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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO S| UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 254 millimeters mrm
fi feet D.305 meters m
yd yards 0814 meters m
mi miles 1.61 kilometars km
AREA
in® square inches G452 sguare millimeters mm’
e square feet 0.083 squUare meters 2
5,-'::|2 square yard 0.838 square meters m®
ac acres 0.405 hectares ha
mi® square miles 2.50 square kilometers km®
VOLUME
flaz fluid ounces 209857 milliliters mL
gal gallons 3785 liters L
7 cubic fest 0.028 cubic metars m’
yd cubic yards 0.785 cubic meters m®
MNOTE: volumes greater than 1000 L shall be shown in m
MASS
oz ounces 28.35 grams g
3 pounds 0454 kilograms kg
T short tons (2000 1b) 0.807 meagagrams (or "metric ton") Mg (or "f")
TEMPERATURE (exact degrees)
F Fahrenhsit 5 (F-32)9 Celsius “C
or (F-32)M1.8
ILLUMINATION
fc foot-candles 10.76 e (O
f foot-Lamberts 3428 candelaim® cdim®
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newions N
Ieffin® poundforce per sguare inch G.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
rrm millimeters 0.0328 inches in
m meters 3.28 feet ft
m meiers 1.08 yards wd
krn kilometers 0.821 miles mi
AREA
mm* square millimeters 0.0018 square inches in®
m SOUArES MEeers 10,784 square fest fi*
m squars meters 1.185 square yards yd:
ha hectares 247 acres ac
km® square kilometers 0.3845 square miles mi®
VOLUME
mL milliliters 0.034 fluid ounces floz
L liters 0.284 gallons gal
m* cubic meters 35.314 cubic fest i’
m cubic meters 1.307 cubic yards ydi
MASS
a grams 0.035 QUNCES oz
kg kilograms 2202 pounds I
Mg (or "t") rmegagrams (or "metric ton”) 1.103 shiort tons (2000 1b) T
TEMPERATURE (exact degrees)
“C Celsius 1.8C+32 Fahrenheit F
ILLUMINATION
I= lux 0.0828 fooi-candles fc
cdim® candela/m® 0.2018 foot-Lamberis fi
FORCE and PRESSURE or STRESS
M newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per sguare inch Ibffin®

"5l is the symiool for the Internationa’ System of Units. Appropriate rounding should be made fo comply with Section 4 of ASTM E3ED
(Revised March 2003)
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Notes

Some of the material presented in this report was originally developed in the Mathcad® software
program. You will notice several notation conventions that you may not be familiar with if you
are not a Mathcad user. Most of these notation conventions are self-explanatory or easily
understood. The most common Mathcad-specific notations in this material relate to the equals
sign. You will notice two different notations for the equals sign used in the Mathcad material
presented in this report. The differences between these equals sign notations are explained as
follows.

e The *:=" (colon-equals) is an assignment operator, that is, the value of the variable or
expression on the left side of “:=" is set equal to the value of the expression on the right
side. For example, in the statement, “L := 1234”, the variable ‘L’ is assigned (i.e., set
equal to) the value of 1234. Another example is “x :=y + z”. In this case, ‘X’ is assigned
the value of y + z.

e The *=" (standard equals) is used to obtain the numeric results of an expression. For
example, referring to the “x :=y + z” assignment used previously, if the value of ‘y’ was
10 and the value of ‘z” was 15 (as might be accomplished with the following statements:
“y :=10” and “z := 15”), then the expression “x =" would yield 25. Another example
would be as follows: “s :=1800/3600”, and then typing “s =" would display “s = 0.5”.
That is, *s” was assigned the value of 1800 divided by 3600 (using :=), which equals 0.5
(as displayed by using =).

! http://www.ptc.com/products/mathcad/
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Introduction

LOSPLAN is a suite of three software programs (ARTPLAN, FREEPLAN, HIGHPLAN) for
calculating performance measures and level of service on arterial streets, freeways, and
highways. The software is intended for planning and preliminary engineering applications. It
generally implements the analysis methodologies of the Highway Capacity Manual (HCM), but
with a number of enhancements based on FDOT-sponsored research and other revisions to better
accommodate Florida-specific traffic, roadway, and signal control conditions.

This project addressed several aspects of the LOSPLAN software, primarily with respect to
updating the calculation methodologies in response to revisions in the methodological
calculations in the HCM 2010.

