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APPROXIMATE CONVERSIONS TO SI UNITS

Symbol

yd

mi

in?
ftz
yd?
ac

mi?

fl oz
gal
ft3

yd?

0z

Ibf

Ibf/in?

When You Know Multiply By To Find
LENGTH
inches 25.4 millimeters
feet 0.305 meters
yards 0.914 meters
miles 1.61 kilometers
AREA
square inches 645.2 square millimeters
square feet 0.093 square meters
square yards 0.836 square meters
acres 0.405 hectares
square miles 2.59 square kilometers
VOLUME
fluid ounces 29.57 milliliters
gallons 3.785 liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters

NOTE: volumes greater than 1000 L shall be shown in m3

MASS
ounces 28.35 grams
pounds 0.454 kilograms
short tons (2000 Ib) 0.907 megagrams ("'metric ton")

FORCE and PRESSURE or STRESS
poundforce 4.45 newtons

poundforce per square inch 6.89 kilopascals

Symbol

mm

ha

km?

mL

m?3

kg

Mg

kPa




APPROXIMATE CONVERSIONS FROM SI UNITS

LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet ft®
m?3 cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg megagrams ("metric ton") 1.103 short tons (2000 Ib) T

FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf

kPa kilopascals 0.145 poundforce per square inch Ibf/in?

Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with
Section 4 of ASTM E380. (Revised March 2003)
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Truck tonnage is an important mobility metric to determine the quality of the transport system. For
freight transport planning, traffic control, weight compliance, and transport infrastructure layout,
the estimate of truck tonnage is needed. This paper establishes a truck tonnage estimation
methodology consisting of three main components: Weight in Motion (WIM) clustering sites,
truck volume estimate based on data from Telemetric Traffic Monitoring Sites (TTMS), and
average truck tonnage measurement for WIM sites.

First, according to the truck tonnage distribution and average truck volume, WIM sites were
divided into different groups based on the application of the K-nearest neighbor algorithm. Then,
based on truck volume and distances to the WIM sites, a clustering classification was fitted to the
TTMS. In order to avoid the double-counting issue, strategic TTMS was selected taking into
account site locations, the D factor and the T factor. Vehicle groups were subsequently classified
at WIM sites using a K-mean clustering process based on the vehicle loads to calculate the average
tonnage of the truck. In addition, the empty vehicle weight was measured for different vehicle
categories, applying Gaussian gross tonnage distribution. Finally, the average truck tonnage was
calculated using a weighted mean method. The above methodology was applied to the 2012 and
2017 WIM data as a case study of truck tonnage estimation in Florida. It was validated against
FDOT’s current method using the 2012 FAF data. The proposed model could shed light on freight
mobility's statewide performance evaluation.

vii



Table of Contents

DISCLAIMER ...ttt ettt b e bbbt b et e b et e bt sbenbenbe s i
MODERN METRIC (CONVERSION FACTORS).....ciiiiiiiiiiiisteseseeiesie e iii
TECHNICAL REPORT DOCUMENTATION PAGE .......coviiiiieieieie st v
ACKNOWLEDGEMENTS .. .ottt sttt sttt e et sbestesbesnasraeneeneeneas Vi
EXECUTIVE SUMMARY .ottt sttt st te st na s e entesnentesteaneeneans vii
S 0 T 0T =TSSP X
LISE OF TADIES ...t bbbt bbbt xii
IS o AN (0] 1)/ 0 1SRRI Xiii
1. INEFOAUCTION ...t bbb bbbt b e bbb b enes 1
1.0, BACKGIOUNG ...ttt bbbttt e e bbb b b ene s 1
1.2, OBJEOTIVE ...ttt bbbttt b bbb bbbt nn b bbb ere s 2
2. LITEratUre REVIEW.......eiivieii ettt sttt esneeste st e reenbe e e nneenns 3
2.1. Methods of Truck Tonnage Calculation in Different States............ccoovvvvivieiennciencce 3
2.1.1 State OF FIOTTUA. ....eiveeiieieiee e ettt ens 3
N S -1 (= 30 (011 USSR 4
2.1.3 State Of Maryland..........c.ooviiiiii it 4
2.1.4 State OFf NOIh CarOliNa ........cceiiiiiiiieieee et et ens 5
2.1.5 State OFf WaShINGION ..o et 6
2.2. Other Methods of Truck Tonnage CalCulation ............cooeeiiiininiiee s 6
2.2.1 Using Weigh in MOTION ONIY ....oouiiiiiiieieieiee e 7
2.2.2 Origin-Destination MatriX EStIMation ...........ccccoveiiiiiiiieie e 8
2.3. Data Sources for Truck Tonnage CalCulation.............c.ccccovveiiiieiicie e 8
2.3.1 Freight Analysis FrameWOrK (FAF)........c.oii oot 9
2.3. 2 TRANSEARCH ..ottt sttt ettt et e teese e e et e ntestestesreeneaneas 10
2.3.3 Weigh in MOLION (WIM) ..ot bbb 10
2.3.4 American Transportation Research Institute (ATRI) .....cccoiveiiiiieiiee e 11
2.3.5 Commodity FIOW SUINVEY (CFS) ....oouiiiicie ettt 11
2.3.6 Annual Average Daily Truck TraffiC..........ccocoiiiiiiiii e 11
YN0 0= SRR 11
3. Data Handling of Weigh in Motion (WIM) ..o 13
L1 WM SYSEEIMS. ...tttk b etk b e b e bbb e b e e 13
3.2 Traffic Distribution DY WIM SITE .......coiiiiieie e 15
3.3 Traffic Distribution DY DIF€CLION .........cviiiiiiiiiiicie e 17
3.4 Traffic DIStrIDULION DY SEASON .......ccitiiiiiiii et ae e 19
3.5 Variation Of SIte LOCAIION..........uoiiiiiiieieee ettt 20
3.6 EITONEOUS DIALA........ciiiiiiiiiiie ittt ettt sbe et e st e e et e nne e e nbeesbneenne e 21
4. V=1 g To o o] (o]0 V2P PPPR 22
4.1 WIM SITES CIUSTEIING ...ttt bbbttt e bbb 23

viii



4.2 TruCk WVolUME ESTIMATION.......oe ettt e e e e e e e e e e eeeeeeaaan 25

4.2.1 Telemetric Traffic Monitoring SiteS CIUSEEriNG .......ccceeveiiiieeiice e 25
4.2.2 Telemetric Traffic Monitoring SiteS SEleCtioNn ...........cocviievieii s 26
4.3. Truck Average Tonnage CalCUlatioNn ............cccooeiiiiiiiiiieee s 29
4.3.1 K-Means Clustering for Determining Vehicle Load ..o 29
4.3.2 Adjusted Weighted Average Tonnage Calculation for Vehicle CIass.........ccccccocvvierennnnne. 32
4.3.3 Average Annual Truck Traffic Calculation for Each Site ........ccccccovvveviiiiicie e, 35
4.3.4 Empty Vehicle Average Weight EStImMation.............cccoeveviiiiiii i 35
4.4 Truck Tonnage CalCUlatioN............ooiiiiiiicce s 36
5. MELNOA EVAIUBTION.......ouiiiiiieiieieee ettt sre e e 37
5.1 FAF-BaSEA METNOU........cciiiiiiieie sttt st nne e enee e 38
5.2 WIM-Based METhOU .........ccoiiiiiiiiiieieie ettt 38
6. (O70] T [ S]] S J USSR RPN 39
REFERENCES ...ttt bbbttt bbbttt et be et be b ne e 40
APPENDIX B. Distribution of Truck Tonnage Weight by Frequency ............cccccevveveieerieennenn, 44
APPENDIX C. Average Truck Tonnage Weight by Month............ccccooiiiiiiiii 49
APPENDIX D. Empty Vehicle Average Weight EStImation ............cc.cocvvinininienencne e 54
APPENDIX E. Telemetered Traffic Monitoring Sites CIUSEEring...........ccoovvvviieierencnenininen 55



List of Figures

Figure 1-1. The Research FrameWOrK ..........cccociiiiiiiiiciicce e 2
Figure 3-1. Weigh in Motion Locations in FIOrida...........ccccceiiiieiiiiicic e 13
Figure 3-2. Sum of Gross Tonnage by Vehicle Class in Florida in 2012.............cccoovevviiieieennns 14
Figure 3-3. Sum of Gross Tonnage for Different VVehicle Class by WIM Site in 2012 ............... 15
Figure 3-4. Truck Volume of WIM for Different Vehicle Class by WIM Site in 2012................ 16
Figure 3-5. The Volume of Class 9 Ranked the Top, Class 5 Ranked the Second....................... 16
Figure 3-6. The Volume of Class 5 Ranked the First; Class 9 Ranked the Third ........................ 17
Figure 3-7. The Volume of Class 5 Ranked the Top; Class 9 Ranked the Second ...................... 17
Figure 3-8. Sum of Truck Tonnage in Different Directions by WIM Site in 2012 ..........c........... 18
Figure 3-9. Truck Volume in Different Directions by WIM Site in 2012.........ccccccoeveveiieieennnns 18
Figure 3-10. Sum of Gross Tonnage by Month in 2012..........cccccceiieiieie e 19
Figure 3-11. Sum of Gross Tonnage by Day in December 2012...........cccccovevveveiiieieesesieseeins 19
Figure 3-12. Location of WIM Site in 2012 and 2017 .......ccooveirieieieieiesiseeeeeee e 20
Figure 4-1. Methodology OULIINE .........coiiiiiee e 22
Figure 4-2. KNN Of WIM SiteS N 2012 ......cuoiiiieieiieiesiesieeeee e 24
Figure 4-3. Telemetric Traffic Monitoring Sites CIUSEErNgG........ccooviiiiiiniiineee e 26
Figure 4-4. Critical Location of WIM Site 9950 ..........cccueiiiiieiiiieiic e 27
Figure 4-5. Road Location Of TTIVIS ........ociiiiiice sttt 28
Figure 4-6. K-Mean Clustering Method ...........cccooiiiiiiic e 30
Figure 4-7. WIM Data CIUSIEIING ......ccuveiiiiecieccie ettt ste e esre e 31
Figure 4-8. Sum of Gross Tonnage by Load Type for Different Vehicle Class in Site 9918....... 31
Figure 4-9. Truck Volume by Load Type for Different Vehicle Class in Site 9918 .................... 32
Figure 4-10. Adjusted Weighted Average Method............ccoiviiiiiiiiincneee e 33
Figure B-1. VENICIE CIaSS 5......cviiiiiiiitiieee e 44
FIgure B-2. VENICIE CIASS B......c.voviiiiiiiiiiiieeee e 45
FIgUre B-3. VENICIE CIaSS 7 ....c.veeeecee ettt saeeae s 45
Figure B-4. VENICIE CIaSS 8.......ocviiieieieeee sttt e e re s 46
Figure B-5. VENICIE ClaSS 9 .....c.veeiiiie ettt ae e 46
Figure B-6. VENICIE ClIaSS 10 ........eciieiiieiie ettt et snee s 47
Figure B-7. VENICIE ClaSS 11 .......couoiiiiiiiiiiieiee et 47
Figure B-8. VENICIE CIaSS 12.......ccuoiiiiiiiiiieeee e 48
Figure B-9. VENICIE CIaSS 13 ...ttt 48
Figure C- 1. Average Tonnage of TruCk Class 5........cccooiiiiiiiiiiiiiieesee e 49
Figure C- 2. Average Tonnage of TruCK Class B..........ccoveiiieiiiiiiieiie e 49
Figure C- 3. Average Tonnage of TrUCK CIaSS 7 .......ccveiiiiiiiiiieiii et 50
Figure C- 4. Average Tonnage of TruCK Class 8........c.ccvviiieiiiiiiii i 50
Figure C- 5. Average Tonnage of TruCK Class 9........ccoviiiiiiiiiiiiii i 51

X


file://///nas01.eng.fau.edu/ekaisar$/Document/FMRI-Tarane/Truck%20Tonnage/Deliverable/Final%20report/Final/Final%20report%20TA%201.21/Final%20report%20TA%201.28.docx%23_Toc31188474
file://///nas01.eng.fau.edu/ekaisar$/Document/FMRI-Tarane/Truck%20Tonnage/Deliverable/Final%20report/Final/Final%20report%20TA%201.21/Final%20report%20TA%201.28.docx%23_Toc31188475
file://///nas01.eng.fau.edu/ekaisar$/Document/FMRI-Tarane/Truck%20Tonnage/Deliverable/Final%20report/Final/Final%20report%20TA%201.21/Final%20report%20TA%201.28.docx%23_Toc31188476
file://///nas01.eng.fau.edu/ekaisar$/Document/FMRI-Tarane/Truck%20Tonnage/Deliverable/Final%20report/Final/Final%20report%20TA%201.21/Final%20report%20TA%201.28.docx%23_Toc31188484
file://///nas01.eng.fau.edu/ekaisar$/Document/FMRI-Tarane/Truck%20Tonnage/Deliverable/Final%20report/Final/Final%20report%20TA%201.21/Final%20report%20TA%201.28.docx%23_Toc31188491

Figure C- 6. Average Tonnage Of TruCk Class 10 .......ccccoeiieiiiiieiieie e 51

Figure C- 7. Average Tonnage Of TruCk Class 11 .......cccooeiieiieiiieiieiicie e 52
Figure C- 8. Average Tonnage Of TruCK Class 12.......ccccoviieieiieiieie e 52
Figure C- 9. Average Tonnage of Truck Class 13..........ccooiiiiiiiiiiie e 53

xi



List of Tables

Table 2-1. Comparison of Modeling Methodologies between Different States..............ccccovevvvennne 7
Table 2-2. Data SOUICe CharaCteriStICS. ......uuuiiiiriieieiie ettt sne e 9
Table 4-1. K-Mean Clustering of Truck Gross Tonnage — Vehicle Class 5..........ccccccoiininnnn. 34
Table 4-2. K-Mean Clustering of Truck Gross Tonnage — Vehicle Class 9..........ccccccevevinvnnnn. 34
Table 4-3. Freight Tonnage EsStimation RESUILS ... 36
Table 5-1. Comparison of FAF-Based Method and WIM-Based Method .............cccccccevveienene 37
Table A-L1. WIIM DESCIIPION .....c..iiieiecie ettt s re et esteeae s e sreeneanee e 42
Table D-1. Empty Vehicle Average Weight.........c.coveiiiiiiiiic e 54
Tables E- 1. TTMS Clustering Based on WIM Stations within 20 Miles — 2012...........c..c......... 56
Tables E-2. TTMS Clustering Based on WIM Stations between 20 and 40 Miles — 2012 .......... 63
Table E-3. TTMS Clustering Based on WIM Stations Residuals — 2012 ...........cccccvevvvveriennnnne 69
Tables E-4. TTMS Clustering Based on WIM Stations within 20 Miles — 2017 ...........ccccceeviee. 71
Tables E-5. TTMS Clustering Based on WIM Stations between 20 and 40 Miles — 2017 .......... 78
Table E-6. TTMS Clustering Based on WIM Stations Residuals — 2017 .........ccccoecvvevvveriennenne 84

Xii



AADT
ATRI
BTS
CFS
CTMT
DOT
FAF
FDOT
FSUTMS
FHWA
O/D
ODME
RCI
SHA
TAZs
TTMS
VMT
WIM

Xiii

List of Acronyms

Annual Average Daily Traffic

American Transportation Research Institute
Bureau of Transportation Statistics
Commodity Flow Survey

Combination Truck Miles Traveled
Department of Transportation

Freight Analysis Framework

Florida Department of Transportation
Florida Statewide Urban Transportation Modeling System
Federal Highway Administration
Origin/Destination

Origin-Destination Matrix Estimation
Roadway Characteristics Inventory

State Highway Administration

Traffic Analysis Zones

Telemetric Traffic Monitoring Sites
Vehicle Miles Traveled

Weigh in Motion



1. Introduction

1.1. Background

Due to its large population, geographic location, and existing infrastructure and industries, freight
mobility, or the movement of goods and commodities, has a significant impact on Florida's
economy. It provides goods and services to not just the residents and visitors of Florida, but also
other states and countries (Florida Department of Transportation, 2013). The economic growth of
Florida will continue to exceed national average rates, with an estimated average increase in GDP
of 3.2% from 2015 to 2018 and Florida’s rate of population growth since 2000 nearly double the
national average. Reaching almost 20 million in 2015, Florida’s population is expected to increase
37%, attaining over 27 million persons by 2045 (Forecasting and Trends Office, 2018).

Over the last few decades, the demand for freight transportation in Florida has grown significantly,
and freight demand is projected to further increase by about 40 percent by 2040 according to the
Florida Transportation Plan. Truck is the top transportation mode for outbound, inbound, internal,
and through freight movements nationally and in Florida. According to the Bureau of
Transportation Statistics (Bureau of Transportation Statistics, 2018), truck movements account for
about 70 percent of commodity movements by weight and value in 2017. FDOT’s study, Truck
Empty Backhaul (Transportation Data and Analytics Office, 2018), estimated that approximately
33 million domestic outbound tonnages were transferred by truck in Florida, which was more than
70% of the total tonnage. The other two most common modes were Rail (13%) and Multiple Modes
and Mail (10%). An accurate calculation of truck tonnage would support effective decision making
in transportation planning, maintenance, and operations.

Although a review of available literature provides some potential truck tonnage estimation
methodologies, it is noticeable that no two states have the same measures on truck tonnage
(Sarawut, Ryu, & Chen, 2017). In most cases, there are wide differences in the freight estimation
metrics, with different sources and databases. The three most widely-used commodity flow
datasets in truck tonnage are the Freight Analysis Framework (FAF) dataset from Federal Highway
Administration (FHWA), the IHS-Global Insight TRANSEARCH dataset, and the Weigh in
Motion (WIM) dataset.

Truck tonnage estimation is a methodology for estimating and measuring the total weight of freight
transported by truck. The Mobility Measures Program within the FDOT produces The FDOT
Source Book annually that reports sixty mobility measures to evaluate Florida's transportation
system performance in terms of mobility. Twenty of the 60 measures are freight related to
underscore the importance of freight movements on Florida's transportation network. One such
measure is truck freight tonnage. The FDOT Source Book defines truck tonnage as the total weight
in tons shipped, carried, or produced. This quantity is reported each year (Forecasting and Trends
Office, 2018). Several data sources like FAF, Annual Average Daily Traffic (AADT), and WIM
are combined to capture freight tonnage. The FAF data are mostly derived from two general
sources. Regarding the freight movements, FAF uses Highway Performance Monitoring System
(HPMS), which assembles the freight corridors and freight movements by the use of HPMS
passenger traffic data (HPMS Reassessment 2010+, Highway Policy Information Office, and
FHWA). HPMS is updated annually. In terms of tonnage, FAF is basically getting its data from
the FHWA's Commodity Flow Survey (CFS) that is conducted every five years. Given the nature



of the survey, fruition takes about seven to eight years. By the time the final data are available, a
few years have already passed. From one survey to the next, the data become outdated. To get a
better handle of the issue, FDOT commenced this research to find out if there are better
methodologies out there to calculate truck tonnage and discover how to make the current formula
more accurate.

1.2. Objective

The primary objective of this study is to evaluate the current methodologies for estimating truck
tonnage through a literature review and identify alternatives that can improve Florida's current
truck tonnage formula. The development of a new truck tonnage model is also an option.

Firstly, all the prominent, relevant, and available research reports and datasets on the national/state
level were collected and analyzed, through which the advantages and disadvantages of different
methods could be determined. Through this analysis, this research would identify which method(s)
best corresponded to the state of Florida, could be easily updated to represent current conditions,
and could be more efficiently and accurately utilized for estimating truck tonnage volumes.
Secondly, based on this analysis, a conceptual and methodological framework would be developed
to provide general guidelines that could be implemented for the improvement or development of
truck tonnage. This research could provide the required modifications to the truck tonnage model
to make them more precise and accurate. Also, state authorities could more effectively plan their
actions, conduct reliable forecasting, and adjust their operations to provide competitive services
and improve transportation conditions for the public.

A conceptual and methodological framework was developed to provide general guidelines that can
be implemented for the improvement or development of truck tonnage calculation (Figure 1-1).
This report is organized as follows. Section 2 describes the literature review and data sets. Section
3 introduces the WIM data system. Sections 4 describe the new methodology in detail. Section 5
evaluates the proposed methodology. Finally, Section 6 presents research conclusions.

