually the opposite would be seen. This is most likely due to an 
early peak hour. For the traffic coming off of US 41, most of the traffic is headed east towards the Walmart. 
However, the eastbound and westbound traffic is pretty much 50/50. 

 

2.2 Average Annual Daily Traffic (AADT) 

AADT counts were taken from the Florida Department of Transportation (FDOT) Traffic Statistics 
Website, “Florida Traffic Online”. The 2015 version contains the most recent traffic counts for the City of 
Palmetto. Although new data was available in late March for 2017, it was too late to consider them into 
this project. The data that is shown will be relevant to 2015, unless stated otherwise.  
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Figure 12. AADT of US 301 & 8th Avenue and US 301 & Haben Boulevard/12th Avenue 

 

Below US 301, on 8th Avenue, traffic is more congested than the traffic north of US 301, so that 
they can avoid the current US 41 ramp situation and merge onto US 41 more south. The traffic traveling 
on Haben Boulevard is half that of the traffic traveling on 8th Avenue. However, the traffic east of the US 
41 intersection is much greater than the traffic west of the US 41 intersection, probably because of the 
commercialized area of the Walmart, Taco Bell, etc.  

 

Figure 13. US 41 Ramps & US 301 

 

The high daily volume traveling on US 301 east of the interchange provides data that confirms the 
congestion along this segment of the roadway, including the traffic traveling to and from the Walmart 
development.  

Based on the existing traffic conditions and noticeable congestion, two problem areas can be 
identified: the ramp street terminals of US 41 and the location of the Walmart driveway. To solve 
congestion issues, redesign of the diamond interchange and relocation of the Walmart intersection will 
be evaluated.  
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3. Planning Objectives 
When predicting future conditions for this project, a growth rate of 2% was used. This is the 

maximum allowable growth rate and by using 2% it gave us a “worst case” scenario. After determining 
the growth rate we decided that we wanted an overall level of service C for the network. 

We looked at two alternatives for this project, one where the Walmart intersection would remain 
how it is (Alternative 1) and the other where we suggested moving the signalized intersection east 
(Alternative 2). After going through the data and simulations it was decided we would choose alternative 
2. 

 

4. Forecasting Data 
To begin analysis of our alternatives, we projected the traffic volumes to the year 2030. This is 

considered the buildout year for the project. The following describes our process and results for the future 
turning movement counts and AADT. 

4.1 Turning Movement Counts 

 

Figure 14. Future (2030) US 41 Turning Movement Counts for Alternative 1 

 

As shown, there is no proposed change to US 41’s continuous typical section. This does show that 
the 508-volume leading onto the US 41 southbound ramp exceeds capacity for a single left turn lane at a 
signalized intersection. Because of this, more left turn lanes are needed. This shows high volume is causing 
queuing delays; i.e. “Stop and Go Traffic.” 
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4.2 Growth Computational Value 

To calculate the growth values we first needed to obtain the historical AADT for US 301 which was 
provided from the FDOT traffic online website. Using the AADT from 2000 to 2015 we were able to 
calculate the growth computational value for US 301 which were found to be 2.21%  westbound and 
0.186% eastbound. Since one of our values is greater than 2%, we decided to use a conservative value of 
2% for both directions on US 301. 

Table 1. Historical AADT Data from FDOT Traffic Online 

 

Table 2. Grow Computation Values 

 

 

4.3 Forecasted AADT 

To forecast the AADT we need the growth computational values which was calculated but had to 
use a conservative value of 2% for both directions. Using the historical and the growth computational 
value we were able to use the formula below: 

Equation 1. Future Volume 

 
 
𝐹 = 𝑃 1 + 𝑖 𝑛  
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We plugged in the previous year AADT for P, used 2% for the i value, and each year for the n.   

Table 3. Traffic Volume Results 
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Figure 15. US 301 Forecasted Graph from 2016 to 2030 

 

5. TSIS Analysis 
5.1 Access Management for Proposed Walmart Driveway 

The build configuration of this signalized intersection involves closing the existing median and 
relocating the signal approximately 625 feet east on Palm 2nd Street. This configuration would make the 
existing intersection a right-in/right-out driveway for Walmart.  

Work for the new signalized intersection at Palm 2nd Street will include removing the existing 
directional median opening and relocating the existing mast arm signal poles to this new location. An 
additional through lane will also be included for both the eastbound and westbound directions to 
accommodate for future traffic volumes. All through lanes will be 11 feet in width with exclusive right turn 
lanes going into the Walmart entrance and the residential community living along Palm 2nd Street. 
Existing signal timings are subject to change under this build configuration in accordance to the forecasted 
traffic volumes. 

5.2 Signal Timing for TSIS 

Pre-timed Signal Phase Timing is a prerequisite for any TSIS simulation to be run. Due to TSIS’ lack 
of ability to optimize signal timing, the required phase times were calculated analytically. First, the lights 
were analyzed to find the optimal signal phases for each individual signalized intersection, and the results 
were used for the first iteration of TSIS simulations. After the initial results, we found that the intersection 
with the most problematic traffic was US 301 & US 41 NB Ramp. Therefore, the optimal cycle length for 
this intersection was used to create a project wide greenway on US 301, starting from Haben Blvd. on the 
Eastern end, and terminating at 8th Ave. to the West. 
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The following equations were used to determine the optimal cycle length: 

Equation 2. Minimum Cycle Length 

 

Equation 3. Optimal Cycle Length 

 

Equation 4. Intersection Effective Capacity 

 

Equation 5. Effective Green Time 

 

Equation 6. Yellow Signal Time 

 

 

Where: 

L = total lost time 

Xc = effective capacity 

(v/s) = saturation flow rate 

tr = driver reaction time 

V = velocity 

a = acceleration 

G = slope (as %/100) 

g = gravity 

 

After determining the optimal cycle length for the intersection of US 301 & US 41 NB Ramps, this 
cycle length was used as the cycle length for all other intersections within the project scope, excluding US 
301 & 8th Avenue. Due to the intersection of US 301 & 8th Avenue being dominated by northbound and 
southbound traffic, it was unable to be integrated into the greenway throughout the rest of US 301 in the 
project area.  

Cmin = (L*Xc) / (Xc-∑(v/s))ci 

Copt = (1.5*L+5)/(1.0-∑ (v/s))ci 

Xc = (∑ (v/s)*C)/(C-L) 

gi = (v/s)ci*(C/Xi) 

Y = tr+(V/(2a+2gG)) 
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5.3 Intersection Analysis 

Table 4. US 301 & 8th Avenue - Signal Timing Analysis 

 

Table 5. US 301 & US 41 Ramps - Signal Timing Analysis 

 

Table 6. US 301 & Proposed Walmart Driveway - Signal Timing Analysis 
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Table 7. US 301 & Haben Boulevard - Signal Timing Analysis 

 

 

5.4 Queue Lengths 

 

Figure 16 . TSIS figure output data for queue lengths 

Queue lengths were determined from the TSIS output data. In order for an intersection to operate 
at an acceptable LOS, the queue length should be less than or equal to the turn lane pocket length. This 
design standard prevents the turning traffic from interfering with the through lanes traffic. 

 

5.5 Level of Service 

5.5.1 Segmental Analysis 
LOS (2030) was calculated for 2 scenarios: 

 No Build Peak Hour Scenario - Using existing through lanes with the current Walmart signalized 
intersection at 6th Ave. 
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 Build Peak Hour Scenario - Increase number of through lanes and move Walmart signalized 
intersection to Palm/2nd Ave. 

 

The following equations and charts were used to calculate the LOS: 

Equation 7. Analysis Flow Rate 

 

Equation 8. Heavy-vehicle Adjustment Factor 

 

Table 8. Passenger Car Equivalents 

 

* Assume ET and ER= 1% due to level terrain.  

Equation 9. Density 

 

 

Figure 17. Chart depicting speed flow and LOS (HCM 2010) 

* This chart depicting LOS obtained from Speed (mi/h), Density (pc/mi/ln) and Flow Rate (pc/h/ln). 

 

Vp = VPHF*N*fHV*fP 

F_HV= 11+PT(ET-1)+PR(ER-1) 

D = VpS 
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The variables are defined as follows: 

 𝑉𝑝= 15-min passenger car equivalent flow rate (pc/h/ln) 

 𝑉15 = maximum 15-min flow rate in an hour 

 S = average passenger car speed in mi/hr 

 D = density in pc/mi/ln 

 V = hourly volume (veh/hr) 

 PHF = peak-hour factor 

 N = number of lanes 

 fHV = heavy-vehicle adjustment factor 

 fP = driver population factor (assuming 1.0 for familiar-driver traffic streams) 

 PT = proportion of trucks and buses (assuming 1%) 

 PR = proportion of RV’s (assuming 1%) 

 ET = passenger car equivalent for trucks and buses 

 ER = passenger car equivalent for RV’s 

 

Table 9. Level of Service Calculation 1 

 

Table 10. Level of Service Calculation 2 
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Table 11. Level of Service Calculation 3 

 

Table 12. Level of Service Calculation 4 

 

 

5.6 Intersection Analysis 

The signalized intersection LOS (2030) was determined for two alternative scenarios:  

 Alternative 1 - Move current Walmart entrance signalized intersection from 6th Ave. to Palm/2nd 
Ave.  

 Alternative 2 - Leave signalized intersection at 6th Ave.  

 

The equations and charts used from TSIS output were as follows:  

Equation 10. Level of Service TSIS Equation 

 

 

 
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐷𝑒𝑙𝑎𝑦  𝑠 ∗ 𝐹𝑙𝑜𝑤 (𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟)

𝐹𝑙𝑜𝑤 (𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟)
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Table 13. Level of Service for Signalized Intersections (HCM 2010) 

 

 

TSIS simulates traffic modeling by nodal analysis to obtain control delay and vehicle per hour 
volumes. These values were then used to calculate the LOS.  

