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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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Abbreviation
AADT

List of Abbreviations

Definition
Average Annual Daily Traffic

AASHTO American Association of State Highway and Transportation Officials
ARMI Asphalt Rubber Membrane Interlayer

CSPP Community Sustainability Partnership Program
DG Dense Graded

DR Design Thicknesses

EPIM Environmental Permit Information Manual
ESAL Equivalent Single Axle Load

FDOT Florida Department of Transportation

LBR Limerock Bearing Ratio

LCCA Life Cycle Cost Analysis

MReff Effective Modulus

MSE Mechanically Stabilized Earthwalls

0G Open Graded

PSI Present Serviceability Index

SN Structural Number

TSIS Traffic Software Integrated System
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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:

e US 301 EB & proposed Walmart entrance
e US301WB&US41SBonramp
e 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
8t Ave. West
: )

TOoE SN

Ll

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.

Walmart Driveway
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Figure 3. US 301 & Walmart Driveway
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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.

12th Ave. East
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.
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Haben Blvd.

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.
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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

US301 & US 301 & Wal-Mart US301 &12% Ave
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Figure 8. US 301 Existing Turning Movement Counts at A.M. Peak Hour
C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
4 P Geotechnical and Transportation Engineering Design; p. 18

COMMUNITY SUSTAINABILITY



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.

US301 & US 301 & Wal-Mart US301 & 12t Ave
8t Ave W Driveway E/Haben Blvd
A -3 | G L S
o B8 - 217 Sok - 108 253 - 1016
JIN | £z JIy | er JIy | £
e \tr 27 wf “\tr 85wl “tr
23 - €5 43 w— S 88 RECE 888
76"y =™y 51y

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.

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
f IJ Geotechnical and Transportation Engineering Design; p. 20

SUSTAINABILITY



8t Ave W 26000 12t Ave W
15600 34500
uUs 301 Us 301
26500 10462
Haben Blvd.

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.

uUs 41

44500

19100 /\\ 34500
V US 301

64500

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

US 301 & US 41

220w

a2

= o @

US 301 & US 41

508 exceeds capacity NB Ramps

for a single left turn

lane at a signalized US4l
intersection

amz 223 =,

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
gueuing 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

10th ST/ US 301
Year AADT

EB wWB
2015 19700 35000
2014 19800 34000
2013 22000 32000
2012 22000 32000
2011 25500 38000
2010 25500 38000
2009 25000 37500
2008 22500 37500
2007 21000 32000
2006 23500 32500
2005 22000 29500
2004 26500 31000
2003 21000 26000
2002 22000 28000
2001 19700 24000
2000 19600 25500

Table 2. Grow Computation Values

Growth Computational Values
Direction slope slope/avg AADT | % increase
EB 41.6 0.001864 0.1864
WB 709.6 0.02215 2.215

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=PQ1+i)"

CspP
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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

AADT
Year East West
2000 19600 25500
2001 15700 24000
2002 22000 28000
2003 21000 26000
2004 26500 31000
2005 22000 29500
2006 23500 32500
2007 21000 32000
2008 22500 37500
2009 25000 37500
2010 25500 38000
2011 25500 38000
2012 22000 32000
2013 22000 32000
2014 19800 34000
2015 19700 35000
2016 20004 35700
2017 20496 36414
2018 20906 37142
2019 21324 37885
2020 21750 38643
2021 22185 39416
2022 22629 40204
2023 23082 41008
2024 23543 41828
2025 24014 42665
2026 24494 43518
2027 24984 44388
2028 25484 45276
2029 25994 46182
2030 26514 47105

CEPP
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US 301 Forecasted AADT From 2016 to 2030
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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
Cmin = (L*Xc) / (Xc-Y.(v/s))ci

Equation 3. Optimal Cycle Length
Copt = (1.5*L+5)/(1.0-3_ (v/s))ci

Equation 4. Intersection Effective Capacity

Xc = (3 (V/s)*C)/(C-L)

Equation 5. Effective Green Time
gi = (v/s)ci*(C/Xi)

Equation 6. Yellow Signal Time

Y =tr+(V/(2a+29G))

Where:

L = total lost time

Xc = effective capacity
(v/s)  =saturation flow rate
tr = driver reaction time
Vv = 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.
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5.3 Intersection Analysis

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

Phase 1 2 3 4
Movements WBL EBL WBThru [EBThru [NBL SBL NB Thru |SB Thru
Turns 393 119 437 406 151 177 835 1281
Lanes 2 1 3 3 1 1 3 3
Saturation Rate 3500 1750 5250 5250 1750 1750 5250 5250
Flow Ratios 0.112286 0.068| 0.083238| 0.077333| 0.086286| 0.101143] 0.159048 0.244
Phase 1 2 3 4
Movements WBL  [EBL WBThru [EBThru [NBL [sBL NB Thru [SB Thru
Effective Green 241 17.9 21.7 524

Actual Green 20.1 13.9 17.7 484

Yellow 5 5 5 5

All Red 1 1 1 1

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

Phase 1 2 3

Movements NB R EB Left EBThru [WBThru |NBR NBL

Turns 207.6 63 1073 1215 3114 111

Lanes 2 1 3 3 2 2

Saturation Rate 3500| 1750 5250 5250 3500 3500

Flow Ratios 0.059314 0.036| 0.204381( 0.231429| 0.088971( 0.031714

Phase 1 2 3

Movements NB R [EBLeft [EBThru |WBThru [NBR [NB L

Effective Green 11.0 44.0 17.0

Actual Green 7.0 40.0 13.0

Yellow 5 5 5

All Red 1 1 1

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

Phase 1 2 3 4 5
Movements WEB Thru |WBLeft |WBThru |[EBThru |EBThru |EBLeft NB Left [SB Left NB Thru |SB Thru
Turns 200 393 237 200 206 119 151 177 853 1281
Lanes 3 2 3 3 3 1 1 1 2 2
Saturation Rate 5250 3500 5250 5250 5250 1750 1750 1750 3500 3500
Flow Ratios 0.038095 0.112286| 0.045143| 0.038095] 0.039238 0.068| 0.086286 0.101143] 0.243714 0.366
Yellow times 5 5 5 2.5 2.5

Phase 1 2 3 4 5

Movem ents WBThru |WBLleft |WBThru |EBThru |EBThru |EBleft |NBLleft |SBLeft  |NBThru |SB Thru
Effective Green 8.0 20.0 25.0 3.0 3.0

Actual Green 6.0 18.0 22.0 8.5 25

Yellow 5 5 5 25 2.5

All Red 0 0 1 1 1
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Table 7. US 301 & Haben Boulevard - Signal Timing Analysis

5.4 Queue Lengths

/AT

o

Figure 16 .

TSIS figure output data for queue lengths

Phase 1 2 3 4 5
Movements WBthru |WB Left |WBThru [EBThru |EBThru |EB Left NB Left NB Thru SBALL
Turns 528 348| 835.35998 835.2| 314.6002 61 146 25 115
Lanes 3 1 3 3 3 1 1 1 1
Saturation Rate 5250 1750 5250 5250 5250 1750 1750 1750 1750
Flow Ratios 0.017676| 0.158857| 0.159124| 0.155086| 0.055524| 0.034857| 0.083425| 0.014286 0.065714286
Yellow times 5 5 5 25 25
Phase 1 2 3 4 5
Movements WBthru |[WB Left |WB Thru ]EB Thru |EBThru |EB Left NB Left [N B Thru SBALL
Effective Green 23 20 6 7
Actual Green 21.0 18.0 3.0 85 6.5
Yellow 5 5 5 25 25
All Red 0 0 1 1

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:

e No Build Peak Hour Scenario - Using existing through lanes with the current Walmart signalized

intersection at 6th Ave.

CspP
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e 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
Vp = VPHF*N*fHV*fP

Equation 8. Heavy-vehicle Adjustment Factor

F HV=11+PT(ET-1)+PR(ER-1)

Table 8. Passenger Car Equivalents

Type of terrain
Factor Level Rolling Mountainous
Ey (trucks and buses) 1.5 2.5 4.5
Ey (RVs) 1.2 2.0 4.0

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

Equation 9. Density

D =VpS

" = ‘\
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o - - e "\
30 s $ ot 1o
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pe” ¥
) & X 1.0 LA > X P

Flow Rate (pc/h/in)
Figure 17. Chart depicting speed flow and LOS (HCM 2010)
* This chart depicting LOS obtained from Speed (mi/h), Density (pc/mi/In) and Flow Rate (pc/h/In).
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The variables are defined as follows:

e Vp=15-min passenger car equivalent flow rate (pc/h/In)
e V15 =maximum 15-min flow rate in an hour

e S =average passenger car speed in mi/hr

e D =density in pc/mi/ln

e V= hourly volume (veh/hr)

e  PHF = peak-hour factor

e N =number of lanes

e fHV = heavy-vehicle adjustment factor

e fP =driver population factor (assuming 1.0 for familiar-driver traffic streams)
e PT = proportion of trucks and buses (assuming 1%)

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

e ET = passenger car equivalent for trucks and buses

e ER = passenger car equivalent for RV’s

Table 9. Level of Service Calculation 1

eal lour o Bull
L Intersection ¥ F) FHY N PHF ¥p S D LOS |Dfavg)|LOS [governin
[8th EB 533 35 32 593 35 19.8 Co[fras
[8th B 315 59 28 522 35 E B
8th NB 1307 39 31 726 35 20.7 =
$th SB 517 99 95 807 35 231 C
Walmarti6th EB 1356 59 082 833 40 208 Bl
Walmarti6th B 272 99 0,91 704 40 176 B :
Walmarti6th NB T30 59 085 154 40 33 A oow
Walmarti6th SB 223 99 0.5 271 0 62 | A
Haben EB 01 39 2 083 582 45 129 B 21.75
Haben VB 2535 59 E 035 1375 45 306 D 2
Haben NB 661 99 0.79 84 35 241 [ [y
[Haben SB Tl 59 031 20 35 5.7 A -
[US 301 west of US 41EB__| 847 39 Z 023 53 134 B | 712
[US 301 west of US 41 WB_| 1647 39 F 054 88 FEXI I
[US 41 SB OFF ramp 408 99 083 459 30 [ B | o1z
[US 41 5B ON ramp 61 39 083 74 30 243 | C
US 301 east of US 41EB__| 959 99 032 54 135 A | 7e8
[US 301 east of US 41WB_| 1643 99 E 033 [ 22 C i
US 41 NB ON ramp 208 59 031 23 T 7 A loze
US 41 NB OFF ramp 532 35 E [E] 294 T ER A

Table 10. Level of Service Calculation 2

US 301 PM Peak Hour Lg§ !No Elllldi
Intersection ¥ F) FHY N PHF ¥p S i LOS |Dfa
8th EB ] 31 68 35 E Gl et
| 8th VB 64 . .93 46: 35 134 B
| 8th NB 706 .92 93 35 26, D 2263
[8th SB 175 . Eil 650 35 12,6 C -
‘Walmarti6th EB 945 .93 1053 4 26.3 D 238
Walmarti6th WB 603 . 94 853 4 215 C )
‘Walmarti6th NB 277 .72 87 4 .7 A 13.63
Walmart/6th SB 635 31 03 40 G
Haben EB 1325 0.92 25 45 6.1 B 20.09
Haben VB 2044 .95 1083 45 *4.1 C
Haben NB 43 . 0g 1433 35 1 E 23.69
Haben SB 81 X ﬂi 35 2.3 A
US 301 west of US 41 EB 1462 . . 827 4 20, C 2161
US 301 west of US 41 VB 1683 ; S_III 4 2_2 C
US 41 SB OFF ramp 35 . . 326 3 10.3 B 16.97
US 41SB ON ramp ﬁs Ell 8_92 3 2_.3 C
US 301 east of US 41EB 1433 . .32 820 4 20, C 24.07
US 301 east of US 41 VB 2.;12 .93 11_0 3 4 2'_? D -
US 41 NB ON ramp 522 . 87 604 3 20. C 18.09
us 41 N_B OFF ramp 3 1 0.933 2 0.87 48 16.0 B -
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Table 11. Level of Service Calculation 3