‘ 1, 2— Background and Literature Review ’

3 - WIM Data Analysis — 4 - Methodology 5 - Evaluation of the Method
i i 4 y 4
WIM Systems : p J H
WIM Sites Clustering
Truck Tonnage Calculation
Traffic Distribution by Using Vehicle-based Data
Cou ity
= Truck Volume Estimation
: m— I =—
Traffic Distribution by ; : ! i H
Direction ] H L H
Average Tonnage Estimation
for WIM Site
Truck Tonnage Calculation
Traffic Distribution by 5 : | H Using FAF Investigation
Season | H | : Data
: ! I'ruck Tonnage Calculation
by Integrated Truck Volume
and Average Tonnage
;‘ Erroneous Data

[ 6— Conclusions ]

Figure 1-1. The Research Framework




2. Literature Review

Most state departments of transportation (DOTSs) track general performance measures. Only a few
have a robust freight performance measurement system in place. States like Florida, Maryland,
Minnesota, Ohio, Oregon, and Washington, have well-established freight programs that offer
lessons learned. In this research, we highlight those states that track truck tonnages.

2.1. Methods of Truck Tonnage Calculation in Different States

2.1.1 State of Florida

Total gross tonnage is calculated by the Forecasting and Trends Office in its annual The FDOT
Source Book. The existing method uses the FAF as its primary data source, and WIM and
Combination Truck Miles Traveled (CTMT) as datasets to refine it. The 2012 tonnage values are
obtained from FAF as the sum of all truck tonnage (internal, inbound and outbound) in Florida.
This value is then weighted using two factors — a Truck Load factor and a Combination Truck
Miles Traveled factor. The truck tonnage formula is as follows.

Avg. LoadoffullCombTRZOXX) o (CTMTZOXX>

T =T X
OnNagezoxx = 10NNAgE2012 (Avg.LoadoffullCombTR2012 CTMT,01,

Based on this formula, Tonnage 2012 is equal to 580,470,733 tons according to the 2012 FAF.
The FAF data is updated every five years, with the most recently available years being 2007 and
2012. For estimating the amount of cargo shipped after 2012, interpolation is needed.

The Average Load of Full Combination Trucks (AvgLoadofFullCombTR - combination truck:
Class 8 and above based on FHWA vehicle classification) should be calculated by subtracting the
average weight of full combination truck from the average weight of empty combination truck.
The average weight of a full combination truck is the average weight of all combination trucks
whose weight is greater than 40,000 Ibs. and the average weight of the empty combination truck
is the average weight of all combination trucks whose weight is less than 40,000 Ibs. These data
can be obtained from the WIM dataset, which is available yearly ( Office of Highway Policy
Information, 2014).

Avgl.oadofFullCombTR = Average Weight of Full Combination Truck -
Average Weight of Empty Combination Truck
Tothisend, CTMT is computed by multiplying Vehicle Miles Traveled (VMT) by the combination
truck factor. The combination truck factor is provided by the Transportation Data and Analytics
office of FDOT on a county-by-county basis and represents the proportion of heavy vehicles that
are combination trucks. The Reporting Period of CTMT is daily and is computed as follows:

CTMT = Y(Segment Length x VVolume x Combination Truck Factor) Or
CTMT = }(Segment Length x Combination Truck VVolume)

The peak hour volume was calculated by multiplying the AADT and the highest hourly factor
(Forecasting and Trends Office, 2018). The VMT was determined using vehicle traffic volume
and segment length. The number of VMT was based on data obtained from traffic monitoring sites
and FDOT's Roadway Characteristics Inventory (RCI) Feature 111 data.



VMT is calculated by multiplying the amount of daily traffic on a roadway segment by the length
of the segment, then adding all the segments' VMT. The vehicular traffic amounts are estimating
current or past data.

VMT = X (Segment Length x Volume)

2.1.2 State of lowa

Truck Forecasting Model (Smadi, 1994) was developed for statewide planning of truck commodity
flows. The model was a commodity-based, sequential network model at the state level. The
approach was to model individual commodities independently, thereby reducing data and
modeling requirements. The only mode included in the model was truck. The network was
composed of the major routes in lowa and major nodes (cities) outside of lowa. The network
included a node in all counties and sub-nodes at major producers or attractions of freight. The total
freight tonnage produced and attracted in each sector is tabulated for all of the zones. Next, the rail
commodity flows compiled from the waybill sample are summarized into originating and
terminating tonnage for these zones. The originating tonnage is the amount of freight (in tons)
shipped by rail from a certain zone. Similarly, the terminating tonnage refers to the amount of
freight shipped to that zone using rail. An estimate of truck tonnage is obtained by subtracting the
observed rail tonnage from the total freight generated in an area. This approach was used because
of the lack of modal performance data. In the case when modal division data for commodity groups
are available, the total freight tonnage is allocated to competing modes accordingly.

The calculation of truck freight tonnage produced within a zone was the total commodity tonnage
produced within the zone less than the rail tonnage originating in that zone. Similarly, the attracted
truck freight tonnage was equal to the attracted commodity tonnage less than the terminating rail
tonnage. Rail commodity flows were obtained from the 1989 Waybill sample. The process of
estimating truck tonnage was straightforward and included minimal calculations. The commodity
tonnage produced at the analysis zones was tabulated for the nine commaodities included in the
analysis. Corresponding rail commodity flows originating in these zones were subtracted from
total production tonnage. Likewise, the truck tonnage attracted to a zone was estimated by
subtracting the terminating rail tonnage from the total attracted freight tonnage at that zone. The
attracted freight tonnage included personal consumption and input freight requirements. Estimated
truck volumes on network links were compared to actual truck counts on comparable locations on
the state highway network (lowa in Motion, 2016).

2.1.3 State of Maryland

The Maryland State Highway Administration (MSHA) maintains a traffic monitoring system to
collect traffic volume data and to calculate AADT and Annual Average Daily Truck Traffic
(AADTT) counts on the state’s highways. Building on the highway traffic and truck count data,
the MSHA used the TRANSEARCH database that provided some insight into the origin-
destination patterns of truck movements to, from, through and within the state. Total truck tonnage
was estimated on Maryland highways in the base year and the forecast year, respectively
(Cambridge Systematics, Inc. , 2010).

e Base and Forecast Years. The base year used for all freight data was 2006, the forecast
horizon was 2035. In 2006, the most heavily utilized corridors through traffic were



identified. By 2035, several other key corridors were projected to emerge as significant
through-traffic routes. Also, truck tonnage forecasts showed heavy flows concentration.

e The average growth in the forecast was conservative, following a long-term trend of
between two and three percent average annual growth of the economy. Consequently, the
estimation did not adjust for the high growth freight years between 2003 and 2007 (above
six percent annual growth). Instead, a steady long-term growth curve was provided (Zhang,
Bowden, & Allen, 2003).

In the MDOT Excellerator Performance Management System (Maryland Performance
Management System, 2017), truck tonnage data was estimated based on FAF3 data. The data was
adjusted yearly to account for previous year actual data and a 2% annual growth rate consistent
with the FHWA’s Freight Summary 2008. The 2% growth rate reflected a conservative estimate
of domestic and international freight growth given current economic conditions.

2.1.4 State of North Carolina

The North Carolina Statewide Multimodal Freight Plan disaggregated 2012-2045 FAF4.1 data of
the four North Carolina FAF regions to obtain truck, water, air, pipeline, and other flows at the
county level. Disaggregation of commodity flows at the county level allows for the many types of
analyses, including tonnage by mode, the direction of goods, and commodities by tonnage. The
FAF or TRANSEARCH data can be used to derive more detailed commodity flows. The FAF data
can be post-processed in various ways to estimate more granular freight movement patterns (Stone,
Mei, Demers, & Paladugu, 2009).

The disaggregation factors for border crossing were based on the reported trucks or trains, as
appropriate; trucks were used to disaggregate flows where truck was the mode to transport foreign
trade commaodities. To support the 2011 FAF Geospatial project for FHWA, the disaggregation
code was rewritten in TransCAD. The output, to support the FAF Geospatial assignment to the
FAF highway network, was converted from annual tons by all modes to daily trucks.

To support the North Carolina Statewide Multimodal Freight Plan, this TransCAD code was re-
written to output not trucks, but tons by all modes. To maintain consistency with the region-to-
region FAF4, the output from TransCAD was exported as a CSV file that could be imported into
MS Access. Once in MS Access, the mode shares by Origin region, Destination region, and
Standard Classification of Transported Goods (SCTG2) commodity was applied to all of the Origin
county, Destination county, and SCTG2 commodity flows within that FAF region (RS&H
Architects-Engineers-Planners, Inc. and Kimely-Horn & Associates, 2011).

TransCAD was used for implementing the matrix estimation process. It was an integrated
transportation software package that could be used as a tool to help estimate not only link volumes
and turning movements for current year networks but also future year traffic based on changes in
variables. TransCAD suggested a set of tools for modeling commaodity flows and truck movements
wherever truck traffic could be easily assigned to the transportation network (Cambridge
Systematics, Inc., 2017).



2.1.5 State of Washington

The freight transportation system plays a critical role in Washington State as it is one of the most
trade-dependent states in the nation. Washington State Freight System Plan provides information
on the importance of freight to the economy of the state, the regions, and the local communities;
analysis of freight volume; forecast for freight demand; and information on the major freight
trends, issues, and needs.

In order to accurately estimate the truck tonnage on freight routes, Washington State Department
of Transportation (WSDOT) has been applying the following procedure. The estimation of truck
tonnage in this methodology is based on truck volume. WSDOT does not use FAF or
TRANSEARCH to calculate truck freight tonnage. Truck freight tonnage values are instead
derived from actual or estimated truck traffic counts and converted into average weights by truck
type. The annual truck tonnage for a specific route is estimated using the AADT, truck percentage,
truck type, average truck type tonnage, and working days per year. In some locations where there
is not a classification counter or other appropriate technology, the truck volume is estimated based
on the truck percentage data obtained from adjacent classification counters. To assist in calculating
annual tonnage, trucks are divided into three categories as given below.

e Single Units: A single vehicle that carries cargo on the same chassis as the power unit and
cab, regardless of the number of axles. FHWA vehicle classes 4 to 7 are considered as
single unit trucks. The average total weight used is seven tons.

e Double Units: A 2-unit vehicle, normally a truck and trailer with four to six axles. This
category includes FHWA vehicle class 8 to 10. Average total weight used is 27 tons.

e Triple Units (Trains): Normally, a tractor and two trailers. This category includes FHWA
vehicle classes 11 to 13. The average total weight used is 42 tons.

Freight in tons per year = {ADT x percent of total trucks x percent of trucks that are singles
x average gross weight for singles x 250 working days per year}

+ {ADT x percent of total trucks x percent of trucks that are doubles x average gross weight
for doubles x 250 working days per year}

+ {ADT x percent of total trucks x percent of trucks that are trains x average gross weight
for trains x 250 working days per year}

Truck volume data for state highways were obtained from WSDOQOT traffic counters. There was a
total of 4,154 traffic counts used on state highways to estimate the 2017 Freight and Goods
Transportation System (FGTS) classification. Of these, 44 percent (1,812 traffic counts) had truck
classification data. The other 56 percent (2,342 traffic counts) only provided total traffic volume
data (Washington State Department of Transportation, 2018).

2.2. Other Methods of Truck Tonnage Calculation

In addition to the existing methods mentioned above, there are other general methods to monitor
truck freight tonnage in these states (Table 2-1). This section is devoted to a review of different
methodology on calculating freight model of truck tonnage.



Table 2-1. Comparison of Modeling Methodologies between Different States

State Dataset Modeling Methodology Variables Used Disadvantages
Truck tonnage of base
State of FAE, WIM, Truck tonnag(_e in t_)ase ygar, combination truck The data of the
. year plus calibration miles traveled factor and .
Florida AADT base year is too old
factor an average truck load
factor
Estimate of truck tonnage
State of Rail Waybill is obtained by sybtractmg . The method is old,
lowa Data the observed rail tonnage Rail tonnage and lack of
from the total freight performance data
generated in an area
The data of the
Truck tonnage in base Truck tonnage of base base year is too
State of I . S
Marviand FAF year plus calibration year, freight annual old, the calibration
y factor growth rate factor is simple
and rough
Converted from
State of . .
Disaggregation of the Truck tonnage, annual tons by all
North FAF . . .
. FAF Database disaggregation factors modes to daily
Carolina
trucks
AADT, truck type and Short duration
State of AADT, Truck | Convert traffic count data percentage, average counts must be
. Traffic Count | to average gross annual annual truck type adjusted to annual
Washington .
Data tons tonnage, truck working
days per year conditions

2.2.1 Using Weigh in Motion Only

There may be advantages in monitoring pure weights recorded by WIM stations, especially
considering it captures tonnage from a different vantage point than FAF and TRANSEARCH.
WIM can be used to track tonnage trends: For instance, assuming that a combination truck has
cargo when its total weight is 40,000 Ibs. or larger, the cargo weight can be determined as the
difference between gross weight minus 40,000 Ibs. Although WIM stations reflect only a sample



of freight movement in Florida, the year-to-year tonnage values derived from it would be helpful
in understanding statewide tonnage trends.

WIM stations may capture the actual weight of cargo that is not considered freight — for instance,
a truck moves from one location of a firm to another location of the same firm (e.g., Publix
distribution center to a Publix store).

2.2.2 Origin-Destination Matrix Estimation

Origin-Destination Matrix Estimation (ODME) is a process that is typically used to estimate an
origin-destination (O-D) trip table, matrix, using observed traffic counts.

Although this method is most commonly used with a truck vehicle O-D table and truck vehicle
counts tonnage table could be utilized as the seed, and tonnages could be considered as counts.
The primary inputs to the procedure were the seed matrix, which is essentially the matrix of O-D
truck trip flows derived from ATRI’s truck GPS data (R. Pinjari, Bakhshi Zanjani, Thakur,
Irmania, & Kamali, 2014). This kind of data fusion method also can be applied to truck tonnage
calculation. For example, the seed table could be the tonnage flows from TRANSEARCH and the
observed counts could be the annual tonnages observed at the WIM stations. Because the flow unit
would not be consistent with the capacity of the roadways, a simple assignment process, e.g., All-
Or-Nothing, could be used with the ODME. The result would be an O-D table that is consistent
with the tonnage observed at each WIM station (Eluru, et al., 2018).

In order to use this process, the zones in the O-D commaodity tonnage table would need to be made
consistent with the Traffic Analysis Zones (TAZs) used in Florida Statewide Urban Transportation
Modeling System (FSUTMS). While it might be desirable to update the seed tonnage table each
year, this is not necessary as long as the O-D pattern is expected to remain stable. The output O-D
tonnage table would, however, be updated to reflect whatever WIM tonnages are used as
constraints. If these WIM tonnages are for the most recent year, then the resulting matrix would
also be for that most recent year. The TAZs in the resulting table could be summarized for any
aggregation that is desired, e.g., Florida origins and/or destinations.

While this process is more complex, it is similar in concept to the description of the Existing
Method. However, rather than factoring FAF based on changes in truck VMT and WIM counts,
it would factor the commodity O-D table, e.g., the FAF, to the absolute value of WIM counts.

2.3. Data Sources for Truck Tonnage Calculation

Different data sources that can be used for a freight flow study have widely varied degrees of
coverage, accuracy, aggregation, and completeness. A variety of data sources have been used in
the research of truck tonnage. A list and a succinct description of different databases’ availability
and applicability for statewide transportation planning are provided (Table 2-2).



Table 2-2. Data Source Characteristics

Spatial

. Frequenc
Data Sources Sponsor Data Description A ql b'I'ty
Aggregation vailabiiity
Integrates data from a variety of sources
to create a complete view of freight
Freight Analysis movement by all modes of
.S. transportation among states and major
Framework U.S anspo g ion among sta gs and majo State and S
(FAF) Department of metropolitan areas. FAF incorporates Region years
Transportation | data from various sectors based on the
2012 Commodity Flow Survey (CFS)
and international trade data from the
Census Bureau.
Identifies transportation demand by
TRANSEARCH IHS Global commaodity, location, and mode. State and Annuall
Insight TRANSEARCH finds transportation corridors y
statistics by country and state.
Weigh in Motion Weigh in Motion devices are designed
(WIM) FDOT to capture and record truck axle weights State and Weekl
and gross vehicle weights as they drive Corridor y
OVEr a Sensor.
American .
. American
Transportation T tat Real-ti
Research ransportation |- eyamines the pure movement of trucks North cal-time
Institute Seecanlh based on truck GPS America ik
(ATRI) Institute
Annual
. AADT volumes for last 10 years,
Average Daily FDOT _ Y State and
Traffic average weekday traffic volume and 13 Annually
vehicle classifications Corridors
(AADT)

2.3.1 Freight Analysis Framework (FAF)

Freight Analysis Framework (FAF), created a detailed picture of freight movement among states
and major metropolitan areas with a partnership between the Bureau of Transportation Statistics
(BTS) and FHWA. The FAF dataset is based primarily on the Commaodity Flow Survey (CFS).
The CFS is a shipper-based survey, and that captures data on shipments originating from select
types of business. FAF presents tonnage and value estimates by commaodity types, modes, and




origins and destinations. It provides annual estimates for years in between the CFS and presents
long-range (30 years) forecasts in 5-year increments. Starting with data from the 2012 CFS and
international trade data from the Census Bureau, FAF incorporates data from agriculture,
extraction, utility, construction, service, and other sectors. The FAF version 4 (FAF4) baseline
edition provides estimates for tonnage and value by regions of origin and destination, commodity
type, and mode for 2012, the most recent CFS year. This includes improvements to data collection,
data editing, and an expanded number of geographic areas (U.S. Department of Transportation,
2018).

In terms of the geographic dimension, FAF4 presents freight trading information between 132
domestic zones and eight foreign zones (Oak Ridge National Laboratory, 2019).

2.3.2 TRANSEARCH

Global Insight’s TRANSEARCH data provides U.S. county-level freight-movement data by
commodity group and mode of transportation for state freight planning purposes. It presents
detailed information on commodity type (as per Standard Transportation Commodity
Classification), tonnage, value, ton-mile, origin-destination and mode used for freight movement.
This data combines information from public sources and data for primary shipments from major
carriers. Data are available for 38 commaodity groups for truck, rail, and water freight. Proprietary
data from other IHS-Global Insight divisions are used to further enhance the dataset. The data set
is commercial and is available for purchase only. Historical data are also available (IHS Markit,
2019).

A TRANSEARCH domestic commodity flow database for the state of Florida was purchased from
IHS/Global Insight by FDOT for the year 2011. In addition to the base year data, the database also
provided projection till 2040 at a five-year interval starting from 2015.

2.3.3 Weigh in Motion (WIM)

The primary purpose of the use of WIM stations is to help manage wear and tear of the asphalt by
enforcing weight limits on trucks. Florida has 37 state-of-the-art WIM stations throughout the
state. While they are used “to protect Florida’s highway system and bridge from damage from
overweight vehicles,” the data recorded by Florida’s WIM stations is rich and granular, with
potential additional uses. The FDOT WIM dataset, stored in an Oracle database, includes WIM
site, vehicle type, gross weight, axle weight, vehicle length, inter-axle spacing, and speed. These
and other attributes are recorded for every single vehicle that goes through a WIM station in
Florida.

The WIM data are collected at some of the Telemetric Traffic Monitoring Sites (TTMS) that can
weigh the vehicle passing through the site. All sites with WIM capability measure the weight and
classification (i.e., number of axles, etc.) of all the trucks passing through the sites throughout the
year (unless the site malfunctions on certain days). Each record in the WIM data is an instance of
a truck passing through a WIM site. For each such record, the WIM data provided by FDOT
contains attributes describing the WIM site as well as the truck passing through the site. Four
attributes - county code, unit number, the direction of the weight, and the number of lanes - are
specific to the WIM site. The remaining four attributes, namely the date, time interval, vehicle
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classification, and the gross weight of the truck, are specific to individual trucks passing through
the WIM site.

2.3.4 American Transportation Research Institute (ATRI)

ATRI provides GPS-based spatial and temporal information for a large sample of trucks with
onboard, wireless communication systems in the U.S. Data includes geospatial (coordinates) and
temporal (time/date stamp) information for the corresponding trucks. ATRI examines the pure
movement of trucks, whether or not those trucks carry freight. ATRI’s origin-destination data is
based on truck GPS, with no way to determine if the truck is empty or full, or the ultimate origin
and destination of the goods it carries.

2.3.5 Commodity Flow Survey (CFS)

The CFS is a shipper-based survey that is conducted by the BTS and the U.S. Census Bureau every
five years. The commodity flow data are directly related to freight flow analysis, which includes
such data as the type of commodity, the origin, the destination, the value, the weight, and the ton-
miles of the shipments. Results from the CFS are used to analyze trends in the movement of
goods, mapping spatial patterns of commodity and vehicle flows, forecasting demands for the
movement of goods, and for guiding management and investment decisions on transportation
infrastructure. These data are usually aggregated at the state level by the Bureau of Economic
Analysis (BEA) Zones and FAF regions. To analyze the statewide freight transportation
characteristics, a methodology is needed to disaggregate these data to a sub-regional level (Office
of Economic and, 2018).