 

5.7 TSIS Node Display 

 

Figure 18. TSIS Simulation Alternative 1 
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Figure 19. TSIS Simulation Alternative 2 

 

The traffic modeling output from TSIS were as follows: 

Table 14. TSIS Simulation Outputs Alternative 1 
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Table 15. TSIS Simulation Outputs Alternative 2 
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5.8 LOS Tables 

5.8.1 LOS Tables for Alternative 1 - Signalized Intersections 
 

Table 16. TSIS Simulation Outputs Alternative 1 - LOS 1-6 

 

Moving the signalized intersection from 6th Ave to Palm/2nd results in a LOS B for the new 
Walmart entrance.  
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5.8.2 LOS Tables for Alternative 2 - Signalized Intersections 
Table 17. TSIS Simulation Outputs Alternative 2 - LOS 1-6 

 

Leaving the Walmart signalized intersection at 6th Ave. results in a LOS C for 2030. This shows 
that that moving the signal to Palm/2nd Ave will alleviate some of the traffic buildup east of US 41.   

 

5.9 SPUI 

The diamond interchange that is currently at the intersection of US 301 and US 41 is outdated. 
We recommend replacing it with a SPUI design. This will decrease the distance in the intersection making 
it more efficient than the diamond interchange. Unfortunately due to restrictions in TSIS we had to use 
the diamond interchange in our simulations. This means that the results we received should improve with 
a SPUI and it is to be expected that the LOS will be at least C, but possibly higher. 
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Figure 20. Single Point Interchange on US 41 

 

5.10 PD&E Study Based on Calculations 

 After the necessary calculations had been done to determine the proposed number of 
lanes, lane widths, and optimal design configuration, a proposed visual of the PD&E design was created. 
MicroStation, specifically FDOT SS4, was used to create the study. The highlighted area represents the 
project limits while the linework in each figure represents the proposed number of lanes, existing right of 
way, and medians. The street names and signalized intersections are also indicated, keeping in mind that 
north is pointing upwards in each figure. 

 The PD&E study is mainly characterized by three through lanes along US 301 both 
eastbound and westbound with 12-foot lane widths. It also considers the build condition of the project 
(Alternative 2) and indicates the relocation of the current signalized intersection at the Walmart entrance 
to Palm 2nd Ave. 
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5.10.1 PD&E Study (US 41/US 301 Interchange) 

 

Figure 21. PD&E Study of US 41 

 This first figure focuses on the proposed single point urban interchange, or SPUI. PD&E 
has determined that the addition of the SPUI moves the ramps farther from the nearby signalized 
intersection at Walmart to improve traffic flow and remove traffic delay. 

5.10.2 PD&E Study (West of US 41) 

 

Figure 22. PD&E Study West of US 41 along US 301 

The west side of the interchange remains consistent with the number of lanes and lane widths. 
This area is characterized with existing lane widths of 11 feet and is predominantly inhabited by industrial 
companies, meaning moderate trucking traffic coming through the area. The proposed lane widths have 
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been increased to 12 feet and additional lane has been added in each direction. This is due to the high 
traffic volumes that were calculated based on the data above. 

5.10.3 PD&E Study (East of US 41) 

 

Figure 23. PD&E Study West of US 41 along US 301 

The east side of the interchange is mostly composed of residential areas. Currently, during times 
where traffic is excessive, local drivers tend to bypass the US 41/US 301 interchange to alternatively travel 
to other parts of Palmetto. Much of the high traffic volume is due to the proximity of the signalized 
intersection to the diamond interchange. Therefore, this segment of the project also stay consistent with 
three through lanes in each direction at 12 feet wide. 

Additionally, the relocation of the signalized intersection at Walmart requires expansion of lanes 
to accommodate traffic coming in and out of the shopping center. This condition closes the existing 
median and makes the current entrance a right-in, right-out entrance. 

 

5.11 Cost Estimate 

The cost for this project can be found in Table 18 below. These estimates are for the build scenario 
where the Walmart intersection has been moved. The total cost for the project is roughly $84.5 million 
with the two largest costs coming from the MSC wall and the SPUI design. The estimates take into 
consideration actions such as adding lanes to US 301, redesigning the bridge, moving the Walmart 
intersection, geotechnical work, and updating the diamond interchange to a SPUI design.  
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Table 18. Cost Estimate 

  
Facility Cost 
US 301 $23,835,418.67 
US 41 $7,576,473.04 
US 41 Ramps $16,161,136.14 
Signalization $250,000.00 
MSE Wall $24,595,747.00  
SPUI $36,630,584.00 
TOTAL $84,453,611.85 

 

5.12 Regulatory and Permitting Government Agencies 

The Environmental Permit Information Manual (EPIM) provides information needed by the FDOT 
for permitting services. The FDOT ensures that the transportation companies follow laws such as NEPA, 
the National Environmental Policy Act, to ensure that the environment is not in risk of the making of these 
projects. Other laws protect people’s properties and neighborhoods.  

Per the EPIM, there are seven types of permits: 

 Dredge and Fill 

 Drainage 

 Irrigation Water Use 

 Bridge 

 Tree Removal License 

 Coastal Construction Line 

 Right of Way Occupancy and Drainage Connection 
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Geometric Design of US 301 

 
6. Introduction  

With the redesign of the interchange it was decided to design upgrades and improvements for 
the surrounding intersections on US 301. It was determined that the optimal solution would have a scope 
that would extend as far west as 8th Avenue West, and as far east of the interchange as 16th Avenue East.  

The interchange where US 301 meets with US 41 in Palmetto was determined to be in need of a 
major redesign. This interchange is in need of redesign due to the effect of rapid commercial retail growth 
within the area. The amount of trips attracted to this area has grown faster than the existing roadway and 
infrastructure can support. In addition to this, the intersections at Haben Blvd, Walmart Service Road, and 
8th Avenue would need upgrading as well. The reasoning behind this decision was based on the proximity 
of these signalized intersections in relation to the interchange. Even if the interchange were to be 
upgraded, it would still face issues if the surrounding traffic flow was not corrected to allow for optimal 
traffic flow within the interchange. This provides an example of how a single project fits within a larger 
transportation system. As transportation engineers it is our job to provide solutions that not only fit within 
the context and constraints of our project, but to make sure that it will benefit the local and regional 
transportation system as a whole.  

This chapter focuses on the redesign of US 301 from 8th Avenue West, up to 16th Avenue East. 
Currently US 301 is a 4 lane undivided urban arterial to the west of the interchange and becomes a 4 lane 
divided roadway as it approaches and passes east of US 41. All key signalized intersections are currently 
4 lane roadways. From the information given by the Planning Teams, the major details of the redesign will 
include upgrading the interchange, the movement of a signalized intersection, and closing off of a current 
one, as well as the possible milling and resurfacing of existing lanes while adding new travel lanes, bike 
lanes, and a shared use path. 
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7. Roadway Design Criteria 
In order to begin the design of the new US 301, roadway design criteria must be established. All 

the information gathered for this section came from the FDOT Design Manual, the American Association 
of State Highway and Transportation Officials (AASHTO) Green Book, and from the course instructors, Dr. 
Qing Lu and Bijan Behzadi. State Road 301 has a current posted speed of 40 mph and the proposed 
roadway will maintain that same posted speed. Therefore, as Bijan Behzadi addressed in class, the design 
speed for an urban arterial should be 5 mph higher than the posted speed limit. For the case of State Road 
301, the design speed should be 45 mph and the other parameters should be determined based on the 
design speed. These values were found from the FDOT Design Manual and the AASHTO Green book and 
are as follows: 

Table 19. Roadway Classification (FDOT 2016a; AASHTO 1999) 

   
Roadway 
Classification 

 High-Speed Urban 
Arterial 

General Criteria 
Design Speed 45 mph 
Design Vehicle WB-62 FL 

Section Features 

Median Width 28 feet 
Shoulders None 
Curb & Gutter Yes 
Bike Lane 7 feet 

Horizontal 
Clearance 

Clear Zone 4 feet from FOC 

 Border Width 14 feet 

Horizontal 
Alignment 

Max. Super Elevation 5 % 
Max. Grade 6 % 
Min. Grade 0 % 
Min. Length of Curve 400 feet 

Vertical 
Alignment 

Base Clearance Above DHW 
Elevation 

 

3 feet  
Max. Change in Grade w/o HC 0.6% 
Max. SSD 360 feet 
Min. Length of Crest VC 300 feet 
Min. K Value of Crest VC 136 
Min. Length of Sag VC 200 feet 
Min. K Value of Sag VC 96 

 

State Road 301 is defined as a high-speed urban arterial. The design speed is less than 50 mph, 
therefore, the AASHTO Green Book confirms that a WB-62FL is an adequate design vehicle (dimensions 
are shown below). This means that all the parameters of the road must accommodate for a WB-62FL, 
from the sight stopping distance to a right-hand turn. 
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Figure 24. Design Vehicle (FDOT 2016a; AASHTO 1999) 

  

To ensure that State Road 301 can allow a truck the size of a WB-62FL to maneuver, a control 
radius of 75 feet will be implemented for left turn movements at intersections and any other minimum 
speed turns a truck will have to make on the roadway. A visual representation of one of these 90° turns is 
shown in a figure below. Also, Table 20 shows the control radius and other right turning radii. 

 

Table 20. Design Vehicle: WB-62FL (FDOT 2016a; AASHTO 1999) 

  

Turning Radii 
50 feet or 
3 – centered curve 

Control Radius 75 feet 
Angle of Turn 90° 
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Figure 25 . WB-62 Turning Radius (FDOT 2016a; AASHTO 1999) 

 

The minimum edge of traveled way is shown in Table 21 and Figure 25. The edge of traveled way 
represents the left turn at a signal and right turns that the design vehicle makes at speeds of less than or 
equal to 10 mph. As Bijan Behzadi discussed in class, the rear wheels of a vehicle do not follow the same 
path as the front wheels (also shown in Figure 25). The edge of traveled way is provided as to 
accommodate a minimum speed turn made by the design vehicle.  