US 301 AM Peak Hour LOS [Build)

|
Diavg){LOS [governing]

Intersection ¥ Fp FHY N PHF ¥p 5 1] LOS
8th EB [ 1 0.933 z 0.3z ME 35 EE] A a9 A
&th WB 915 1 10.993 3 028 48 36 9.9 B )
#th NB 1307 1 0.993 3 041 404 36 128 E 14.597 B
#th 5B 1517 1 11953 3 0.35 ket 36 16.4 E )
Palm EB 1366 1 10.953 3 082 Jatati] 40 123 E 12,602 B
Palm ¥B 1272 1 0933 3 [E] 463 400 17 =] -
Palm NB 130 L3533 B 54 3.3 A
:Palm SB z2d 993 25 71 [X] A 53164 A
|Haben EE g L9923 B [£H 124 E 21752 c
Haben WB 2685 1 10.953 2 0.35 1376 45 0.6 u]
Haben NB BE1 1 0.933 2 079 421 35 120 E 7443 A
|Haben SB 13 L3533 El 00 FE] A i
us west of US 41 EB 47 EER] E 367 2.9 A 1516 B
[TE west of US 41 WEB [ 1547 L9923 El 528 4.7 E )
US 41 SB OFF ramp g L9923 E 459 153 E 13,859 B
US 41 5B DN ramp EE1 1 11953 2 0.29 374 30 125 E )
Us 301 east of US 41 EB 983 1 10.953 3 0.3z 361 40 4.0 = 1922 B
U5 301 east of US 41 WB [ 1643 1 [EER] 3 0.33 533 40 148 [=] i
US 41 NE ON ramp 08 1 0993 1 [E]] 230 30 7 A 4740 A
US 41 NB OFF ramp [EH 1 0.933 z [E]] 294 30 4.8 A
Table 12. Level of Service Calculation 4
US 301 PM Peak Hour LOS [Build) |
Intersection v Fp FHY N PHF ¥p 5 1) LOS |D{avg) LOS [governing
8th EB E21 1 0.933 2 0.9 344 35 9.8 A 9.363 A
| 8th WB G464 1 0.333 3 053 32 35 ad A
8th NB 1708 0.993 .32 35 ] B
:sth SB 175 0.993 .91 35 2.4 B 15.08 8
| Palm Znd EE 1345 0.993 EE] 40 TE B 15.93 B
Palm 2nd WB 1603 1 0.993 3 .94 572 40 1.3 B ”
Palm Z2nd NE 277 1 0.993 1 nrz 87 40 4.7 A 12.62 B
Palm Znd 5B 2} 1 0.933 1 0.91 TO3 40 176 B -
Haben EB 1325 1 0.933 2 0.92 T25 45 161 B 20,09 c
Haben VB 2044 1 0333 2 0.5 1083 45 N C )
Haben NB 43 1 0.333 2 (L] 13 35 Z0E C .35 B
|Haben SB 181 0.39393 EE] 10 35 ] A -
1west of US 41EB HE2 0.993 EE] 551 E B e B
1west of US 41 WE | 622 0.993 .94 01 ] B -
SB OFF ramp 295 0.993 Ell F26 El B ne B
U5 41 SB ON ramp 626 1 0.933 2 0.91 46 20 1.5 B B
US 301 east of US 41EB 1499 1 0.993 3 0.92 547 40 127 B 16.05 B
U5 301 east of US 41 WB 2042 1 0.933 3 .93 TI7 40 12.4 C -
US 41 NE ON ramp 622 1 0.933 1 0.87 604 30 201 [ 12.09 c
U5 41 NB OFF ramp 231 1 0,333 2 .87 431 30 16.0 B N

5.6 Intersection Analysis

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

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

Ave.

e 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

Z Control Delay (s) * Flow (vehicles per hour)

CspP

Flow (vehicles per hour)

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Table 13. Level of Service for Signalized Intersections (HCM 2010)

EXHIBIT 16-2. LOS CRITERIA FOR SIGNALIZED INTERSECTIONS

LOS Conlrol Delay per Vehicle (s/veh)
<10

>10-20

>20-35

> 35-55

>55-80
>80

T m QO O e

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

VEHICLE MINUTES RATIO MINUTES/MILE = ~———-==== ECC = - LUES -
VEHMICLE MOVE DELAY TOTAL MOVE/ TOTAL DELAY TOTAL DELAY | CONTROL [OUEUE STOP* STOP: VOL JPEED
LINK MILES TRIPS TIME TIME TIME TOTAL TN TIME TIME TN DELAY oE LAY T = VPR MPH

« S, 4) 204.49 1956 305.0 536.6 841.6 0.36 4.12 2.62 25.8 16.4 14.12 11.0 10.4 57 1956 14.6
¢ 2, a9 68.22 LETY 101.8 29.2 131.0 0.78 1.92 0.43 8.7 2.0 0.0 0.0 0.0 of 894 31.3
« 3, 4) 94.97 257 141.7 169.3 311.0 0.46 3.27 1.78 19.5 10.6 7.2 6.2 6.0 23] 957 18.3
(7003, 3) 35.92 396 71.8 119.2 191.0 0.38 5.32 3.32 29.0 18.1 18.8 17.0 16.5 81 396 11.3
« 2, 17) 10.93 154 16.3 7.3 23.6 0.69 2.16 0.67 9.2 2.9 0.0 0.2 0.1 of 154 27.8
« s, 21) 2.24 31 4.5 0.5 4.9 0.91 2.21 0.21 9.5 0.9 0.0 0.0 o.o o 31 27.2
« 1, 24) 120.48 1610 179.7 53.9 233.6 0.77 1.94 0.43 8.7 2.0 0.0 0.0 o.o ofise10 30.9
(so12, 23) 1514 1514
¢« 23, S) 191.19 1980 362.2 0.79 1.89 0.40 11.0 2.3 0.2 0.1 0.0 o fisso 31.7
« 3, 1) 932.47 13562 2649.6 0.52 2.04 1.35 100.2 a7.4 39.1 33.6 32.7 79 lise2 21.1
« 3, 3) 554.74 935 1072.8 0.77 1.93 0.44 68.3 15.5 9.2 7.4 7.0 a6 933 s1.0
¢« 20, 5) 9.77 130 24.8 0.79 2.54 0.54 11.5 2.4 2.0 0.2 0.2 o) 130 23.6
¢ 22, 1) 120.05 912 956.5 0.19 7.97 6.a8 62.6 50.9 498.6 44.6 44.0 81 912 7.5
(8003, 22) 214 914
¢ 26, 235) 19.59 206 110.8 0.26 5.66 4.16 32.2 23.7 22.9 19.3 19.0 so ) 206 10.6
¢ 28, 27) 7.53 26 15.1 0.74 2.01 0.51 2.4 0.0 0.1 0.1 o 26 29.9
¢ 27, 2) 13.61 181 112.7 o0.18 8.28 6.79 37.2 30.3 29.9 28.3 28.0 sof 181 7.2
« 3. a8 23.11 694 93.7 0.49 4.06 2.06 8.1 4.1 1.5 1.4 0.9 32§ 694 14.8
(8007, 17) 180 180
¢ a9, 2) 51.23 663 76.4 238.1 314.35 0.24 6.14 4.63 28.4 21.3 20.7 18.1 17.5 o3l 663 9.8
« 4,7004) 12.43 244 24.9 4.8 29.6 0.84 2.39 0.39 7.3 1.2 0.0 0.3 0.3 of 244 25.2
« 18,7001) 17.11 695 34.2 14.5 48.7 0.70 2.85 0.83 4.2 1.2 0.0 0.1 0.0 of 693 21.1
« s, 20) 10.70 151 21.4 2.3 23.6 0.%0 2.21 0.21 9.4 0.9 0.0 0.0 0.0 of 131 27.1
« S, 25) 121.31 1231 180.9 536.7 717.6 0.23 5.92 4.42 34.3 25.6 23.9 21.3 20.9 65 1251 10.1
(8009, 20) 130 130
(8010, 21) 14 14
(7002, a) 46.20 ana 92.4 96.4 188.9 0.49 4.09 2.09 23.a 12.0 13.4 12.2 11.9 73| asa 14.7
« 16, 2) 201.06 2583 299.9 787.5 1087.4 0.28 5.41 3.92 25.2 18.2 16.3 13.4 12.9 s9 2583 11.12
¢ 235, 26) 31.32 351 46.7 14.8 61.5 0.76 1.97 0.47 10.5 2.3 0.0 0.2 0.1 of 3ma 30.5
« 4, 3) 18s.88 1873 277.2 1193.3 1470.6 0.19 7.91 6.42 47.5 38.7 34.4 31.8 30.9 s9 1873 7.6
« 1, 23) 108.62 1471 162.0 51.7 213.7 0.76 1.97 o.48 8.7 2.1 0.0 0.0 o.o ofra7a 30.3
(so11, 24) 1305 1303
« 4, S) 131.78 1267 196.6 55.9 252.4 0.78 1.92 11.9 2.6 0.1 0.1 0.1 ofiz267 31.3
« 2, 16) 113.40 13520 169.1 66.3 235.5 0.72 2.08 9.3 2.6 0.0 0.2 0.1 ofas20 28.9
« 1, 22) 164.52 1255 245.4 48.0 293.4 0.94 1.78 14.0 2.3 0.0 0.0 0.0 ofi2ss 33.6
¢ 2s, 2) 451.21 1114 673.0 884.1 1557.1 0.43 3.45 83.4 47.4 39.1 33.9 32.7 911114 17.4
« 27, 23) 9.24 114 13.8 64.6 76.3 0.18 8.48 41.2 34.0 33.6 29.7 29.4 sal 114 7.2
« 2, 25) 799.09 1974 1191.9 698.6 1890.5 0.63 2.37 57.1 21.1 15.2 12.4 11.8 57 1974 25.4
¢ 23, 1) 114.34 1498 170.5 1620.9 1791.5 0.10 15.67 71.3 64.8 58.4 s4.8 53.6 o5 l1a98 3.8
« 2a, 1) $8.31 1301 146.6 970.9 1117.6 0.13 11.37 51.4 44.7 41.0 37.1 36.3 87 1301 5.3
¢ 21, 5) 1.07 14 2.1 0.5 2.7 o0.80 2.50 11.3 2.3 2.3 0.1 0.1 ] 14 24.0
(8001, 16) 2594 2594
(soos, 19) 659 659
(so13, 27) 113 113
(8014, 26) 203 203
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Table 15. TSIS Simulation Outputs Alternative 2