2.3.6 Annual Average Daily Truck Traffic

Annual Average Daily Truck Traffic (AADTT) is the total truck traffic volume divided by 365
days. It is the total volume of truck traffic on a highway segment for one year. This number is
determined as a percentage of AADT.

2.4. Summary

To summarize, we find that it is difficult to compare the calculation methods of truck tonnage since
not all states are using the same data sources. Some states have the funds to purchase additional
data, while others use free sources of data or data obtained from other departments or agencies to
analyze and produce truck tonnage measures within their limited budget. Additionally, the scales
of infrastructure can vary greatly from state to state. Nevertheless, the advantages and
disadvantages of methods calculating truck tonnage can be identified.

Multi-source data sets are used to calculate the truck tonnage in FDOT, for example, FAF, WIM,
and AADT. The truck tonnage can be reflected with a comprehensive perspective: a combination
of the commodity flow-based and vehicle-based characteristics. There are limitations in using
FAF:

e Asmentioned earlier, the FAF dataset is based primarily on the five-year Commodity Flow
Survey (CFS). Because of the nature of the survey, it takes about seven to eight years to be
completed. Therefore, a couple of years have passed by the time the final data are
available. The data become out-of-date from one survey to the next.
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FAF focuses on inter-county movements of commodities by truck, but not intra-county
movements, which means that only domestic shipments from the CFS are used in
constructing the FAF. Meanwhile, CFS contains only two-thirds of the weight of all
commodity movements. Shipments from industries classified in transportation,
construction, most retail and service industries, farms, fisheries, foreign establishments
(imports), petroleum and natural gas extraction, municipal solid waste, logging, as well as
household and business moves are not covered by the CFS (Hwang, et al., 2016).

FAF-Based method calculates only combination trucks (Class 8-13), which don’t include
the comprehensive truck tonnage.

FAF estimates truck tonnage for states and state portions of large metropolitan areas. Local
data to support local applications are not considered, particularly in regions with multiple
routes or significant local traffic between major centers of freight activity (Federal
Highway Administration, 2012).

Vehicle-based data is used to calculate the truck tonnage in WSDOT. This method is restricted to
three types of trucks (Single Unit, Double Unit, and Triple Unit). However, the total tonnage is
calculated according to the approximate average gross weight of each type of truck.

The next step is to combine the advantages of each methodology and offset the weaknesses so that
we can develop a method to improve Florida’s truck tonnage methodology.
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3. Data Handling of Weigh in Motion (WIM)

The methods used in the analysis to process the WIM data are presented in this chapter. It starts
with an introduction to the WIM system, followed by analyses of traffic distribution of WIM by
site, by direction, and by season.

3.1 WIM Systems

WIM is a state-of-the-art system to collect, store, process and transmit vehicular data from key
locations on the Florida State Highway System. The WIM data are collected at some of the
Telemetric Traffic Monitoring Sites (TTMS) that can weigh the vehicle passing through. FDOT’s
Transportation Data and Analytics (TDA) Office maintains an Oracle database that stores per-
vehicle, time-stamped WIM data. In 2018, there were 373 TTMS sites, and 37 of them served as
WIM sites. Figure 3-1 shows the locations of WIM sites in Florida.

@ s
Figure 3-1. Weigh in Motion Locations in Florida

The WIM Systems shall include equipment and software for collecting, processing, storing,
transmitting and manipulating information related to the counting, classifying and speed
monitoring of all vehicles and the weighing of trucks and buses at highway speeds.

The WIM systems generate various data components for each vehicle passing through the site. The
WIM controller shall store the data including hourly vehicle counts by lane, by class and by speed
range for each 24-hour period (Class/Count Summary). Individual vehicle records include all
vehicles with a front axle weight greater than 3.5 kips (hereafter referred to as “truck records”).
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The front axle weight threshold for truck records shall be programmable by the operator with 3.5
kips as a default setting. Each truck record shall include, at a minimum, time and date, lane number,
vehicle number, speed, vehicle classification, wheel load, axle load, axle group load, gross vehicle
weight, spacing in feet between each sequentially numbered axle, overall length of each vehicle or
combination of vehicles in feet, and code for weight violation(s) and invalid measurement(s).

Currently, there are 37 WIM stations installed within the State of Florida, which collect weigh in
motion data 24 hours per day, 365 days per year (Transportation Data and Analytics Office, 2018).
WIM stations are maintained independently from the Office of Maintenance’s weight stations.

WIM database characteristics in this study are as follow:

(1) WIM systems record instantaneous gross tonnage volume, dynamic axle loads and spacing,
the number of axles, speed of vehicle, lane, and direction of travel, vehicle classification
by Federal Highway Administration (FHWA), axle weights, date, and time stamp, etc. All
the variables in WIM data and those used in the figures and tables in this research are
described in Appendix A.

(2) The vehicle weight data are only saved for buses (Class 4), and vehicle Classes 5 and
higher. For the purpose of this study, vehicle Classes 5-13 are considered, which is
classified as a truck vehicle according to the vehicle classification by FHWA even though
Class 4 also belongs to the truck category. Also, WIM data in 2012 were selected as the
datasets in the methods analysis, because the comparison of truck tonnage calculation in
this study will be made with other data sources, for example, the most recent available
Freight Analysis Framework (FAF) data in 2012. To validate the new methodology, an
analysis of the 2017 data was also conducted by comparing FDOT’s current method using
FAF and the newly developed method relying on WIM and TTMS. The gross tonnage for
different vehicle classes in 2012 is illustrated in Figure 3-2. Distribution of truck tonnage
weight by frequency in 2012 is shown in Appendix B.
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Figure 3-2. Sum of Gross Tonnage by Vehicle Class in Florida in 2012
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3.2 Traffic Distribution by WIM Site

This section presents a brief descriptive analysis of the traffic site distribution using the 2012 WIM
data; 33 sites are recorded in the 2012 WIM dataset. Figure 3-3 and Figure 3-4 illustrate the
distribution of the sum of the gross tonnage and vehicle volume by vehicle class in different sites.
The charts reveal that Class 9 had the highest volume and the greatest weight among most WIM
stations. The percentages of truck tonnage and truck volume for different vehicle classes make a
difference for the average tonnage for each site. For the most part, truck volume and gross weight
moved in the same direction. However, there were a few exceptions. Sites 9926 and 9950 had
similar traffic as their neighboring sites 9923 and 9949, respectively. Nevertheless, they witnessed
lighter loads. A closer look reveals that Sites 9926 and 9950 had a lower volume in Class 9 truck
traffic and a higher volume in truck traffic of other classes than Sites 9923 and 9949 even though
the total volume was similar. Variations in truck and weight among the WIM sites can also provide
other information regarding mobility, which is beyond the scope of this research.
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Figure 3-3. Sum of Gross Tonnage for Different Vehicle Class by WIM Site in 2012
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Figure 3-4. Truck Volume of WIM for Different Vehicle Class by WIM Site in 2012

It is shown in Figure 3-4 that the truck volume of Classes 5 and 9 are larger than other vehicle
classes. WIM sites can be grouped preliminarily into three types according to the truck volume of
Classes 5 and 9.

e Group one: The volume of Class 9 ranked the top, Class 5 ranked the second (Figure 3-5)
e Group two: The volume of Class 5 ranked the top, Class 9 ranked the second (Figure 3-6)
e Group three: The volume of Class 5 ranked the first, Class 9 ranked the third (Figure 3-7)
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Figure 3-5. The Volume of Class 9 Ranked the Top, Class 5 Ranked the Second
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Figure 3-6. The Volume of Class 5 Ranked the First; Class 9 Ranked the Third

3.3 Traffic Distribution by Direction
This section presents a brief descriptive analysis of the traffic direction distribution using 2012
WIM data. Figure 3-8 and Figure 3-9 demonstrate the distribution of the sum of gross tonnage and
vehicle volume in different directions (E-East, W-West, N-North, and S-South). A large
percentage of trucks travel southbound (S) or northbound (N), especially in the south direction,
which corroborated with the result of FAF4 in 2012. FAF4 reported a larger volume of the inbound
(S) commodity than the outbound (N) commodity. Due to Florida’s geographic location, the
eastbound and westbound freight traffic only occurred within the state.
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3.4 Traffic Distribution by Season

The seasonal gross tonnage in 2012 is shown in Figures 3-10 and 3-11. It can be seen in Figure 3-
10 and 3-11 that the sum of the gross tonnage remained stable except in December, and December
15th is the peak day. More detailed analysis of the average truck tonnage weight by month for
different vehicle classes is summarized in Appendix C.
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Figure 3-10. Sum of Gross Tonnage by Month in 2012
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3.5 Variation of Site Location
There were 31 WIM sites recorded data in 2012, site 9937, 9926, 9927, 192, 9901, 219, and 9919

were removed after 2012. In 2017, there were 36 sites, and sites 9902, 9925, 9953, 9955, 9956,
9957, 9958, 9959, 9960, 9961, 9962,9963 were added in 2017 compared to 2012 (Figure 3-12).

Legend

®  Added WIM Sites
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Figure 3-12. Location of WIM Site in 2012 and 2017
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3.6 Erroneous Data

The Transportation Data and Analytics (TDA) Office in FDOT collects, stores, analyzes, and
reports multiple transportation datasets including, roadway characteristics and traffic data. The
continuous traffic monitoring program collects data from TTMS. Sites typically collect volume
class and speed while others also collect WIM data. FDOT collects traffic data to submit to the
FHWA on an annual basis as required by law (Transportation Data and Analytics Office, 2018).

The TDA Office’s Traffic Monitoring Program coordinates the collection of traffic data on all state
highways and many highways not on the State Highway System. Traffic data may include daily
counts, classification of vehicles, speeds, weight, directional factor, truck factor, and factor of
design hours, depending on the location. Each year, traffic data are collected from January to
December and then upgraded into annual statistics in the first quarter of the following year.

To properly calculate the truck tonnage for one year, classification data, which are a part of overall
TTMS data, are used to annualize the truck tonnage in this study. Also, as some WIM sites are
broken for months at a time, classification data as a supplementary can verify the truck volume in
WIM data. This dataset contains information of county and site number, direction, type (“A”-
Atypical, “B”-Bad, “H”-Holiday, “N”-Normal, “S”-Special event), the volume of each class based
on FHWA vehicle classification, and the total volume of all vehicles passing by that specific site.
In the computation process of this study, type B data are not taken into the calculation as the Type
B data are considered bad data.

During the analysis, a small percentage of truck records with an error was found that contained
different types of erroneous data, such as negative load values or lane numbers, erroneous
(impossibly large) spacing between two axles, or zero or extremely large axle load values. Because
these records only accounted for a very small percentage of the data sample size, they were deleted
from the analysis.

Comparing the number of WIM sites between 2012 and 2017, there are 33 sites in 2012 recording
data, site 219, 398, 9901, 9926, 9927 and 9937 were removed from the WIM data set. There were
29 sites recording data according to the WIM data set from 2017. Compare the before and after
year, the weight data of site 9904, 9906, 9929 from 2016, and site 9960, 9961, 9962 from 2018
were supplemented to the data set of 2017.
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4. Methodology

This chapter provides comprehensive information regarding the developed methodology, research
steps, and conducted calculation as a case study for years 2012 and 2017. The overall objective of
this methodology is to provide a mathematical model based on the most updated available datasets.

The Florida Department of Transportation (FDOT) uses multi-source data sets to calculate the
truck tonnage in The FDOT Source Book, namely, Freight Analysis Framework (FAF), Weigh in
Motion (WIM), and Annual Average Daily Traffic (AADT). This method combines commodity
flow-based and vehicle-based characteristics to present a comprehensive picture. However, as the
out-datedness of the FAF data has begun to affect the accuracy of the results derived from the
method, this research has been called for to develop a new method that can be easily updated to
represent current truck tonnage in the state of Florida and can be more efficiently and accurately
utilized for estimating truck tonnage volumes. Through research and analysis, the researchers have
found that the WIM-Based method can provide the required modifications to the truck tonnage
model that will yield more accurate results.

The methodology of this research consists of three main parts: (i) WIM sites clustering, (ii) Truck
Volume Estimation, and (iii) Average Truck Tonnage Calculation. In the WIM-Based
methodology, all types of trucks, Class 5 to Class 13 are taken into the calculation based on the
WIM dataset. The methodology is outlined in Figure 4-1.

Methodologies Data Sets

Telemetric Traffic Monitoring Sites
Comparison WIM volume, WIM

location data,
WIM Sites Clustering classification data

WIM Sites
Clustering

Telemetric Traffic Monitoring Sites AADTT from
Clustering .
Truck Volume TTMS, WIM

Estimation Strategic Telemetric Traffic location and road
Monitoring Sites Selection location data

Vehicle Classification According to the
Vehicle Load

WIM weight data
and classification

data

Truck Tonnage Estimation Method

Average Empty Vehicle Average Weight
Tonnage Estimation
Calculation

Average Tonnage Calculation

Figure 4-1. Methodology Outline
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Before starting the procedure of estimating the average truck tonnage, WIM Sites should be
divided into different groups based on the results from average gross tonnage and vehicle volume
distributions (Step one). This clustering has been done by applying the K-nearest neighbor’s
algorithm according to two different variables: (i) truck tonnage distribution and (ii) average truck
volume. Then, a clustering classification is fit to the TTMS (Step two). To avoid the double-
counting issue, strategic TTMS were selected considering the site location, D factor and T factor
(Step three). Afterward, for calculating the average truck tonnage, WIM sites were categorized by
a K-mean clustering method based on the vehicle load (Step four), then the empty vehicle weight
for different vehicle classes were estimated applying Gaussian distribution of gross tonnage (Step
five). At last, a weighted mean method was applied to calculate the average truck tonnage (Step
six). The following sections provide detailed descriptions of why and how the methodology is
formulated.

4.1 WIM Sites Clustering

Based on the results from gross tonnage and vehicle volume distributions in different WIM sites
for all types of trucks, which revealed that Class 9 had the greatest weight and the highest volume
among most WIM stations, in this study we used a K-nearest-neighbors algorithm in order to
categorize the WIM sites, and the result of WIM sites clustering in 2012 is shown in Figure 4-2.
Two factors that were considered in the clustering algorithm were total truck tonnage distribution
(the percentage of one truck Class 9) and average truck volume for all types of trucks.

K-nearest-neighbors (KNN) algorithm is one of the most important non-parameter algorithms
(Dasarathy , 1991), and it is a supervised learning algorithm. The classification rules are generated
by the training samples themselves without any additional data. The KNN classification algorithm
predicts the test sample’s category according to the K training samples which are the nearest
neighbors to the test sample, and judge it to that category which has the largest category
probability. The process of the KNN algorithm to classify sample X is referring to the K nearest-
neighbor algorithm for text categorization (Jiang, Pang, Wu, & Kuang, 2012).

* Suppose there are j training categories Ci, Co, ..., Cjand the sum of the training samples is
N after feature reduction, they become m-dimension feature vector.

* Make sample X to be the same feature vector of the form (Xz, Xa,..., Xm), as all training
samples.

« Calculate the similarities between all training samples and X. Taking the i sample di
(di1, di2, ..., dim) as an example, the similarity SIM (X, di) is as following:

je1Xdij
(@) )

e Choose k samples that are larger from N similarities of SIM (X, di), (i=1, 2,..., N), and
treat them as a KNN collection of X. Then, calculate the probability of X belongs to each
category respectively with the following formula.

* P(X,()=XqSIM (X, dy) - y(d;, Cy)

e Where y(d;, C;) is a category attribute function, which satisfied

SIM (X, d;) =
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e Judge sample X to be the category that has the largest P(X, C;).
According to the clustering results, the WIM sites are clustered into six different groups as follows.

(1) High volume and a high percentage of truck Class 9
(2) High volume and a low percentage of truck Class 9
(3) Median volume and a high percentage of truck Class 9
(4) Median volume and a low percentage of truck Class 9
(5) Low volume and a high percentage of truck Class 9
(6) Low volume and a low percentage of truck Class 9
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Figure 4-2. KNN of WIM Sites in 2012
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4.2 Truck Volume Estimation

4.2.1 Telemetric Traffic Monitoring Sites Clustering

This section describes the process of clustering the TTMS to produce the appropriate category for
calculating the average AADT for each category. One of the main tasks involved in clustering
TTMS is the selection of the appropriate classifier. To accomplish this task, this study adopted a
GIS approach by employing multiple classification steps.

e Mapping the TTMS and WIM stations.

e Classifying WIM sites based on the classification on six different types (explained in
previous section)

e Categorizing TTMS sites based on six different WIM sites:

o Allocating each TTMS to the appropriate WIM site if their centroid is in 20 miles of
the WIM locations.

o Allocating each TTMS to the appropriate WIM site if their centroid is between 20-40
miles of the WIM locations.

Due to the importance of combining both datasets related to TTMS and WIM stations, the TTMS
and WIM stations were aggregated and mapped in GIS. Second, the TTMS sites were analyzed
based on the results of six classes of WIM sites and then the TTMSs were categorized into six
groups. Consequently, each TTMS was allocated to the most appropriate WIM site regarding
volume and percentage of truck Class 9. As the next step, all TTMS sites were allocated to the
closest WIM station based on the aforementioned description. Figures 4-3 illustrates the results of
TTMS clustering for the years 2012 and 2017, respectively.

The clustering processes resulted in the following:

e In 2012, from the total of 353 TTMS, 190 were assigned to WIM sites if their centroid was
within 20 miles to the WIM sites; 144 TTMS were assigned to the WIM sites if their
centroid was between 20 to 40 miles to the WIM sites; and 19 TTMS residuals were
clustered and assigned to the most appropriate WIM location according to their distance.

e In 2017, from the total of 389 TTMS sites, 166 were assigned to WIM sites if their centroid
was within 20 miles to the WIM sites, 149 TTMS were assigned to the WIM sites if their
centroid was between 20 to 40 miles to the WIM sites, and 74 TTMS residuals were
clustered and assigned to the most appropriate WIM location according to their distance.
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The results of the TTMS clustering are displayed in Appendix E.
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Figure 4-3. Telemetric Traffic Monitoring Sites Clustering

4.2.2 Telemetric Traffic Monitoring Sites Selection

In order to aggregate the total tonnage and avoid the double-counting problem as far as possible,
some TTMS sites are selected through the following steps:

Step one Update WIM site information
Step two Develop selection criteria

e Road location
e D factor
e T factor

Step three Strategic site selection according to the road location: If several sites are on the same
corridor, and the D factor and T factor are similar, keep the site with large truck volume, remove
other sites.
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WIM site 9950 is illustrated as a strategic site (the location of the WIM site 9950 is illustrated in
Figure 4-4 and marked in yellow). In 2012, 68 sites were assigned to WIM site 9950. As is
observed from the figure, site 9950 is surrounded by a dense volume of TTMS (Figure 4-5
indicates the situation more in detail). In order to avoid the multiple counting issue, after
considering the site location, D factor and T factor were reflected. 34 TTMS were deleted, which
accounted for 44% of the total number of TTMS, and it resulted in a 47% reduction in the total
volume assigned to the WIM site 9950. We assume the same percentage of double-counting for
the other WIM sites as well.
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4.3. Truck Average Tonnage Calculation

The procedure of truck average tonnage calculation involved a proposed K-Means clustering to
categorize the vehicle load, the empty vehicle average weight estimation applying Gaussian
distribution of gross tonnage, results from TTMS clustering, and a weighted mean method. The
following sections provide detailed descriptions of how the methodology is formulated.

4.3.1 K-Means Clustering for Determining Vehicle Load

In order to reflect the load type of each vehicle, each class of trucks is divided into three different
categories: empty, half load, and full load. The K-Means clustering method has been used. K-
Means clustering is one of the simplest and popular unsupervised machine learning algorithms.
Typically, unsupervised algorithms use only input vectors to create inferences from datasets
without referring to known, or labeled, outcomes.

The goal of this algorithm is to find groups in the vehicle weight data, with the number of groups
represented by the variable K. The algorithm works iteratively to assign each weight data point to
one of K groups based on their weight distribution. Data points are clustered based on feature
similarity. The results of the K-means clustering algorithm are the centroids of the K clusters,
which can be used to label new data for the training data (each data point is assigned to a single
cluster).

The algorithms start with initial estimates for the K centroids, which can either be randomly
generated or randomly selected from the data set. The algorithm then iterates between three steps
(see Figure 4-5). The calculation steps are as follows:

» Step one: Initialization

The first thing k-means does is to randomly choose K examples from the dataset as initial centroids
simply because it does not know yet where the center of each cluster is.