 

Table 21. Edge of Traveled Way Design (FDOT 2016a; AASHTO 1999) 

   
Angle of Turn Design Vehicle 3 – Centered 

Compound 
90 WB-62 FL 400-70-400 

 

8. Transit Criteria 
While designing the proposed US 301 East and West approaches, our goal was to increase vehicle 

density using US 301 without having any traffic congestions accrued. Traffic congestions can happen due 
to a variety of factors. For example, it can happen due to the increasing numbers of pedestrian, bus stop 
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stations, and bike lanes. To avoid this possible problem, the new design must be designed accordingly 
with all traffic needs. 

In the new US 301 new road properties have been modified as they will be shown in the following 
figures. For example, the design of the existing East interchange was having two lanes with 11 feet width. 
Furthermore, the existing West interchange had also two lanes with 12 feet width. In addition, the existing 
under ramp which is the core of the traffic problem occurring had just two lanes as well. As noticed from 
the existing designs all interchanges had just two lanes with no bike lanes as well as the existing under 
ramp, with relatively high traffic volume. As a result, as shown in the following figures, it was decided to 
increase the number of lanes for both interchanges from two to three lanes, and adding a 7 feet bike lane 
in the West interchange. Also 3 lanes have been added to the existing under ramp making the proposed 
with total 5 lanes. These improvements will help to have high traffic volume avoiding any traffic 
congestion since it now has the high capacity to serve bike riders and bus stops.  

   The portion of US 301 that is defined by the project limits was analyzed by the PD&E Team but 
it was determined that there was no need for any auxiliary lanes.  The queuing length is determined based 
on the Green Book Section 2.2.5.  The FDOT requires in an urban/suburban setting that 100 feet of 
roadway is added to the given deceleration distance.  The deceleration distance is based on the Green 
Book Exhibit 31, which denotes a deceleration distance of 185 feet.  This distance is added to the required 
100 feet to give a total of 285 feet required for the queuing lane length in the project limits for US 301. 

 

  

Figure 26. East of Interchange 
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Figure 27. West of Interchange 

 

9. Lane Width/ Cross Slopes 
The design criteria for lane width and cross slopes were taken accordingly from AASHTO green 

book and FDOT standards. According to the following figure, our design speed was less than 45 mph in 
both west and east interchanges, so as a result we ended up having 3 lanes with 11 feet width that equal 
to 33 feet in total.   

Table 22. Border Width (FDOT 2016a; AASHTO 1999) 

 

In the new design of US 301 has a slope of 0.02 applied from 8th AVE to Haben BLV. Having slope 
will increase the road efficiency in terms of drainage, which will help to maintain high traffic volume even 
in heavy rain seasons. The super elevation application is a result of vertical and horizontal alignments. The 
super elevation process has been designed along the US 301 with a simple crown located in midpoint of 
median as shown in the figure. 
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10. Key Sheet 

 

Figure 28. Key Sheet 
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11. Typical Section 

 

Figure 29. Typical Sections 1 
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Figure 30. Typical Sections 2 
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Figure 31. Typical Sections 3 
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Figure 32. Typical Sections 4 
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Figure 33. Typical Sections 5 
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Figure 34. Typical Sections 6 
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12. Plan Sheets 

 

Figure 35. Plan Sheet 1 
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Figure 36. Plan Sheet 2 
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Figure 37. Plan Sheet 3 
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Figure 38. Plan Sheet 4 
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13. Cost Estimate 
Table 23. Pay Items 

     
ITEM DESCRIPTION UNIT QUANTITY UNIT COST TOTAL COST 
INLETS, CURB, TYPE P-1, <10' EA 55 $4,300.00 $236,500.00  
PIPE CULVERT,OPTIONAL 
MATERIAL,ROUND, 24"S/CD 

LF 13728 $55.00 $755,040.00  

CONCRETE CURB & GUTTER, TYPE F LF 27600 $16.50 $455,400.00  
CONCRETE SIDEWALK AND DRIVEWAYS, 
4" THICK 

SY 68500 $26.00 $1,781,000.00  

PERFORMANCE TURF, SOD SY 5000 $3.00 $15,000.00  
MILLING EXIST ASPH PAVT, 1 1/2" AVG 
DEPTH 

SY 411840 $2.00  $823,680.00  

FLEXIBLE PAVEMENT SY     $2,064,501  
CONSTRUCTION SUB-TOTAL    $6,531,121.25  
     
MOBILIZATION   10% $653,112.13 
MAINTENANCE OF TRAFFIC   10% $653,112.13 
LIGHTING   10% $653,112.13 
SIGNING AND PAVEMENT   10% $653,112.13 
PROJECT UNKNOWNS   10% $653,112.13 
GRAND TOTAL    $9,796,681.90 

 

In order to determine the unit cost of each item for the suggested construction along U.S 301, the 
FDOT six month averages were used. The quantity for the individual pay items were determined based on 
the design files and drawings that were created in MicrosStation. Piping and Inlets are utilized so as to 
provide drainage along the length of U.S 301 as the suggested design would include curb and gutter. The 
piping and inlets would allow for water to drain off the roadway and then be collected to the side of the 
roadway in drainage ditches. Milling and Resurfacing of the existing asphalt on U.S 301 is done to minimize 
costs and utilize the current roadway as much as possible. The cost of flexible pavement was determined 
by the pavement design team based on the AADT and Equivalent Single Axle Load (ESAL) values that U.S 
301 is expected to undergo, as well as the necessary structural number (SN) of the flexible pavement that 
will be necessary to ensure the longevity of the roadway. To provide funding for the necessary service 
that will ensure that the roadway is functional during construction 10% of the Construction Sub-total was 
designated per additional category that was not specifically roadway related, such as maintenance of 
traffic and the signing and pavement marking requirements for the roadway. Overall, the projected cost 
of the roadway is $9,796,681.90.  

 

14. Discussion 
Once the PD&E teams were completed, the Geometric Design team was able to develop typical 

sections of the existing roadways and design proposed typical sections based on results generated by TSIS 
simulations. Luckily the roadway was relatively straight for the congested areas and considerations for 
vertical and horizontal curves were avoided. Difficulties arose because the proposed designed called for 



 
 
 

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone 
Geotechnical and Transportation Engineering Design; p. 59  

 
 

an additional through lane to be added and the right of way wasn’t acquired for all necessary sections of 
the roadway. High pedestrian volume also causes traffic signalization to be out sync and cause congestion. 
An additional issue which seemed to be the most troublesome was the Walmart intersection before the 
on ramp to US 41.  

 

  



 
 
 

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone 
Geotechnical and Transportation Engineering Design; p. 60  

 
 

Geometric Design of US 41 

 
15. Introduction  

The geometric team for the US 41 mainly focuses on the intersection between 17 street and 
Haben Blvd. located just under the bridge. 

In order to improve the level of service of the intersection and reduce traffic congestion, the US 
41 geometric team develops typical sections of the widened US 301 under the interchange based on the 
information provided by the planning team. The new and upgraded interchange will consist of the 
elimination of the diamond interchange (by modifying the retaining walls to allow the construction of 
additional lanes) and the design of a new single point urban interchange, or SPUI. As known, the single 
point urban interchange is a type of interchange where the arterial and ramp entrances/exists are 
controlled by a traffic signal. Moreover, the turning movements of the ramp and the road are executed 
on the underpass which according to the existing literature the SPUIs increase the capacity of the 
interchange and improve the traffic flow in comparison to the less efficient standard interchange. By 
developing a SPUI to the intersection in the overpass, the on and off ramps will be closer together which 
allows for double turns on the north and south. 

The new interchange under the ramp, which will be possible with the re-design of the 
mechanically stabilized earth (MSE) retaining wall, consists specifically of the substitution of the diamond 
interchange with an SPUI consisting of two through lanes, one left turn auxiliary lane and one bicycle lane 
with at least 5 ft. of sidewalk at 10th street West and two through lanes, two left turn auxiliary signal 
lanes, and one bicycle lane with at least of 5 ft. of sidewalk at 10th street East. It should be noted that the 
SR 41 from 17th street to the interchange and south of the interchange will maintain its existing roadway 
features and will only be needing milling and resurfacing. 

This chapter of the report will address the scope, methods, observations, assessments and 
recommendations in greater detail for the design of the new typical sections with the new and improved 
single point urban interchange. Any recommendations offered are of a conceptual nature, and any photos 
or graphics included were provided for reference only. 

15.1 Scope and Objectives 

USF was given the responsibility for the redesign of the intersection of 17th St to Haben Blvd. The 
limits of the project included the redesign of the road from 17th St to Haben Blvd. After the completion 
of the analysis by the planning team of the available roadways, it was determined that the road would 
require redesign for it to obtain the minimum level of Service (LOS) C, while it was necessary to attain the 
minimum level of service D by the year 2045. The proposal of the planning team was to increase the main 
line by building MSE retaining walls to give more room for additional lanes. Likewise, the barriers were to 
be removed, and the rebuilding of the bridge was to take place. Similarly, changes to the road involve the 
addition of helping turn lanes and through lanes at their intersection. The embankment that supports the 
bridge was also replaced with MSE walls to give room for the lanes added while reducing the length of the 
bridge. The design began once the scope of the work was understood fully. The team was given the survey 
of the area to help them in their work and DGN files to help in the design process. The least number of 
lanes to be added were given to the Geometric Design Teams by the team for planning. Design criteria 
provided by FDOT and AASHTO were then reviewed by the team to make a design on the details involved 
in the project. The general sections and plan sheets were formed after the tabulation of the criteria for 
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design. By using the information provided by the PD&E team, calculations were made on the clearance of 
vertical height for the bridge. 