VEHICLE MINUTES RATIO MINUTES/MILE  —-——————— SECONDS.LEBICLE - A A UES -
VEHICLE MOVE DELAY TOTAL MOVE/ TOTAL DELAY TOTAL DELAY| CONTROL [QUEUE STOP* STOPY VOL SPEED
LINK MILES TRIPS TIME TIME TIME TOTAL TIME TIME TIME TIME| DELAY [DELAY TIME (2 VPH |MPH
( S5, 4) 205.46 1979 306.5 544.9 851.4 0.36 4.14 2.65 25.8 16.5 12.6 10.5 10.0 45f1979 14.5
( 2, 19) 67.05 876 100.0 28.2 128.2 0.78 1.91 0.42 8.7 1.9 0.0 0.0 0.0 of 876 31.4
( 3, 4) 97.16 979 144.9 187.3 332.2 0.44 3.42 1.93 20.4 11.5 7.8 6.7 6.4 26| 979 17.5
(7003, 3) 36.92 407 73.8 123.2 197.1 0.37 5.34 3.34 29.0 18.1 18.8 16.9 16.4 s81] 407 11.2
( 2, 17) 10.93 154 16.3 7.0 23.4 0.70 2.14 0.64 9.1 2.7 0.0 0.2 0.1 of 154 28.1
« 5, 21) 8.96 127 17.9 3.6 21.5 0.83 2.40 0.40 10.1 1:7 0.0 0.2 0.1 of 127 25.0
( 4, 3) 191.04 1925 284.9 1389.5 1674.4 0.17 8.76 7.27 52.2 43.4 38.9 36.0 34.8 651925 6.8
(8005, 22) 914 914
( 2, 5) 980.98 1955 1463.2 1097.0 2560.1 0.57 2.61 1.12 77.9 33.3 26.0 20.6 19.7 891955 23.0
( 3, 1) 956.35 1602 1426.4 1270.2 2696.6 0.53 2.82 1.33 99.5 46.7 38.1 32.7 31.8 s8of1602 21.3
( 1, 3) 554.74 935 827.4 250.6 1078.0 0.77 1.94 0.45 68.7 15.9 9.6 7.7 7.4 as] 935 30.9
( 4, 5) 133.02 1279 198.4 347.2 545.6 0.36 4.10 2.61 25.5 16.2 12.4 10.2 9.5 57[1279 14.6
(8009, 20) 336 336
( 16, 2) 200.67 2578 299.3 815.2 1114.5 0.27 5.55 4.06 25.9 18.9 16.8 13.7 13.1 612578 10.8
( 1, 22) 168.47 1285 251.3 51.4 302.7 0.83 1.80 0.31 14.1 2.4 0.0 0.0 0.0 of1285 33.4
( 1, 23) 109.24 1480 162.9 51.8 214.7 0.76 1.97 0.47 8.7 2.2 0.0 0.0 0.0 of1480 30.5
( 17, 2) 13.53 180 20.2 91.1 111.2 0.18 8.22 6.73 37.0 30.2 29.7 28.1 27.8 91 180 7.3
( 3, 18) 23.00 691 46.0 48.0 94.0 0.49 4.09 2.09 8.2 4.2 1.6 1.5 0.9 34f 691 14.7
(8008, 19) 659 659
( 19, 2) 51.23 663 76.4 236.9 313.3 0.24 6.11 4.62 28.3 21.4 20.6 17.9 17.3 93] 663 9.8
( 4,7004) 13.30 261 26.6 3.8 30.4 0.87 2.29 0.29 7.0 0.9 0.0 0.2 0.1 of 261 26.2
( 18,7001) 17.04 692 34.1 15.2 49.3 0.69 2.89 0.89 4.3 1.3 0.0 0.1 0.1 of 692 20.7
( 21, b5) 9.87 129 19.7 68.1 87.8 0.22 8.90 6.90 40.8 317 33.0 29.1 28.9 s8] 129 6.7
( 5, 20) 30.70 461 61.4 10.3 71.7 0.86 2.34 0.34 9.3 1.3 0.0 0.3 0.2 of 461 25.7
( 20, 5) 25.41 338 50.8 114.2 165.0 0.31 6.49 4.49 29.2 20.2 21.1 16.9 16.5 91| 338 9.2
(7002, 4) 50.40 528 100.8 121.8 222.6 0.45 4.42 2.42 25.3 13.9 15.3 13.8 13.5 74| 528 13.6
(8011, 24) 1305 1305
( 2, 16) 115.35 1545 172.0 64.2 236.3 0.73 2.05 0.56 9.2 2.5 0.0 0.2 0.1 of1545 29.3
( 1, 24) 120.56 1611 179.8 53.9 233.7 0.77 1.94 0.45 8.7 2.0 0.0 0.0 0.0 ofi611 30.9
( 5, 2) 564.19 1124 841.5 731.2 1572.7 0.54 2.79 1.30 83.1 38.4 811 25.1 23.8 971124 21.5
( 24, 1) 98.39 1302 146.8 972.1 1118.9 0.13 11.37 9.88 51.4 44.7 a1.0 37.1 36.3 871302 5.3
( 22, 1) 120.31 914 179.4 745.5 925.0 0.19 7.69 6.20 60.3 48.6 46.3 42.4 4a1.8 81 914 7.8
( 23, 1) 113.95 1493 170.0 1738.3 1908.2 0.09 16.75 15.25 76.5 69.8 62.6 59.1 57.8 961493 3.6
(8001, 16) 2594 2594
(8010, 21) 128 128
(8012, 23) 1512 1512
(8007, 17) 180 180
OSUBNETWORK= 5088.23 8492 128.31 186.36 314.67 0.41 3.71 2.20 2.16 1.28 1.08 0.94 0.91 174.% 16.2
-- VEHICLE - HOURS —-— --- MINUTES / VEHICLE-TRIP --- PER
TRIP
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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

US-301 & 8th Ave.
Direction | Control delay [s) | Flow [vph) | sxwvph | Intersection Delay (s) LOS
WE [2.1) 39.1 1562 610742
EB (22,1) 436 912 443732 26 £o478475 0
NEB [24.1) a1 1301 53381
5B (23,1) 534 1498 874832

US5-301 & Palm/Haskos [New Walmart entrance]

Direction | Control delay [s] | Flow [wph) [ sxwph | Intersection Delay (s) LOS
WE [2,25) 15.2 1974 30004 8

EE (5,25) 23.9 1251 298389 15.30330883 “
NE [27,25) EENS 114 33304

5B [26,25) 229 206 47174

I5-301 & Haben/12th

Direction Control delay (5] | Flow [vph) | sxwph | Intersection Delay (s) LOS
WB (16,2) 16.3 2583 421029

EB [25.2) 39.1 1114 43557 4 2307780225 c
NE [19.7] 0.7 563 13724.1

5B [17,2) 239 181 5411.9

U5-301 & U5-41 NB Ramp

Direction Control delay (5] | Flow [vph) | sxwph | Intersection Delay (s) LOS
WE [5.4) 14.1 1956 275796
EB(3,4) 72 957 68904 12 05640271 B
NE [7002,4) 13.4 484 54856

/5301 & U5-41 5B Ramp

Direction Control delay (5] | Flow [vph) | sxwph | Intersection Delay (s) LOS
WE (4,3) 344 1873 544317
EB (1,3} 9.2 935 8602 2511797753 C
5B (7003,3) 18.8 396 7444 8

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

US 301(10th Ave) and Sth Ave
Direction Bound Direction Node Control delay (s) Flow (vph) s x vph Intersection Delay (s) LOS
ws 3,1 381 1602 61036.2
8 22,1 463 914 423182
NB 24,1 a1 1302 53382 S °
58 23,1 626 1493 934618
US 301 and Walmart
Direction Bound Direction Node Control delay (s) Flow (vph) s x vph Intersection Delay (s) LOS
we 2,5 26 1955 50830
E8 4,5 124 1279 15859.6 21.0965685 c
NE 21,5 33 129 4257
58 20,5 211 338 71318
US 301 and Haben
Direction Bound Direction Node Control delay (s) Flow (vph) s x vph Intersection Delay (s) LOS
we 16,2 168 2578 433104
(3] 5.2 311 1128 33956.4 3140167217 ¢
NB 19,2 206 663 13657.8
58 17,2 297 180 5346
US 301 and US 41 NB Ramp
Direction Bound Direction Node Control delay (s) Flow (vph) s x vph Intersection Delay (s) LOS
we 5,4 126 1979 249354
E8 3,4 7.8 979 7636.2 1166092943 8
NB 7002, 4 153 528 8078.4
US 301 and US 41 58 Ramp
Direction Bound Direction Node Control delay (s) Flow (vph) s x vph Intersection Delay (s) LOS
we 4,3 389 1925 748825
8 1,3 9.6 935 8976 28.01043771 C
58 7003, 3 188 207 7651.6

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 SPUl 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)
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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.

PROJECT AREA

PROPOSED LANES
MEDILAR o
EXIST, R/ﬁv/
u SIGNALIZED INTERSECTION
2

2. 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

Cgpp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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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 us4i1)
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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

UsS 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:

e Dredge and Fill

e Drainage

e Irrigation Water Use

e Bridge

e Tree Removal License

e Coastal Construction Line

e 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 High-Speed Urban
Classification Arterial
S Design Speed 45 mph
General Criteria Design Vehicle WB-62 FL
Median Width 28 feet
Section Features Shoulders None
Curb & Gutter Yes
Bike Lane 7 feet
Horizontal Clear Zone 4 feet from FOC
Clearance
Border Width 14 feet
Max. Super Elevation 5%
Horizontal Max. Grade 6 %
Alignment Min. Grade 0%
Min. Length of Curve 400 feet
Base Clearance Above DHW
Elevation
3 feet
Vertical Max. Change in Grade w/o HC 0.6%
Alignment 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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Design Vehicle for US 301

15.00 ) 53.00 )
1
41.00
TO©®
4.00 19.50
WB-62F L feet
Troctor Width : 8.00 Lock to lock Time : 6.00
Troller Width : 8.50 Steering Angle : 28.40
T'roctor Track : 8.00 Articulating Angie : 70.00
Troller Trock : 8.50

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)

50 feet or
Turning Radii 3 —centered curve
Control Radius 75 feet
Angle of Turn 90°
C.W City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Trave|
Way Edge

WB-62 SEMITRAILER COMBINATION

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.

2- -‘1
WA
BIAF
LANE

EAST OF INTERCHANGE
PROPOSED

Figure 26. East of Interchange
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75 L 75

WEST OF INTERCHANGE
PROPOSED

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)

BORDER

TYPE
FACILITY

FREEWAYS
(INCLUDING 94,
INTERCHANGE RAMPS)

ARTERIALS
COLLECTORS 40
Design Speed > 45 mph

ARTERIALS
COLLECTORS 3
Design Speed < 45 mph

WIDTH (FEET)

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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11. Typical Section
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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 LF 13728 $55.00 $755,040.00
MATERIAL,ROUND, 24"S/CD

CONCRETE CURB & GUTTER, TYPE F LF 27600 $16.50 $455,400.00
CONCRETE SIDEWALK AND DRIVEWAYS, SY 68500 $26.00 $1,781,000.00
4" THICK

PERFORMANCE TURF, SOD SY 5000 $3.00 $15,000.00
MILLING EXIST ASPH PAVT, 1 1/2" AVG SY 411840 $2.00 $823,680.00
DEPTH

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
."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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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

onramp to US 41.
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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 Desigh 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.
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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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Roadway Classification Rural Arternial Suburban Urban
Arterial Arterial
General Design Speed s mph sS S0 mph
Criteria Design Vehicle WB.62 FL WwWB-62 FL WB-62 FL
Median Widths 40 it 30 ft. 30 ft
Section inside Shoulder 8 fr 4 fL 94
Features Outside Shoulider
paved width 5ft 5ft 6.5
Horizontal Clear Zone 36 fir 30 ft 24 ft
Clearance Border width 40 40 29 ft.
Max Super Elevation 10% 5% 5%
e Length of 400 #. 400 400
’ Curve::w Rad
Min. -, us
Alig ent s 1.348 i 2750 ft 2244
Min. Curve. Radius
wo Super 13,164 1t 9,949 ft 8337
Maximum Grade 2% 5% 8%
Minimum Grade 0% 0% 03%
Base Clearance
asbove DHWEL N e I®
Max Change in =
Grade w/o Curve 03 % 0'5_% O-.:%
tical Minimum SSD 845 n. 495 f 425 it
Minimum Length of
lignment Ot Citrerass 450 . 350 n 3001
Minimum K Value of
s o 313 185 138
Minium  Langth - of 350 1. 250 n 200 1
anhun K Value of
SAG Curves 187 118 96

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)

LANE WIDTHS (FEET)
FACILITY AUXILIARY LANES
TRAVEL SPEED e
LANES g URNING -
TYPE AREA CHANGE (LT/RT/MED) PASSING
Rural 12 12 —
FREEWAY - v
Urban 12 12
Rural 128 128 128 128
ARTERIAL
Urban ' ! 11
Rural 1228 112 1123 11 24
COLLECTOR
Urban | 1 " 112 1"

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

e Twelve feet for two lane roadways

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

SR#
FROM 17TH ST. TO INTERCHANGE

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.