The updated software can be found at the following URL.:
http://www.dot.state.fl.us/planning/systems/sm/los/los sw2m2.shtm#software

Overview of Changes to LOSPLAN Software

The section provides a general summary of the major computational and user interface revisions
made to each of the LOSPLAN programs. Detailed computation documentation for each of the
LOSPLAN programs is provided in the appendices.

ARTPLAN

The computational elements of ARTPLAN and its user interface components were revised as
necessary to accommodate the HCM 2010 analysis methodology revisions. Specific areas
addressed include:

e Signal delay calculation, signal coordination/progression
Implemented HCM 2010 delay calculation procedure for the through movement. This
included revisions to the uniform delay (d1) calculation to directly account for progression
(which is a function of arrival type) and a revision to the k-factor (a variable corresponding to
signal control method and part of the d2 calculation) calculation.

e Accommodation of permitted left turn phasing
Per meeting with project manager on 10/12/11, a ‘protected+permitted” left turn phasing
option has been implemented. Correspondingly, the calculation for queue storage ratio was
revised to increase the left turn capacity by 2.5 veh/phase.

e Arterial running speed
The results of the FDOT arterial classification project (BDK77 931-02) were implemented.
More specifically, the proposed method for classifying arterials and determining LOS is now
as follows:
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o0 Arterials with a posted speed of 40 mi/h or greater are considered Class 1 arterials.
Arterials with a posted speed of 35 mi/h or less are considered Class 2 arterials.

0 The service measure used for Level of Service (LOS) is average travel speed, and the
LOS threshold speeds are as shown in the following table.

FDOT FDOT

LOS Class 1 Class 2
2010 ATS B 31 22
(mph) C 23 16
D 18 13
E 15 10

o Setting free-flow speed equal to posted speed plus 5 mi/h has been retained from
ARTPLAN 2009, rather than the new free-flow speed calculation from the HCM 2010.

e Multimodal
The bicycle and pedestrian LOS methodologies are now largely consistent with the HCM
2010. A bicycle sidepath analysis methodology has been added. The transit LOS
methodology is still largely consistent with the ARTPLAN 2009 transit LOS methodology,
but with the following revisions.

o Minor revisions to the pedestrian crossing difficulty calculation

An adjustment for the relative speed of buses to automobiles was added

Removed the ‘obstacle to bus stop” input

Removed the “span of service’ input

Added a “passenger load factor’ input

Added an “amenities’ input

Added a “bus stop type’ input

O 0000 oOo

e Other
An ‘on-street parking’ input and complementary ‘parking activity’ input was added
0 These inputs affect the “other delay’ value for automobile segment running speed and
the pedestrian and bicycle LOS calculations

The term ‘segment’ used in previous versions of ARTPLAN has now been changed to ‘link’.
The combination of link length (distance between intersections) and intersection width yields
the segment length.

HIGHPLAN

The computational elements of HIGHPLAN and its user interface components were revised as
necessary to accommodate the HCM 2010 analysis methodology revisions. Specific areas
addressed include:
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e Grade adjustment factor values
These values were revised to be consistent with the HCM 2010.

e Passenger car equivalency factor values
These values were revised to be consistent with the HCM 2010.

e Capacity adjustments
The capacity value for two-lane undeveloped situations was changed from 1600 pc/h/In to
1650 pc/h/In. All of the capacity values used in HIGHPLAN 2012 are shown in the
following table.

HIGHPLAN 2012
Two-Lane Undeveloped 1500
Two-Lane Developed 1650
Multilane Undeveloped 1600
Multilane Developed 1850

e Implement two-lane highway facility analysis methodology
The two-lane highway facility methodology, as originally developed in FDOT project BC
345-89 and then further revised as documented in reference’, was implemented.

e User interface
0 Changed 'Left Turn Impact' label to 'Left Turn/Blockage Impact'

FREEPLAN

The computational elements of FREEPLAN and its user interface components were revised as
necessary to accommodate the HCM 2010 analysis methodology revisions. Specific areas
addressed include:

e Full implementation of downstream segment speed constraint
Due to the segmentation scheme used in previous versions of FREEPLAN (i.e., the use of
‘interchange’ segment types), there were limitations on the application of eq. 25-2 (HCM
2010). To facilitate completion of this task, the segmentation method for a freeway facility
was revised to be completely consistent with that of the HCM Freeway Facilities
methodology. The previous segments “full cloverleaf”, “partial cloverleaf”, and “diamond”
have been removed. The segment types present in FREEPLAN 2012 include ‘Basic’, ‘Off-
Ramp’, ‘On-Ramp’, ‘Overlap’, “Weaving’, and ‘Toll Plaza’.