>  Step two: Cluster assignment
Each centroid defines one of the clusters. In this step, each data point is assigned to its nearest
centroid, based on the squared Euclidean distance. More formally, given a set of observations
(xq,x5...,x,), K-means clustering aims to partition the n observation into K (K< n) sets
S={51,S,, ..., S} to minimize the within-cluster sum of squares. The objective is to find:

K
: 2
arg min E E 2t — il
S =1 ne S;

Where, n: Number of the whole data
x,,: The n'" observations
K: The group number of the data
S;: Subset of the data, i =1,..., K

uj: Geometric centroid of the data points in S;
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» Step three: Centroid update

In this step, the centroids are recomputed. This is done by taking the mean of all data points
assigned to that centroid's cluster.

The algorithm iterates between steps two and three until a stopping criterion is met (i.e., no data
points change clusters, the sum of the distances is minimized, or some maximum number of
iterations is reached).

This algorithm is guaranteed to converge to a result. The result may be a local optimum (i.e., not
necessarily the best possible outcome), meaning that assessing more than one run of the algorithm
with randomized starting centroids may give a better outcome.

Start

Number of
Cluster K

Distance between an Object
and Cluster Centroid

v
Grouping based on Minimum
Distance

Figure 4-6. K-Mean Clustering Method

After categorizing all WIM data in 2012, we define the truckload type (empty, half-load, and full-
load) according to the clustering results, the flowchart is shown in Figure 4-6. Figures 4-7 and 4-
8 are the clustering results of different vehicle classes in WIM site 9918. It can be seen that the
truck volume of the half-load is more than the volume of the empty and full-load truck. According
to the clustering results, the average truck tonnage can be calculated considering the load type.
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Figure 4-9. Truck Volume by Load Type for Different Vehicle Class in Site 9918

Tables 4-1 and 4-2 provide K-mean clustering results of vehicle classes 5 and 9. After ten
iterations, the final clustering center is located at sites (9790, 22123) and (36663, 73724),
respectively.

4.3.2 Adjusted Weighted Average Tonnage Calculation for Vehicle Class

Considering the load type of the vehicle (empty, half-load, and full-load), the average tonnage will
have a big difference, which can be seen from Figures 4-9 (a), (b), and (c). If the freight is
homogenous, the average tonnage is depended on the freight volume. If the freight is
heterogeneously distributed, the central point can change. That is to say, when some values get
more weight than others, the central point (the mean) can change. The adjusted weighted factor is
introduced to reflect the heterogeneity.
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Table 4-1. K-Mean Clustering of Truck

Gross Tonnage — Vehicle Class 5

Table 4-2. K-Mean Clustering of Truck
Gross Tonnage — Vehicle Class 9

Iteration History Iteration History
Iteration Change in Cluster Centers Iteration Change in Cluster Centers
1 2 1 2
1 9312.996 30503.17 1 32072.535 55121.129
2 241.03 16089.19 2 5769.27 3717.823
3 970.469 7130.17 3 1325.205 1313.451
4 1059.421 3672.401 4 348.879 400.451
5 811.662 1979.296 5 96.698 115345
7.992 1 .
2 S 88 6 29.799 35.94
4 289.784 572.288
7 7.79 9.426
8 163.089 313.186 5 2188 T
9 82.332 156.776 : i
10 40.423 77.052 J ¢ ¢
Initial Cluster Centers alifel) Sl stor Caniters
Cluster
Cluster
GROSS_WT CRuSe 1 2
(Ibs) ! 2 (Ibs)
4670 83710 12170 134440
Final Cluster Centers Final Cluster Centers
Cluster Cluster
GROSS_WT 1 = Clriest s 1 2
(Ibs) (Ibs)
9790 22123 36663 73724

Adjusted weighted average tonnage for class 5=

{(average empty tonnage count number of empty tonnage percentage of empty for class 5 /
count number percentage of empty for class 5)

+ (average full-load tonnage count number of full-load tonnage percentage of full-load for class
5/count number percentage of full-load for class 5)

+ (average half-load tonnage count number of half-load
class 5 / count number percentage of half-load for class 5)}

tonnage percentage of half-load for

/ (count number of empty tonnage percentage of empty for class 5 / count number percentage of
empty for class 5

+ count number of full-load tonnage percentage of full-load for class 5/ count number percentage
of full-load for class 5
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+ count number of half-load tonnage percentage of half-load for class 5/ count number percentage
of half-load for class 5)

4.3.3 Average Annual Truck Traffic Calculation for Each Site

A weighted average is most often computed concerning the frequency of the values in a data set.
One can calculate a weighted average in different ways. However, certain values in a data set are
given more importance for reasons other than frequency of occurrence. Each data point value is
multiplied by the assigned weight, which is then summed and divided by the number of data points.
A weighted average is extremely useful in that it allows the final average number to reflect the
relative importance of each observation and is thus more descriptive than a simple average. It also
has the effect of smoothing out data, thereby enhancing accuracy.

The weighted average tonnage for site k (x;,) is equal to the sum of the truck volume (w;) times
the average tonnage for each vehicle class (x;) divided by the sum of the volume:

13
— s Wit X _ WsXs + WeXg + - + Wy3Xy3

Xsp = 313
l:

5WL' W5+W6+"'+W13

4.3.4 Empty Vehicle Average Weight Estimation

In order to exclude the weights of empty trucks from the total gross tonnage and calculate the net
tonnage of commaodities, the weights of empty trucks were gathered from different sources, and
some estimation and assumptions were made to accomplish this step. For trucks of Classes 5-8,
the empty vehicle weights are estimated according to the Gaussian distribution of gross tonnage,
and the vehicle weight classes and categories from the U.S. Department of Energy. For Class 9-13
trucks, the empty vehicle weights are estimated according to the empty vehicle weight estimation
(FHWA, 2001), Gaussian distribution of gross tonnage from WIM data (Appendix B), and the
percentage of empty vehicle weight estimation (Transportation Data and Analytics Office, 2018).
The estimation result is in Appendix D for reference.
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4.4 Truck Tonnage Calculation

Truck tonnage estimation has been taken into account for trucks ranged from Class 5 to Class 13.
We aggregate the average tonnage and the annual traffic volume in selected sites to calculate the
truck tonnage:

T=Yk=1%s,Vk k=1...n,5,=1, ... m
Where, k WIM site

Sk WIM site group
X5, Average tonnage for WIM site group s

Uy Truck volume assigned to the WIM site k

The aforementioned methodology is being used for truck tonnage estimation in Florida through
the aggregation of truck volume and average tonnage for each site in 2012 and 2017.The
calculation results for both WIM-Based and FAF-Based are shown in Table 4-3.

Table 4-3. Freight Tonnage Estimation Results

Method Vehicle Class 2012 2017 EEELE
Percentage
Allclasses of the | ) 115 gg5 697 | 1376125766 23.64
WIM-Based tru_cks _
Combination 712,310,801 950,902,904 33.50
trucks
FAF-Based Cor:‘rﬁ'cnkzt'o” 580,000,000 770,000,000 32.76

The freight tonnage of combination trucks using the WIM-Based method is around 710 million
tons in 2012 and 950 million tons in 2017, which is larger than the approximate value reported by
the FAF-Based method. The freight tonnage of combination trucks accounts for 66.5% of the total
tonnage for the WIM-Based method after the data fusion of WIM weight data and TTMS volume
data.

The current FDOT formula considers only the combination trucks (Classes 8-13), while the
proposed methodology also considers trucks in Classes 5-7 since they are transferring a
considerable amount of truck volume, especially for truck movements within the state. The
proposed methodology captures more freight tonnages and employs up-to-date data.

Meanwhile, shipments from some industries, like transportation, construction, petroleum and
natural gas extraction, municipal solid waste, logging, as well as household and business moves
are not covered by the CFS. The proposed methodology uses vehicle-based data, which can capture
all the freight types.

36



5. Method Evaluation

This chapter presents methods evaluation for the FAF-Based method and WIM-Based method
considering four criterions: data availability, data matching, calculation accuracy, and calculation
time (Table 5-1).

Table 5-1. Comparison of FAF-Based Method and WIM-Based Method

Criterion Method Description

The FAF dataset is based primarily on the CFS. The CFSis a

FAF- | shipper-based survey. FAF presents tonnage and value estimates
Data Based | by commodity types, modes, and origins and destinations. It is

Availability reported every five years

WIM-

Based

TTMS data is updated each year

Investigation data (Commodity-based data): The volumes and
FAF- | sources of traffic passing through their jurisdictions at the
Based | corridor level, but not intra-county movements, not all classes of

Da’r[]a trucks (excluding Classes 5-7), not all types of commodities.
Matchin . .
g WIM- Real time loop data (Vehicle-based data): All truck types and
weight, classification data, and truck volume data from TTMS;
Based . :
empty vehicle weight extracted.
FAF-Based tonnage data is interpolated using combination truck
miles traveled (CTMT) data and Weigh in Motion Data to
FAF- TR -
Based calcula}te truck tonnage. H_owe_ver, the (_:allbratlon of_ the adjust
factor is needed. The detailed information of the freight
Calculation movement cannot be reflected.
Accuracy WIM-Based tonnage is integrated using the average tonnage of
WIM- each WIM site and the total truck volume from TTMS. Also the
truck class distribution and weight of each WIM site are
Based : L
analyzed. Double counting problem is eliminated as much as
possible.
FAF- . : .
Calculation Based It is much easier to have a quick result.
Time WIM- More observation and calculation are needed.
Based
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5.1 FAF-Based Method

FDOT’s current truck tonnage formula applies tonnage derived from FAF4 with 2012 tonnage and
the average load of full combination trucks and combination truck miles traveled. FAF presents
tonnage and value estimates by commodity types, modes, and origins and destinations. It is
reported every five years.

The FAF provides a comprehensive national picture of freight flows, trends, and a baseline forecast
to support policy studies. The FAF informs states and localities about their major trading partners
and the volumes and sources of traffic passing through their jurisdictions at the corridor level. The
FAF does not provide local detail or temporal (seasonal, daily, or hourly) variation in freight flows
that are typically necessary to support project planning. While statistical methods exist that allow
analysts to disaggregate FAF data from FAF regions to counties or smaller areas, FHWA has not
measured any of these methods to establish estimates of reliability or accuracy. FAF estimates of
truck tonnage and the number of trucks on the network, particularly in regions with multiple routes
or significant local traffic between major centers of freight activity, should be supplemented with
local data to support local applications. The current FDOT formula is considering only
combination trucks (Classes 8-13), while trucks in Classes 5-7 are transporting a considerable
amount of the volume, especially for truck movement within the state. As is observed from the
facts and figures we mentioned before (Figure 3-3), Class 5-7 trucks account for a large percentage
of the total tonnage, around 13%, which is usually urban freight movements.

FAF-Based tonnage data is interpolated using combination truck miles traveled (CTMT) data and
Weigh in Motion data to calculate truck tonnage. However, the calibration of the adjustment factor
is needed. The detailed information about the freight movement cannot be reflected.

5.2 WIM-Based Method

The real-time WIM data is used to capture the tonnage variation of the whole state of Florida,
which is updated each year. All the truck classes (5-13) are considered in the methodology
proposed in this research. As the empty vehicle weight needs to be removed from the gross
tonnage, we calculated empty vehicle weight estimation according to the Gaussian probability
distribution of gross tonnage and other relevant reports. Next, K-mean clustering and adjusted
weight method were used to calculate the average tonnage, to reflect different load type of each
vehicle. WIM-Based tonnage is integrated using the average tonnage of each WIM site and the
total truck volume from TTMS. In addition, the truck class distribution and weight of each WIM
site are analyzed. The double-counting issue is eliminated as much as possible. In this way, the
truck tonnage can be reported each year with annually updated data. However, compared with the
FAF-Based method, this method is more rigorous. More data analysis and processing are needed.
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6. Conclusions

A truck tonnage estimation methodology is proposed to address the need for freight mobility
evaluation and freight transportation planning. A supervised machine clustering method was
proposed to categorize the WIM sites based on the vehicle class distribution of gross tonnage and
truck volume. Based on the clustering, TTMSs were grouped according to the site location and the
truck volume. To avoid double counting of the truck volume, TTMSs were selected considering
the road location, D factor and T factor. A weighted mean method was developed to calculate the
average truck tonnage. Besides, the empty vehicle weight for different vehicle classes is estimated
applying Gaussian distribution of gross tonnage and is eliminated from the calculation. Finally, a
truck freight tonnage estimation formula is formulated, which integrated the truck volume and
average truck freight tonnage for each WIM site.

Compared with FDOT’s existing truck tonnage estimation method, the method in this paper allows
truck tonnage to be estimated with updated data from WIM and AADTT reported weekly and
annually, respectively. Moreover, the proposed methodology can be used to reflect all the volume
changes within all truck classes (Classes 5-13) in different locations comprehensively, which can
provide estimation for the statewide performance evaluation of freight mobility.

Truck tonnage is needed for a wide range of applications including but not limited to pavement
design, weight enforcement, traffic monitoring, and freight transportation planning. Unfortunately,
the low spatial resolution of weight sensors along the transportation network can limit these and
other potential applications. For future research, truck travel patterns derived from a large truck
global positioning system (GPS) database can be used to determine the degree to which a WIM
site and a traffic count site are spatially related. With this information, truck trip data generated
from GPS can be combined with WIM location data to avoid double counting. Another refinement
would improve the method by investigating the correlation among the vehicle class, land use, and
road type.

39



Bureau of Transportation Statistics. (2018). Freight Facts and Figures. Retrieved from Bureau
of Transportation Statistics.

Cambridge Systematics, Inc. . (2010). Maryland Statewide Freight Plan . Howard: Maryland
Department of Transportation.

Cambridge Systematics, Inc. (2017). North Carolina Statewide Multimodal Freight Plan. North
Carolina Department of Transportaion.

Dasarathy , B. V. (1991). Nearest neighbor (NN) norms : NN pattern classification techniques.
IEEE.

Eluru, N., Li, X,, Pinjari, A., Abdel-Aty, M., Anowar, S., Momtaz, S., . .. Vinod Sheela, P.
(2018). Freight Data Fusion From Multiple Data Sources For Freight Planning
Applications In Florida. Florida Department of Transportation.

Federal Highway Administration. (2012, June). Freight Analysis Framework 3 User Guide.
Retrieved from Freight Analysis Framework:
https://ops.fhwa.dot.gov/freight/freight_analysis/faf/faf3/userguide/

Florida Department of Transportation. (2013). Freight Mobility & Trade Plan. FDOT.

Forecasting and Trends Office. (2018). The FDOT Source Book. Florida Department of
Transportation.

Hwang, H.-L., Hargrove, S., Chin, S.-M., Wilson, D., Lim, H., Chen, J., . . . Davidson, D.
(2016). Building the FAF4 Regional Database: Data Sources and Estimation
Methodologies. Oak Ridge National Laboratory.

IHS Markit. (2019). Transearch. Retrieved from IHS Markit:
https://ihsmarkit.com/products/transearch-freight-transportation-research.html

lowa in Motion. (2016). lowa State Freight Plan. lowa Department of Transportation.

Jiang, S., Pang, G., Wu, M., & Kuang, L. (2012). An improved K-nearest-neighbor algorithm for
text categorization. Expert Systems with Applications.

Maryland Performance Management System. (2017). Maryland Transportation Authority.
Maryland Department of Transportation.

Oak Ridge National Laboratory. (2019). Freight Analysis Framework Version 4. Retrieved from
Freight Analysis Framework: https://faf.ornl.gov/fafweb/

40



Office of Highway Policy Information. (2014, November). FHWA Vehicle Types. Retrieved from
Federal Highway Administration.

Office of Economic and. (2018). Florida: An Economic Overview. Office of Economic and
Demographic Research (EDR).

R. Pinjari, A., Bakhshi Zanjani, A., Thakur, A., Irmania, A. N., & Kamali, M. (2014). Using
Truck Fleet Data in Combination with Other Data Sources for Freight Modeling and
Planning. Florida Department of Transportation.

RS&H Architects-Engineers-Planners, Inc. and Kimely-Horn & Associates. (2011). 2040
Metropolitan Transportation Plan . Charlotte Regional Transportation Planning
Organization.

Sarawut, J., Ryu, S., & Chen, A. (2017). A two-stage approach for estimating a statewide truck
trip table. Transportation Research Part A: Policy and Practice.

Smadi, A. G. (1994). Development of a procedure for the statewide distribution and assignment
of truck commodity flows: a case study of lowa (Dissertation). Ames, lowa: lowa State
University.

Stone, J. R., Mei, B., Demers, A., & Paladugu, B. (2009). NC Truck Network Model
Development Research. North Carolina Department of Transportation.

Transportation Data and Analytics Office. (2018). FDOT Traffic Monitoring Handbook. Florida
Department of Transportation.

Transportation Data and Analytics Office. (2018). Truck Empty Backhaul. FDOT.

U.S. Department of Transportation. (2018). Transportation Statistics Annual Report.
Washington, DC: Bureau of Transportation Statistics,.

Washington State Department of Transportation. (2018). Washington State Freight and Goods
Transportation System. Washington State Department of Transportation.

Zhang, Y., Bowden, R. O., & Allen, A. J. (2003). Intermodal Freight Transportation Planning
Using Commodity Flow Data. U.S. DEPARTMENT OF TRANSPORTATION.

41



Table A-1. WIM Description

Field Description Data Type

FILETYPE Record Type VARCHAR2

COUNTY Federal Information Processing Standards (FIPS) Code for Number
County

SITE Site ID Number
Unit Number - 1 for single-unit site, 2 for dual-unit site

UNITNO (multiple units required at one location because of number of | Number
lanes or logistics for running conduit/cabling)

DIR Direction of Travel VARCHAR2
Lane number of travel — Lane 1 begins in the outside lane,

LANE when heading North or East and increment from there. NUDEy

BEGDATE Date stamp (mm/dd/yyyy) VARCHAR?2

TIME_INTERVAL Time stamp Number
Vehicle Number — generated by the system beginning at

VEHNO midnight with 1, up to approximately 65,500 and it resets to 1 | Number
again until midnight and it resets again

SCHEME F_CODE Vehicle Class (Scheme “F’) Code Number

VEHTYP Vehicle Type Number

VOL_CODE Violation Code - Speed, Overweight, etc. Number

SPD Speed of Vehicle (in mph) Number

VEH LENGTH Length of_Vehl_cIe (_|n feet) From Bumper to Bumper (format Number

= 99.99 decimal implied)

GROSS WT Gross Weight of Vehicle (in 1bs) Number

LEFTWGT1 Left Axle 1 Weight (in Ibs) Number

RIGHTWGT1 Right Axle 1 Weight (in Ibs) Number

AXLEWGT1 Axle Weight 1 (in Ibs) Number

LEFTWGT2 Left Axle 2 Weight (in Ibs) Number

RIGHTWGT?2 Right Axle 2 Weight (in Ibs) Number

AXLEWGT?2 Axle Weight 2 (in Ibs) Number
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LEFTWGT9 Left Axle 9 Weight (in Ibs) Number
RIGHTWGT9 Right Axle 9 Weight (in Ibs) Number
AXLEWGT9 Axle Weight 9 (in Ibs) Number
NUM_AXLE_SP Number of Axle Spaces Number
NUM_AXLES Number of Axles Number
WHEELBASE g\éhggeldt:é??n gilnirfsg'ﬁ(ad )distance from first to last axle (format Number
SPACING1 Axle 1-2 Spacing (in feet) (format 99.99 decimal implied) Number
SPACING2 Axle 2-3 Spacing (in feet) (format 99.99 decimal implied) Number
SPACING6 Axle 6-7 Spacing (in feet) (format 99.99 decimal implied) Number
SPACING7 Axle 7-8 Spacing (in feet) (format 99.99 decimal implied) Number
SPACINGS Axle 8-9 Spacing (in feet) (format 99.99 decimal implied) Number
TYPE E = Error and N = Normal VARCHAR
ERRMSG Error Message VARCHAR
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APPENDIX B. Distribution of Truck Tonnage Weight by Frequency
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Figure B-1. Vehicle Class 5
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APPENDIX C. Average Truck Tonnage Weight by Month
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Truck Class 9
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Truck Class 11
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Table D-1. Empty Vehicle Average Weight