- '-FI.I e N 1 . B - - N - N . N N B .
I i/
SR 41
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.

14.63 m (48 fr] Trailer
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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
(546,800 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.

Google Ea\"rth

‘27:_3‘i'15.24" N. 82°33'44.87" W elev. 21 ft,, eye;alt 6372 ft

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:

e Cost Comparison

e Traffic Forecast

e Soil Characteristics
e Weather

e Construction

e Recycling
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Secondary factors:

e Area Past Performance
e Existing Pavements

e Scarcity of Materials

e Local Availability

e Traffic Safety

e Environmental features
e Local Competition

e 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

P=F(1+ i)_t
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.
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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.

Friction Course

Structural Course

Base Course
Base Extension

Stabilization

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 Trdffic
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

n
ESALp = Z AADTi * Lf * T24 = Df * Ef * 365
i=1

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
AADT; = AADT 4, year * 1+ GR)‘

Where,

GR = growth rate (1.5%)

Equation 14. Lane Factor, Derived from Copes Equation

LF; = (1.567 — 0.0826 * In(oneway AADT) — 0.12368 = LV
Where,
LV = 0 if number of lanes in one direction is 2 or less

LV = 1 if number of lanes is 3 or more

CspP
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Table 25. FDOT Flexible Pavement Typical Equivalent Factors (FDOT 2014)

Example of Equivalency Factor Ef (Eag) for Different Types Of
Facilities
Flexible Rigid
Pavement Pavement
Freeways
Rural 1.05 160
Urban 0.90 127
Arterials and
Collectors
Rural 0.96 1.35
Urban 0.89 1.22

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)

MR = 100.7365 = log (LBR) * 809

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:
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Equation 16. Effective Modulus
MReff = 3005(1.18 * 108 « MR, 232)-0431

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)

SN = a1D1 + azDZmZ + a3D3m3

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)

STRUCTURAL COEFFICIENTS FOR DIFFERENT PAVEMENT LAYERS

(WNew Construction or Reconstruction)

Layer Coeff. Spec.
Laver Type per inch Sec.
FC-5 0.00 337
FC-12.5, FC-9.5 0.44 337
Superpave Type SP (SP-9.5, SP-
12.5, SP-19.0) 0.44 334
Limerock (LBR 100) 0.18 200
Cemented Cogquina (LBR 100) 0.18 911
Shell Rock (LBR 100) 0.18 200
Bank Run Shell (LBR 100) 0.18 200
Graded Aggregate (LBR 100) 0.15 204
Recwvcled Concrete Aggregate 0.18 o911
(LBR 150)
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Table 27. FDOT Flexible Pavement Required Minimum Thickness (FDOT 2016b)

Minimum Minimum

Structural Base
18-kip ESAL's 20 year period Course Group
Limited Access 4" 9
Greater than 3,500,000 I» 9
Ramp _less than 3,500,000 2" 9
300,000 to 3,500,000 2" 6
Less than 300,000 15" 3
Limited Access Shoulder 1 l/2" 1
Residential Streets, Parking
Areas, Shoulder Pavement, Bike ™ 1
Paths
Shared Use Paths 1 1

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 Structural Base Subgrade
Course Course

US 301. West of US41 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization
Asphalt (LBR 100) (LBR 40)

US 301. East of US41 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization
Asphalt (LBR 100) (LBR 40)

US 301. East of 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization

Walmart Asphalt (LBR 100) (LBR 40)

us 41 0.75" FC-5 4" Superpave 10" Base Group 9 12" Type B Stabilization
Asphalt (LBR 100) (LBR 40)

Ramps 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization
Asphalt (LBR 100) (LBR 40)

US 301. East of US41 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization
Asphalt (LBR 100) (LBR 40)

US 301. East of 1.5" FC-12.5 1.5" Superpave 10" Base Group9 12" Type B Stabilization

Walmart Asphalt (LBR 100) (LBR 40)

us 41 0.75" FC-5 4" Superpave 10" Base Group 9 12" Type B Stabilization
Asphalt (LBR 100) (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)

Asphalt Pavement
Rehab Period Urban Arterial Rural Arterial Limited Access

Mill 2 inch Mill 2 inch Mill 3 inch

16 Year Resf 1 inch Resf. 3 inch Rest. 4 inch
Str. AC and DGFC Str. AC and FC Str. AC and OGFC

Mill 2 inch Mill 2 inch Mill 3 inch

32 Year Resf. 1 inch Resf. 3 inch Resf. 4 inch
Str. AC and DGFC Str. AC and FC Str. AC and OGFC

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)
ESALp ~ Yi=q AADT; * Lg * Ty * Dg * Eg % 365

Formula Inputs:

n = 30 years (project design scope)
AADT1 =19700

Toa=3.96%

Dr=0.556

Ef=0.89

L= 0.675

FDOT Traffic Data Online (2017b) was used to obtain the AADT, T2, and D¢. The Flexible Pavement
Design Manual provided EF, shown in Table 31. Lr was calculated using the Copes equation.

Table 31. Equivalency factors (FDOT 2014)

Example of Equivalency Factor Ef (Eso) for Different Types Of
Facilities
Flexible Rigid
Pavement Pavement
Freeways
Rural 1.05 1.60
Urban 0.90 1.27
Arterials and
Collectors
Rural 0.96 1.35
Urban 0.89 122

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

Given for Segment 1:

ESALD = 2.975x108 W18 equivalent loads in 30 year design period
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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.

TABLE 5.3
REQUIRED STRUCTURAL NUMBER (SNg)
90% RELIABILITY (%R)
RESILIENT MODULTS (Mg) RANGE 4,000 PSI TO 18,000 PSI

RESILIENT MODULUS (Mg), (PSI x 1000)

ESALg a4 5 B T = 9 10 11 12 1& 17 1B
100 000 302 277 259 244 231 271 212 204 197 176 1.72 168
150 000 3.23 297 277 261 247 236 227 219 211 1.9 1.84 1EOD
200 000 339 311 290 273 260 248 238 230 222 198 194 1E9
250 000 352 323 301 284 269 257 247 238 230 206 2.01 1497
300 000 362 333 3.10 292 278 265 255 246 237 212 2.07 203
350 000 3.71 | 341 318 3.00 285 2.72 261 252 2.44 218 2.13 .08
a00 000 3.79 349 325 3.07 291 278 267 258 249 223 218 213
450 000 387 | 356 332 3.13 297 28B4 273 263 2.54 227 | 2.2 | 217
500 000 393 362 338 3.1B 302 2.B9 277 267 259 231 206 221
600 000 405 373 348 328 312 298 286 2.76 2.67 239|233 |28
F00 000 4.14 382 357 336 320 3.05 293 2B3 273 245 239 234
800 000 423 390 364 3.44 327 3.12 300 2.E89 280 250 244 239
Q00 000 431 397 371 351 333 3.18 306 295 285 255 249 44

1 000 000 438 404 378|357 339 324 311 3.00 290 y 260 254 248
1 500 000 465 430 403 381 362 346 333 321 3.10 278 271 265
1 5 1 i 36 291 285 278
302 295 2E9
312 304 2498
B 320 3.12 306
3.77 327 319 3.12
Figure 50. Table 5.3 from the Flexible Pavement Design Manual

2500000 3.18 x—3.18 — 2975000-2500000 => SNg=3.27

2975000 X(SNi) 3.28-3.18  3000000—2500000

3000000 3.28

C2PP
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Figure 51. Flexible Pavement Design Layers

A. Friction Course

e FC-125
e 1.5” required thickness (D1)

e 0.44 structural value per inch (al)

B. Structural Course

e Superpave design thickness
* 4" minimum thickness (D2)

e 0.44 structural value per inch (a2)

C. Base Course

e Base Group 9 (LBR-100)
* 10" minimum thickness (D3)

e 0.18 structural value per inch (a3)

D. Subgrade

e Type B Stabilization (LBR-40)
e 12”7 assumed thickness (D4)

e 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:

SNg = 3.27”
SN¢ = (a1 * D1)+(az * Dz)+(aa * D3)+(a4 * D4)

3.27”(+/-0.11) = (0 * 0.78”)+(a. * D,)+(as * D3)+(0.08 * 12”)

2.31” (+/-0.11) = (a; * D;) + (a3 * D3)

The Base and Structural courses must provide a combined SN of 2.31”

Geotechnical and Transportation Engineering Design; p. 82
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TABLE 5.9
COMBINED STRUCTURAL NUMBER (INCHES)

COMBINED STRUCTURAL NUMBER (INCHES) Stabilization
Structural [ Structural Course - Inches Numbers Not
Included. | £
RL 35 (40| 4550|5560
1
2
3
<
5
6 208
7 304
325 [347]3.60
3341356378
352|374)306 418
370392414 [436] 438
12 379 [4.01 423 [445]467] 489
13 319]441 |463]485[507
14 328450 a7 404516
15 s46]468490[512]534

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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TABLE S5

REQUIRED MINIMUM THICKNESS FOR NEW CONSTRUCTION OR
RECONSTRUCTION

In order to avoid the possibility of producing an impractical design the following minimum
thicknesses are required for New Construction. It is assumed that a 12in stabilized subgrade (LBR
40) is to be constructed in order to establish a satisfactory working platform.

Minimum Minimum

Structural Base
18-kip ESAL's 20 vear period Course Group
Limited Access 4" 9

I Greater than 3.500.000 3 9
Ramp_less than 3 500 000 2 9
300.000 to 3.500.000 /g 6
Less than 300,000 1 ' 3
Limuted Access Shoulder 1 1."’2" 1

Residential Streets. Parking

Areas. Shoulder Pavement. Bike I b 1
Paths
Shared Use Paths 1 1.."'3" 1

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

C ."p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
4 P Geotechnical and Transportation Engineering Design; p. 84

COMMUNITY SUSTAINABILITY



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%

e Total Area = Area of Mainline + Area of Bike Lanes + Area of Turning Lanes
*  Area of Mainline = [ 3380 (ft) * 3 (lanes) * 11 (ft) 1*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

e 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)1¢ $105,676
32-Year Present Worth = $197,979 * (1+0.04)3? $56,421
Net Present Cost of Rehabilitation $162,098
Segment 1 Net Present Cost $994,067

C8rP
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234

Summary of Flexible Designs and Costs

Table 36. Flexible Designs New Construction Designs

Segment

US 301 - West of
us 41

US 301 - East of
us 41

US 301 - East of
Walmart

us 41

Ramps

Friction
Course
1.5" FC-
12.5

1.5" FC-
12.5

1.5" FC-
12.5
0.75" FC-5

1.5" FC-
12.5

Structural Course

1.5" Superpave
Asphalt

1.5" Superpave
Asphalt

1.5" Superpave
Asphalt

4" Superpave
Asphalt

1.5" Superpave
Asphalt

Base

10" Base Group 9
(LBR 100)
10" Base Group 9
(LBR 100)
10" Base Group 9
(LBR 100)
10" Base Group 9
(LBR 100)
10" Base Group 9
(LBR 100)

Subgrade

12" Type B Stabilization
(LBR 40)
12" Type B Stabilization
(LBR 40)
12" Type B Stabilization
(LBR 40)
12" Type B Stabilization
(LBR 40)
12" Type B Stabilization
(LBR 40)

Table 37. Flexible Designs Rehabilitation Plans

ua b WN -

Segment

US 301 - West of US 41
US 301 - East of US 41
US 301 - East of Walmart

usS 41
Ramps

Milling depth

o
o
o
30
o

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

Table 38. Flexible Designs Rehabilitation Plans

ua b WN -

Segment

US 301 - West of US 41
US 301 - East of US 41
US 301 - East of Walmart

us 41
Ramps
Totals

Construction Cost

$831,969.58
$593,050.93
$302,832.89
$534,383.29
$412,777.62
$2,675,014.32

Rehabilitation Cost

$162,097.53
$115,547.60
$59,002.71
$273,003.88
$80,423.89
$690,075.62

Total Net Present Cost
$994,067.10
$708,598.54
$361,835.61
$807,387.17
$493,201.51
$3,365,089.93

* |If flexible pavement is used across the entire project, the total cost will be approximately $3,365,089.93.