 

Figure 39. Map of the Project Location 

 

In order to begin the design, roadway design criteria were required (Figure 40). The design criteria 
information for roadway was gathered from the design standards of AASHTO 2011 and the FDOT 
standards of design. Similarly, some information was taken from preparation plans manual volume one, 
2016. The year 2045 model was provided to the class when the design project was presented. 
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Figure 40. Roadway Design Criteria 

  

16. Improvement Plan 
The improvement plan involved building MSE retaining wall to give room for more lanes and 

eliminating the barriers and reconstruction of the bridge as shown in Figure 41. 
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Figure 41. US 41 Improvement Plan 

 

The On/Off Ramps were brought closer to change the interchange to single point urban 
interchange. 
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Figure 42. US 41 On and Off Ramps 

 

Table 24. US 41 Lane Widths (HCM 2010) 

 

 Twelve feet for design speed not greater than 45 mph and all roadways that are not 
divided 

 Twelve feet for two lane roadways  

 Twelve feet for when truck volume passes 10 percent   
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 Eleven feet for low volume AADT 

 Eleven feet for roadways that are divided with Design Speeds which is greater or equal to 
45 mph and within a mile of an urban area 

The section of US 41 north of the interchange continues to 17th St. further on. This section 
consists of 4 lanes, a median, and two paved shoulders, which stays consistent with its original design. 
There is excess right of way on the eastern side of the road that allows for a paved shoulder of 10 ft. (much 
larger than the west side which has a shoulder of only 4 ft.). The four lanes meet the minimum 11.1 ft. 
width set by FDOT and are a standard 12 ft. The median, which extends the entire section of the roadway, 
varies from 8 ft. to 20 ft. which causes the total width of the roadway to vary equally with the median. 

 

Figure 43. US 41 North Typical Section 

 

The section of US 41 south of the interchange has boundaries of US 301 and Haben Boulevard to 
the south. This section was kept the same in terms of design consisting of a median, a shoulder on each 
side of the roadway, and a right turn lane on the southbound portion of the roadway. Keeping with the 
FDOT’s recommendation of 11.1 ft lane width for an urban arterial, each lane (including the turn lane) is 
12 ft wide. The median and the western shoulder width vary along the segment of roadway. 
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Figure 44. US 41 South Typical Section 

 

The typical section for the section of US 41 that passes over US 301 stays the same in design as it 
was prior to roadway improvements. The only change to the bridge is the length, because US 301 (the 
road beneath it) is being widened substantially.  The total width of the roadway is 70 ft with a shoulder 
on each side, an 8 ft median and two lanes and either direction. The width of each lane is shortened to 11 
ft (from the 12 ft to the north and south) and each shoulder has a constant length of 10 ft across the 
length of the bridge. 

 

Figure 45. Section of US 41 and US 301 
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16.1 Design Vehicle  

The design vehicle for this project is the WB-62FL. This standard comes from the 2011 edition of 
“A Policy on Geometric Design of Highways and Streets” published by AASHTO, commonly referred to as 
the AASHTO Green Book. This vehicle is fairly common and this particular combination vehicle is a 
sleepercab tractor paired with a 48-foot trailer. While this is a common vehicle, it is more common to use 
53-foot trailers instead of 48-foot trailers. The wheelbase is 62 feet. The width of the vehicle is 8 feet 6 
inches, and the height is 13 feet 6 inches. The overall length is 68.5 feet, but real world dimensions vary 
based on the actual dimensions of the tractor, which varies slightly from one manufacturer to another. 

 

Figure 46. Design Vehicle WB-62FL 

The length can also vary based on the position of the fifth wheel. Moving the fifth wheel will 
change the spacing between the tractor and the trailer. The position of the tandem axle on the trailer can 
also be adjusted. Moving the fifth wheel and/or the tandem axle is helpful in changing the maneuverability 
of the vehicle or for weight distribution purposes. It is common to make these adjustments for both 
purposes. As it relates to the design standard, maneuverability is the primary concern. One key element 
for the driver of the vehicle to pay attention to is the bridge length. Bridge length is the distance from the 
kingpin to the center of the tandem axle. The kingpin is the trailer’s portion of the hitch or coupling device 
and combined with the tractor’s fifth wheel, this is the combination vehicle’s pivot point. Every state has 
regulations regarding bridge length, so it is common for the driver to make adjustments to the bridge 
length. The design standard allows for the tandem axle to be in the furthest rearward position, which 
results in the maximum possible bridge length for this vehicle of 40.5 feet. From a design standpoint, this 
is key. Essentially, the design standard has been setup to accommodate for this vehicle in its least 
maneuverable condition. This ensures that these vehicles can be safely operated under any circumstance. 
Real world concerns for maneuverability will stem from the fact that 53-foot trailers are used much more 
than 48-foot trailers and the additional length increases the turning radius. Key elements to note in the 
design standard are the minimum turning radius of 45 feet, as well as the path of the front overhang which 
is 46.4 feet. The overhang becomes important when looking at the separation between opposing turning 
motions. 
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Figure 47. Turning Radii 

The radii of curves in the project relate directly to the standard of the selected design vehicle. 
Right turns from the off-ramps and onto on-ramps have a minimum radius of 45 feet as specified by the 
WB-62 standard. In addition, the radius of left turns is a minimum of 125 feet for the design. This large 
radius is due to the geometry of the SPUI. Another key element is the spacing between opposing motions. 
To allow for opposing turning motions during the same signal phase, there must be a separation of no less 
than 5 feet. The proposed design has a separation of 6.7 feet, allowing left turns from both the 
northbound and southbound off-ramps to occur simultaneously. This is a huge positive as it means this 
interchange can operate in only three signal phases, which further improves its efficiency. 

 

17. US 301 SPUI Accommodations  
It was imperative to accommodate the need to match the proposed design of the US 301 

Geometric team under the span of the bridge. With that being said, throughout the SPUI there are 5 ft 
concrete sidewalk as well as bike lanes for pedestrian travel. Stop bars are to be placed in for off ramps at 
the SPUI. Essentially it was part of the US 41 design to accommodate the transition from high speed 
suburban to purely urban conditions. Furthermore the left turn motion from US 301 to the southbound 
on ramp required an additional lane according to the analysis from the PD&E (planning) team. A total 
length of 360 ft was used to accommodate the queue length requirement.   
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18. Cost Estimate for Bridge span and State Rural Road  
 In order to acquire the cost for the units, the description of each beam type and their estimated 

value was given per feet. The total span length was found to be 180 ft. By using FDOT regulations, a 78-
inch FIB was selected and applied. It is important to note that the new bridge construction will have a 
clearance of 18 ft to accommodate for all vehicle types. The quantity of every item to be used were found 
by taking the length of the span and the average cost per beam ($260 by 180), which gave a total of 
$46,800 per beam. In this work a total of six beams were required making the total cost to be $280,800 
($46,800 x 6= $ 280,800).That was to eliminate the columns and give allowance for the addition of lanes. 
Milling and resurfacing with five-inch paved shoulders cost was $ 515,500 and 5102’ is equal to 0.97 miles. 
The total cost was therefore found by multiplying the miles by the cost of milling and resurfacing with 5 
ft paved shoulders. It, therefore, gave a total cost for the road to be $498,121. The project, just like any 
other project had many variables that were not in the control of the designer. Therefore a 10 percent 
contingency was applied to meet the unknown costs. The total cost of the project was estimated to be 
$498,121 in addition to 280,800, which gave $778,920. 

 

19. Discussion 
In terms of design work accomplished by the US 41 team, the largest component was the design 

of the single point urban interchange. Due to the outstanding work of the planning team it was discovered 
that the bulk of traffic issues were truly being caused by the area adjacent to the Walmart. With that being 
said the only proposed design work for the length of US 41 (excluding ramps) was standard milling and 
resurfacing.  
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US 301 & US 41 Interchange - Pavement Design 

 
20. Introduction  

The pavement design project area includes the length of US 301 bounded by 8th Ave and Haben 
Blvd, the on and off ramps onto US 41, and the bridge passing over US 301. Figure 48 displays an aerial 
view of the project area. Flexible and rigid pavement designs were performed for each road segment 
following the criteria and guidelines set by FDOT and AASHTO. The two pavement design types were then 
compared based on a life cycle cost analysis (LCCA). The final pavement design recommendation is based 
on which design is most cost effective as well as which design fits the nature of the structure. 

 

Figure 48. Aerial View of the Project Location 

  

20.1 Pavement Type Selection 

Selection of the type of pavement is an important decision in the design of pavement. 1993 
AASHTO Guide states, “The selection of pavement type is not an exact science but one in which the 
highway engineer must make a judgment on many varying factors…” A list of factors to consider is 
provided in Appendix B of the 1993 AASHTO Guide: 

Principle factors: 

 Cost Comparison 

 Traffic Forecast 

 Soil Characteristics 

 Weather 

 Construction 

 Recycling 
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Secondary factors: 

 Area Past Performance 

 Existing Pavements 

 Scarcity of Materials 

 Local Availability 

 Traffic Safety 

 Environmental features 

 Local Competition 

 Use of Local Industry 

 

20.2 Economic Analysis 

A cost analysis comparing flexible to rigid pavement designs will be performed using the Present 
Worth Method. This method adjusts future costs to be more appropriate to what investment they would 
require now.  This amount should be less than that of the actual cash flow.  This method will be used to 
for both the capitalized (new construction) and life cycle (rehabilitation) costs of this project. 

20.2.1 Present Worth Assumptions 
Equation 11. Present Worth Assumptions 

 

Where,  

P - Present worth (dollars)  

F - Future worth (dollars) 

i - Effective periodic interest rate or rate of return (4% used) 

t - Number of compound periods; or the expected life of an asset (years). 

20.2.2 Life Cycle Cost Analysis  
 The LCCA is an economic assessment of competing design alternatives.  This considers all 

significant costs of ownership over the economic life of each alternative expressed in equivalent dollars.  
LCCA contemplates all costs over the lifetime of the facility. 