e Auxiliary lane service volume adjustments
Auxiliary lane adjustments are handled completely within the weaving segment analysis

! Two-Lane Highway Simulation and Analysis. Ph.D. Dissertation by Jing Li. Faculty Advisor: Dr. Scott
Washburn. University of Florida, July 2012.
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methodology (per the HCM 2010). Per FDOT project BDK75 977-08, it was found that for
segments too long for the weaving analysis to be applicable, in which case the segment is
analyzed as a ‘basic segment’, an auxiliary lane provides very nearly a full lane of capacity
(98-99%). Thus, no capacity reduction is made for the auxiliary lane, which is consistent
with the HCM 2010 methodology.

Implement rural LOS thresholds
The density thresholds for LOS on rural freeways, determined from FDOT project BC 354-
92, were implemented.

Implement toll plaza analysis
A new toll plaza analysis methodology has been incorporated into the FREEPLAN analysis
methodology. The details of this methodology are documented in reference?.

User interface
0 The “Hot Spots’ column on the “Results’ screen and the corresponding dialog form
were removed, as these were no longer necessary due to the changes in the
segmentation scheme.

ALL PROGRAMS

Treatment of K and peak hour factors
The PHF default was set to 1.0 for all area type conditions. The default K-factor values were
revised to the values given in Table 1 of Mr. McLeod’s issue paper on adopting standard K
values®. The ‘K100’ terminology previously used in the program was changed to “Standard
K’. A warning message was implemented for the situation when the user changes the K-
factor value to something other than the standard value.

User interface

O Revised the input segmentation scheme to be fully consistent with the HCM Freeway
Facilities methodology.

0 Changed K and D inputs to percentages instead of decimals

O Disable K factor input if 'Standard K" is chosen

o0 Added a warning message when user changes to 'Kother' study period on project
properties screen ("By selecting the Kother study period, FDOT may require
justification for its use.")

O The selected study period shown in the printed report is now bolded.

0 A new mechanism for quickly loading previously used files has been implemented.

% Implementing Toll Plaza Analysis into FREEPLAN. Master’s Thesis by Robin Osborne. Faculty Advisor: Dr.
Scott Washburn. University of Florida, April 2012.

® DRAFT lIssue Paper on Improving Florida’s Transportation Planning and Design Analysis Time Period Process
(Adopting Standard K Factors throughout FDOT), 5/4/11.
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O The printing dialog has been revised to more easily facilitate printing to the non-default
printer (such as PDF)

Updates to LOSPLAN Installation and Beta Testing
The LOSPLAN installation routine was revised as necessary.

Updates to the computational methodologies documentation

The Mathcad worksheets that document the details of the ARTPLAN, HIGHPLAN, and
FREEPLAN internal calculations were updated, and are included in the appendices of this
report. Note that only one instance of each of the individual segment calculation
methodologies for freeway facilities is included in this document (i.e., basic, on-ramp, off-
ramp, ramp overlap, and weaving segment methodologies). These represent individual
segments from the FREEPLAN example facility, which includes a total of 33 segments. The
overall facility calculations, which aggregates the results across all 33 segments is also
included. The complete computational documentation for FREEPLAN, as well as
HIGHPLAN and ARTPLAN, can be found at the following website: http://www.losplan.net

This website also contains the ARTPLAN, HIGHPLAN, and FREEPLAN input files that
correspond to the computations documentation.