Cspp
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Table 39. Flexible Designs Adjusted Costs

Total Net us 41 us 41 Adjusted Cost Savings
Present Cost Reconstruction Rehabilitation
$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)
n
ESALp = AADTi = Lf * T24 * Df * Ef * 365

i=1

Where,
n - design period in years

i - year for which calculation is made

Equation 20. AADT Data in Year | (FDOT 2016b)
AADT; = AADT 46, year * 1+ GR)t

Where,
GR=1.5%

t = number of years

Lf = lane factor, derived from Copes equation:

Equation 21. Lane Factor (FDOT 2016b)
LF; = (1.567 — 0.0826 * In(oneway AADT) — 0.12368 = LV

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.
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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.

Longitudinal
joint

Tied rigid
shoulder

Transverse
joint

(jointed)

Subbase Course (if needed)

Subgrade (Existing Soil)

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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TABLE A.4

REQUIRED DEPTH (D;) IN inch FOR RELIABILITY (%R)

Modulus Of Subgrade Reaction (Kg) ,psi/in

ESAL, 40 80 110 150 185 [200] 260 300 330 370
100 000 to 900 000 ESAL Use B” For Jall K Values
1 000 000 ¢ 8 3 8 8 3 8 8 g 8
1 500 000 83z 8 8 8 8 8 8 28 8 8
2 000 000 = Bis 8% 8 8 8 8 28 8 8
2 500 000 ¢ 9 ais g o | o 8 8 8 8
3 000 000 G2z S g g Bis 84 8is 3% 83 8
00 000 Cls iz ) g =] ) 8is 3% 83 8is
4 000 000 O 9% 9% O 5 9| 9 9 9 g
4 500 000 10 Gis Gis 9iz Gis g 9 g S G
5 000 000 10 10 Gis 9iz Gis G3s Gis g S G
6 000 000 10% 10 10 10  O% G 93 G  Ois O
7 000 000 10% 10% 10 10 10 10 10 s Gt O
8 000 000 11  10% 10% 10% 10 10 10 10 10 10
9 000 000 11  10% 10% 10% 10% 10% 10 10 10 10
10 000 000 11 11 11  10% 10% 10% 10% 10% 10 10

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:

e ESALD, the design lane design period loading
e k ,Modulus of Subgrade Reaction
e %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

C ."'1) City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
¢ P Geotechnical and Transportation Engineering Design; p. 91

COMMUNITY SUSTAINABILITY



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

Material Unit Price
PCC Pavement (8.57) $59.50/SY
PCC Pavement (97) $63.00/SY
PCC Pavement (9.57) $67.46/SY
PCC Pavement (107) $55.53/5Y
PCC Pavement (117) $68 28/SY
PCC Pavement (11.57) §72.74/SY
PCC Pavement (127) $75.32/8Y
PCC Pavement (12.57) $79.78/SY
Superpave Asphalt (17)(Traffic level C) $3.39/5Y
Asphalt Treated Permeable Base (ATPB) $12.44/8Y
Type B Stabilization (LBR 40) $2.36/SY
% Slab Replacement $35.39/8Y
Grinding Concrete Pavement $2.81/5Y
Clean/Reseal Joints $7.50/8Y

* 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:

e Asphalt Base with 9” Type B stabilization
e Treated Permeable Base with 9” Type B stabilization
e 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

e Area of Mainline = [ 3380 (ft) * 3 (lanes) * 11 (ft) ]*2= 223080 ft2
e Area of Bike Lanes = [ 3380 (ft) * 1 (lane) * 7 (ft) ] *2 = 47320 ft2
e 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 Iltem Total Cost
16-Year Present Worth = $197,929 * (1+0.04)1° = $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
Structural Course Superpave Asphalt

Base Optional Base Group 9

Subgrade Type B Stabilization

us4i
Friction Course FC-12.5
Structural Course Superpave Asphalt

Base Optional Base Group 9

Subgrade Type B Stabilization
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* Please note that the chosen thicknesses of layers in these designs are based on FDOT minimumes. 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”. Itis 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 Project Limits
US Highway 301 ' : z
TEAM LEADER: MONIQUE GYANT
TEAM MEMBERS: DANIEL HOEFLICH,
ODELMO JOSEPH, PAYDEN
CALHOUN, JEREMY ABREU, AHMED AL
SHAMISI

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

Scope of Work

Develop Typical Sections of Existing
Roadway o Develop New Typical Sections
based on Data Simulation ©3-D Projections
of Proposed Roadway cDevelop Roadway
Criteria for Designs o Cost Analysis

Existing US Hwy 301 East of Interchange Typical

i v ey e 2 through
o T o T lanes
T I ‘ ) T "‘ I* « Signalized
K [ ¢!] % interchanges
s W T et o very close t
—— y close to
i interchange

Existing US Hwy 301 West of Existing US Hwy 301 Under Ramp

Interchange Typical

s " W " « Two through

[ 3 lanes

+ No median

* Tight Right-of-
Way

WEST OF INTERCHANGE
EXISTING
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Existing US Hwy301 Under Ramp Existing WatMart Intersection

Roadway Design Criteria Design Vehicle for US 301
| High Speed Urban Arterial 15.00 53.00

Design Speed 45 mph 1
Design Vehicle ‘WB-62 FL
Median Width 28 feet 4/.00
Shoulders None
Curb & Gutter Yes
Bike Lane 7 feet | d
Clear Zone 4 feet from FOC @
Border Width 14 feet
Max. Superelevation () 5%
Max. Grade 6% WEB-62FL feet
Min. Grad 0%
Min. Length of Curve 400 feet ;roffor ::;;:;’ g % g(;ck ;0 LOCkr Time H gﬁo
- ralier = 8. eering Angle : 28.
Sources: FDOT Design Manual & AASHTO Green Book
e ot besn Hanta e Tractor Track :8.00  Articulating Angis = 70.00
:8.50

‘ Troller Trock

Border Width for US 301 Roadway Design Criteria

BORDER
A O (FEET) -
X Border |
ey —— k-
'OR CURB AND QUTTER | LANES ATCURSOR | | Buffer Up of Gutter ,
SRAONTIER | St Skeewer Butter Steip
e o T
COLLECTORS " u
Desgn S50 = 46 o
jo— * Border width messured from lip of Gutter (shown) or from face of curb
COUECTORS " ™ Whon there s not  guter.
Oovtn Sooud s 40meh
URBAN COULECTOR . .
Ownn w30 meh

‘Sources: FDOT Design Manual & AASHTO Green Book W8 62 SEMITRAILER COMBINATION

centered
curve

WB-62 400-70-

%0 FL 400

75 feet

90
degrees
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Roadway Design Criteria

Roadway Classification High Speed Urban
o Proposed Changes to Roadway
Base Clearance Above DHW - Change US301 to 6 lane divided highway from 8" Ave to Haben
Elevation ee Blvd
Max Change in Grade w/o HC 0.6% 7’ Bike lanes were added in Eastbound and Westbound
Max. SSD 360 feet directions
Vertical Alignment  Min- Length of Crest VC 300 feet 28’ median added to US301 west of US41 interchange
ot etz o e 2 o L Moved intersection at WatMart farther east of the interchange
Min. Length of Sag VC 200 feet with US41
. Kept sidewalk on both sides of US301 and either side of
Min. K Value of Sag VC 96 interchange

Sources: FDOT Design Manual & AASHTO Green Book

Proposed US Hwy 301 East of Interchange Proposed US Hwy 301 East of Interchange

AL A |

|

EAST OF INTERCHANGE
PROP

Proposed US Hwy 301 West of Interchange

Proposed US Hwy 301 West of Interchange
e | . o

WEST OF INTERCHANGE
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Access Class for US 301

ProposedUS Hwy 301 Under Ramp Median Opening
5l o Signal
A (feet) (feet) Spacing
Class vehicle (feet)
anoon-Reatdetive’ | sk <46 |Directional | Full
any point. mph mph
2 Restrictive with 1320 660 1320 2640 2640
Service Roads
I 3 Restrictive | 660 | 440 1320 2641 2640
4 Non-Restrictive 660 440 2640
5 Restrictive 440 245 660 *2640/ |*2640/1320
1320
6 Non-Restrictive 440 245 1320

7 Both Median Types 125 330 660 1320
* 2640 feet for =45 mph; 1320 feet for =45 mph

Required WalMart Entrance Location from US 41

Old Walmart Intgrrg,ection

The total weaving volume is calculated as:  Viw = V1 +%LTx[VI+V2]/ 2

Where: Vi = total weaving volume
V1 =crossroad volume (- vph)
V2 = romp volume.

Proposed 8" Ave Intersection Proposed WatMart Intersection

' - I
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Proposed Haben Blvd Intersection US Hwy 301 Cost Estimate
€ F — "

tgfh'v* e - g o) BN
e

‘rﬁ_p«n‘} ‘K’\' ,

INLETS, CURB, E 55 $4,300.0 $236,500.00

TYPEP-1,<10' A 0

PIPE LF 13728 $55.00 $755,040.00
CULVERT,OPTION

AL

MATERIAL,ROUN

D, 24"s/CD

CONCRETE CURB LF 27600 $16.50 $455,400.00
& GUTTER, TYPE F

CONCRETE SY 68500 $26.00 $1,781,000.0
SIDEWALK AND 0
DRIVEWAYS, 4"

THICK

PERFORMANCE  SY 5000 $3.00 $15,000.00
TURF, SOD

MILLING EXIST ~ SY 41184 $2.00 $823,680.00
ASPH PAVT, 1 0

1/2" AVG DEPTH

FLEXIBLE Sy $2,064,501
PAVEMENT

CONSTRUCTION $6,531,121.2
SUB-TOTAL 5
MOBILIZATION 10%  $653,112.13
MAINTENANCE 10%  $653,112.13
OF TRAFFIC

LIGHTING 10%  $653,112.13
SIGNING AND 10%  $653,112.13
PAVEMENT

PROJECT 10%  $653,112.13
UNKNOWNS

GRAND TOTAL $9,796,681.9

0
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28. Appendix B — PowerPoint Presentations

28.1 Project Development & Environment:

US 41 and US 301
PD&E Presentation

Manatee County
~~ . 3. -t - ‘
City of Palmetto, Florida US 301 Team
Sabrina Mamo=~ Team Leader
Basit Ali

Ryan Anloague
A Lorenzo Connor
phen Slinn Subin Idikula

US 41 Team

Instructors:
Dr. Qing Lu
Bijan Behzadi, PE, PTOE

Project Overview
USF and the City of Palmetto (A local government agency) formed
a4 COmMmunity p l‘?]}”]“‘((ﬁl']’f;“ll‘l am Com V‘I‘IH]‘I]r}'

Yy part
Sustainability Partnership Program (CSPP)

Interchange of US 41 & US 301 and adjacent intersections
miles

nue E to US 301 & 12* Avenue W/Haben Boulev:
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Planning Process

Data Collection

TMC, AADT, Existing Conditions

Growth, Forecasted Data, Future TMC, Queue Lengths

TSIS Simulation

Number of Lanes, LOS

US 41 Existing Typical Section

WARIES (8 MIN < 317 MAX)
[TSRTeN

SR 41
FROM 17TH ST. TO INTERCHANGE
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US 41 Existing Typical Section

RO CENTER OF ROAD

SR 41
BRIDGE

US 41 Existing Typical Section

SR 41
SOUTH OF INTERCHANGE
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US 41 Interchange
Existing (2010) PM Peak Hour
Volumes

US 301 & US 41
SB Ramps

Hz‘ ng
US 301 & US 41
NB Ramps

US 301 Existing
Typical Section

WEST OF INTERCHANGE
EXISTING
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US 301 Existing
Typical Section

EAST OF INTERCHANGE
EXISTING

US 41 Existing AADT

US 41
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US 301 Existing AADT

8th Ave W 12th Ave W

US 301

26500

Haben
Blvd.