  

21. Flexible Pavement 
Flexible pavement is a multilayer pavement that generally consists of the following layers: friction 

course, structural course, base course, subbase course, and subgrade.  The friction course layer provides 
traction to vehicles, and drainage.  The structural course provides strength and transfers loads to the 
layers underneath.  The base, subbase, and subgrade layers provide additional strength and support the 
layers above.  Most roadways are commonly paved with flexible pavement; traffic lanes, auxiliary lanes, 
ramps, parking areas, and shoulders are all common applications.  

𝑃 = 𝐹(1 + 𝑖)−𝑡  



 
 
 

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone 
Geotechnical and Transportation Engineering Design; p. 72  

 
 

This design has numerous advantages: they adjust to limited differential settlement of soil, are 
easily repaired, additional layers can be added easily, they provide long term non-skid properties, they 
feel better to ride on due to reduced noise and increased smoothness, and they can handle greater 
temperature fluctuations.   

However, flexible pavements lose some flexibility and cohesion with time and require resurfacing 
sooner than cement concrete. Figure 49 shows a typical section for flexible pavements. 

 

Figure 49. FDOT Typical Flexible Pavement Section (FDOT 2016b)  

 

21.1 Flexible Design Requirements 

The AASHTO 1993 Pavement Design Guide provides an empirical flexible pavement design 
equation that is based on the 1956-1960 AASHO road test in Ottawa, IL.  The empirical equation is used 
based on a set design period and rehabilitation period for the pavement.  The design accounts for factors 
such as: climate, materials used, traffic, response to damage over time.  Required inputs of the empirical 
equation include: traffic quantities in terms of ESALs, required reliability, serviceability, existing resilient 
modulus, and the SN and layer coefficients that are then used to determine layer thicknesses. 

21.2  Design Variables 

21.2.1 Time Constraints 
Performance Period: the initial time period that the pavement will last before it needs 

rehabilitation.  FDOT initial design life is 20 years. 

Analysis Period: the time period for which analysis is to be conducted. 

21.2.2 Traffic 
18-Kip ESALs: The AASHTO flexible pavement design equation converts AADT into ESALs, 18-kip 
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ESALs.  Cumulative damage to the roadway from vehicles can be approximated from ESAL. The following 
equation from the FDOT Project Traffic Forecasting Handbook (2014) is used to calculate ESAL: 

Equation 12. Equivalent Single Axle Loads 

 

Where, 

n - design period in years 

i - year for which calculation is made 

AADTi = average annual daily traffic data in year i, given by the following equation: 

T24 = percentage of heavy trucks during a 24-hour period, acquired from FDOT 

DF = directional factor, acquired from FDOT 

    DF = 1.0 if one-way flow 

    DF ≈ 0.5 if two-way flow 

EF = equivalency factor, given below in Table 25 

 

Equation 13. AADT Data in Year i 

 

Where, 

GR = growth rate (1.5%) 

 

Equation 14. Lane Factor, Derived from Copes Equation 

 

Where, 

LV = 0 if number of lanes in one direction is 2 or less 

LV = 1 if number of lanes is 3 or more 

 

𝐄𝐒𝐀𝐋𝐃 =   𝐀𝐀𝐃𝐓𝐢 ∗ 𝐋𝐟 ∗ 𝐓𝟐𝟒 ∗ 𝐃𝐟 ∗ 𝐄𝐟 ∗ 𝟑𝟔𝟓

𝒏

𝒊=𝟏

 

𝑨𝑨𝑫𝑻𝒊 = 𝑨𝑨𝑫𝑻𝒃𝒂𝒔𝒆 𝒚𝒆𝒂𝒓 ∗ (𝟏 + 𝑮𝑹)𝒕 

𝑳𝑭𝒊 = (𝟏. 𝟓𝟔𝟕 − 𝟎.𝟎𝟖𝟐𝟔 ∗ 𝐥𝐧 𝒐𝒏𝒆𝒘𝒂𝒚 𝑨𝑨𝑫𝑻 − 𝟎. 𝟏𝟐𝟑𝟔𝟖 ∗ 𝑳𝑽 
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Table 25. FDOT Flexible Pavement Typical Equivalent Factors (FDOT 2014) 

 

 The team used the FDOT Design Spreadsheet to determine the ESALD for each section of the 
project. The inputs required for the spreadsheet were obtained from online FDOT Traffic Data and verified 
by the PD&E Team to be the correct values for design. 

21.2.3 Reliability 
Reliability is the probability that a pavement will perform at a satisfactory level in the duration of 

the design period. Reliability is reported as a percentage. For this design, which consists of two urban 
arterial roadways, a reliability of 90% was used. 

 

21.3 Performance Criteria 

21.3.1 Serviceability 
Serviceability is the measurement of a pavement’s ability to serve the traffic demand. In the 

AASHTO flexible pavement design equation serviceability is measured using the change in the Present 
Serviceability Index (PSI), or a scale rating from 0 to 5 with 0 being an impossible road. The change in 
serviceability used for this design was 2. 

 

21.4 Material Properties 

21.4.1 Resilient Modulus 
The resilient modulus, MR, is an estimate of the modulus of elasticity for various materials. This 

is generally found by conducting a Limerock Bearing Ratio (LBR) test and relating the LBR results to MR 
through the following equation: 

Equation 15. Resilient Modulus (FDOT 2016b) 

 

In this project the base is designed as crushed aggregate, meaning that the wet resilient modulus 
is 60% of the dry resilient modulus. The two resilience moduli are then combined by using the follow 
equation to solve for the effective modulus (MReff) for the entire year: 

𝐌𝐑 =  𝟏𝟎𝟎. 𝟕𝟑𝟔𝟓 ∗ 𝐥𝐨𝐠 (𝐋𝐁𝐑) ∗ 𝟖𝟎𝟗  
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Equation 16. Effective Modulus 

 

MR provided for the project area is 14,000 psi. 

21.4.2 Structural Number and Layer Coefficients 
The strength of the pavement, both the total pavement and individual layers, is represented as 

an index that is referred to as the SN. The following equation relates SN to the layer coefficients and layer 
thicknesses: 

Equation 17. Structural Number (AASHTO 1993) 

 

Where, 

ai = layer i coefficient, the relative ability of layer to function as a pavement structure as shown in 
Table 26 

Di = layer i thickness, minimum thickness by FDOT standards are shown in Table 27 

mi = layer i drainage 

  

Table 26. FDOT Flexible Pavement Layer Coefficient by Layer Type (FDOT 2016b) 

 

𝐌𝐑𝐞𝐟𝐟 = 𝟑𝟎𝟎𝟓(𝟏.𝟏𝟖 ∗ 𝟏𝟎𝟖 ∗ 𝐌𝐑𝒊
−𝟐.𝟑𝟐)−𝟎.𝟒𝟑𝟏 

𝐒𝐍 = 𝐚𝟏𝐃𝟏 + 𝐚𝟐𝐃𝟐𝐦𝟐 + 𝐚𝟑𝐃𝟑𝐦𝟑 
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Table 27. FDOT Flexible Pavement Required Minimum Thickness (FDOT 2016b) 

 

  

21.5  Layer Coefficients 

Referring to Figure 49, pavement design is generally separated into five distinct parts: friction 
course, structural course, base course, stabilized subgrade, and roadbed soil. The thickness and type of 
material for each layer are shown in Table 28. 
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Table 28. Pavement Layer Thickness and Type by Segment 

     
Segment Friction 

Course 
Structural 
Course 

Base Subgrade 

US 301. West of US41 1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 301. East of US41 1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 301. East of 
Walmart 

1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 41 0.75" FC-5 4" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

Ramps 1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 301. East of US41 1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 301. East of 
Walmart 

1.5" FC-12.5 1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

US 41 0.75" FC-5 4" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

 

21.5.1 Friction Course 
 The uppermost layer of the pavement is the friction course.  This is the layer that all traffic 

comes into direct contact with.  The friction course provides a skid-resistant surface for the traffic.  A 
friction course is required in the state of Florida if the road has a design speed greater than 35 mph.  For 
roads with a design speed greater than 45 mph, a non-structural open graded (OG) friction course must 
be used. OG friction courses are important for roads with higher design speed because the material 
reduces the potential of hydroplaning.  For this project US 41 is designed to have 0.75” FC-5 while all parts 
of US 301 and the ramps on and off of US 41 are designed to have 1.5” FC-12.5. FC-5 is an OG friction 
course, so it does not add any structural value to the pavement.  The FC-12.5 used on US 301 is a dense 
graded (DG) friction course and can be considered a structural course having a structural layer coefficient 
value of 0.44. 

21.5.2 Structural Course 
The structural course is the main layer of the flexible pavement that transfers the traffic loading 

to the base course. The structural course resists rutting and is designed to prevent surface water from 
reaching the layers beneath it.  Ride smoothness and noise control are also determined based on the 
design of this layer. In Florida it is recommended that a Superpave asphalt mix is used for the structural 
course. The thickness of the structural course is determined by the ESALD for the road, as shown by Table 
28.  For this project, the FDOT flexible pavement guide recommends US 41 to have 4” of structural course 
while all other segments of the project and the ramps should have 3” of structural course. 
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21.5.3 Base Course 
The base course is beneath the friction and structural courses and transfers the loading to the 

stabilized subgrade.  The FDOT Flexible Pavement Design Manual recommends using a base that meets a 
LBR of 100 of materials that can be determined by the contractor, signified by stating Optional Base Group 
9.  To help reduce pavement failure, it is common practice for the base course to be extended 4” beyond 
the edge of the structural course, as shown in Figure 49. For this project a standard 10” Base Group 9 with 
a LBR of 100 is recommended. 

21.5.4 Stabilized Subgrade 
In the state of Florida it is recommended to use a stabilized subgrade in place of a sub-base layer.  

The subgrade provides support to the pavement and supports traffic stresses. Similar to the base course, 
the material is not specified and is up to the discretion of the contractor so long as it meets an LBR of 40.  
For this project, 12” of Type B Stabilization, meaning unspecified, is recommended. 