Estimated Empty

Multi-Trailer Trucks

Truck . Number of
Class Class Definition Class Includes Axles Vehicle Weight
(Ibs)
Two-Axle, Six-Tire,
5 Single-Unit Trucks Two-axle trucks 2 7670
Three-Axle Single- Three-axle trucks
& Unit Trucks ; : £ LEEn
Three-axle tractors without trailers
Four or More Axle |Four-, five-, six- and seven-axle single-
U Single-Unit Trucks unit trucks el LERE
Two-axle trucks pulling one- and two-
axle trailers
8 Eour or Fe;wer Axle [Two-axle tractors pul!lng one- and two- Jor4 26414
Single-Trailer Trucks axle trailers
Three-axle tractors pulling one-axle
trailers
Two-axle tractors pulling three-axle
trailers
9 Flve—AxIe Single- | Three-axle tractors pulling two-axle 5 31497
Trailer Trucks trailers
Three-axle trucks pulling two-axle
trailers
Six or More Axle . . .
10 Single-Trailer Trucks Multiple configurations 6 or more 32341
Five or Fewer Axle . . .
11 Multi-Trailer Trucks Multiple configurations 4or5 37139
Six-Axle Multi- . . .
12 Trailer Trucks Multiple configurations 6 37230
13 SIEVE A7 LB A0S Multiple configurations 7 or more 40940
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APPENDIX E. Telemetered Traffic Monitoring Sites Clustering

Tables:

Telemetered Traffic Monitoring Sites Clustering Based on Weigh in Motion
Stations within 20 Miles — 2012
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Tables E- 1. TTMS Clustering Based on WIM Stations within 20 Miles — 2012
TTMS based on WIM type 1 (9904)

FID Shape |AADT |Co-site [Classed |[COMM Active [KFC DFC TFC
141 Point 31,282 260323 |No SR-H ST,1000' SOUTH Y 0 52.6 1.6
142 Point 3,004 60231 |Yes SR-45/US-27,0.26 MI N Y 9.5 53.8 12.2
143 Point 24,604 60185 |Yes SR-24, 1.5 MI NORTH Y 0 52.5 6.5
144 Point 6,210 260043 |Yes SR-121,0.8 MILES Y 9.5 78.7 5.8
159 Point 58,281 269904 |Yes SR-93/I-75,3 MI N OF Y 105 6.2 19
179 Point 24,183 [360118 |Yes SR-25/US-301,0.3 MI N Y 9.5 52.2 13.6
TTMS based on WIM type 1 (9952)

FID Shape |AADT |[Co-site [Classed |[COMM Active [KFC |DFC TFC
287 Point 16,347 899921 |No SR-5/US-1,1.9 MI N OF Y 0 65.1 6.5
321 Point 2,559 890289 |Yes SR 76 / KANNER HWY Y 9.5 54.4 11.4
329 Point 09,0587 930217 [Yes SR-9/1-95,0.8 MI N OF Y 8 56.2 3.8
331 Point 169,693 930174 |Yes SR9/1-95@ Y 8 51.5 6.3
332 Point 4,603 930140 |Yes SR-710/BEELIN Y 0 59.6 20
333 Point 64,506 930101 |Yes ISR80/SOUTHERN Y 0 60.3 4.6
335 Point 16,123 1930087 |No SRA1A01MIEOF Y 0 60.7 11.3
340 Point 96,366 939952 No 1-95 WIM, 2.4 MI N OF |Y 8 56.2 7.5
346 Point 39,661 (970417 |Yes SR-91, S OF Y 10.5 57.5 11.9
347 Point 50,402 970416 |Yes SR-91, S OF PGA Y 9.5 53.2 9.9
TTMS based on WIM type 1 (9923) within 20

FID Shape |AADT |[Co-site [Classed |COMM Active KFC |DFC [TFC
153 Point 60,440 [729923 |Yes SR-9/1-95,1.5 MI N OF Y 0 53.3 16.6
252 Point 3,827  [120236 |Yes SR-A1ANORTH OF FT Y 0 55.4 4.5
254 Point 66,139 [720216 |Yes SR-9A,0.7 MI S OF SR- Y 0 52.8 5.2
255 Point 36,116 [720172 No SR-21,S END OF Y 9 64.7 2.6
256 Point 123,731 [720171 |Yes SR-9/1-95,0.7 MI N OF Y 0 55 7.3
257 Point 48,732 [7120161 |No SR-10/US-90(ATL Y 0 57.3 2.5
262 Point 18,939 [740182 |Yes SR-A1A&301,0.4 MIW Y 0 55.5 9.7
263 Point 55,639 [740132 |Yes SR-9/1-95,2.0 MI SOF Y 0 53.5 17.6
265 Point 62,341 [729914 |Yes SR-9A/1-295,3 MI N OF Y 0 52.8 9.4
TTMS based on WIM type 2 (9901) within 20

FID Shape |AADT [Co-site [Classed |COMM Active [KFC |DFC TFC
171 Point 8,927 350279 [Yes SR-10/US-90,47' EOF Y 9.5 58.7 4.1
205 Point 24,117 549901 [Yes SR 8 (110) 0.66 MILE Y 105 3.8 18.9
206 Point 5,056 540312 |No SR 20/US 27,.665 MI E Y 9.5 55.8 16
207 Point 1,272 540245 |Yes SR 59 1150' NORTH OF [Y 9.5 59.4 14
TTMS based on WIM type 2 (9920) within 20

FID Shape |AADT |[Co-site [Classed |COMM Active KFC |DFC [TFC
15 Point 32,742 110177 |Yes ISR-500/US-441,0.3 MI ElY 0 55.7 4.9
131 Point 37,701 180358 |No SR-93/1-75,0.5 M N OF Y 105 5.8 20.3
145 Point 39,544 189920 |Yes SR-93/1-75,3.5 MI S OF Y 105 6.8 20.3
355 Point 35,500 979931 No SR-91, S OF CR468 Y 105  B5.7 15.4
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TTMS based on WIM type 2 (9936) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
147 Point 8,844 | 290286 | Yes SR-47/US-441,0.1 MI Y 9 516 |7
148 Point 19,329 | 290269 | No SR-8/1-10,0.45 MI E Y 10.5 536 | 26
149 Point 43,123 | 290320 | Yes SR-93/1-75,BETWEEN | Y 10.5 547 | 24.3
161 Point 6,490 | 290037 | Yes SR-10/US-90,0.6 MI. Y 9.5 565 |55
167 Point 19,239 | 299936 | Yes SR-8/1-10,@CR-250 Y 10.5 541 | 25.3
TTMS based on WIM type 3 (9949) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
182 Point 25,120 | 480282 | Yes SR-296,320'E Y 9 51.7 |18
190 Point 34,939 | 480156 | Yes 1-10, 0.6 MI W SR-297 | Y 9 543 | 14.9
191 Point 4,902 | 480048 | Yes SR10/US90,1 MIEOF | Y 9 583 |84
192 Point 11,558 | 480325 | Yes SR30/US98,1 MIEOF | Y 9 542 | 4.6
195 Point 57,731 | 480368 | No 1-110, 0.6 MI S OF Y 9 653 |95
209 Point 45,979 | 489949 | Yes 1-10, 1.6 MIEOFSR- | Y 9 53.7 | 11.9
210 Point 30,387 | 489916 | Yes SR-95/US-29,0.8 MIN | Y 9 625 |57
231 Point 51,700 | 580261 | No SR-30/US-98,267' E Y 9 55.7 | 3.3
233 Point 12,288 | 589937 | Yes SR-87,180' N OF Y 9 588 | 3.8
TTMS based on WIM type 3 (9951) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
124 Point 79,260 | 160363 | No SR-400/1-4,2.1 MI E N 9 519 | 127
126 Point 44,834 | 160310 | Yes SR-25/US-27,280'SOF | Y 9 523 |81
127 Point 10,013 | 160275 | Yes SR-544,0.24 MIW CR- | Y 9 538 |95
128 Point 23,180 | 160274 | Yes SR-37,0.4 MI S OF Y 9 589 | 4.6
129 Point 5,215 | 160230 | Yes SR-33,0.057 Ml Y 9.5 58.6 | 20
135 Point 77,499 | 169951 | Yes I-4, 0.6 Ml W OF SR- Y 9 519 |11.2
136 Point 14,225 | 169927 | Yes SR-546/MEMORIAL Y 9 63.4 | 13.2
349 Point 23,169 | 970407 | Yes POLK PKWY/SR-570, | Y 10 606 | 9.9
TTMS based on WIM type 3 (9905) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
259 Point 38,895 | 720062 | Yes SR-212/US-90,0.1 Ml Y 9 55.7 | 2.7
261 Point 35,587 | 710189 | Yes SR-15/US-17,06 MIS | Y 9 554 |5
266 Point 88,484 | 729905 | Yes SR-9/1-9525MISOF |Y 9 585 | 125
283 Point 23,776 | 780360 | Yes SR-13,0.276 MI.SOF | Y 9 612 |26
TTMS based on WIM type 3 (9929) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
245 Point 26,283 | 700322 | Yes SR-9/1-95,09 MISOF | Y 9 545 | 19.2
281 Point 9,525 | 790170 | Yes SR-442,053 MIEOF | Y 9 732 |56
282 Point 36,921 | 790133 | Yes 1-95,2.7 MI N OF Y 9 545 | 135
289 Point 11,053 | 799929 | Yes SR-5/US-1,0.25 MI N Y 9 526 |4
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TTMS based on WIM type 3 (9931) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
344 Point 40,330 | 970428 | Yes SR-91, SE OF CR561 Y 10 544 | 148
TTMS based on WIM type 3 (9950) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
6 Point 62,897 | 30191 Yes SR-93/I-75,05 MINOF | Y 9 56.6 | 6.9
7 Point 19,444 | 30351 Yes SR-93/1-75,W OF Y 105 |[538 |99
8 Point 38,102 | 30094 Yes SR-90/US-41,.3 MI SE Y 9 546 | 2.9
13 Point 75,022 | 39950 Yes 1-75,1.25 MINOF CR- |Y 9 55.1 | 7.1
26 Point 35,000 | 126048 | No DANIELS PKWY,EOF | Y 9 64 3.9
27 Point 21,300 | 126047 | No SUMMERLINRD SOF | Y 9 55.6 | 3.9
28 Point 35,633 | 126046 | No GLADIOLUS DR, W Y 9 526 |35
29 Point 19,599 | 126045 | No SR 739/METRO Y 9 54 5.6
30 Point 13,657 | 126044 | No ESTERO BLVD, 100'N | Y 9 532 |3
32 Point 25,825 | 126042 | No BONITA BEACH Y 9 55 3.5
37 Point 18,254 | 126036 | No SUMMERLIN RD, Y 9 55.1 |35
40 Point 1,500 | 126033 | No CHAMBERLIN PKWY, | Y 9 824 |39
41 Point 53,383 | 126031 | No DANIELS PKWY, 150" | Y 9 525 | 5.6
53 Point 71,868 | 120184 | Yes SR-93/I-75,1.7MISOF | Y 9 56.2 | 8.3
55 Point 23,689 | 126061 | No BEN HILL Y 9 56.2 | 3.9
56 Point 23,983 | 126060 | No BEN HILL GRIFFIN Y 9.5 53.7 |3.9
57 Point 22,963 | 126059 | No MIDFIELD Y 9 539 | 124
62 Point 25,846 | 126053 | No ALICORD, 1800'W OF | Y 9.5 545 |3.9
63 Point 50,058 | 126052 | No SR 876/DANIELS Y 9 59.6 | 3.9
64 Point 1,570 | 126051 | No PAUL J DOHERTY Y 9 61.6 | 3.9
66 Point 40,796 | 126030 | No DANIELS PKWY, 100 |Y 9 51.7 |3.9
70 Point 37,000 | 126025 | No US 41, 500' S OF Y 9 53 4.1
71 Point 32,441 | 126023 | No US 41, 0.25 MI N OF Y 9 545 |29
75 Point 25,766 | 126019 | No SUMMERLIN RD, Y 9 52 3.5
78 Point 11,526 | 126016 | No OLD 41 RD/CR 887, Y 9 59.8 | 2.9
79 Point 27,530 | 126015 | No CORKSCREW RD, Y 9 51.2 | 3.9
84 Point 27,084 | 126010 | No ALICO RD, 1000'W OF | Y 9 575 | 3.9
86 Point 22,194 | 126008 | No SR 865/SAN CARLOS | Y 9 547 |3
87 Point 23,386 | 126007 | No BONITA BEACH RD, Y 9 532 |3
TTMS based on WIM type 3 (9906) within 20

FID Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
275 Point 41,402 | 770197 | No SR-434,1.6 MI E OF I- Y 9 514 |38
278 Point 132,66 | 770343 | Yes SR-400/1-4,1.6 MIEOF | Y 8 525 | 6.5
279 Point 10,275 | 770299 | Yes SR-46,04 MIW OF ST. | Y 9.5 53.6 | 9.7
280 Point 37,345 | 770102 | Yes ON US-17&92,1.6 MIS | Y 9 53.3 | 3.3
286 Point 13,000 | 799925 | No US-92,0.25 MI E OF Y 9.5 626 |5.2
288 Point 93,854 | 799906 | Yes ON 1-4,169' E OF Y 9 556 |8
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TTMS based on WIM type 3 (9947) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFC
290 Point 48,693 | 870266 | Yes SR-90/US-41/SW 8TH Y 9 65 3.1
291 Point 24,056 | 870258 | Yes SR-915/NE 6TH Y 9 521 | 1.9
292 Point 35,380 | 870193 | Yes SR-878, 0.2 MI W SR Y 9 782 | 1.9
293 Point 48,843 | 870188 | Yes SR-94/KENDALL Y 9 50.2 | 1.6
294 Point 125,427 | 870187 | No SR-836, 1.4 MI E OF Y 8 65.6 | 3.3
295 Point 80,978 | 870178 | Yes SR-5/US-1,S OF Y 9 55 1.8
296 Point 135,000 | 870137 | Yes SR 826/PALMETTO Y 8 516 | 6
297 Point 100,664 | 870108 | Yes SR-112/1-195, 1 MI E Y 8 529 | 24
298 Point 21,776 | 870096 | Yes SR-9, 0.4 MI SW OF Y 9 52.2 | 8.8
299 Point 56,921 | 860222 | Yes SR 817 /UNIV DR 0.1 Y 9 52.7 | 1.9
301 Point 184,000 | 860186 | No SR862/1-595-02MI |Y 8.5 50.7 | 4.3
302 Point 151,562 | 860362 | No SR-93/1-75,0.78 MI N Y 8.5 63.4 | 3.8
304 Point 241,000 | 860331 | No SR9/195,.1 M N OF Y 8 51 5.5
305 Point 27,167 | 860176 | Yes SR5/US1-0.1MIN Y 9 537 | 2
306 Point 66,952 | 860150 | Yes SR 858/HALLANDALE | Y 9 515 | 25
311 Point 25,533 | 860256 | Yes SR-818/GRIFFIN Y 9 619 | 3.7
312 Point 13,144 | 860306 | Yes SR-820/HOLLYWOOD | Y 9 569 | 2
313 Point 93,662 | 870031 | Yes SRA1IA MCARTHR Y 9 534 | 2.3
318 Point 32,499 | 879947 | Yes US-27,21 MILESNOF | Y 9 62.8 | 155
351 Point 106,819 | 970403 | Yes SR-91, N OF Y 9.5 516 | 7.3
352 Point 108,422 | 970267 | Yes HEFT/SR-821, S OF Y 9.5 58.8 | 6.6
353 Point 87,017 | 979934 | Yes HEFT/SR-821, N OF Y 9.5 619 | 7.1
TTMS based on WIM type 3 (9913) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
319 Point 51,090 | 890334 | Yes SR9/1-95-0.1MIS Y 9 62.6 | 115
320 Point 57,412 | 890332 | Yes SR5/US1,@ NEND OF |Y 9 60.3 | 3.1
322 Point 7,297 890259 | Yes SRALIA-006 MINOF |Y 9 525 | 3.1
338 Point 4,039 940195 | Yes SR70/1.18 MI E OF Y 9.5 56.2 | 14.9
339 Point 2,319 940144 | Yes CR 68/ORANGE AVE Y 9.5 62.6 | 24.2
341 Point 46,500 | 940260 | No SR 9/1-95-0.6 MI S OF Y 9 53 15.2
345 Point 26,954 | 970421 | Yes SR-91, N OF Y 105 |60.6 | 13.4
356 Point 38,122 | 979913 | Yes SR-91, NOF BECKER |Y 105 |57.6 | 12.7
TTMS based on WIM type 3 (9926) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
17 Point 130,575 | 109926 | Yes SR-93A/I-75,1.25 MIN |Y 9 583 | 7.5
19 Point 81,781 | 109922 | Yes SR-93/1-275,0.25MI N Y 8.5 689 |5
44 Point 27,598 | 100373 | Yes US-41,05MISOFSR- | Y 9 729 | 10.3
45 Point 57,596 | 100372 | No SR-580, 0.36 MI E OF Y 9 52.3 | 6.6
46 Point 48,944 | 100321 | No SROWLER AV,1450'E | Y 9 59.9 | 2.8
47 Point 5,868 100276 | No SR-674,686' W OF Y 9.5 52.6 | 155
48 Point 31,506 | 100162 | Yes SR-60,1 MI EAST OF Y 9 55.7 | 6.9
49 Point 118,776 | 100106 | No SR-400/1-4,UNDER Y 9 54 9.7
50 Point 11,848 | 100080 | Yes SR-600/US-92, 0.2 Ml Y 9 55 8.4
54 Point 81,013 140190 | No SR-93/1-75, 1.0 MI N Y 9 54.7 | 12.4
93 Point 54,644 | 140013 | No SR-45/US-41,04 MI.N |Y 9 659 | 3.8
122 Point 29,398 | 150086 | Yes SR-600/US-92,1 MI E Y 9 529 | 4
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TTMS based on WIM type 3 (9919) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
224 Point 64,312 | 709919 | Yes SR-9/1-95, 2 MI S OF Y 9 51.2 | 10.9
243 Point 43,001 | 700113 | Yes SR-520, 0.144 MI. W Y 9 52.1 | 3.2
251 Point 5,892 700223 | Yes SR-407,0.7 Ml Y 9.5 527 | 6.8
267 Point 38,427 | 750336 | Yes SR-528,0.7 MI W OF Y 10.5 526 | 6.7
TTMS based on WIM type 4 (9948) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
125 Point 8,617 160319 | Yes SR-35/US-17,0.3 MI N Y 9.5 519 | 19
139 Point 21,001 | 169948 | Yes SR-25/US-27,0.8 MI S Y 9 519 | 136
TTMS based on WIM type 4 (9934) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
308 Point 21,684 | 860357 | Yes SR93/175,2 MI W OF Y 105 |53.8 | 104
354 Point 80,000 | 979933 | Yes SAWGRASS Y 10 548 | 4
TTMS based on WIM type 4 (9933) within 20