Updates to the electronic help files
The electronic help files were updated as necessary.
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Appendix A
Automobile Calculations Documentation for ARTPLAN
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University of Florida

ARTPLAN Computational Methodology
Automobile Mode
For Version 9/11/2012

Transportation Research Center

Dr. Scott Washburn
University of Florida

Transportation Research Center

Project Properties
Roadway Variables:

AreaType =1

Class:= 2

Intersection
Facility-Wide Values:

BaseSatFlowRate := 1950

Intersection Data:

|nt1

No Inputs Required

*For left turn and right turn bays: 0 = No, 1 = Yes

1 = Large Urbanized, 2 = Other Urbanized, 3 = Transitioning/Urban, 4 = Rural Developed

Sig = 2 0 = Pretimed, 1 = Coordinated Actuated, 2 = Fully Actuated
|nt2 |nt3 |nt4

Cycle1 =120 Cycle2 =150 Cycle3 =150
gC, == 0.50 gC, = 0.40 gCy:= 0.45

ArrivaIType1 =4

IntThruLanes1 =3

%LeftTurns1 =12
%RightTurns1 =38
LeftTurnBay1 =1

RightTurnBay1 =0

Artplan Computational Methodology

ArrivaIType2 =3

IntThruLanes2 =3

%LeftTurns2 =7
%RightTurns2 =5
LeftTurnBay2 =1

RightTurnBay2 =0

ArrivaIType3 =5

IntThruLanes3 =4

%LeftTurns3 =9
%RightTurns3 =4
LeftTurnBay3 =1

RightTurnBay3 =1



University of Florida Transportation Research Center
Link (Auto)

Facility-Wide Values:

K,=0.095 D:= 0.55 PHF := 0.95 %HV = 2.5

Link Data:
LinkLength1 = 2500 LinkLength2 := 1500 LinkLength3 = 1700
AADTl := 43250 AADT2 := 43250 AADT3 := 43250

HourlyDirVol , = round(AADTl~K- D) HourlyDirVol,, := round(AADT2~K- D) HourlyDirVol , := round(AADT3~K- D)

HourIyDirVoI1 = 2260 HourIyDirVoI2 = 2260 HourIyDirVoI3 = 2260
LinkNumLanes1 =3 LinkNumLanes2 =3 LinkNumLanes3 =4
FFS, = 50 FFS, := 50 FFS,:= 50
MedianTypel =1 MedianType2 =2 MedianType3 =1
OnStreetParking1 =1 OnStreetParking2 =0 OnStreetParking3 =0
ParkingActivityl =2 ParkingActivity2 =0 ParkingActivity3 =0

*For MedianType: 0 = None, 1 = NonRestrictive, 2 = Restrictive
*For On-Street Parking: 0 = No, 1 = Yes
*For Parking Activity: 0 = Not Applicable, 1 = Low, 2 = Medium, 3 = High

Auto LOS Computational Steps

1. Calculate the Saturation Flow Rate Adjustment Factors

A. Calculate the population adjustment factor

Population(AreaType) := Jout < 1.5 if AreaType =1 Population(AreaType) = 1.5
out «— 0.4 if AreaType =2
out < 0.03 if AreaType =3
out < 0.003 if AreaType =4

1
PopFact := PopFact = 1.007

Population(AreaType) 0.018

Artplan Computational Methodology 8



University of Florida Transportation Research Center

B. Calculate the number of lanes adjustment factor

. 1
Ecp =103 NumLnsFact(i) := NumLnsFact(1) = 0.99

1
= (Eqy -1 _
IntThruLanesi( cL—1)  NumLnsFact(2) = 0.99
NumLnsFact(3) = 0.993

C. Calculate the posted speed adjustment factor

* FFS - 5 is equivalent to the posted speed entered in ARTPLAN

PostedSpd(i) := min(max(30,FFSi - 5),55) SpdFact(i) := L

1 — 0.0066(PostedSpd(i) — 50)

SpdFact(1) = 0.968 SpdFact(2) = 0.968 SpdFact(3) = 0.968

D. Calculate the traffic pressure adjustment factor

CalcPctTurns(%LT,%RT,i) := |%LT if LeftTurnBayi =1A RightTurnBayi =0
%RT if LeftTurnBayi =0A RightTurnBayi =1

%LT + %RT if LeftTurnBayi =1n RightTurnBayi =1

0 otherwise
%Tums, = CalcPctTurns(%LeftTurnsl,%RightTurnsl,1) %Turns, = 12
%Tums, = CalcPctTurns(%LeftTurnsz,%RightTurnsZ,2) %Turmns, = 7
%Tums, := CaIcPctTurns(%LeftTurns3,%RightTurns3,3> %Tums, = 13

HourIyDirVoIi %Turnsi
ThruMvmtFlowRate(i) := 11— ThruMvmtFlowRate(1) = 2093.5
PHF 100