21.5.5 Roadbed Soil 
The bottommost layer is the roadbed soil. This is the existing in-situ or embankment soil layer that 

the pavement structure is built on. This is the layer which the resilient modulus comes from for the design 
calculations. 

 

22.  Pavement Structural Characteristics 
22.1 Drainage 

From the above SN equation, the mi component is the drainage coefficient. For this project, all 
values of m were taken to be 1 to denote good drainage as defined by the 1993 AASHTO Guide. 
Considerations for adequate drainage are necessary in the roadway design, but that is beyond the scope 
of this portion of the project. 

  

22.2 Flexible Pavement Rehabilitation 

Rehabilitation of the roadway is necessary to keep it from deteriorating to poor condition. 
Rehabilitation is usually performed by removing the existing asphalt to a depth that is determined by 
pavement coring data, and replacing that asphalt with a new layer. This process, called milling and 
resurfacing, fixes issues like cracking and can correct cross slopes.  Rehabilitation can be planned as shown 
in Table 29, but ultimately be performed according to the future pavement conditions. 
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Table 29. Recommended Rehabilitation Plans from FDOT Flexible Pavement Design Manual (FDOT 2013) 

 

 

22.3 Cost Data for Economic Analysis 

Table 30. Unit Price for Flexible Pavement Structure Materials and Rehabilitation 

  
Material Unit Price 
FC-5  
FC-12.5   $5.34/SY 
  $7.85/SY  
Superpave Asphalt (1”)(Traffic level C)   $3.39/SY 
Superpave Asphalt (2”)(Traffic level C)   $6.69/SY 
Superpave Asphalt (3”)(Traffic level C) $10.19/SY 
Superpave Asphalt (4”)(Traffic level C) $13.58/SY 
Superpave Asphalt (4.5”)(Traffic level C) $15.28/SY 
  
Base Group 9  (LBR 100) 
Type B Stabilization (LBR 40)   $2.10/SY 
  
Milling (1” avg. depth)   $1.24/SY 
Milling (2” avg. depth)   $1.31/SY 
Milling (3” avg. depth)   $1.96/SY 

*Cost data was obtained from FDOT’s “2011 FDOT Item Average Unit Cost” 

 

23.  Sample Calculations – Flexible Pavement 
Sample calculations will be provided for Segment 1 (US 301-WEST of US 41). The same 

methodology was applied to each other section to obtain our designs.  
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23.1 Equivalent Truck Traffic Loads for Segment 1 (US 301 - WEST of US 41)  

Segment 1 has 3 east-bound and 3 west-bound lanes  

Equation 18. Equivalent Single-Axle Loads (FDOT 2016b) 

 

Formula Inputs: 

n = 30 years (project design scope) 

AADT1 = 19700 

T24 = 3.96% 

DF= 0.556 

Ef = 0.89 

Lf= 0.675 

   

FDOT Traffic Data Online (2017b) was used to obtain the AADT, T24, and DF.  The Flexible Pavement 
Design Manual provided EF, shown in Table 31.  LF was calculated using the Copes equation. 

 

Table 31. Equivalency factors (FDOT 2014) 

 

 

23.2 3.2 FDOT Flexible Design Manual Method for Segment 1 (US 301 - WEST of US 41)  

Given for Segment 1:  

ESALD =  2.975x106 W18 equivalent loads in 30 year design period   

ESALD  
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MR (eff) = 14 ksi    

%R = 90% reliability Design  

Speed = 45mph  

The required SN can be determined from FDOT Design manual table (FDOT 2016b) shown in 
Figure 50.  

 

Figure 50. Table 5.3 from the Flexible Pavement Design Manual 

 

2500000 3.18 𝑥−3.18

3.28−3.18
=

2975000−2500000

3000000−2500000
    =>   SNR= 3.27 

2975000 X(SNR) 

3000000 3.28 
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Figure 51. Flexible Pavement Design Layers 

 

A. Friction Course     

 FC-12.5 
• 1.5” required thickness (D1)  
• 0.44 structural value per inch (a1) 

B. Structural Course  

 Superpave design thickness  
• 4” minimum thickness (D2)  
• 0.44 structural value per inch (a2)  

C. Base Course   

 Base Group 9 (LBR-100)  
• 10” minimum thickness (D3)  
• 0.18 structural value per inch (a3)  

D. Subgrade  

 Type B Stabilization (LBR-40)  
• 12” assumed thickness (D4)  
• 0.08 structural value per inch (a4)  

FDOT design requirements leave the Structural and Base Courses as the remaining design 
unknowns. The combined SN remaining for the Structural and Base Courses can be calculated using the 
required SN for the total pavement structure.  

From Figure 52:  

SNR = 3.27”  

SNC = (a1 * D1)+(a2 * D2)+(a3 * D3)+(a4 * D4)  

3.27”(+/-0.11)  = (0 * 0.78”)+(a2 * D2)+(a3 * D3)+(0.08 * 12”)  

2.31” (+/- 0.11) = (a2 * D2) + (a3 * D3)  

The Base and Structural courses must provide a combined SN of 2.31” 
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Figure 52. Combined Structural Number from the Flexible Pavement Design Manual (FDOT 2016b) 

 

Using the Combined SN from Figure 53, for Base Group 9 and a combined SN of 3.27”, it is 
determined that the design thickness of the Structural Course is 2.5”.  
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Figure 53. Required Minimum Thickness for New Construction or Reconstruction (FDOT 2016b)) 

Table 32 from the Flexible Pavement Design Manual requires a minimum thickness of 3” for the 
Structural Course.  FC-12.5 can be considered as part of the structural course, so only 1.5” of Superpave 
Asphalt is required. 

Table 32. Summary of FDOT Flexible Design Manual Results for Segment 1 

      
Layer  Material  SN/in  Thickness (in)   SNc 
Friction Course  FC-12.5 0.44  * 1.5 = 0.66  
Structural Course  SP  0.44  * 1.5 = 0.66  
Base Course  Group 9  LBR-100  0.18  * 10 = 1.80  
Stabilization  Type B  LBR-40  0.08  * 12 = 0.96  
Total SNc    = 4.08 

 

The SNC is 0.81” greater than the required SN. This over design can be accounted for in the 
minimum design thickness and the high reliability chosen for the overall design.  

Segment 1 recorded on pavement design plans as:   

OPTIONAL BASE GROUP 9 AND TYPE SP STRUCTURAL COURSE (TRAFFIC C) 1.5” AND FRICTION 
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COURSE FC-12.5 (1.5”)   

 

23.3 Detailed Cost Calculation for Segment 1 (US 301 & WEST OF US 41) 

23.3.1 Given for Segment 1:  
This project segment involves widening US 301 for 3380 feet by adding 1 additional 12’ lane to 

both directions of travel.  There will be a total of 6 travel lanes after construction.     

Assuming i=4%  

 Total Area = Area of Mainline + Area of Bike Lanes + Area of Turning Lanes 
• Area of Mainline = [ 3380 (ft) * 3 (lanes) * 11 (ft) ]*2= 223080 ft2 
• Area of Bike Lanes = [ 3380 (ft) * 1 (lane) * 7 (ft) ] *2 = 47320 ft2 
• Area of Turning Lands = 180 (ft) * 11 (ft) = 1980 ft2 

 Total Area = 272380 ft2 * (1 ft2 / 9 SY) = 30264 SY 

  

Table 33. Segment 1 Initial Costs 

   
Layer Unit Cost (Per SY) Total Cost 
FC-12.5 $7.85 $237,572 
Superpave Asphalt 1.5” $5.04 $152,530 
Base Group 9 (LBR 100) $12.50 $378,300 
Type B (LBR40) $2.10 $63,554 
Total $27.49 $831,956 

 

Table 34. Segment 1 Rehabilitation Costs 

   
Pay Item Unit Cost (Per SY) Total Cost 
Mill 2” $1.31 $39,642 
Resurface 1” $5.23 $158,281 
Total $6.54 $197,929 

 

Table 35. Segment 1 Net Present Cost 

   
Pay Item  Total Cost 
16-Year Present Worth = $197,929 * (1+0.04)-16 = $105,676 
32-Year Present Worth = $197,979 * (1+0.04)-32 = $56,421 
Net Present Cost of Rehabilitation = $162,098    
Segment 1 Net Present Cost = $994,067    
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23.4 Summary of Flexible Designs and Costs 

 

Table 36. Flexible Designs New Construction Designs 

      
 Segment Friction 

Course 
Structural Course Base Subgrade 

1 US 301 - West of 
US 41 

1.5" FC-
12.5 

1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

2 US 301 - East of 
US 41 

1.5" FC-
12.5 

1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

3 US 301 - East of 
Walmart 

1.5" FC-
12.5 

1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

4 US 41 0.75" FC-5 4" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

5 Ramps 1.5" FC-
12.5 

1.5" Superpave 
Asphalt 

10" Base Group 9 
(LBR 100) 

12" Type B Stabilization 
(LBR 40) 

 

Table 37. Flexible Designs Rehabilitation Plans 

   
 Segment Milling depth 
1 US 301 - West of US 41 2" 
2 US 301 - East of US 41 2" 
3 US 301 - East of Walmart 2" 
4 US 41 3" 
5 Ramps 2" 

* All plans implement rehabilitation at 16 years and 32 years after the initial construction. 

Table 38. Flexible Designs Rehabilitation Plans 

     
 Segment Construction Cost Rehabilitation Cost Total Net Present Cost 
1 US 301 - West of US 41 $831,969.58 $162,097.53 $994,067.10 
2 US 301 - East of US 41 $593,050.93 $115,547.60 $708,598.54 
3 US 301 - East of Walmart $302,832.89 $59,002.71 $361,835.61 
4 US 41 $534,383.29 $273,003.88 $807,387.17 
5 Ramps $412,777.62 $80,423.89 $493,201.51 
 Totals $2,675,014.32 $690,075.62 $3,365,089.93 

* If flexible pavement is used across the entire project, the total cost will be approximately $3,365,089.93. 
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Table 39. Flexible Designs Adjusted Costs 

     
Total Net 
Present Cost 

US 41 
Reconstruction 

US 41 
Rehabilitation 

Adjusted Cost Savings 

$3,365,089.93 $534,383.29 $333,351.87 $3,164,058.51 $201,031.42 

* Using this recommendation, the cost is reduced to $3,164,058.51 for a savings of $201,031.42. 