US 301 Existing (2010) PM
Peak Hour Volumes

US301 & US 301 & Wal- US 301 & 12th Ave
8th Ave W Mart Driveway EfHaben Blvd
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US 301 Existing TMC at AM Peak
Hour

US301 & US 301 & Wal- US 301 & 12th Ave
8th Ave W Mart Driveway E/Haben Blvd

Problem Areas

- ES
T

- and Us 4l

L TogRl
* (s
1 :G-:.:‘-g e Vet v
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Planning Objectives & Purpose

« Future Volumes were projected by applying 2% growth
ratefyear

« Target Level of Service for US 41 and US 301is LOSC

. ized intersection at Wal-Mart
driv ating to Palm 2, 4 Lane Divided to 6
Lane Divided Typical Section

+ Alternative 2 - 4 Lane Divided to 6 Lane Divided Typical Section

K (%) D (%)

Growth Computation Value

The slope and average AADT was
derived using Excel

L The growth ck‘-om utation was

25500 S ; s s

o obtained by dividing the slope by
the average AADT

21000
26500
22000
23500 3 -
2000 | 3 slope/favg AADT [ Hincrease
22500

25000

0,0019 0.1

D.0222
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Forecasted AADT For US 301

US 201 AADT Forecasting

= I::.l'" " I”.!-::IIT

US 41 Future (2030)
Peak Hour Volumes — Alternative 1

US301&US 41 US 4]

SB Ramps

{1.297)

(%5}

US301 & US 4]

508 exceeds capacity NB Ramps

eft turn
lane at analized US4l

o

Intersecnon
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US 301 Future (2030)
Peak Hour Volumes — Alternative 1

US 301 & Wal-Mart US 301 & 12th Ave Ef
Driveway West Haben Blvd
w« bl 7]

- s 1A

US 301 & Wal-
Mart Driveway
East/Palm 2nd

US 301 &
8th Ave W

- 10as (148

£~ e (e
.

Tarr

w

Wal-Mart Intersection

Wal-Mart '
Current Proposed Wal-Mart
E"n-trance Future Entrance

fal-Mart Current Entrance is Too Close to Operational
rea of the Interchange

Less than 400 feet
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Peak Hour Traffic Simulation
TSIS Traffic Modeling

Signal Timing

South bound traffic, it cannot be
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Determination of Basic Number of Lanes
on US 301

Optimum Cycle Length C,,,.,, =

estimated optimum cycle length (seconds) to minimize
vehicle delay

total lost time per cycle (seconds), 4 seconds per phase is
typical

flow ratio for critical lane group, i (seconds)

ssumptions and Equations
Principles of Highway and Traffic
Analysisby Fred L. Mannering and
Scott S. Washburn)

« Saturation Flow Rate (s) = 1750veh/hr/lane

» = dnver reaction time {taken to be 2.5 seconds)
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Beginning Equations

+ Check Yellow

+ Two sio

« Critical Intersection US4]1 SB Ramps / US301

Aft g 3 lation atU

) 1\ 1e 1
optimal time for this intersecti vas determined,
length was )

Light Timing Example (Critical
Intersection)

Muoe 1 2 3
Mawererty MR ek ATy WRThy MR N L
Toms N7 & 63 w73 115 EAR R 1
Lanes 2 1 3 3 2 2
Saturwson Fate 390 e 2% 250 =00 1500
Flow Ratios Q05034 00% 004181 0231425 Q08RI71) 001714

2 3
Moermanty NER [ Thry  WaThe Nan LTI
Effectaw Gooen 10 440 170
Actual Groen 70 200
Yelow 5 3
Al Red 1 1
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Queuing Distances

Peak Hour Traffic
Simulation a “ « Large queue lengths
Alternative 1 b | and delay
8th Avenue Section ‘ - Traffic is avoiding the
US 41 Interchange
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Peak Hour Traffic
Simulation
3uild Condition

1al Point
nge s«

turther solution

PD&E STUDY AREA
(LANE CONFIGURATION)

¥ atiad L paant gng}qn'.a=
- S 2IA S
- e
$ ekl - -
l’f,. - — T : | -
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Proposed US 301 Typical Section

EAST OF INTERCHANGE
PROPOSED

T OF INTERCMANGE
PROPOSED
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PD&E STUDY AREA
(LANE CONFIGURATION)

e

i

“‘“""x""\L‘J -

4

Jﬁ:

LEGEND

PN A

LA
- LS AW
I S TR

PD&E STUDY AREA
(LANE CONFIGURATION)
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Calculating LOS for Intersections
(TSIS)
V«{ ‘ontrol Delay (s)+*Flow(vehicles per hour)

Flow(vehicles per hour)

EXHIBIT 16-2. LOS CRITERIA FOR SIGNALIZED INTERSECTIONS

LOS Conlrol Delay per Vehicle (s/veh)
A =10
B >10-20
C > 20-35
D » 35-55
2
-

>65-80
> 80

LOS Sample Calculation for US
301/Haben Blvd. (TSIS)

Direction Control delsy (s) FHow {vph)

Wa (162} 153 5E3

EB(23.2) 3.1 114
NE (152} 0.7 063

S8{17.2) FoX ] 13
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Alternative 2 Peak Hour Scenario
(2030)

US 301 & 8th Ave 47.10943325

LIS 301 & 6th Ave {Current Walmart Entrance) 21.0965685

US 301 & Haben 21.40167217 C Signalized

US 301 & US 41 NB Ramp 1166092943

US 301 & US 4158 Ramp 28.01043771

Alternative 1 Peak Hour Scenario
(2030)

US 301 & 8th Ave 46.69478475

US 301 & Palm 2nd (Future Walmart Entrance) 19.30930889
US 301 & Haben 23.07780225 C | Sagnafized

US 301 & US 41 NB Ramp 1205640271

US 301 & US 41 5B Ramp 25.11797753
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Calculating LOS for Roadways
using Peak Hour Volumes

.

US 301 AM Peak Hour LOS (No Bulld)

Intersection V |Fp THV N Ve s -]

633 | 110.993(1/092] 693 35 198
915 | 110,993/ 2|0%3 S22
207| 1|0.993(2|09

517| 110.993(2/0.95
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No Build Peak Hour Scenario
(2030)

US 301 and US 41 NB On/Off Ramps

LS 301 and US 41 SB On/Off Ramps

LS 301({10th Ave) and Sth Ave-EB/WE

Us 301(10th Ave) and &th Ave-NB/SE
Legmental
Analysis

s 301 and Haben Blvd-EB/WB

U5 301 and Haben Blvd-NBfSB

Us 201 and & Ave {Current Walmart
Entrance] —EB/WE

L5 301 and & Ave-NB/SE

= b T T T Lo - o T C S LT T - - - T R [T ™

U5 301 and U5 41 NB OnfOff Ramp

Us 301 and US 41 5B On/Off Ramp

US 301{10th Ave) and 8th Ave-EB/WE

L5 301{10th Ave} and Bth Ave-MNB/5B
Segmental
Analysis

% 301 and Haben Bled-EB/WE

L5 301 and Haben Blvd-NB/SB

US 301 and Palm Znd [Future Walmart
Entrance)-EB/WE

U5 301 and Palm 2"-NB/58

o
C
B
B
A
A
B
B
C
C
A
B
B
B
)
B
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REGULATORY AGENCIES

FDOT, Florida Department of Transportation
Manatee County Public Works Standards

FHWA, Federal Highway Administration

DEP, Florida Department of Environmental Protection

SWFWMD, Southwest Florida Water Management District

" Federal Highway

Administration

Planning Cost Estimate

us 301 $23,835,418.67

Us 41 $7,576,473.04

US 41 Ramps $16,161,136.14

Signalization $250,000.00

MSE wWall $24,595,747.00

SPUI $36,630,584.00

TOTAL $84,453,611.85

C ."'1) City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
4 P Geotechnical and Transportation Engineering Design; p. 124

COMMUNITY SUSTAINABILITY



28.2 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 SHAMI5I

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

Project Limits
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Scope of Work

Develop Typical Sections of Existing Roadway

Develop New Typical Sections based on Data Simulation
3-D Projections of Proposed Roadway
Develop Roadway Criteria for Designs

Cost Analysis

e
Existing US Hwy 301 East of
Interchange
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Existing US Hwy 301 East of Interchange Typical

P o ming e e |8 2 through
: I —+_| : Ia!nes |
. T * Signalized
‘ ‘ ol s ol 5 interchanges
R TR e P, | very eloseto
s interchange

EAST OF INTERCHANGE
EXISTING

Existing US Hwy 301 West of Interchange
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Existing US Hwy 301 West of Interchange Typical

* Two through

EXNIST RAN LIME EXIST RO LINE
/ - N lanes
* No median
= ] + Tight Right-of-

~,

re

.
LR
ks

Way

K L [Fd
WL
S0T

T

R - e —

EXIST, CONCHETE f' — s e T i\_
SIEWALK FEJST. COWNCRITT
TPYE O SIOoTwaALK
CLRH & CUTTER ]

TFPL B STARILI ZATION CURR & GUTTER
Lan

WEST OF INTERCHANGE
EXISTING

Existing US Hwy 301 Under Ramp
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Existing US Hwy 301 Under Ramp

MO
EXTETING
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Roadway Design Criteria
 High Speed Urban Arterial

Design Speed 45 mph
Design Vehicle WB-62 FL
Median Width 28 feet
Shoulders MNone
Curb & Gutter Yeas

Bike Lane 7 feet
Clear Zone 4 feet from FOC
Border Width 14 feet

Max. Superelevation () 5%

Max. Grade 6%
Min. Grad 0%
Min. Length of Curve 400 feet

Seurces: FDOT Design Manual & AASHTO Green Boak

s
Design Vehicle for US 301

15.00 53.00
T 1 1
4/.00
4.00 19.50
WEB-62F L feet
Tractor Wldth : 8.00 Lock fo Lock Time : 6.00
Tralier Width : 8.50 Steering Angle : 28.40
Tractor Track : 8.00 Articulating Angle : 70.00
Traller Trock : 8.50
Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Border Width for US 301

BORDER
MIKBMLIN WIDTH (FEET) -
T Border |
eacair I g A
OR CURE AND GUTTER LANES AT CURE Ot Burfar Lip of Gutter
CURB AND GUTTER Sirlp Sidawalk Buffar Strip
ARTERIALS e — b:
COLLECTORS 14 12
Design Spead = 45 mgh
ARTERIALS * Border width measured from lip of gutier {shown) or from face of curh
COLLECTORS 1 i when there is not a guites,
Dusign Speed < 40 meh
URBAN COLLECTOR
STREETS " B
Drasign Sipsssd 5 M) mrph
Sources: FOOT Design Manual & AASHTO Green Book

Roadway Design Criteria

50 feet or
3- centered
curve
we-s2FL  400-70-400
75 feet
gﬂ WH-E:I SFMITHA".FR COMBINATIEN ---
degrees
Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Roadway Design Criteria

Base Clearance Above DHW

Elevation Sl
Max Change in Grade w/o HC 0.6%
Max. 55D 360 feet
Min. Length of Crest VC 300 feet
Min. K Value of Crest WVC 136
Min. Length of Sag VC 200 feet
Min. K Value of Sag VC 96

Seurces: FDOT Design Manual & AASHTO Green Boak

Proposed Changes to Roadway

-BCihgnge US301 to 6 lane divided highway from 8t Ave to Haben
v

«7' Bike lanes were added in Eastbound and Westbound
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

Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Proposed US Hwy 301 East of Interchange

FEIST BN LM
|8 SUAVET SR 43
1

1

k] ]
I
li]