ThruMvmtFlowRate(2) = 2212.4
ThruMvmtFlowRate(3) = 2069.7

ThruMvmtFlowRate(i)- Cyclei

v(i) := min ,30 v(1) = 23.261 v(2) =30 v(3) = 21.559
IntThruLanesi~3600

. 1
TrafFact(i) := _ TrafFact(1) = 1.011  TrafFact(2) = 1.033  TrafFact(3) = 1.005
1 — 0.0032(v(i) — 20)

E. Calculate the lane width adjustment factor

Wmln(l) = [12 if WOUtlnI >12 Wmln(l) =12
Winin(2) = 12
Winin(3) = 12

Woutlni if Woutlni <12

Artplan Computational Methodology 9



University of Florida
[Winm(i)~(IntThruLanesi - 1)] + Woutlni

W i) =
an( ) IntThruLanesi
W, (i) — 12
LnWidthFact(i) := 1 + %

F. Determine the Median adjustment factor

MedianFact(i) := [out <« 0.95 if MedianTypei =0
out « 1.0 if MedianTypei =1

out « 1.0 if MedianTypei =2

out

G. Determine the left turn bay adjustment factor

LTFact(i) := |out < 0.8 if LeftTurnBayi =0nA %LeftTurnsi =0
out « 1.0 if LeftTurnBayi =1lv %LeftTurnsi =0

out

H. Determine the right turn adjustment factor

PctMultiplier(i) := [if IntThruLanesi >1
return 0 if %RightTurnsi<2.5

return 0.14 if %RightTurnsi > 30

if IntThruLanesi =1
return 0 if %RightTurnsi<2.5

return 0.13 if %RightTurnsi > 30

PctMultiplier(1) = 0.069
PctMultiplier(2) = 0.065
PctMultiplier(3) = 0.064

Artplan Computational Methodology

Transportation Research Center

Wiyg(2) = 12
Wiyg(2) = 12
Wiyg(3) = 12

LnWidthFact(1) = 1.00
LnWidthFact(2) = 1.00
LnWidthFact(3) = 1.00

MedianFact(1) = 1.0
MedianFact(2) = 1.0
MedianFact(3) = 1.0

LTFact(1) = 1.0
LTFact(2) = 1.0
LTFact(3) = 1.0

[return O.OOOO7~(%RightTurnsi)2 + 0.0004-%RightTurnsi + 0.0Gll} otherwise

[return 0.0001~(%RightTurnsi)2 +0.0004-%RightTurns, + o.ozss} otherwise
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University of Florida Transportation Research Center

%RightTurnsi
RTFact(i) := [out «<— 1 — | PctMultiplier(i)- if nghtTurnBayi =1 RTFact(1) = 0.994
1 RTFact(2) = 0.997
out « otherwise
%RightTurnsi RTFact(3) = 0.979
1+ -0.07
100

|. Calculate the heavy vehicle adjustment factor

Er:=23 (per "Impact of Trucks on Arterial LOS" FDOT project; BD-545-51)

f = !
HV [%HV
1+

0 ~(E-|— - 1)}

fiy = 0.969

2. Calculate the Adjusted Saturation Flow Rate
FactAdj(i) := LnWidthFact(i)-MedianFact(i)-fiy,,- PopFact- TrafFact(i)- NumLnsFact(i) - SpdFact(i) - LTFact(i)-RTFact(i)
FactAdj(1) = 0.94

FactAdj(2) = 0.963
FactAdj(3) = 0.922

AdjSatFlowRate(i) := BaseSatFlowRate-FactAdj(i) AdjSatFlowRate(1) = 1832.41
AdjSatFlowRate(2) = 1877.153
AdjSatFlowRate(3) = 1798.053

AdjSa’tFIowRate(l)'IntThruLames1 = 5497
*ARTPLAN reports (IntThruLanes)*(AdjSatFlowRate) AdjSatFIowRate(Z)'IntThruLane52 = 5631
AdjSa’tFIowRate(S)'IntThruLames3 = 7192