  

24. Rigid Pavement 
Rigid pavement is a multilayer pavement that consists of a concrete slab, base course, and 

subgrade course. The concrete slab is designed to carry most of the traffic stress. Typically, rigid 
pavements are used for roads with high volume traffic, freeway to freeway connections, under overpasses 
that need clearance, and slow stop-go traffic areas. Rigid pavements are highly durable, have a long 
service life, and withstand repeated flooding and subsurface water well without deterioration. 
Disadvantages associated with rigid pavements are as follows: they lose non-skid surface with time, need 
even sub-grade with uniform setting, and require frequent joint maintenance. 

 

24.1  Rigid Design Requirements 

The AASHTO 1993 Pavement Design Guide provides an empirical rigid pavement design equation 
that is based on the 1958-1960 AASHO road test in Ottawa, IL.  The empirical equation is used based on a 
set design period and rehabilitation period for the pavement.  The design accounts for factors such as: 
climate, materials used, traffic, and response to damage over time.  Required inputs of the empirical 
equation include: traffic quantities in terms of ESALs, required reliability, serviceability, modulus of 
subgrade reaction, PCC modulus of rupture, layer materials characterization, drainage, load transfer, and 
loss of support. These are all then used to determine slab thickness. 

 

24.1.1 Design Variables 
Time Constraints- 

Performance Period: the initial time period that the pavement will last before it needs 
rehabilitation.  FDOT initial design life is 20 years. Concrete rehab is 5 to 10 years. 

Analysis Period: the time period for which analysis is to be conducted. 

Traffic- 
 18-Kip ESALs: The AASHTO flexible pavement design equation converts AADT into ESALs, 

18-kip ESALs.  Cumulative damage to the roadway from vehicles can be approximated from ESAL.  The 
following equation from the FDOT Project Traffic Forecasting Handbook is used to calculate ESAL: 
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Equation 19. ESAL (FDOT 2016b) 

 

Where, 

n - design period in years 

i - year for which calculation is made 

 

Equation 20. AADT Data in Year I (FDOT 2016b) 

 

Where, 

GR = 1.5% 

t = number of years 

 

Lf = lane factor, derived from Copes equation: 

Equation 21. Lane Factor (FDOT 2016b) 

 

 Where, 

LV = 0 if number of lanes in one direction is 2 or less 

LV = 1 if number of lanes is 3 or more 

 

T24 = percentage of heavy trucks during a 24-hour period, acquired from FDOT 

DF = directional factor, acquired from FDOT 

    DF = 1.0 if one-way flow 

    DF ≈ 0.5 if two-way flow 

EF = equivalency factor, given below in Table 25 

 

The team used the FDOT Design Spreadsheet to determine the ESALD for each section of the 
project. The inputs required for the spreadsheet were obtained from online FDOT Traffic Data and verified 
by the PD&E Team to be the correct values for design. 

𝐄𝐒𝐀𝐋𝐃 =   𝐀𝐀𝐃𝐓𝐢 ∗ 𝐋𝐟 ∗ 𝐓𝟐𝟒 ∗ 𝐃𝐟 ∗ 𝐄𝐟 ∗ 𝟑𝟔𝟓

𝒏

𝒊=𝟏

 

𝑨𝑨𝑫𝑻𝒊 = 𝑨𝑨𝑫𝑻𝒃𝒂𝒔𝒆 𝒚𝒆𝒂𝒓 ∗ (𝟏 + 𝑮𝑹)𝒕 

𝑳𝑭𝒊 = (𝟏. 𝟓𝟔𝟕 − 𝟎.𝟎𝟖𝟐𝟔 ∗ 𝐥𝐧 𝒐𝒏𝒆𝒘𝒂𝒚 𝑨𝑨𝑫𝑻 − 𝟎. 𝟏𝟐𝟑𝟔𝟖 ∗ 𝑳𝑽 
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Reliability- 
Reliability is the probability that a pavement will perform at a satisfactory level in the duration of 

the design period. Reliability is reported as a percentage. For this design, which consists of two urban 
arterial roadways, a reliability of 90% was used. 

24.1.2 Performance Criteria 
Serviceability- 

Serviceability is the measurement of a pavement’s ability to serve the traffic demand. In the 
AASHTO flexible pavement design equation serviceability is measured using the change in the PSI, or a 
scale rating from 0 to 5 with 0 being an impossible road. The change in serviceability used for this design 
was 1.7. 

24.1.3 Material Properties 
Modulus of Subgrade- 

The modulus of subgrade, k, estimates the support of the layers beneath the PCC slab. The 
modulus is found through field tests or correlating other tests since there is no direct laboratory procedure 
for determining it. The slab is modeled to support the roadway as a spring. 

PCC Modulus of Rupture- 
The PCC modulus of rupture is determined by strength tests on the concrete. The elastic modulus 

of PCC for this project was given to be 4,000,000 psi. 

24.1.4  Layer Materials Characterization 
Rigid pavement is separated into four distinct layers: concrete pavement slab, base course, 

stabilized subgrade, and roadbed soil. These layers are shown in Figure 54.  

  

Figure 54. FDOT Typical Rigid Section (FDOT 2009) 

 

Concrete Pavement Slab 
The concrete pavement slab is the main component of rigid pavement design. This layer is 

designed to carry most of the traffic loading and not distribute the load to the base course or subgrade. 
This project required minimum design thicknesses (DR) for the PCC slab between 9 and 11 inches. 
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Base Course 
The base course provides support to the concrete slab. There are three types of bases to choose 

from in the state of Florida: asphalt concrete base, treated permeable base of either asphalt or concrete, 
or special select embankment soil that is Florida sand. Our design uses optional group 9 for the base. 

Stabilized Subgrade 
In the state of Florida it is recommended to use a stabilized subgrade in place of a sub-base layer. 

The subgrade provides support to the pavement and supports traffic stresses. Similar to the base course, 
the material is not specified and is up to the discretion of the contractor so long as it meets an LBR of 40. 
For this project, 12” of Type B Stabilization, meaning unspecified, is recommended. 

Roadbed Soil 
The bottommost layer is the roadbed soil. This is the existing in-situ or embankment soil layer that 

the pavement structure is built on. This is the layer that the modulus of subgrade, k, comes from for the 
design calculations. 

 

Table 40. Net Present Cost of Project 

  
 Cost 
Initial Construction $3,378,755.19  
Rehabilitation $1,134,569.50  
Total $4,513,324.69  

 

25. Sample Calculations – Rigid Pavement 
Given for Segment 1:  

ESALD = 4.076 x 106 W18 equivalent loads in 30 year design period  

k = 200 pci (FDOT recommended value)  

%R = 90% reliability  

Design Speed > 45mph  

  

The required depth of concrete can be determined from FDOT Rigid Design Manual table shown 
in Figure 55.     
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Figure 55. Table A.4. FDOT Thickness, Dr, of concrete per ESALD for 90% reliability (FDOT 2009)  

  

25.1 FDOT Rigid Pavement Design Manual Method 

Rigid pavement layer thickness was determined by using a method provided by FDOT. In order to 
find DR (depth of the pavement structure), the values below must be determined: 

 ESALD , the design lane design period loading 

 k ,Modulus of Subgrade Reaction 

 %R safety factor 

After determining the above values, by using FDOT chart DR can be found. 8’’ is the minimum 
required thickness for concrete slab according to FDOT. 

FDOT Ramp Design Information 
Since the ramps are located in urban areas and there is no traffic predicted for the ramps, the 

assumption is to use 50% of the mainline traffic. 

Rigid Pavement Rehabilitation 
There are two recommended rehabilitation methods that FDOT recommends to improve the 

serviceability of a poor concrete slab. One method would be CPR (Concrete Pavement Rehabilitation) 
which involves sealing of random cracks, partially replacing slabs, cleaning and resealing joints. The other 
method would be CRO (crack, reseat, and overlay). In CRO procedure, the existing cracks in the pavement 
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is cracked up, then reseated, and later overlain with an Asphalt Rubber Membrane Interlayer (ARMI), 
Asphalt Structural Course, and Friction Course. 

Table 41. Sample rigid pavement rehabilitation plan (FDOT 2009) 

Concrete Pavements  
Rehab Period                                                                                          Limited Access 
23 year                                                                                             CPR with 3% Slab Replacement  
32 year CPR with 5% Slab Replacement 

 

25.1.1 Cost Data for Economic Analysis: 
 

Table 42. Unit Price for Rigid Pavement Structure Materials and Rehabilitation 

 

* Cost data was obtained from FDOT’s “2011 Item Averages” 

 

25.2 Sample Calculations - Results 

Resulting Design for Segment 1: 
Concrete Slab thickness:  9”   

Base Course:  dependent on drainage requirements  

Stabilization Type B:   9”  
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Appropriate Base selected from:  

 Asphalt Base with 9” Type B stabilization   

 Treated Permeable Base with 9” Type B stabilization  

 Special Select Soil (Florida Sand)  

 Segment 1 recorded on pavement design plans as:  

12” PLAIN CEMENT CONCRETE PAVEMENT  

  

25.3 COST Calculation for Segment 1 (US 301 west of US 41)  

Given for Segment 1:  
This project segment involves widening US 301 for 3380 feet by adding 1 additional 12’ lane to 

both directions of travel.  There will be a total of 6 travel lanes after construction.     