S

L
AL
Avs

--I. i .Ju- i
[

g

EAST OF INTERCHANGE
PROPOSED

Proposed US Hwy 301 East of Interchange

EAST OF JNTERCHAMGE
RO SE D

Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Proposed US Hwy 301 West of Interchange

MO CSED ".'“'—\-\ (J_,-'—I'W"USL'J ey
127 -
™. -

it 5 e

H l| lM

e ALV e T T
- 5, "I' clmr.lr..:-.:r'-'i_’? R J

\ =TYPEE
o MATLIAL GROLUMD CLAB & GUTTER RATURAL GROUKD =
WEST OF INTERCHANGE
PROPOSED

Proposed US Hwy 301 West of Interchange

VWEST OF INTERCHAMNGE

C .*/ID City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Proposed US Hwy 301 Under Ramp

TrRICAL SECTION
SR 4F (WS FOT)

-
Access Class for US 301

Medians Connection Median Opening
"Restrictive™ Spacing Spacing Signal
Access physically prevent (feet) (feet) Spacing
Class wvehicle crossing. (feet)
“Mon-Restrictive™
allow turns acroas at =45 =45 | Directional| Full
any point. men | _men
2 Restrictive with 1320 G660 1320 2640 2640
Service Roads
| = Restrictive | 660 440 1320
4 Mon-Restrictive 660 440 | |
5 Restrictive 440 245 “2640/1320
5] Mon-Restrictive 440 245
7 Both Median Types 125

= 2640 feet for =45 mph; 1320 feet for =45 mph

Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Required Wal-Mart Entrance Location from US 41

0 o N

/ num—?—- Propace to wenge Merge w0 h‘&ni-:
> >
r Doprrsds on T Dopmrahs on o

wobave Syt Speed

The total weaving volume 15 calculsted as: Pw = VI + 8 LTx [Vi+¥V2]/2

Where: Vw = total weaving volume
V1 = croswoad volume (vph)
V2 = ramp volume

Old Walmart Intersection

CSPP City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
Geotechnical and Transportation Engineering Design; p. 136
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Proposed 8" Ave Intersection

Proposed Wal-Mart Intersection

Cspp City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Proposed Haben Blvd Intersection

ITEM DESCRIPTION

INLETS, CURB, TYPE P-1, <lir Ea 35 430000 5256, 300.00
PIFE CULVERT,OFTIONAL LF 13728 35500 $755,040.00
L4HECD

CONCRETE CURB & GUTTER, TYPE F LF 27600 1630 5453, 200.00
CONCRETE SIDEWALK AND DRIVEWAYS, 4% &Y 68300 6 00 51,781, 000.00
THICK

FERFORMANCE TURF, 50D 51 SOHHD 3o 315,000.00
MILLING EXIST ASPH PAVT, 1 12" AVG DEFTH &Y 411840 prde ] 5823 680.00
FLEXIBLE PAVEMENT Y 52,064,501
CONSTRUCTION SUB-TOTAL 36,531,121.25
MOBILIZATION ¥z 5653,11213
MAINTENANCE OF TRAFFIC i $633,11213
LIGHTING 1 $653,112.13
SIGNING AND PAVEMENT e 3653,112.13
PROJECT UNKNOWNS ¥z 5653,11213
GRAND TOTAL 39,796, 681.90

28.3 Geometric Design of US 41:

CSPP City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Geometric Design US 41

University of South Florida Spring 2017 Geotechnical/ Transportaion Capstone

Brandon Mendoza (Team Leader) , Ahmed Alnuaimi

David Gottwik, Ilan Caballero

Ali Buohamad, Jameson Wilson

From 17 St to
Haben Blvd

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
’ 4 P Geotechnical and Transportation Engineering Design; p. 139
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Scope of Work

*ve existing topography file for US301/41
& Digitize remaining topography for US 41
velop existing/proposed typical sections

Widen US 301 under the interchange

@ Design a Single Point Urban Interchange

15

Roadway Design Criteria

| High Speed High-Speed

| Roadway Classification Rural Artenial Suburban Urban

| Arterial Arterial

Design Speed &5 mph 55 mpn S50 mpn

Design Venicie WB-E2FL WEBE2FL WEB-E8ZFL

Mediian Widths 40 n 20 n 30n

| Section Inside Shoulder an 4an 4N

| Features Outsiae Snoukder s n =n &5 n

paveda wiatn e

[ Horizontal Cicar Zone S8 300 Zan

| Clearance Border ywkith 40 1 40 n zan

| Max Super Elevaton 10% 5% 5%
Min Lengin of

CAlTGas 400 n 400 n 400 n
Min. Curve. Radius ~ o Srad Ty
weuper 1.340 n 2.7%0n 224aan
Min Curve, Radius 13,164 N 0.040 1t 8337 n
WO Super

Maximuim Grade 3 LA G%
Minimum Grade 0% 0% 0 3%
ase Clearance 3 n in

_‘F?Ovc DHW EL
Viax Change in & o = &
Grade wo Curve .9.% 0.9.%

| Horizontal
| Allgnment

|
| Vertical

Minirm S0 Gas n ans n
| Allgnment Minim Lengih 450 aso f

Crast Curves
':Junlmu_m K Value 313 186
Crest Curves
Minimum Length ! < -

e 35 C
SAG Curves on 250 n
“Minimum K Vailue of oY

L > L3 s
SAG Curves o2 '

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Improvement Plan

Building MSE retaining wall to
allow additional lanes

* Removing the barriers and
rebuilding the bridge

Improvement Plan

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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COMMUNITY §
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JSTAINABILITY

Improvement Plan

Bring the On/Off Ramps closer to allow
double left turns on North and South

Table 2.1.1 Lane Widths
LANE WIDTHS (FEET)

FACILITY AUXILIARY LANES
TRAVEL

LANES SPEED TURNING
TYPE AREA CHANGE | (LT/RT/MED)
Rural | ¥] S - Y| = 10

PASSING

FREEWAY

Urban 2 12

ool Rural 28 122
ARTERIAL - — ———— g
Urban t11 11

Rural EA 112
COLLECTOR } . 4 L
Urban "

1. 12t for Design Speeds > 45 mph and for all undivided roadways

2. 121t for 2-fane roadways

3. With severe RW controts, 10 ft. tuming lanes may be used where design speeds are
40 mph or less and the inersection is controlled by traffic signals. Medan tum lanes
must not exceed 15 ft

12 ft. when truck volume exceeds 10%

11 #t for low volume AADT

11 ft for divded roadways with Design Speeds < 45 mph and within one mde of an
wban area

City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
Geotechnical and Transportation Engineering Design; p. 142



Existing/Proposed US 41
Typical Section

SR 41
FRON 17TH ST. TO INTERCHANGE

* Milling and resurfacing to be completed
Maintain existing roadway features

Existing/Proposed US 41
Typical Section

SR 41
BRIDGE

New Concrete pavement to be installed
Maintain existing Bridge Conditions

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
’ 4 IJ Geotechnical and Transportation Engineering Design; p. 143
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Existing/Proposed US 41
Typical Section

SR 41
SOUTH OF INTERCHANGE

+ Milling and resurfacing to be completed
« Mamtain existing roadway features

Proposed Typical Section
US 301 Under the Bridge

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
f IJ Geotechnical and Transportation Engineering Design; p. 144



Sidewalks and Bike Lanes

TURN LANES » CURBED AND UNCURBED MEDNANS

WRBAN COWNVTITONS AURAL COMDNTITONS
Brcee 70 Tadsr

Shp | Decel Decel. |Cisaronce
Otsfence | Disdorce | D MNetooce

L L » L

-

o0 -
-

FDOT = [eal o | = | s

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Queuing Distances

ASSHTO Green Book 2011

C ."'P City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Control Radu / Turning Path

* Smallest turning radius is 125°
* Minimum distance between opposing turns 18 6.7’

2 )
f B irem—

/) iiliie

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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Bridge Typical

Florida-1 Beam Estimated Maximum Span Lergths

* Modwrote iy Aggresive v tarmet, FOOT Lwts th £ bl Concrete

Max Beam Span (fr)

Beam Spacing (ft)

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
f IJ Geotechnical and Transportation Engineering Design; p. 148

SUSTAINABILITY



ost Estimate for bridge
span and State Rural
Road

5 Span length = |80ft

Beam Type [Estimated Beam Cost ($/ft
FIB 36 190
FIB 45 205
FIB 54 220
FIB 63 235
FIBT72 250
FIB78 260 i g —
FIB 84 270 : I_“\“j" S Sl

» Estimated Total Cost = $498,121 +
FIE 84 290 $280,800 = 778.9208

28.4 US 301 & US 41 Interchange - Pavement Design

Capstone Geotechnical/Transportation Design 2017
Department of Civil & Environmental Engineering

US 301 AND US 41 INTERCHANGE
DESIGN PROJECT

Pavement Design Team:
Leader: William Fairhurst

Team members: Kimia Ebrahimi

Toai Chau, Samara Miller, Hadi Moussly

Instructors: Mr. Bijan Behzadi, P.E., PTOE
Dr. Qing Lu, P.E.

C ."'p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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PROJECT MAP

o SO i V) .
[ | us301 Westofus41 B

SCOPE OF WORK

» For the proposed SPUI design and added lanes, use
specific inputs to design pavement structures (layer
thickness and material) considering two alternatives:
flexible and rigid pavements

» Select design structure after comparing the two design

alternatives

»mainly based on life cycle cost analysis

C"‘*p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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ANALYSIS

» Inputs for Flexible and Rigid

» AADT, truck percentage, and ESALs per truck
» Subgrade modulus
» Flexible: resilient modulus (My)
» Rigid: modulus of subgrade reaction, k
» Outputs for Flexible
» Structure Number (SN) for each roadway
» Layer material and layer thickness
» Outputs for Rigid

» Slab thickness

GIVEN DESIGN INPUTS

» Flexible and Rigid Pavements
20-year initial design life
90% Reliability
Base: crush aggregate — Wet resilient modulus is 6
Discount rate of 3.5% and 40 year LCCA
» Flexible De:s

» Change in serviceability = 2

» Rigid Design

» Change in serviceability =1.7

C ."P City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
¢ P Geotechnical and Transportation Engineering Design; p. 151
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DETERMINING DESIGN ESAL (W-18)

» Inputs ac

» [ — IDhrectional Factor
of Heavy Truc

* L — Lane Factor, denved from Copes equation

> E-_= = E
FDOT Project Traffic Fo

n
ESALp = ZAAD?} « Lp; % Tps * Dp % Ep = 365
=1

USING FDOT DESIGN SPREADSHEET WE OBTAINED THE ESAL FOR EACH ROADWAY
FOR RIGID AND FLEXIBLE PAVEMENTS.