3. Calculate signal delay

A. Calculate volume to capacity ratio (v/c)

ThruMvmtFlowRate(1) = 2093.474
ThruMvmtFlowRate(2) = 2212.421
ThruMvmtFlowRate(3) = 2069.684

c(i) := AdjSatFlowRate(i)-IntThruLanes.-gC. c(1) = 2748.616
| |

c(2) = 2252.584

c(3) = 3236.496

ThruMvmtFlowRate(i)

vc(i) = - ve(l) = 0.762
c(i) ve(2) = 0.982
vc(3) = 0.639

1. Determine Platoon Ratio From Exhibit 18-8 HCM 2010

Artplan Computational Methodology
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University of Florida

Transportation Research Center

CaIcRp(l) = [out « 0.333 if ArrlvaITypei =1 Rpl = CaIcRp(l) Rpl = 1.333
out « 0.667 if ArrivalType. = 2 = =
YPE; sz : CaIcRp(Z) sz 1
out «- 1.0 if ArrivalType, = 3 R, = CalcR,(3) R. — 1667
P3 p P3
out « 1.333 if ArrivaITypei =4
out « 1.667 if ArrivaITypei =5
out « 2 otherwise
out
2. Calculate the proporation of arrivals on green Equation 18-2 HCM 2010
CalcPropGreen(i) = Jout « 1.0 if (Rpi'gci) > 1.0 PropGreen1 := CalcPropGreen(1) PropGreen1 = 0.667
out « Rlo_-gCi otherwise PropGreen2 := CalcPropGreen(2) PropGreen2 =04
I
PropGreen, := CalcPropGreen(3)  PropGreen, = 0.75
out 3 3
3. Calculate the flow rates during green and red Egs. 18-23, 18-24 HCM 2010
ThruMvmtFlowRate(i
23600 () -PropGreeni
FlowRateGreen(i) := c FlowRateGreen(1) = 0.775  veh/sec
gcC.

ThruMvmtFlowRate(i)

3600 (1 - PropGreeni)

FlowRateRed(i) :=
(i )

4. Calculate uniform delay (d,)

RedTime(i) := Cyclei - Cyclei~gCi

Artplan Computational Methodology

FlowRateGreen(2) = 0.615
FlowRateGreen(3) = 0.958

FlowRateRed(1) = 0.388
FlowRateRed(2) = 0.615
FlowRateRed(3) = 0.261

RedTime(1) = 60
RedTime(2) = 90
RedTime(3) = 82.5

12



University of Florida Transportation Research Center
. . FlowRateRed(i)-RedTime(i)
TimeQueueClear(i) := .
< ® AdjSatFlowRate(i)- IntThruLanes, TimeQueueClear(1) = 30.954
— FlowRateGreen(i)

3600 TimeQueueClear(2) = 58.238

TimeQueueClear(3) = 20.728

TotalDelay(i) := (0.5~FlowRateRed(i)-RedTime(i)Z) + (0.5-FlowRateRed(i)-RedTime(i)- TimeQueueClear(i))

TotalDelay(1) = 1058.36
TotalDelay(2) = 4099.56
TotalDelay(3) = 1112.093

TotalDelay(i)

dq(i) =
1) (ThrquthIowRate(i) Cyclej di(1) = 15.17
3600 i dq(2) = 44.47
dy(3) = 12.90

5. Calculate incremental delay (d,)

a. Determine Kk, signal controller mode delay adjustment factor

If the intersection is operating under pretimed mode, k = 0.5.

PassTime := 2.0
kmin := max(0.04,—0.375 + 0.354-PassTime — 0.0910-PassTime2 + 0.00889~PassTime3) kmin = 0.04

kfact(i) .= [return .5 if Sig=10 Egs. 18-41, 18-42 HCM 2010
return .5 if Sig=1

return (1 — 2-kmin)-(vc(i) — 0.5) + kmin if Sig=2

k, = kfact(1) k, = kfact(2) k= kfact(3) k, = 0.281

k2 =0.484
k3 =0.168

Note: k cannot exceed 0.5

b. Determine I, the upstream filtering/metering adjustment factor
If the v/c ratio for the upstream signal is greater than 1, then | = 0.09.

When there is no upstream signal, use the v/c ratio for that intersection.