Assuming i=4%  

Total Area = Area of Mainline + Area of Bike Lanes + Area of Turning Lanes 

 Area of Mainline = [ 3380 (ft) * 3 (lanes) * 11 (ft) ]*2= 223080 ft2 

 Area of Bike Lanes = [ 3380 (ft) * 1 (lane) * 7 (ft) ] *2 = 47320 ft2 

 Area of Turning Lands = 180 (ft) * 11 (ft) = 1980 ft2 

Total Area = 272380 ft2 * (1 ft2 / 9 SY) = 30264 SY 

  

Table 43. US 301 west of US 41 Initial Costs 

   
Layer Unit Cost (Per SY) Total Cost 
PCC Pavement (9”)   $63.00 $1,906,632 
Superpave Asphalt 1” $3.39 $102,595 
ATP Base $12.50 $378,300 
Type B (LBR40) $2.36 $71,423 
Total $81.25 $2,458,950 
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Table 44. US 301 west of US 41 Rehabilitation Costs 

   
Pay Item Unit Cost (Per SY) Total Cost 
3% Slab Replacement $35.39 (908 SY) $32,131 
5% Slab Replacement $35.39 (1513 SY) $53,552 
Grind Concrete Cement $2.81 $85,042 
Clean & Reseal Joints $7.50 $226,042 
Total $81.09 $397,705 

 

Table 45. Net Present Cost 

    
Pay Item  Total Cost 
16-Year Present Worth = $197,929 * (1+0.04)-16 = $105,676 
32-Year Present Worth = $197,979 * (1+0.04)-32 = $56,421 
Net Present Cost of Rehabilitation = $162,098    
Segment 1 Net Present Cost = $2,620,309 

 

26. Final Optimal Pavement Design 
26.1 Pavement Choice 

Flexible pavement is the better choice for the entirety of this project.  It is much cheaper to 
construct, and similar in cost to rehabilitate during its lifetime.  This project has no special parameters 
that require a rigid pavement, so the cheaper option is better. 

 US 301 and Ramps 

Friction Course FC-12.5 1.5" 

Structural Course Superpave Asphalt 1.5" 

Base Optional Base Group 9 10" 

Subgrade Type B Stabilization 12" 

 

US 41 

Friction Course FC-12.5 1.5" 

Structural Course Superpave Asphalt 1.5" 

Base Optional Base Group 9 10" 

Subgrade Type B Stabilization 12" 
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* Please note that the chosen thicknesses of layers in these designs are based on FDOT minimums. Thicker 
layers are completely acceptable if required, as they would only serve to increase strength of the roadway. 

  

26.2 Additional Recommendations 

We have several recommendations that would be a change from the optimal design.  These 
changes differ from the suggestions of the FDOT Flexible Pavement Design Manual, but will offer 
improvements in practicality and cost. 

26.2.1 Friction Course on US 41 
We recommend that FC-12.5 be used on US 41 rather than FC-5.  

This section of US 41 is located close to multiple off and on-ramps, so there is frequent 
deceleration, acceleration, and turning movements of vehicles.  These movements will create excess 
stress and damage on an open graded course like FC-5, so the service life may be drastically reduced, and 
the safety of the roadway may be compromised. 

FC-12.5 offers structural value, and resists damage from deceleration and turning movements.  
The speed on this section of US 41 is not so high that FC-12.5 would pose a danger or offer less skid 
resistance.   

This design change would reduce cost, and increase the strength of the pavement on US 41 

 

26.2.2 Structural Course Thickness on US 301 
We recommend using a 2” thick layer of Superpave asphalt on US 301 rather than 1.5”.  It is not 

practical to measure to the nearest half inch when installing structural course.   

This change increases the calculated cost of material. 

Construction costs may decrease, as it would be easier to install a more standard thickness layer.   

Consistency and reliability of the structural course layer would be easier to ensure with a more 
commonly used thickness, since workers have more experience installing it, and existing tools would not 
need to be adjusted or potentially modified. 
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27. Appendix A - Geometric Design of US 301 
 

 

Geometric Design 
US Highway 301 

TEAM LEADER: MONIQUE GYANT 

TEAM MEMBERS: DANIEL  HOEFLICH, 
ODELMO JOSEPH, PAYDEN 
CALHOUN, JEREMY ABREU, AHMED AL 
SHAMISI 

 

 Project Limits 

 

  

Scope of Work 

 
o Develop Typical Sections of Existing 
Roadway o Develop New Typical Sections 
based on Data Simulation o3-D Projections 
of Proposed Roadway oDevelop Roadway 
Criteria for Designs o Cost Analysis  

 Existing US Hwy 301 East of Interchange  

 

  

Existing US Hwy 301 East of Interchange Typical 

 

 Existing US Hwy 301 West of Interchange  

 

  
 

Existing US Hwy 301 West of 
Interchange Typical 

 

 Existing US Hwy 301 Under Ramp 

 

INSTRUCTOR: DR. QING LU, P.E. 
CO - INSTRUCTOR: MR.  BIJAN BEHZADI , P.E., PTOE 

• 2  through  
lanes 

• Signalized  
interchanges  
very close to  
interchange 

• Two through  
lanes 

• No median 
• Tight Right - of - 

Way 
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Border Width for US 301 

 

 Roadway Design Criteria 

Design Vehicle: 
WB-62 FL 

 

Edge of Travel Way 
Design 

 

Turning 
Radii 

50 feet 
or 

Angle 

of  

Turn 
Design 
Vehicle 

3- 
Centered  
Compound 

3- 
centered 
curve 

Control 
Radius 75 feet 

90 
 WB-62 

FL 
400-70-
400 

   

Angle 
of Turn 

90 
degrees 

 

 

  

Sources: FDOT Design Manual & AASHTO Green Book 

show the border width graphically using class notes 

Existing US Hwy  301  Under Ramp  Existing Wal - Mart Intersection 

Roadway Design Criteria 
Roadway Classification High Speed Urban Arterial 

General Criteria Design Speed 45  mph 
Design Vehicle WB - 62  FL 

Selection Features 
Median Width 28  feet 
Shoulders None 
Curb & Gutter Yes 
Bike Lane 7  feet 

Horizontal Clearance Clear Zone 4  feet from FOC 
Border Width 14 

  
feet 

Horizontal Alignment 
Max.  Superelevation () 5 % 
Max. Grade 6 % 
Min. Grad 0 % 
Min. Length of Curve 400  feet 

Sources: FDOT Design Manual & AASHTO Green Book 

Design Vehicle for US 301 

Sources: FDOT Design Manual & AASHTO Green Book 
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Proposed US Hwy 301 East of Interchange 

 

 Proposed US Hwy 301 East of Interchange 

 

  

 

Dimensions to be  
added 

Roadway Design Criteria 
Roadway Classification High Speed Urban  

Arterial 

Vertical Alignment 

Base Clearance Above DHW  
Elevation 3  feet 
Max Change in Grade w/o HC % 0.6 
Max. SSD 360  feet 
Min. Length of Crest VC  feet 300 
Min. K Value of Crest VC 136 
Min. Length of Sag VC 200  feet 
Min. K Value of Sag VC 96 

Sources: FDOT Design Manual & AASHTO Green Book 

Proposed Changes to Roadway 
 Change US301 to 6 lane divided highway from 8 th Ave to Haben 
Blvd 
 ’ Bike lanes were added in Eastbound and Westbound  7 
directions 
 28 ’ median added to US301 west of US41 interchange 
 Moved intersection at Wal - Mart farther east of the interchange  
with US41 
 Kept sidewalk on both sides of US301 and either side of  
interchange 

Proposed  US Hwy 301 West of Interchange  Proposed US Hwy 301 West of Interchange  
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Proposed  US Hwy 301 Under Ramp 

Changes to be made  
here 

Access Class for US 301 

Required Wal - Mart Entrance Location from US 41 

Show the aerial view of the Wal*Mart location 

The total weaving volume is calculated as:  Vw 2  V1 + % LT x [ V1 + V2 ] /  = 
Where:  Vw =   total weaving volume 

V1  = crossroad volume ( vph ) 
V2  = ramp volume 

% LT = percentage of vehicles turning left 

1200 

Old Walmart Intersection 

Proposed 8 th Ave Intersection Proposed Wal - Mart Intersection 
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Proposed Haben Blvd Intersection 

 

 US Hwy 301 Cost Estimate 

 

ITEM DESCRIPTIONUNITUNIT QUANTIT TOTAL COST 

  COST Y  

INLETS, CURB, 
TYPE P-1, <10' 

E
A 

55 $4,300.0
0 

$236,500.00  

PIPE 
CULVERT,OPTION
AL 
MATERIAL,ROUN
D, 24"S/CD 

LF 13728 $55.00 $755,040.00  

CONCRETE CURB 
& GUTTER, TYPE F 

LF 27600 $16.50 $455,400.00  

CONCRETE 
SIDEWALK AND 
DRIVEWAYS, 4" 
THICK 

SY 68500 $26.00 $1,781,000.0
0  

PERFORMANCE 
TURF, SOD 

SY 5000 $3.00 $15,000.00  

MILLING EXIST 
ASPH PAVT, 1 
1/2" AVG DEPTH 

SY 41184
0 

$2.00  $823,680.00  

FLEXIBLE 
PAVEMENT 

SY   $2,064,501  

CONSTRUCTION 
SUB-TOTAL 

MOBILIZATION 

  

10% 

$6,531,121.2
5  

$653,112.13 

MAINTENANCE 
OF TRAFFIC 

  10% $653,112.13 

LIGHTING   10% $653,112.13 

SIGNING AND 
PAVEMENT 

  10% $653,112.13 

PROJECT 
UNKNOWNS 

  10% $653,112.13 

GRAND TOTAL    $9,796,681.9
0 
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28. Appendix B – PowerPoint Presentations 
 

28.1 Project Development & Environment: 
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28.2 Geometric Design of US 301: 
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28.3 Geometric Design of US 41: 
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28.4 US 301 & US 41 Interchange - Pavement Design 
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