FID Shape AADT | Co-site | Classed | COMM Active KFC | DFC | TFCT
300 Point 13,302 | 860215 | No SR-A1A,0.1 MI N OF Y 9 543 | 2.3
303 Point 47,571 860214 | Yes SR 814/ATLANTIC Y 9 548 | 3.2
307 Point 192,443 | 860163 | Yes SR-9/1-95NE OF 48TH | Y 8 50.7 | 5.8
309 Point 44,141 | 860255 | Yes SR834/SAMPLERD,.35 | Y 9 515 | 3.9
310 Point 48,900 | 860298 | Yes SR7/US441,1MISOF |Y 9 529 | 25
TTMS based on WIM type 4 (9940) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
146 Point 7,433 | 509940 | Yes SR-267,1MINOFI- |Y 9 54.4 6.4
199 Point 57,722 | 550304 | Yes SR-8/1-10,1 MIW OF | Y 9 51.4 11.5
201 Point 5931 | 550211 | Yes SR-20,BTWN COES | Y 9 78.7 7.1
203 Point 12,496 | 550207 | No SR-155/MERIDIAN Y 9 69.8 2.5
212 Point 6,588 | 500054 | Yes SR-63/US-27,0.7 MIS | Y 9.5 60.6 17.7
213 Point 1,426 | 500281 | Yes SR-267,021 MISOF | Y 9.5 54 10.9
215 Point 26,626 | 500220 | Yes SR-8/1-10,250' W OF | Y 10.5 54.3 19.4
226 Point 2,225 | 560301 | Yes SR-12,1.7 MI S OF Y 9.5 60 12.2
TTMS based on WIM type 4 (9918) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
18 Point 2,928 | 50272 Yes SR-78,0.9 MI NORTH | Y 9.5 52.3 26.9
22 Point 13,526 | 79918 Yes SR-25&80/US-27,16 |Y 9.5 57.4 20.9
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TTMS based on WIM type 5 (9943) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
181 Point 1,509 | 470365 | Yes SR-69,1.4 MI N OF Y 9.5 54.5 10.2
184 Point 3,272 | 470337 | Yes SR-71,AMNOFIJIM |Y 9.5 53.1 8.4
193 Point 8,400 | 470173 | No SR-20,0.6 MI EAST Y 9.5 52.7 11.2
216 Point 1,939 | 530248 | No SR-2,575'WEST OF |Y 9.5 57.5 30.7
218 Point 20,521 | 530218 | Yes SR-8/I1-10,1 MIEOF |Y 10.5 54.1 24.3
219 Point 15,320 | 530117 | Yes SR-10/US-90,W OF Y 9 51.1 55
225 Point 4,873 | 539943 | Yes SR-10/US-90,1.1 Ml Y 9.5 56 7.2
TTMS based on WIM type 5 (9907) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
189 Point 2,514 | 470328 | Yes SR-71,0.4 MI SOUTH | Y 9.5 62.2 17.3
TTMS based on WIM type 5 (9909) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
134 Point 1,933 | 300234 | Yes SR-349,0.1 MI Y 9.5 54.4 8.8
169 Point 11,488 | 340116 | Yes SR-55/US-19,2 MI S Y 9.5 53.3 9.1
170 Point 6,404 | 340278 | No SR-55/US-27A,158' Y 9.5 55.3 8.1
172 Point 11,544 | 349909 | Yes SR-55/US-19,2 MI S Y 9.5 53.3 7.1
TTMS based on WIM type 5 (0192) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
183 Point 10,719 | 460359 | Yes US231,0.250MI. N. Y 9 63.4 10.4
186 Point 1,741 | 460192 | Yes SR-20,1.1 MI. WEST |Y 9 55.2 13.2
188 Point 28,373 | 460308 | No SR-77,1865' NORTH | Y 9 56.1 4.2
194 Point 13,505 | 469907 | Yes SR-75/US-231,29MI | Y 9 61.4 10.1
248 Point 4,678 | 610254 | Yes SR 77, 406' NORTH Y 9.5 56.9 5.8
TTMS based on WIM type 6 (9937) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
228 Point 1,465 | 580285 | No SR-89,1270' SOUTH | Y 9.5 53.2 9.7
232 Point 2,131 | 580251 | Yes SR-10/US-90,0.9 Ml Y 9 53 114
234 Point 1,372 | 580330 | Yes SR-4,0.7 MI WEST Y 9.5 58.5 16.2
TTMS based on WIM type 6 (0219) within 20

FID Shape AADT | Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
155 Point 22,326 | 570318 | Yes SR-8/1-10,@NTIOCH | N 10.5 53.5 20.4
156 Point 50,256 | 570293 | No SR-30/US- Y 9 52.8 3.1
222 Point 27,500 | 570250 | No SR-189,1.6 MINOF |Y 9 51.9 4.7
223 Point 14,567 | 570219 | Yes SR-85,1.9 MI N SR- Y 9 71.2 4.1
236 Point 12,680 | 570122 | Yes SR-10/US-902 MIW | Y 9 52.4 6.6
241 Point 44,907 | 600168 | Yes SR30(US98)0.1MI |Y 9 51.1 3.3
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Tables:

Telemetered Traffic Monitoring Sites Clustering Based on Weigh in Motion
Stations between 20 and 40 Miles — 2012
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Tables E-2. TTMS Clustering Based on WIM Stations between 20 and 40 Miles — 2012

TTMS based on WIM type 1 (9904)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
130 | Point 1,939 | 290297 | Yes SR-4722MISOF | Y 9.5 56.4 |134
162 | Point 4,347 | 280073 | No SR-100,1.3 Ml Y 9.5 525 1148
163 | Point 20,971 | 280018 | Yes SR-200/US- Y 9.5 546 | 175
176 | Point 74,915 | 360317 | Yes I-75,023MINOF |Y 9 55.8 |16.8
177 | Point 19,632 | 360264 | Yes SR-40,566'E OF Y 9 588 |4
178 | Point 27,549 | 360249 | Yes SR-464,140'EAST | Y 9 59.9 |36
276 | Point 10,534 | 760240 | Yes SR-20,0.4 Ml Y 9.5 59.2 |57
TTMS based on WIM type 1 (9952)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
323 | Point 24,112 | 930010 | Yes SR5/US1-NOF | Y 9 57 2.1
330 | Point 174,49 | 930198 | Yes SRY/195,@SW Y 8 60.9 [6.2
334 | Point 19,640 | 930099 | Yes SR-7/US-441,0.7 Y 9 69.9 |68
337 | Point 5,292 | 930257 | Yes SR-715,0.7MIL.S. | Y 9 535 138
348 | Point 75,718 | 970413 | Yes SR-91, N OF Y 9.5 584 |8.6
TTMS based on WIM type 1 (9923)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
160 | Point 2,661 | 270232 | Yes SR-121,240' Y 9.5 59.1 |114
253 | Point 3,600 | 720235 | No SR-200/US- Y 9 56.6 | 27.7
258 | Point 43,700 | 720109 | Yes SR-8/1-10,@CR- Y 9 542 |20.6
260 | Point 16,773 | 710233 | Yes SR-21,0.124 Ml Y 9 55.1 |65
264 | Point 8,611 740047 | Yes SR15/US1,7MIN |Y 9.5 53.3 |21.1
TTMS based on WIM type 2 (9901)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
164 | Point 1,089 | 320277 | Yes SR-6,04 MIEAST | Y 9.5 535 |26.6
166 | Point 35,180 | 320112 | No SR93/175,@STAT | Y 105 | 544 |209
180 | Point 1,738 | 380280 | Yes SR-30/US-98,1.25 |Y 9.5 548 |26.3
198 | Point 10,854 | 550349 | Yes SR-61/US-3194.1 | Y 9 534 [6.9
200 | Point 8,896 | 550300 | Yes SR-363/W,728' N Y 9 731 |56
202 | Point 18,000 | 550209 | No SR-373/NGE Y 7.5 59.6 [3.9
204 | Point 31,759 | 550151 | Yes SR-20/US-27,0.7 Y 7.5 63.6 | 1.6
227 | Point 14,800 | 590296 | No SR369 (US319)3 | Y 9 674 |48
TTMS based on WIM type 2 (9920)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
2 Point 17,291 | 20044 | Yes SR-55/US-19,0.2 Y 9 546 | 7.6
5 Point 20,000 | 20324 | No SR-44,0.2 Ml Y 9 51.3 |58
14 Point 11,200 | 110246 | Yes SR-44,720' EAST Y 9 543 | 7.1
16 Point 7,740 110262 | Yes SR-19,1.2 MIN Y 9 544 |9.2
42 Point 8,500 |80294 | No SR-45/US-41,NOF | Y 9 58.1 |5.9
43 Point 20,751 | 80283 | Yes SR-55/US-19,0.75 | Y 9 54 5.1
107 | Point 13,658 | 140079 | No SR-35/US98 Y 9 58.9 [11.9
274 | Point 30,734 | 750038 | Yes SR 50,0.5 MI E Y 9 56.6 | 4.7
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TTMS based on WIM type 2 (9936)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
133 | Point 3,502 | 330149 | Yes SR-20/US-27,0.3 Y 9.5 53 15.5
165 | Point 769 320202 | Yes SR-100/US-129,05 | Y 9.5 58 30.3
173 | Point 2,710 | 370242 | Yes SR-247,1.3 MIN Y 9.5 55.8 |11.9
174 | Point 2,783 | 370241 | Yes SR-249/US- Y 9.5 58.8 |11.9
175 | Point 24,753 | 370238 | Yes SR-8/1-10,0.15 Ml | Y 105 | 542 |222
TTMS based on WIM type 3 (9950)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
4 Point 14,535 | 10367 | No SR-45/US-41,4.6 Y 9.5 525 [8.9
9 Point 13,722 | 30143 | Yes SR29,04MISOF | Y 9.5 60.2 | 113
12 Point 11,613 | 70039 | Yes SR-80,29 MILES |Y 9.5 52 115
25 Point 23,695 | 126049 | No SR 78/PINE Y 9 571 |5.6
31 Point 30,391 | 126043 | No COLLEGE PKWY, | Y 9 575 |35
33 Point 25,000 | 126041 | No SR 739/US 41B, Y 9 728 |53
34 Point 48,000 | 126040 | No DEL PRADO Y 9 56.7 | 5.6
35 Point 15,225 | 126038 | No MCGREGOR Y 9 56.2 |3
36 Point 27,286 | 126037 | Yes SR 867/MCGOR Y 9 56.2 |28
38 Point 26,622 | 126035 | No SUMMERLINRD, | N 9 554 |35
39 Point 17,737 | 126034 | No PONDELLA RD, Y 9 69.5 | 5.6
51 Point 4,217 120273 | Yes SR-31,202' Y 9.5 56.4 |26.9
52 Point 47,779 | 120203 | Yes SR-884,1.6 MIW | Y 9 54.7 |46
58 Point 16,871 | 126058 | No CHIQUITA Y 9 518 |124
59 Point 42,873 | 126056 | No CAPE CORAL Y 9 64.7 | 5.6
60 Point 22,227 | 126055 | No SANTA Y 9 514 |56
61 Point 22,196 | 126054 | No SANTA Y 9 544 |35
65 Point 44,343 | 126050 | No VETERANS Y 9 65.8 |35
67 Point 14,973 | 126029 | No CR 867/MCGOR Y 9 536 |35
68 Point 19,499 | 126028 | No FOWLER ST, S Y 9 53 5.6
69 Point 4,018 126027 | No STRINGFELLOW |Y 9.5 53 3
72 Point 29,292 | 126022 | No LEE BLVD/CR Y 9 61.7 | 4.3
73 Point 22,000 | 126021 | No SR 82/IMMOKE Y 9 66.6 | 7.4
74 Point 29,500 | 126020 | No SR 82/DR. MLK Y 9 63.8 |10
76 Point 12,500 | 126018 | No SIX MILE Y 9 56.4 | 5.6
77 Point 17,888 | 126017 | No HANCOCK Y 9 641 |45
80 Point 51,427 | 126014 | No COLONIAL Y 9 60.2 |35
81 Point 26,602 | 126013 | No CAPE CORAL Y 9 628 | 5.6
82 Point 5,213 126012 | No CR 765/BURNT Y 9.5 55 5.6
83 Point 8,700 126011 | No BUCKINGHAM Y 9 52.3 | 115
85 Point 50,877 | 126009 | No US41,285NOF |Y 9 541 |3
88 Point 26,219 | 126006 | No HOMESTEAD Y 9 541 1108
89 Point 25,563 | 126005 | No SR 80/PALM Y 9 61.6 |10.8
90 Point 10,222 | 126003 | No CR78/PINE Y 9.5 526 |5.6
91 Point 36,714 | 126002 | No DEL PRADO Y 9 514 |35
92 Point 40,000 | 126001 | No US41,2000NOF |Y 9 718 |4
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TTMS based on WIM type 3 (9951)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
268 | Point 64,163 | 750204 | Yes SR-528/BEELINE | Y 9 65.2 [6.2
269 | Point 197,50 | 750196 | No SR-400/1-4,04MI | Y 8 553 | 6.1
270 | Point 36,579 | 750175 | No SR-527/O0RANGE | Y 9 512 |54
271 | Point 46,449 | 750154 | No SR-436,1.4 MIN Y 9 56 5.2
272 | Point 164,14 | 750130 | No SR-400/1-4,08 MI | Y 8 512 |54
324 | Point 59,133 | 920265 | Yes ON US-192,02MI | Y 9 526 |22
343 | Point 33,842 | 970429 | Yes SR-91, S OF Y 105 |564 |122
TTMS based on WIM type 3 (9913)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
314 | Point 4,878 | 880139 | Yes SR60-1.5MIEOF | Y 9.5 53.2 [29.2
315 | Point 9,425 | 880326 | Yes SR-607/27TH Y 9 62.7 |31
316 | Point 22,935 | 880314 | Yes SR-5/US-1N.OF | Y 9 509 |36
TTMS based on WIM type 3 (9905)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
277 | Point 16,429 | 760105 | Yes SR-15&200/US- Y 9 619 |78
284 | Point 25,125 | 780329 | Yes SR-A1AB31'SOF | Y 9 536 |18
285 | Point 36,552 | 780311 | Yes SR-5/US-1,03MI | Y 9 57 2.8
TTMS based on WIM type 3 (9929)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
152 | Point 10,704 | 730263 | Yes SR-5/US-1,1.3 MI Y 9 684 |7.8
273 | Point 25,087 | 750104 | Yes SR-50,0.19 MIW | Y 9.5 526 |5
TTMS based on WIM type 3 (9947)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
342 | Point 52,900 | 970430 | Yes HEFT/SR-821, N Y 8.5 522 |53
TTMS based on WIM type 3 (9949)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFC
196 | Point 5,648 | 480243 | Yes SR-97,1.3MISOF | Y 9.5 53 7.2
197 | Point 6,882 | 480348 | No SR-95/US-29,450' | Y 9.5 56.6 |14.9
235 | Point 35,752 | 570167 | No SR-30/US-98,0.3 Y 9 713 |35
TTMS based on WIM type 3 (9919)
FID Shape AADT [Co-site |Classed |COMM Active |KFCT DFCT [TFCT
240 |Point 8,530  [700284 |Yes SR-A1A,360' NORTH Y 9 546 B
244 |Point 27,729 [700345 [Yes SR-507/BABMI N CR- [Y 9 582 P2
246  Point 35,277 [700134 |No SR-9/1-95,3.34 MI.S. Y 105 /B3.6 [16.6
250 [Point 13,779 [700114 |Yes SR-5/US-1,0.2 MI S OF)Y 9 52.6 ©4.8
317 Point 2,632 880291 |Yes SR A1A-0.5MI S Y &) 534 4.8
325 Point 8,321 920065 |Yes US-1922 MIWOF Y &) 53.2 16
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TTMS based on WIM type 3 (9926)

FID [Shape IAADT |Co-site |Classed [COMM Active | KFCT DFCT [TFCT
94 Point 16,036 134111 No 75TH ST WEST, 789" Y 9 53 3.3

95 Point 6,238 134020 |No MOCCASIN Y &) 58.7 B.3

96 Point 36,689 [134019 |No UNIVERSITY PKWY, Y &) 60 5.8

97 Point 16,075 134018 |No LORRAINE RD, 675' S[Y &) 552 B.2

98 Point 5,862 134017 |No 69TH ST E, 425' W OF Y 9 819 .3

99 Point 1,456 134016 |No CR 675, 1075' SOUTH Y 9.5 56 19.6
100 |[Point 1,294 134015 |No CR 675, 1,299’ Y 9.5 56.3  [19.6
101 |[Point 14,629 134014 |No RYE ROAD, 520' Y 9 65.7 #4.8
102 |[Point 11,123 134013 |No 26TH STREET W, 350' )Y 0 52 3.3
103 |[Point 19,642 134012 |No 34TH STREET W, 705')Y 9 52 3.3
104 |[Point 6,611 134010 |No OTH STREET EAST, Y 9 53 6.9
105 |Point 1,323 134009 |No VERNA BETHANY Y 9.5 53.7 R2.3
106 |[Point 6,938 134008 |No CR 683/ELLENTON Y 9 61.2 6.3
108 [Point 9,900 134007 |No HABEN Y 9 62.4 6.9
110 [Point 23,458 134005 |No 53RD AVENUE Y 9 54 3.3
112 |Point 8,314 134003 |No OLD TAMPA ROAD, Y 9 643 1.8
113  Point 9,180 134002 No UPPER MANATEE Y 0 619 H.8
114 Point 10,316 134001 |No LAKEWOOD RANCH [Y 9.5 56.4 4.8
115 Point  #43,177 [130333 |Yes SR-70,1.3 MIWOF I- Y 0 53.8 6.4
116 Point 26,830 [130180 [No SR-43/US-301,0.5 MI Y 0 57 7.7
117 Point 5,063 130146 |No SR-64,1 MI W OF Y 9.5 60 19.6
118 Point 52,645 (140199 |Yes SR-55/US-19,1.4 MIN Y 0 56.3 R.8
119 Point 33,628 [150302 [No SR-686,200' W OF CR-|Y 0 60 3.3
120 Point 37,974 (150295 |Yes SR-55/US-19,230'N Y 0 52.7 B.5
121  Point 50,310 [150183 [No SR-93/1-275,900' S OF Y &) 57 5.3
123 Point 16,868 [150066 [Yes SR-699(GULF Y &) 523 R.3
TTMS based on WIM type 4 (9948)

FID Shape AADT [Co-site |Classed |COMM Active |KFCT DFCT [TFCT
24 Point 5,060 90229 No SR-66,430' E OF Y 9.5 61.8 [14.8
TTMS based on WIM type 4 (9933)

FID Shape AADT [Co-site |Classed |COMM Active |KFCT DFCT [TFCT
336 Point 6,890 930268 |Yes SR-25/US-27,0.46 MI. Y 9.5 59.4 136.2
TTMS based on WIM type 4 (9940)

FID Shape AADT [Co-site |Classed |ICOMM Active |KFCT DFCT [TFCT
230 |Point 1,177 590252 |Yes SR 267 150' SOUTH Y 9.5 53.8 [15.5
TTMS based on WIM type 4 (9918)

FID [Shape |AADT |[Co-site |[Classed |[COMM Active | KFCT DFCT [TFCT
23 Point 16,841 90327  |Yes SR-25/US-27,2.7 Ml Y 9.5 57.3 B0.3
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TTMS based on WIM type 5 (9943)

FID Shape |AADT [Co-site  [Classed ICOMM |Active |KFCTR DFCTR [TFCTR
217 Point 3,212 530247  |Yes SR 77,0.35|Y 9.5 53.4 6.5

220 Point 13,138 530050 |Yes SR-75/US- |Y 9.5 60.2 15.2
221 Point 2,090 520364 |Yes SR-2,0.97 N 9.5 59.3 13.2
242 Point 18,001 610152 |Yes SR 8/1 Y 10.5 55.5 22.9
247 Point 4,022 610344  |Yes SR-10/US Y 9.5 58.6 5.7
TTMS based on WIM type 5 (0192)

FID Shape |AADT [Co-site  [Classed ICOMM |Active |KFCTR DFCTR [TFCTR
185 Point 8,160 460315  [Yes SR-75/US- [Y 9 51.3 3.3

187 Point 12,709 1460166 [Yes SR-30/US- Y 9 53.3 2.1

249 Point 4,168 610253 |Yes SR 79, 443'[Y 9.5 64.3 6.5
TTMS based on WIM type 5 (9907)

FID Shape |AADT [Co-site  [Classed |ICOMM  |Active |[KFCTR DFCTR [TFCTR
158 Point 2,546 510313 |Yes SR-71,05 Y 9.5 65.4 10.7
208 Point 700 490244  |No SR-65,1.2 N 9.5 67 17.5
TTMS based on WIM type 5 (9909)

FID Shape |AADT [Co-site  [Classed ICOMM |Active |KFCTR DFCTR [TFCTR
132 Point 581 330237 |Yes SR-51,1.3 Y 9.5 61.2 25.6
168 Point 1,207 340239  |Yes SR-24,0.6 Y 9.5 60.7 10.8
TTMS based on WIM type 6 (9937)

FID Shape |AADT [Co-site  [Classed ICOMM |Active |KFCTR DFCTR [TFCTR
154 Point 3,824 570356  |Yes SR- N 9.5 55.4 &)

229 Point 3,415 600051  |Yes SR 83,0.6 Y 9.5 60.1 8.3

237 Point 18,490 600366 [Yes SR-8/1-10, Y 10.5 53.7 24.2
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Tables:

Telemetered Traffic Monitoring Sites Clustering Based on Weigh in Motion
Stations Residuals — 2012
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Table E-3. TTMS Clustering Based on WIM Stations Residuals — 2012

FID {Shape AADT |Co-site  [Classed |COMM Active [ KFCTRDFCT [TFCTR
1 Point 2,477 30270 Yes SR-90/US-41,0.7 MIY 9.5 54 10.6
3 Point 22,902 10228 Yes SR-776,427' SW OF Y 9 51.3 B.2
10 Point 46,362 [10350 Yes SR-93/1- Y 9 52 11.8
11 Point 3,332 140068 Yes SR-70, 0.24 MILE Y 9.5 54.2 22.2
20 Point 4,794 40271 Yes SR-72,600' WEST Y 9.5 53 11.9
21 Point 7,360 40145 Yes SR-35/US-17,0.3 MIY 9 52.1 20
109  |Point 16,809 134006 |No LOCKWOOD Y 0 548 4.8
111  |Point 11,462 134004  |Yes SR 789/GULF Y 0 538 b4
137  Point 51,232 [170361  |Yes SR-93/1-75, Y 9 57.6 1.2
138 |Point 31,759 [170181  |Yes SR-45/US-41,600' Y 0 54 2.4
140  |Point 89,880 [170225  |Yes SR-93/1-75,0.7 MI NJY 0 54 9.2
150 |Point 18,363 [730335  |Yes SR-100,1500'E OF Y &) 525 RB.3
151 |Point 63,216  [730292  |Yes SR-9/1-95,1.4 MIS Y 0 53.9 [15.6
157  Point 2,227 510316  [Yes SR-30/US-98,0.2 MIY 9.5 544 B5
211  Point 1,434 1490369  |Yes SR65, 0.22 Ml Y 9.5 615 [12.6
214  Point 2,998 1490060  |Yes SR-30/US-98,0.5 MIY 9.5 59.3 15
326 Point 16,525 900227  |Yes SR-5/US-1,200' NE Y 9.5 54.1 8.3
327 Point 36,564 900165  |Yes SR-5/US-1,200'E Y 9 55.1 4
328  Point 23,972 900164  |Yes SR-5/US-1,800'S Y 9.5 55.9 8.3
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Tables:

Telemetered Traffic Monitoring Sites Clustering Based on Weigh in Motion
Stations within 20 Miles — 2017
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Tables E-4. TTMS Clustering Based on WIM Stations within 20 Miles — 2017

TTMS based on WIM type 1 (9956)

FID [Shape AADT  Co-site [Classed COMM Active [ KFCTR DFCTR [TFCTR
136 |Point |1,406 320277 [Yes SR-6,0.4 MI EAST Y 9.5 54.9 26.6
139 Point 1,043 320202 |Yes SR-100/US-129,0.5 |Y 9.5 65.5 32.7
140 |Point 144,703 320112 |Yes SR93/175,@STATE |Y 9.5 53.5 28.3
142 Point 28,770 359902 |Yes 1-10, 1.81 MI EAST Y 9.5 54.2 21.2
144 Point 30,699 370238 |Yes SR-8/1-10,0.15 MI Y 9.5 54.4 22.7
326 [Point 144,361 329956 |No I-75 Y 9.5 53.5 28.3
TTMS based on WIM type 2 (9904)

FID [Shape IAADT  [(Co-site  [Classed ICOMM Active [ KFCTR DFCTR [TFCTR
121 Point [7,847 260043 |No SR-121,0.8 MILES Y 9 71.8 6.2

122 Point 30,400 60323 |Yes SR-121/34TH Y 9 51.8 2.4

123 Point 27,157 260185 |Yes SR-24, 1.5 Ml Y 9 53.5 7.7

124 Point 3,982 260231 [Yes SR-45/US-27,0.26 Y 9.5 56.3 13.8
327 |Point 30,077 360118 |Yes SR-25/US-301,0.3 Y 9.5 52.2 14.9
TTMS based on WIM type 2 (9905)

FID [Shape IAADT  (Co-site [Classed ICOMM Active KFCTR DFCTR [TFCTR
205 Point [74,930  [720216 |Yes SR-9A,0.7 MI S OF [Y 9 56.7 6.9

209 Point 140,139 710189 |Yes SR-15/US-17,0.6 MIlY 9 55.3 5.7

211 Point 35936  [720172 |Yes SR-21,SEND OF Y 9 64.6 3

212 Point 42475  [720062 |Yes SR-212/US-90,0.1 Y 9 55 3.1

213 Point (132,111 [720171 |Yes SR-9/1-95,0.7 MIN Y 9 51.7 8.6

217 Point 89,795  [729905 |No SR-9/1-95,2.5 MI S Y 9 55.5 12.8
227 Point 27,076  [780360 |Yes SR-13,0.276 MI. S Y 9 58.7 3
TTMS based on WIM type 2 (9953)

FID [Shape IAADT  (Co-site [Classed ICOMM Active KFCTR DFCTR [TFCTR
17 Point 28,599 (100162 |Yes SR-60,1 MI EAST Y 0 55.5 7.5

18 Point 54,010 (100321 |Yes SR-582/FOWLER Y 9 59.8 2.3

19 Point 61,274 [100372 |Yes SR-580, 0.36 MIE Y 9 62.9 4.4

20 |Point [7,308 100276 |No SR-674,686' W OF Y 9.5 52.1 13.4

21 Point [13,301 100080 |Yes SR-600/US-92, 0.2 Y 9 56 8.3

22 Point [140,975 100106 |Yes SR-400/1-4, UNDER)Y 9 51 10.8
114 Point 33,441 (150086 |Yes SR-600/US-92,1 MI [Y 9 54.5 4.9

254 Point 60,285 1109955 |Yes SR-93/1-275, 3 MI S|Y 9 62.5 5.3

255 Point [148,347 109953 |Yes HILLSBOROUGH Y 9 59.4 8.7

305 |Point 30,711 100373 |Yes US-41, 0.5 MISOF Y 9 72.4 11.4
TTMS based on WIM type 3 (9918)

FID |Shape AADT  Co-site [Classed COMM Active [ KFCTR DFCTR [TFCTR
14 Point 17,190 79918 |No SR-25&80/US- Y 9.5 56.3 19.3
251 Point 3,773 50272  |Yes SR-78,0.9 MI Y 9.5 52.6 26.7
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TTMS based on WIM type 3 (9950)

FID [Shape |AADT Co-site  [Classed |COMM Active |KFC DFCT [TFCT
1 Point 24,968 30351 Yes SR-93/1-75,W OF Y 9.5 pB38 (1.2
5 Point 41,302 30094 Yes SR-90/US-41,,3 MI SE Y 0 56.2 R.9
8 Point 82,348 30191 Yes SR-93/1-75,0.5 MI N OF [Y 9 564 B8
12 |Point 97,387 39950 Yes I-75,1.25 MI N OF CR- Y 0 554 [7.9
24 Point 19,700 126060 |No BEN HILL GRIFFIN Y 0 552 4.3
26  Point 34,000 126019  |No SUMMERLIN RD, Y 9 552 A7
28 Point 12,400 126044  |No ESTERO BLVD, 100' N Y 0 529 B.6
33 Point 22,000 126039  |No GLADIOLUS DR, W Y 0 598 4
35  Point 23,000 126059  |No MIDFIELD Y &) 55.2 121
37 Point 40,000 126048  |No DANIELS PKWY, E OFY 0 554 4.3
38  Point 23,500 126053  |No ALICO RD, 1800' W OFY &) 532 43
40 Point 22,000 126008 |No SR 865/SAN CARLOS Y 9 545 B.6
47 Point 1,300 126033 |No CHAMBERLIN PKWY, Y &) 99.9 4.3
48  Point 9,900 126063 |No IMPERIAL PKWY, N Y &) 53.2 B.6
51  Point 102,014 120184  |Yes SR-93/1-75, 1.7 MI S OF Y 9 59.8 P4
52  Point 54,500 126052  |No SR 876/DANIELS Y &) 532 [1.4
56  Point 28,500 126042  |No BONITA BEACH Y &) 552 4
57 Point 24,500 126047  |No SUMMERLIN RD S OF [Y &) 53.8 4.3
58 |Point 25,000 126007 |No BONITA BEACHRD, Y &) 528 B.6
59  |Point 57,000 126031  |No DANIELS PKWY, 150" Y &) 532 [1.4
61 |Point 40,500 126025  |No US 41, 500'S OF Y 9 532 4
64 |Point 14,200 126016  |No OLD 41 RD/CR 887, |Y 9 64.7 4.2
66 |Point 41,500 126046  [No GLADIOLUSDR,W Y 9 56.8 #4
67 Point 2,300 126051  |No PAUL J DOHERTY Y &) 99.9 43
70  Point 21,000 126036  [No SUMMERLIN RD, Y &) 535 W47
72 Point 37,500 126023  |No US41,025MINOF Y &) 578 HA.2
73 Point 50,500 126030 |No DANIELS PKWY, 100? [Y &) 52 4.3
74 Point 21,000 126061  |No BEN HILL Y &) 552 4.3
79  Point 44,000 126010 |No ALICO RD, 1000' W OFY &) 524 A3
80 Point 38,500 126015 |No CORKSCREW RD, Y &) 532 A3
83  Point 26,000 126045 |No SR 739/METRO Y &) 59 7.5
TTMS based on WIM type 3 (9949)
FI | Shape | AADT Co-site | Classed | COMM Activ | KFC | DF | TFC
14 | Point 68,451 480368 | Yes 1-110, 0.6 MI S OF Y 9 66.1 | 4.3
15 | Point 13,428 480325 | No SR30/US98,1 MI E Y 9 53 5.1
16 | Point 26,171 480282 | Yes SR-296,320' E Y 9 52.8 | 1.7
16 | Point 57,750 489949 | Yes I-10, 1.6 MIEOFSR- | Y 9 51.7 | 115
16 | Point 31,041 489916 | Yes SR-95/US-29,0.8MI | Y 9 644 | 7.2
18 | Point 13,984 580398 | Yes SR-87,180'NORTH | Y 9 60.1 [ 6.2
19 | Point 56,835 580261 | No SR-30/US-98,267' E Y 9 55.3 [ 3.6
31 | Point 5,444 480048 | Yes SR10/US90,1 MI E Y 9.5 58.1 [ 8.9
33 | Point 45,494 480156 | Yes 1-10, 0.6 MI W SR- Y 9 53.5 [ 14.8
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TTMS based on WIM type 3 (9923)

FID [Shape |AADT [Co-site [Classed |COMM Active KFC DFCR [TFC
214  |Point 22,195 [740182 No SR-A1A&200/US- Y 0 551 B.5
222 |[Point 62,152 [749923  |Yes SR-9/1-95, 25 MIN Y 9.5 53.1 179
223 |Point 68,007 [740132  |Yes SR-9/1-952.0MIS Y 9.5 529 18
TTMS based on WIM type 3 (9931)
FID [Shape |AADT |Co-site [(Classed |ICOMM Active KFC DFC [TFC
119  Point 49,000 189920 |No SR-93/I-75,3.5MIS Y 9.5 54.7 9.8
120  |Paint 49,342 180358  |Yes SR-93/1-75,05MN Y 9.5 541 20.6
299  Point 55,230 970428  |Yes SR-91, SE OF CR561 Y 9 525 [16.5
307 PPoint 36,506 110177  [Yes SR-500/US-441,03 Y 9 546 A9
312 Point 47,836 979931  [Yes SR-91, SOF CR468 Y 9.5 54.7 16
TTMS based on WIM type 3 (9933)
FID [Shape |AADT |Co-site [Classed |ICOMM Active [KFCTRDFCT [TFCT
231  Point 29,111  B60256  |Yes SR-818/GRIFFIN Y 0 56.3 4.5
232 Point 51,524 860384 |Yes SR858/HALLANDAL Y 0 522 R7
233 Point 212,000 860163 |No SR-9/1-95,NE OF Y 0 50.7 bH.8
234  Point 42,597  B60255  [Yes SR834/SAMPLE Y 0 51.6 A7
235 Point 12,803 860215 |Yes SR-A1A,0.1 MIN OF Y 0 519 R2.6
237  Point 11,653 860381 |Yes I-595 EXPRESS, 0.5 Y 0 99.9 RB.6
238  Point 261,347 B60331 |Yes SR9/I95,1 MNOF Y 0 514 4.6
239  Point 28,187  B60176  [Yes SR5/US1-0.1 MINY &) 53.8 R4
241  Point 151,945 860380 |Yes I-595,05 MIEOF Y &) 55.6 6.3
242 Point 14,983 1860306  [Yes SR820/HOLLYWOQOO Y &) 55.7 1.9
243 Point 90,983  B60362  [Yes SR-93/1-75, 0.78 MI N Y &) 584 bH.4
244  Point 26,252 870258  [Yes SR-915/NE 6TH Y &) 528 .5
248  Point 146,952 870137  |Yes SR 826/PALMETTO Y 9 51.7 bB.8
266  Point 27,770 860357  |Yes SR93/175,2 MI W OF Y 9.5 54.1 Q12
296  Point 136,236 970403  [Yes SR-91, N OF Y 9 51.6 B.9
344 Point 27,760 870096 |Yes SR-9, 0.4 MI SW OF Y 9 51.3 8.3
347  Point 0 079934 |- HEFT/SR-821, N OF N 0 0 0
348 Point 99,438 979933  |Yes SAWGRASS Y 9 56.6 B.1
TTMS based on WIM type 3 (9951)
FID | Shape | AADT Co-site | Classed | COMM Active KFC | DFC | TFC
115 | Point 97,918 169951 | No I-4, 0.6 MI W OF Y 9 51.7 |94
118 | Point 17,700 169927 | No SR546/MEMORIA | Y 9 63.3 |95
294 | Point 31,345 970407 | Yes POLK PKWY/SR- | Y 9 60.6 | 129
306 | Point 7,241 160230 | Yes SR-33,0.057 Ml Y 9.5 59 20.5
309 | Point 58,237 160310 | Yes SR-25/US-27,280' | Y 9 521 |8.2
315 | Point 12,690 160275 | Yes SR-544,024 MIW | Y 9 529 9.8
316 | Point 24,858 160274 | Yes SR-37,04MISOF | Y 9 56.8 |5.1
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TTMS based on WIM type 3 (9914)

FID | Shape | AADT Co-site | Classed | COMM Active KFC | DFC | TFC
206 | Point 53,000 720109 | No SR-8/1-10,@CR- Y 9 54.2 |20.8
216 | Point 75,424 729914 | Yes SR-9A/I-2953MI | Y 9 53.2 | 136
263 | Point 4,783 720235 | Yes SR-200/US- Y 9.5 58 26.4
TTMS based on WIM type 3 (9902) within 20

FID | Shape | AADT Co-site | Classed | COMM Active KFC | DEC | TFC
133 | Point 8,898 350279 | Yes SR-10/US-9047'E | Y 9.5 624 |49
TTMS based on WIM type 3 (9913)

FID | Shape | AADT Co-site | Classed | COMM Active KFC | DEC | TFC
268 | Point 8,073 890259 | Yes SRALIA-0.06 Ml |Y 9 53.1 |32
270 | Point 65,437 890334 | Yes SR9/I1-95-0.1MI | Y 9.5 61.8 |11
271 | Point 59,031 890332 | Yes SR5/US1,@ N Y 9 60.6 | 3.3
274 | Point 2,869 890289 | Yes SR76 / KANNER |Y 9.5 53.1 |124
290 | Point 5,451 940195 | Yes SR70,1.18 MIE Y 9.5 57.2 | 155
292 | Point 61,831 940260 | Yes SR9/1-95-06 MIS | Y 9 521 |14.2
293 | Point 2,627 940144 | Yes CR 68/0RANGE Y 9.5 58.9 |20
300 | Point 35,374 970421 | Yes SR-91, N OF Y 9.5 60.7 |14.8
313 | Point 50,736 979913 | No SR-91, N OF Y 9 57.7 138
TTMS based on WIM type 4 (9936)

FID | Shape | AADT Co-site | Classed | COMM Active KFC | DFC | TFC
126 | Point 8,241 290286 | Yes SR-47/US-4410.1 |Y 9 516 |8
127 | Point 23,458 299936 | No SR-8/1-10,@CR- Y 9.5 55 25.9
128 | Point 6,869 290037 | Yes SR-10/US-90,0.6 Y 9.5 56.8 | 5.8
130 | Point 23,403 290269 | Yes SR-8/1-10,0.45 Ml | Y 9.5 55 27.1
TTMS based on WIM type 5 (9963)

FID | Shape | AADT Co-site | Classed | COMM Active | KFC | DFC | TFC
125 | Point 5,282 280073 | Yes SR-100,1.3 Ml Y 9.5 525 |16.5
131 | Point 25,154 280018 | Yes SR-200/US- Y 9.5 534 ]19.1
TTMS based on WIM type 5 (9940)

FID | Shape | AADT Co-site | Classed | COMM Active KFC | DFC | TFC
172 | Point 8,229 509940 | Yes SR-267,1 MINOF |Y 9 53 6.3
175 | Point 6,506 500054 | Yes SR-63/US-27,0.7 Y 9.5 60.9 | 179
176 | Point 2,953 560301 | Yes SR-121.7MISOF | Y 9.5 60.1 |114
323 | Point 6,004 550211 | Yes SR-20,BTWN Y 9.5 752 |75
324 | Point 11,447 550207 | No SR155/MERIDIAN | Y 9 68.7 |2
332 | Point 1,507 500281 | Yes SR-267,021MIS |Y 9.5 53.7 | 119
333 | Point 68,594 550304 | Yes SR-8/1-10,1 MIW | Y 9 51.8 |13
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TTMS based on WIM type 5 (9906)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DF | TFC
225 | Point | 37,644 | 770102 | Yes ON US-17&9216 Ml | Y 9 52. | 3.6
230 | Point | 23,265 | 790133 | No 1-95,2.7 MI N OF Y 9 56. | 10.1
240 | Point | 16,175 | 799925 | Yes US-92,0.25 MI E OF Y 9.5 61 |5

339 | Point | 41,489 | 770197 | No SR-434,16 MIEOFI- | Y 9 51. |45
342 | Point | 148,000 | 770343 | No SR-400/1-4,1.6 MI E Y 9 52. | 6.9
343 | Point | 12,952 | 770299 | Yes SR-46,0.4 MI W OF Y 9.5 52. |10.1
TTMS based on WIM type 5 (9943)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DFC | TFC
150 | Point | 9,685 470173 | Yes SR-20,0.6 MI EAST Y 9.5 53.2 | 11.9
156 | Point | 1,948 470365 | Yes SR-69,1.4 MI N OF Y 9.5 62.6 | 10.9
159 | Point | 3,496 470337 | Yes SR-71,AMNOFJIM |Y 9.5 525 |97
167 | Point | 15,769 | 530117 | Yes SR-10/US-90,W OF Y 9 515 |51
168 | Point | 2,218 530248 | Yes SR-2,575' WEST OF Y 9.5 59.8 |23.3
173 | Point | 25,075 | 530218 | Yes SR-8/1-10,1 MI E OF Y 9.5 55.7 | 25.4
184 | Point | 5,212 539943 | Yes SR-10/US-90,1.1 MIW | Y 9.5 548 |75
TTMS based on WIM type 5 (9909)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DFC | TFC
134 | Point | 13,322 | 349909 | Yes SR-55/US-19,2 MI S Y 9.5 576 |83
135 | Point | 12,913 | 340116 | Yes SR-55/US-19,2 MI S Y 9.5 53.7 |10.6
137 | Point | 7,451 340278 | Yes SR-55/US-27A158'SE | Y 9.5 56.5 | 13.3
141 | Point | 2,319 300234 | Yes SR-349,0.1 Ml Y 9.5 54.7 |13
TTMS based on WIM type 5 (9947)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DFC | TFC
245 | Point | 18,056 | 870383 | Yes SR-90/US-41/SW8TH | Y 9 53.6 | 7.1
246 | Point | 12,011 | 870382 | Yes SR 887 - PORT Y 9 52.3 | 25.1
247 | Point | 37,014 | 870193 | Yes SR-878,02MIWSR |Y 9 76 2.3
267 | Point | 35,037 | 879947 | Yes US-27, 2.1 MILES N Y 9 58.7 | 16.7
276 | Point | 127,151 | 970267 | Yes HEFT/SR-821,1.4 M Y 9 54 7
TTMS based on WIM type 5 (9948)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DFC | TFC
117 | Point | 25,441 | 169948 | Yes SR-25/US-27,08 MIS | Y 9 51.9 |12.9
308 | Point | 11,095 | 160319 | Yes SR-35/US-17,03MIN |Y 9.5 54.1 |18.2
TTMS based on WIM type 5 (9957)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DF | TFC
162 | Point | 2,180 520364 | Yes SR-2,0.97 MI W OF Y 9.5 57. | 14.9
170 | Point | 14,867 | 530050 | Yes SR-75/US-231,.7MIS |Y 9.5 61. | 15.7
171 | Point | 3,170 530247 | Yes SR 77, 0.35 MILES Y 9.5 54, | 7.2
183 | Point | 3,240 539957 | No SR - 77, SOUTH OF Y 9 56. | 9.1
200 | Point | 21,912 | 610152 | Yes SR8/N10ATCR273, |Y 9.5 56. | 24.9
201 | Point | 4,392 610344 | Yes SR-10/US 90,0.6 MILE | Y 9.5 59 | 7.2
202 | Point | 5,402 610254 | Yes SR 77, 406' NORTH Y 9.5 52. | 9.4
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TTMS based on WIM type 5 (9955)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DF | TFC
94 Point | 93,555 | 140190 | Yes SR-93/1-75, 1.0 MI N Y 9 57 1238
111 | Point | 57,000 | 140013 | No SR-45/US-41,04 MI.N | N 9 57. | 4
TTMS based on WIM type 6 (9925)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DF | TFC
221 | Point | 12,654 | 730263 | Yes SR-5/US-1,1.3 MI N Y 9 64. | 8.3
229 | Point | 12,078 | 790170 | Yes SR-442,053 MIEOF |Y 9 65. | 7.3
TTMS based on WIM type 6 (9929)