Artplan Computational Methodology 13
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Ifact(i) = |return 1.0 — 0.92-ve(i)>®® if ve(i) <1 ni=1 From Exhibit 18-3 HCM 2010
return 0.09 if ve(i)>1Ai=1

return 1.0 — 0.91-vc(i — 1)2'68 if ve(i—-1)<10
return 0.09 if vc(i—1)>1.0

I1 = Ifact(1) I2 = Ifact(2) I3 = Ifact(3) I1 = 0.561
I2 = 0.561
I3 =0.133

T:=0.25 (ARTPLAN default)

MWV

- Equation 18-45 HCM 2010
» 8~ki~li'vc(|)
d5(i) := 900-T-| (ve(i) — 1) + |(vc(i) - 1) + ————
5(i) (ve(i) - 1) + [(ve(i) - 1) o) (1) = 0.655
do(2) = 10.405
do(3) = 0.044
6. Calculate the total signal delay Equation 18-19 HCM 2010
CalcCtrIDelay(i) := d4(i) + do(i) CtrIDeIayl := CalcCtrlDelay(1) CtrIDeIayl = 15.82
CtrIDeIay2 := CalcCtrlDelay(2) CtrIDeIay2 = 54.88
CtrIDeIay3 := CalcCtrlDelay(3) CtrIDeIay3 =12.94

4. Calculate the Segment and Facility Running Time/Speed

IntWidth := |out < 60 if AreaType =1
out < 60 if AreaType =2

out « 36 if AreaType =3

) IntWidth = 60
out « 24 if AreaType =14

SegLength(i) := LinkLengthi + IntWidth SegLength(1) = 2560 ft
SeglLength(2) = 1560
SegLength(3) = 1760

A. Calculate the signal density

L. . 5280 . . . . .

CalcSigs(i) := minf ————,9 SigsPerMile, := CalcSigs(1) SigsPerMile, = 2.063
SegLength(i) 1 1

SigsPerMiIe2 := CalcSigs(2) SigsPerMiIe2 = 3.385

SigsPerMiIe3 := CalcSigs(3) SigsPerMiIe3 = 3.00

Artplan Computational Methodology 14
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B. Calculate the peak per-lane hourly volume

HourIyDirVoIi

Calcv_temp(i) := min| —
LlnkNumLanesi~PHF

Transportation Research Center

,1000 | v_temp, := Calcv_temp(1)  v_temp, = 792.982 veh/h
v_temp,, := Calev_temp(2)  v_temp, = 792.982 veh/h
v_temp, := Calev_temp(3)  v_temp, = 594.737 veh/h

C. Calculate the running speed

HourIyDirVoIi

MidSegDemand(i) := HE

MidBlockPctTurns := Jout < 7 if AreaType =1
out « 5 if AreaType =2
out « 3 if AreaType =3

out < 2 if AreaType =4

PropSegRestrictMed(i) := Jout < 0 if MediamTypei =0

out < 0 if MedianTypei =1

out « 1.0 if MedianTypei =2

PropSegWithCurb := |out «— 1.0 if AreaType =1

out < 1.0 if AreaType =2
out < 0.5 if AreaType =3
out < 0.0 if AreaType =4

NumAccessPts(i) .= |out < 0 if LinkLengthi < 660

LinkLength.
out « 2-

NumAccessPtsSubDir(i) := NumAccessPts(i)

Artplan Computational Methodology

if LinkLengthi > 660

MidSegDemand(1) = 2378.9 veh/h
MidSegDemand(2) = 2378.9

MidSegDemand(3) = 2378.9

MidBlockPctTurns = 7

Proportion of segment length with restricted median

PropSegRestrictMed(1) = 0
PropSegRestrictMed(2) = 1
PropSegRestrictMed(3) = 0

Proportion of segment length with right-side curb

PropSegWithCurb = 1.0

NumAccessPts(1) = 3.79
NumAccessPts(2) = 2.27
NumAccessPts(3) = 2.58

Number of access points in the subject direction

NumAccessPtsSubDir(1) = 3.79
NumAccessPtsSubDir(2) = 2.27
NumAccessPtsSubDir(3) = 2.58
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NumAccessPtsOppDir(i) := NumAccessPts(i)

OtherDelay(i) := |return 0 if OnStreetParkingi =0

if OnStreetParkingi =1
LinkNumLanesi

LinkNumLanesi

LinkNumLanesi

StartUpLostTime := 2.0

return 2z if ParkingActivityi =1

Transportation Research Center
For planning purposes, assume opposing
direction has same number of access points as
subject direction
NumAccessPtsOppDir(1) = 3.79
NumAccessPtsOppDir(2) = 2.27
NumAccessPtsOppDir(3) = 2.58

planning level assumptions

4 . . L
return ——  if ParklngActwltyi =2

6 . . L
return ——  if ParklngActwltyi =3

OtherDelay(1) = 1.33 sec/veh
OtherDelay(2) = 0.00

OtherDelay(3) = 0.00

HCM default; Artplan does not contain an input for startup lost time because effective

green time is entered directly (i.e., g/C ratio)