PROVECT TRAFFIC FOR PD&E and DES!GN ANALYSIS INFO /FACTORS PROJECT TRAFFIC FOR POSE and DESIGN ANALYSIS INFO/FACTORS
YEARS: 2015 %0 2050 YEARS: 2013 fo 2030
SECTION & 10000 COUNTY: Marame PiN 1} SECTION & 1000 Location #: 1 e
FLEXSLE PAVENENT URBAN HIGHWAY  0.800 RIGID PAVEMENT URBAN HIGHWAY 1220

SNeSTHCK US X7 3 US &1 Paimess, Marates Courty B| SN 12THICK US 21 & US 4! (Primets, Marstes County)
ESAL ACCUM ESAL ACCUM

AADT  (10008)  {1000s) YEAR AADT  (10008)  (1000s)

w0 ] v

-4

i )] an )
200 " i &
240 1% an 0
&30 i an Pz
ans 20

22

PR B Db Prabrabd bbb e P

E s IS

BRERE

ggdecooccdecdacdea

& % b; :

- 5

EEAEESE

._L‘.L:.
-
IS
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W-18’s (ESALS)

Flexible ESALs Rigid ESALs
US 301, West of US 41 2975000 4076000
UUS 301. East of US 41 5861000 9729000
US 301. East of Walmart T102000 2031000 /
/
Us 41 9239000 1 26600040

Ramp 4619500 6330000

FLEXIBLE PAVEMENT

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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COMMUNITY SUSTAINABILITY



FLEXIBLE PAVEMENT DESIGN EQUATION

APSI

|Il[ _
log,, {‘H’;w] =Z, x5, +9.36 xlog,, [S-'I""I + I} =0.20+ 4.2 I'SJ

040+ 1094
[5.-%’+ I]

+2.32xlog,, (M, )-8.07

3%

US 301. West of US41
US 301. East of US41
IS 301. East of Walmart
s 41
Ramp

Effective Resilient Modulus (MR): 14,000 psi * Standard Deviation (SO):
Reliabilitv: 00, Initial Serviceability (PI):

Standard Normal Deviate (ZR):

C ."P City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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REQUIRED STRUCTURAL NUMBER (SNr)
90% RELIABILITY (°oR)
RESILIENT MODULTUS (Mzg) RANGE 4,000 PSI TO 18,000 PSI

RESILIENT MODULTUS (Mg). (PSI x 1000)

8g8888888888888

¥
:

FLEXIBLE PAVEMENT DESIGN EQUATION
OUTCOME

Required Structural Number (SNR):

ESAL
US 301. West of US41 | 2975000

US 301. East of US41 | 5861000
US 301. East of Walmart| 7102000
us 41 9239000

Ramp 4619500

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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FLEXIBLE PAVEMENT TYPICAL STRUCTURE

» Friction Course: The top layer of pavement, the layer that traffic comes in direct contact

with.
Friction Courms
//,r_’ﬂtruaturgl T - -
- <h.-- Cour s

Bams Extsnmion
SoaliliEstiocn

+ Structural Course: main asphalt layer designed to transfer the traffic loading down to the
base course
=« ride smoothness and noise conirol are provided
« resists rutiing and prevents surface water from entering into the lower layers.

FLEXIBLE PAVEMENT TYPICAL STRUCTURE

» Base Course:
= supports the structural course
= transfers the load received from the structural course to the subbase and subgrade.

» Base Extension: In Florida, to help reduce pavement failure at the edge, it is standard
practice to extend the base layer 4 inches beyond the edge of the structural course.

Friction Courms

/,_@l o

- < Bass Courses

Base EMUensiosn
Stabilization

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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FLEXIBLE PAVEMENT TYPICAL STRUCTURE

> 1]]
= recommended in Florida in place of a subbase layer
» provides support to the pavement structure.,

Fricstioen Courss
Structural Courme

Base Courss
Bamse Extasnmion

Stabilization

FLEXIBLE PAVEMENT

Advantages

»  Adjusts to limited differential settlement
Easily repaired
Additional thickness added any time
Quieter and smoother
Allow for a greater temperature variations

Disadvantages

» L some flexibility and cohesion with time

» Needs resurfacing sooner than PC concrete

»  Not normally chosen where water 1s E.‘-:]‘.tet:'rm'l

C .‘“P City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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SELECTION OF SURFACE WEARING COURSE TYPE

US 41 the design speed is 50 mph and there are multiple lanes in one
direction, an top layer FC-5 is required based on FDO'T design manual.
» On US 301 the design speed is lower (40 mph), therefore FC-12.5 can be used.

TABILE 4.1

FRICTION COURSE SELFEOCTIOMN

The Following Friction Conrses are
Ragquived For Deslgn Speeds of
A5 mph or Greater.

gl Speeed AN Pelualeg Togiane
55 thiru T=122 F=-12.5

45 mph £
FC-9.5

20 maph
CIr Cirmater

Minimum Structural Course

Alimizmurm A limizrunrm
Structural Base
18-kip ESAT.'s 20 vear period Course o o

Layuted Access 3

2
IGr\e-at-E-r than 3,500, OO0 3= ‘:’-*I
=

Famp less thagy 305000 04080
300 000 o 3 500, 000 - =1
Less thoay 300 OO e 3
Lomted Access Shoulder

Fesidental Streets, Parkmg
Aveas. Shoulder Pavement., Bike
Patlus

Shared Tise Paths

C=12.5 and FC-2.5 can be considered as struchural cowurses and are sufficient for single layer
shroalder pavernasmt.

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
4 P Geotechnical and Transportation Engineering Design; p. 158

COMMUNITY SUSTAINABILITY



FLEXIBLE PAVEMENT REHABILITATION PROCESS

Rehab Period Urban Arterial

Mill 2 inch
16 Year Resurface. 1 inch
Str. AC and DGFC
Mill 2 inch
Resurface. 1 inch
Str, AC and DGFC

nze Graded Frictio =}
avement Type Selection Manual

SUMMARY OF FLEXIBLE DESIGN

New Construction: Rehabilitation
StE:ztr::al Base Subgrade
S ¢ Friction 5 Milling | Resurfacing
egmen Course | Superpave | Base Group$9 St b'IT? F: (LBR depth Depth
Asphalt (Ler100) | ":u']""
u-s 3'01. 1.5” " i " " 1II
Westof US4l | FC-125 1 10 12 2 FC12.5
Us 301. 1.5" " " " " 1"
EastofUSAl | FC-125| 10 12 2 FC12.5
us 301. " "
1.5 1
EBS'I nf 115“ 10" 121l 2“
walmart | [C12.5 FC12.5
0.75" " ; " . |4" Superpave,
USs 41 EC.5 4 10 12 3 0.75" EC-5
1"5“ L1} 1] m 1] 1“
Ramps | rc125 L5 10 12 2 FC12.5

Ci,"p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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SUGGESTED DESIGN CHANGES

Mew Construction: Rehabilitation

Structural
Course Base Subgrade

Friction B Milling | Resurfacing
Course | Superpave | Base Group?9 Type depth Depth

Asphalt (LBR 100) Stablllz:;nn (LBR

ussol. | 15 . - ) - T
West of US 41| FC-12.5 = 10 12 2
US 301. 1.5" . . . ) 1"
Eastof US 41 | FC-12.5 2 10 12 2
Us 301. 15"
East of ) 2" 10" 12" 9
Walmart | FC12:5
1.5" " " " .
U4l lpc1as| 10 12 3
1.5"
FC-12.5

Segment

2" 10" 2"

Cost and Area Data

Naterial Unit Price

Segment Area (SY)
US 301. West of US41 30264 4
'S 301. East of US41 21573,
US 301. East of Walmart  11016.1
Us 41 15942.2

tnse Group® (LBE 10) R;u“pg 150156

Type B Stsbilization (LBR 40) £2.1MEY /

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
4 P Geotechnical and Transportation Engineering Design; p. 160

COMMUNITY SUSTAINABILITY



TOTAL FLEXIBLE MATERIAL COST

Segment Construction Cost | Net Present Cost of Rehabilitation | Total Met Present Cost

US 301. West of US 41 | $881,905.91 $162,097.53 $1,044,003.44

US 301. East of U5 41 5628,646.93 5115,547.60 5744,194.54

Us 301. East of

Walmart $321,009.48 $59,002.71 $380,012.19

Us 41 5520,354.13 5112,935.70 5633,289.83

Ramps 5437,553.29 580,423.89 5517,977.18

Total $2,789,469.74 $530,007.43 $3,319,477.70

RIGID PAVEMENT

C .“p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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RIGID PAVEMENT CROSS SECTION

Tied riged
shailder

Trandwerse
ot

 Subbase Course (if needed)

Subgrade (Existing Soil)

Source: TheConstmctor.org

RIGID PAVEMENT TYPICAL USES

» High stress
» Port yards
» Airports

» Major highways

R 1L 1 S r——"

Source: CEG 4850 Rigid Pavement Design Spring 2017

Ci‘_;"p City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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RIGID PAVEMENT EXAMPLE

Source: Panoramio.com

C .*/ID City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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RIGID PAVEMENT PROS AND CONS

Advantages

» (Good durability

» Long service life

» Withstand repeated flooding and subsurface water without deterioration

Disadvantages
» Cost
» May lose non-skid surface with time

» May fault at transverse joints

RIGID PAVEMENT DESIGN EQUATION

lex |r APSI )
Bl 4515,

1+ 16245 10
(D+1)"

log,, (W, )=2, =8 +735xlag, (D+1)-006+

(S(C, ) (D" - 1.132)

H(4.22-032p, )= log,,

18,42

5
b * & - A

215630 D" -

Source: 1993 AASHTO Pavement Design Guide
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RIGID PAVEMENT DESIGN INPUTS

| ] = alab thickness trnal value
Reliabality =

i road being

Rigid ESALs
US 301. West of US41 4076000
US 301. East of US41 9729000
US 301. East of Walmart 8031000
Us 41 | i
Ramp '

C, =drainage coeff.

| = load transfer coeff. (tal

200 psi

C ."P City of Palmetto Transportation Engineering Design Master Plan; CEG 4850 Capstone
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FOR US 301 WEST OF US 41

TABLE A.4d

REQUIRED DEPTH (D:) IN inch FOR({50%)RELIABILITY (%R)

Modulu=s Of Subgrade Reaction (Eg) ,]_:l:l:i.f:i.n

ESALp 40 80 110 150 185 200 260 300 330 370
100 OO0 to 900 000 ESAL Use 27 For lall K Values
1 000 OO0 8 2] B & & 2] =] 8 a8 =
1 500 000 B B = 1= 1= =] = =] =]
2 000 000 o Big Dy a 7] ] 2 0 [= =)
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FOR RAMP

Modulus Of Subgrade Rea Kz) ,psifin
ESAL, 40 80 110 150 185 2e0 300 330 370

100 000 +teo 900 00D ESAL Use B” 1 K Values

000 000
500 000
000 000
500 000
o000 000
500 000
000 000
300 000
000 004

8
&
&

Bl

Y

]

)

[

fy

W WO WD WD 00| o O
i
Wi oW oo o0 0o

ok

Oz
jLs

1
1
2
2
3
3
4
4
3
&

WD WD W O 00 OO 00|00 Oh
WD | 0D O 0D OO0 00|00 Of

= o
=1 i3

el

Lo coo
8 000

RIGID PAVEMENT DESIGN OUTPUTS:
CONCRETE SLAB THICKNESS

Segment PCC Depth (inches)
US 301. West of US 41 9

US 301. East of US 41 10
US 301. East of Walmart

Us 41

Ramp
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RIGID PAVEMENT REHABILITATION PROCESS

Rehab Period Urban Arterial

CPR (3% slab replacement®)

CPR (5% slab replacement®)

1om Marnal

TOTAL RIGID PAVEMENT COST

Cost of New Cost of

Segment Construction Rehabilitation Total Cost
US 301. West of
US41
US 301. East of
US41

S 301, East of
Walmart

2,457.170.24 245,661.20 2,702,831.45

1,580,386.13 175,114.10 1,765,500.24

882,335.42 8941949 971,754.91

us 41 1,378,523.96 1289,405.50 1,507 ,929.45
Ramp 1,286,082.33 121,883.60 1,407 ,965.93
Total 7,594,498 .09 761,483.89 $8,355,981.98
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PAVEMENT TYPE SELECTION CRITERIA

» Cost

» Traftic Congestion

» Soil Characteristics
» Weather

» Fase of Construction

Source: FDOT Pavement Type Selection Manual

COST COMPARISON OF NEW CONSTRUCTION

Segment Flexible Rigid Cost
US 301. West of US 41 $1,044,003.44 $2,702,831.45
US 301. East of US 41 5744194 .54 $1,765,500.24
US 301. East of Walmart $380,012.19 $971,754.91

US 41 $633,289.83 $1,507,929.45

Ramps $517,977.18 $1,407,965.93

Totals $3,319,477.18 $8,355,981.98
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Flexible pavement Rigid pavement

$3,203,295.48 $8,063,522.61

RECOMMENDATION

» Use use flexible pavement for US-41 (except bridge deck) and US-301.
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