FID | Shape | AADT | Co-site | Classed | COMM Activ | KFC | DF | TFC
236 | Point | 13,600 | 799929 | No SR-5/US-1,025MIN | Y 9 52. | 4.6
331 | Point | 34,752 | 700322 | Yes SR-9/1-95,09 MISOF |Y 9.5 54. | 18.8
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Tables:
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Tables E-5. TTMS Clustering Based on WIM Stations between 20 and 40 Miles — 2017

TTMS based on WIM type 1 (9956)

FID [Shape AADT [Co-site  [Classed |ICOMM Active [ KFCTDFCT[TFC
143 Point 3,022 370241 [Yes SR-249/US-129,300' N Y 9.5 7.8 [14.3
TTMS based on WIM type 2 (9904)

FID [Shape AADT [Co-site  [Classed |ICOMM Active [ KFCTDFCT[TFC
132 Point 2,329 290297  [Yes SR-472.2 MISOFSR- Y 9.5 6.6 [144
224 Point 11,622 [760240  [Yes SR-20,0.4 MI EAST OF Y 9.5 H95 6.6
311 |Point 94,509 360317 [Yes I-75,0.23 MI N OF Y 0 529 [19.9
318 [Point 30,828 1360249  [Yes SR-464,140' EAST OF Y 0 58 4.2
337 |Point 21,041 360264 [Yes SR-40,566'E OF NE 24TH Y 0 58.9 4.7
TTMS based on WIM type 2 (9953)

FID [Shape AADT [Co-site [Classed |COMM Active [KFC DFC [TFC
87 |Point 55805 140199 [Yes SR-55/US-19,1.4 MI N SR- Y 0 555 4.7
88 |Point 18,765 134111 No 75TH ST WEST, 789' N OFY 0 52.4 36
89 |Point 53,857 130333 No SR-70,1.3 MI W OF I- Y 0 52.3 [7.3
90 Point 30,788 [130180 [Yes SR-43/US-301,0.5 MI SW Y 0 59.1 5.8
91 Point 6,197 130146 [Yes SR-64,1 MI W OF Y 9.5 612 [144
92 Point 13,600 134020 No MOCCASIN WALLOW Y 0 59.8 4.3
93 |Point 33,500 134019 No UNIVERSITY PKWY, 650'Y 0 55.2 6.6
95 |Point 7,700 134018 |No LORRAINE RD, 675'S OF Y 0 59.8 b.6
96 Point 7,110 134017 |No 69TH ST E, 425'W OF CR |Y 0 80.4 6.9
97 Point 2,099 134016 No CR 675, 1075 SOUTH OF Y 9.5 B8 16.7
98 [Point 2,010 134015 |No CR 675, 1,299'NORTH |Y 9.5 60.7 [16.7
99 |Point 9,097 134014 |No RYE ROAD, 520' SOUTH Y 0 68.6 b
100 |Point 11,456 (134013 |No 26TH STREET W, 350' Y 9 544 2.9
101 |Point 18,548 [134012 |No 34TH STREET W, 705' Y 9 52.3 36
102 |Point  [7,622 (134008 |No CR 683/ELLENTON Y 0 63.4 6.9
103 |Point 10,394 (134007 |No HABEN BOULEVARD, |Y 9 71.3 .3
104 |Point 19,972 (134006 |No LOCKWOOD RIDGE RD, [Y ¢ 58.5 36
105 |Point 22,719 134005 |No 53RD AVENUE WEST, Y 9 52.7 2.9
106 |Point 11,877 [134004 |No SR 789/GULFDRIVE@ Y 9 52.7 3.1
107 Point 8,608 134003 |No OLD TAMPA ROAD, Y 0 58.4 36
108 Point 10,005 (134002 |No UPPER MANATEE Y 0 63.2 6.6
109 Point 17,114 (134001 |No LAKEWOOD RANCH Y 0 58.7 36
110 Point 15,675 [140079 [Yes SR-35/US98&301,0.2 MI S Y 0 575 [12.8
112 Point 17,548 [150066 [Yes SR-699(GULF BLVD),110')Y 0 52.1 2.9
113 Point 60,323 150183 |Yes SR-93/1-275,900' S OF Y 0 56.8 5.1
256 Point 7,859 134010 No OTHSTE,420FTSOF Y 0 525 36
257 Point  [1,733 134009 No VERNA BETHANY Y 9.5 bK7.7 136
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TTMS based on WIM type 2 (9904)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
132 | Point | 2,329 | 290297 | Yes SR-4722MISOF | Y 9.5 56.6 |14.4
224 | Point | 11,622 | 760240 | Yes SR-20,0.4 MI EAST | Y 9.5 59.5 | 6.6
311 | Point | 94,509 | 360317 | Yes I-75,023MINOF | Y 9 52,9 |19.9
318 | Point | 30,828 | 360249 | Yes SR-464,140'EAST | Y 9 58 4.2
337 | Point | 21,041 | 360264 | Yes SR-40,566'EOF NE | Y 9 58.9 | 4.7
TTMS based on WIM type 2 (9905)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
129 | Point | 2,877 | 270232 | Yes SR-121,240' Y 9.5 61.7 | 116
208 | Point | 5,322 | 720236 | Yes SRAIANORTHOF | Y 9.5 55.3 | 4.7
210 | Point | 18,455 | 710233 | Yes SR-21,0.124 Ml Y 9 55.9 |64
226 | Point | 18,368 | 760105 | Yes SR15&20&100/US- | Y 9 63.2 |87
228 | Point | 27,040 | 780329 | Yes SR-A1A5G31'SOF | Y 9 55 2.4
TTMS based on WIM type 3 (9949)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
158 | Point | 7,808 | 480348 | Yes SR-95/US-29,450'N | Y 9.5 57 15.5
186 | Point | 38,839 | 570167 | Yes SR-30/US-98,0.3MI | Y 9 707 |4

188 | Point | 1,457 | 580330 | Yes SR-4,0.7 MIWEST |Y 9.5 56 18.5
189 | Point | 1,669 | 580285 | Yes SR-89,1270' Y 9.5 529 |11
261 | Point | 2,434 | 580251 | Yes SR-10/US-90,09 MI | Y 9.5 55.1 | 119
330 | Point | 5,850 |480243 | Yes SR-97,13MISOF |Y 9.5 52.8 | 6.3
TTMS based on WIM type 3 (9918)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
10 Point | 8,540 | 90327 Yes SR-25/US-27,2.7MI | Y 9.5 60.6 | 30.5
68 Point | 26,500 | 126006 | No HOMESTEAD Y 9 554 | 111
249 | Point | 17,355 | 30143 Yes SR29,04MISOF |Y 9.5 58.2 |10.5
250 | Point | 15,604 | 70039 Yes SR-80,29MILES |Y 9.5 554 |10.8
281 | Point | 8,850 | 930268 | Yes SR-25/US-27,0.46 Y 9.5 62 35.2
288 | Point | 6,072 | 930257 | Yes SR-715,0.7 MLI. S. Y 9 53.1 | 15.6
TTMS based on WIM type 3 (9931)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
6 Point | 20,588 | 20044 Yes SR-55/US-19,0.2 Y 9 555 |9.1

9 Point | 20,907 | 20324 Yes SR-44,0.2 Ml Y 9 51 7

16 Point | 9,457 | 80294 Yes SR-45/US-41,NOF |Y 9 548 | 6.7
253 | Point | 23,714 | 80283 Yes SR-55/US-19,0.75 Y 9 538 | 5.6
264 | Point | 38,668 | 750038 | Yes SR50,05MIECR- | Y 9 56.3 | 4.9
295 | Point | 12,993 | 970406 | Yes SUNCOAST Y 9 545 |8.8
310 | Point | 8,853 110262 | Yes SR-19,1.2MINOF |Y 9 545 |9.9
314 | Point | 14,013 | 110246 | Yes SR-44,720' EAST Y 9 536 | 7.3
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TTMS based on WIM type 3 (9950)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
2 Point | 17,582 | 10367 Yes SR-45/US-41,46 Ml | Y 9.5 514 |88
23 Point | 25,000 | 126054 | No SANTA BARBARA | Y 9 51.6 | 4.7
25 Point | 58,000 | 126014 | No COLONIAL BLVD, | Y 9 58.2 | 4.7
27 Point | 25,500 | 126066 | No SUMMERLINRD, |Y 9 552 |43
29 Point | 29,000 | 126049 | No SR 78/PINE Y 9 553 |74
30 Point | 40,000 | 126002 | No DEL PRADO Y 9 552 |4
31 Point | 54,000 | 126009 | No US 41, 285' N OF Y 9 546 |28
32 Point | 22,000 | 126034 | No PONDELLARD,E |Y 9 67.6 | 7.4
34 Point | 24,500 | 126028 | No FOWLERST,SOF |Y 9 532 |6
36 Point | 19,600 | 126018 | No SIX MILE Y 9 532 |74
39 Point | 45,500 | 126001 | No US 41, 200' N OF Y 9 705 |43
41 Point | 31,000 | 126013 | No CAPE CORAL Y 9 618 | 7.4
42 Point | 25,500 | 126064 | No BAYSHORE RD, Y 9 554 |74
43 Point | 15,800 | 126038 | No MCGREGOR Y 9 55.3 | 3.6
44 Point | 35,000 | 126043 | No COLLEGE PKWY, |Y 9 552 | 4.7
45 Point | 7,337 120273 | Yes SR-31,202' NORTH | Y 9.5 534 |28.2
46 Point | 4,800 126027 | No STRINGFELLOW | Y 9.5 52.8 | 3.6
49 Point | 37,500 | 126022 | No LEE BLVD/CR 884, | Y 9 63.9 | 4.6
50 Point | 53,596 | 120203 | Yes SR-884,1.6 MI W Y 9 532 |5
53 Point | 19,200 | 126058 | No CHIQUITABLVD, |Y 9 59.8 |12.1
54 Point | 8,600 126012 | No CR 765/BURNT Y 9.5 55,6 | 7.4
55 Point | 22,000 | 126017 | No HANCOCK Y 9 68.7 | 4.9
60 Point | 28,000 | 126037 | No SR867/MCGREGO | Y 9 572 |27
62 Point | 45,000 | 126056 | No CAPE CORAL Y 9 552 |74
63 Point | 8,900 126062 | No TREELINE AVE,S | Y 9 55.2 |43
65 Point | 28,500 | 126021 | No SR82/IMMOKOLE | Y 9 651 |73
69 Point | 9,800 126011 | No BUCKINGHAM Y 9 554 |12.2
71 Point | 30,000 | 126041 | No SR 739/US 41B, Y 9 532 |6.2
75 Point | 35,000 | 126020 | No SR 82/DR. MLKJR. | Y 9 532 | 4.3
76 Point | 51,500 | 126050 | No VETERANS Y 9 572 |47
77 Point | 25,000 | 126055 | No SANTA BARBARA | Y 9 51 7.4
78 Point | 12,100 | 126003 | No CR78/PINE Y 9.5 521 |74
81 Point | 32,000 | 126068 | No SR82/DR ML KING | Y 9 554 | 7.3
82 Point | 49,500 | 126040 | No DEL PRADO Y 9 554 |74
84 Point | 34,000 | 126005 | No SR 80/PALM Y 9 649 |11.1
85 Point | 16,100 | 126029 | No CR867/MCGREGO | Y 9 533 |4
86 Point | 35,500 | 126035 | No SUMMERLINRD, |Y 9 532 | 4.7
TTMS based on WIM type 3 (9933)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
280 | Point | 71,847 | 930101 | Yes SR80/SOUTHERN | Y 9 578 | 5.7
282 | Point | 203,05 | 930198 | Yes SR9/195,@SW Y 9 614 |6.1
283 | Point | 26,918 | 930010 | Yes SR5/US1-NOF |Y 9 589 |2
285 | Point | 21,457 | 930099 | Yes SR-7/US-441,0.7MI1 | Y 9 69.2 |64
286 | Point | 207,75 | 930174 | Yes SR9/I1-95 @ Y 9 51.2 | 6.5
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TTMS based on WIM type 3 (9923)

FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
218 | Point | 9,087 | 740047 | Yes SR15/US1,7 MIN Y 9.5 549 |19.2
TTMS based on WIM type 3 (9951)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
215 | Point | 89,199 | 750204 | Yes SR-528/BEELINE Y 9 609 |7.8
298 | Point | 45,500 | 970429 | No SR-91, S OF Y 9 60.1 |9
338 | Point | 36,439 | 750175 | Yes SR-527/ORANGE Y 9 522 | 5.9
340 | Point | 60,076 | 750154 | Yes SR-436,1.4 MI N Y 9 535 |23
345 | Point | 65,402 | 920265 | Yes ON US-19202MI |Y 9 50.7 |25
TTMS based on WIM type 3 (9902)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
146 | Point | 3,184 | 370242 | Yes SR-247,1.3 MIN Y 9.5 55.7 |13.2
179 | Point | 30,346 | 540375 | Yes I-I0EASTOFCR- |Y 9.5 53.9 | 225
181 | Point | 5907 | 540312 | Yes SR 20/US 27,.665 Y 9.5 79.2 |138
320 | Point | 630 330237 | Yes SR-51,1.3 MILES Y 9.5 65.2 | 26.5
322 | Point | 4,025 | 330149 | Yes SR-20/US-27,03MI | Y 9.5 55.8 |16.1
TTMS based on WIM type 3 (9913)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
269 | Point | 6,976 | 880139 | Yes SR60-1.5MIEOF |Y 9.5 55.7 | 255
272 | Point | 23,662 | 880314 | Yes SR-5/US-1,N. OF Y 9 509 |4
277 | Point | 19,563 | 890374 | Yes MARTIN COUNTY | Y 9 66.3 | 4.5
284 | Point | 5,934 |930140 | Yes SR-710/BEELINE Y 9 63.1 |218
289 | Point | 112,85 | 930217 | Yes SR-9/1-950.8 MIN | Y 9 629 |84
291 | Point | 112,70 | 939952 | Yes I-95 WIM, 24 MIN | Y 9 643 |78
301 | Point | 51,248 | 970417 | Yes SR-91, SOF Y 9 56.2 |14.3
302 | Point | 63,399 | 970416 | Yes SR-91, S OF PGA Y 9 525 121
TTMS based on WIM type 5 (9940)
FID | Shape | AADT | Co-site | Classed | COMM Active | KFC | DFC | TFCT
185 | Point | 1,404 | 540245 | Yes SR 59 1150' Y 9.5 58 15.3
190 | Point | 16,301 | 590296 | Yes SR369 (US319)3 |Y 9.5 648 |54
193 | Point | 1,529 | 590252 | Yes SR 267 150' Y 9.5 55.8 | 154
317 | Point | 18,426 | 550376 | Yes TEST SITE SR- Y 9 80.1 |5.2
328 | Point | 30,929 | 550151 | Yes SR-20/US-27,0.7 M1 | Y 9 594 | 1.6
329 | Point | 12,237 | 550349 | Yes SR-61/US-319,4.1 Y 9.5 55.8 | 8.1
334 | Point | 8,648 | 550300 | Yes SR363/WOODVILL | Y 9 731 |57
TTMS based on WIM type 5 (9906)
FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
265 | Point 51,210 750336 | Yes SR528,0.7 | Y 9.5 53 8.9
304 | Point 3,700 970223 | No SR-407, Y 9.5 60.7 14.8
341 | Point 28,204 750104 | Yes SR50,0.19 | Y 9.5 51.7 4.4
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TTMS based on WIM type 5 (9943)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
148 | Point 11,517 460359 | Yes US231,02 | Y 9.5 61.5 11.1
153 | Point 2,389 460192 | Yes SR-20,11 |Y 9.5 56.2 11.2
161 | Point 3,024 470328 | Yes SR-7104 |Y 9.5 65.4 18.7
260 | Point 15,200 469907 | No SR-75/US- | Y 9.5 58.6 9.5
TTMS based on WIM type 5 (9916)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
177 | Point 30,136 570250 | Yes SR-189,16 | Y 9 52.4 4.4
TTMS based on WIM type 5 (9909)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
138 | Point 1,477 340239 | Yes SR-2406 |Y 9.5 60.6 12.1
TTMS based on WIM type 5 (9947)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFECT
297 | Point 61,395 970430 | No HEFT/SR- | Y 9 52.1 5.3
TTMS based on WIM type 5 (9948)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
13 Point 6,279 90229 Yes SR-66,430" | Y 9 62.3 19
346 | Point 10,799 920065 | Yes UsS-1922 | Y 9.5 56.5 13.2
TTMS based on WIM type 5 (9957)

FID | Shape | AADT Co-site | Classed | COMM Active | KFCT | DFCT | TFCT
191 | Point 3,926 600051 | Yes SR83,06 |Y 9.5 65.8 9

197 | Point 22,546 600287 | Yes SR8(I10) | Y 9.5 55 24.1
203 | Point 5,403 610253 | Yes SR79,443 | Y 9.5 65.2 6.4
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Tables:

Telemetered Traffic Monitoring Sites Clustering Based on Weigh in Motion
Stations Residuals — 2017
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Table E-6. TTMS Clustering Based on WIM Stations Residuals — 2017

FID Shape |AADT |Co-site  |Classed |ICOMM Active [ KFCTR DFCTR [TFCTR
3 Point 2,903 30270  |Yes SR-90/US- Y 9.5 55.9 12.2
4 Point 60,120  [10350  |Yes SR-93/I- Y 9.5 51.5 13.1
7 Point 28,601 [10228  |Yes SR-776,427" Y 9 52.4 5.9
11 Point 9,906 40145 No SR-35/US- Y 9 52.9 22.1
15 Point 4,500 40068  |Yes SR-70,0.24 Y 9.5 56.8 23.2
116 Point 109,384 170225 |Yes SR-93/I- Y 9 53.6 10.4
145 Point 2,059 380280  |Yes SR-30/US- Y 9.5 59.5 28.5
147 Point 34,000 1465198 |No SR368(23RD Y 9 53.2 3
152 Point 7,788 460315 |Yes SR-75/US- Y 9 51.6 3.3
154 Point 12,373 1460166  |Yes SR-30/US- Y 9 53.2 2.2
155 Point 30,636 1460308  |Yes SR-77,1865' Y 9 56 3.8
157 Point 62,489 1460305 |Yes SR-30/US- Y 9 51.4 4.3
163 Point 2,370 510316  [Yes SR-30/US- Y 9.5 53.8 10.6
166 Point 2,972 510313  |Yes SR-71,0.5 MI Y 9.5 69.4 9.5
169 Point 1,665 490369  |Yes SR65,0.22 Y 9.5 68 15.3
174 Point 3,385 490060  [Yes SR-30/US- Y 9.5 61.3 10
178 Point 28,283 570318 |Yes SR-8/1- Y 9 53.5 20.9
180 Point 17,594 570219 |Yes SR-85,1.9 MI [Y 9.5 67.5 4.5
182 Point 13,998 570122  |Yes SR-10/US- Y 9.5 51.5 7.4
192 Point 51,324 600168 |No SR30 (US Y 9 51.1 3.8
195 Point 24,487 600366 [No SR-8/1-10, Y 9.5 53.8 22.6
196 Point 4,488 600346  |Yes SR-187/US- Y 9.5 63.9 7.8
198 Point 42,472 570385  |Yes SR-30/US-98,)Y 9 52.3 3.7
199 Point 3,730 570356  |Yes SR-85,0.757 Y 9.5 54.2 0.7
204 Point 16,799 700114  |Yes SR-5/US- Y 9 54.2 5.3
207 Point 85,451  [709919 |Yes SR-9/1-95,2 Y 9 51.6 11.2
252 Point 6,296 40271 [Yes SR-72,600" Y 9.5 52 11.9
258 Point 66,927 [170361 |Yes SR-93/1-75, Y 9 58.9 12
259 Point 33,604 [170181 |Yes SR-45/US- Y 0 52.8 3.4
262 Point 45,328 [700134  [Yes SR-9/I- Y 9.5 53 16.2
273 Point 3,086 880291  |Yes SR A1A-05 Y 9.5 53 6.9
275 Point 35,525 900165 |No SR-5/US- Y 9 55.8 4.1
278 Point 18,590 900227  |Yes SR-5/US- Y 9 53.4 7.8
279 Point 29,001 900164 |Yes SR-5/US-1, Y 9 54.4 8.4
287 Point 15,852 930087 |No SRA1A0.1 Y 0 55.4 3.5
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