ControlDelay := 16.1

MidSegDemand(i)

MidSegVolPerLane(i) :== —
LlnkNumLanesi

Obtained from signal delay calculation procedure

MidSegVolPerLane(1) = 793.0 veh/h/In
MidSegVolPerLane(2) = 793.0

MidSegVolPerLane(3) = 594.7

TurningDelay(i) := |out « 0.0208-exp(0.0022-MidSegVolPerLane(i)) if LinkNumLamesi =1

out < 0.00014325313 MidSegVolPerLane(i) if LinkNumLanesi =2

out < 0.000109151 MidSegVolPerLane(i) if LinkNumLanesi >3

MidBlockPctTurns

TurningDelay(i) := TurningDelay(i)- -

Artplan Computational Methodology

7% turns is assumed typical condition for Florida.
Values are adjusted proportationally for different
turning percentages.

TurningDelay(1) = 0.087 sec/veh/access pt

TurningDelay(2) = 0.087

TurningDelay(3) = 0.065
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TotalTurningDelay (i) := TurningDelay(i)-(NumAccessPtsSubDir(i) + NumAccessPtsOppDir(i))

TotalTurningDelay(1) = 0.656 s/veh
TotalTurningDelay(2) = 0.393
TotalTurningDelay(3) = 0.334

PostedSpeed(i) := FFSi -5

SpeedConstant(i) := 25.6 + 0.47-PostedSpeed (i) SpeedConstant(1) = 46.75 mi/h
SpeedConstant(2) = 46.75
SpeedConstant(3) = 46.75

CrossSectAdjFact(i) := 1.5-PropSegRestrictMed(i) — 0.47-PropSegWithCurb — 3.7-PropSegRestrictMed(i)-PropSegWithCurb

CrossSectAdjFact(1) = —0.47
CrossSectAdjFact(2) = —2.67
CrossSectAdjFact(3) = —0.47

(NumAccessPtsSubDir(i) + NumAccessPtsOppDir(i))
(LinkLengthi>

AccessPtDensity(i) := 5280 AccessPtDensity(1) = 16.0
AccessPtDensity(2) = 16.0

AccessPtDensity(3) = 16.0

AccessPtDensity(i)

AccessPtAdj(i) := —0.078-—
LlnkNumLanesi

AccessPtAdj(1) = -0.416
AccessPtAdj(2) = -0.416
AccessPtAdj(3) = -0.312

BaseFreeFlowSpd(i) := SpeedConstant(i) + CrossSectAdjFact(i) + AccessPtAdj(i)
BaseFreeFlowSpd(1) = 45.86

BaseFreeFlowSpd(2) = 43.66
BaseFreeFlowSpd(3) = 45.97

(BaseFreeFlowSpd(i) — 19.5)
max(SegLength(i),400)

SignalSpacingAdjFact(i) := 1.02 — 4.7

SignalSpacingAdijFact(i) := | out « SignalSpacingAdjFact(i) if SignalSpacingAdjFact(i) < 1.0

out « 1.0 otherwise
SignalSpacingAdjFact(1) = 0.972
SignalSpacingAdijFact(2) = 0.947
SignalSpacingAdijFact(3) = 0.949

Artplan Computational Methodology 17
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2

1411 MidSegDemand(i) 021
(52.8-LinkNumLanesi~FFSi)

ProximityAdjFact(i) :=

ProximityAdjFact(1) = 1.037
ProximityAdjFact(2) = 1.037
ProximityAdjFact(3) = 1.027

D. Calculate segment running time

6 — StartUpLostTime N 3600-(SegLength(i))
0.0025-(SegLength(i)) 5280-FFSi

RunningTime(i) := -ProximityAdjFact(i) + TotalTurningDelay(i) + OtherDelay(i)

RunningTime(1) = 38.83 sec
RunningTime(2) = 23.49
RunningTime(3) = 25.89

F. Calculate the segment average speed

3600 SegLength(i)

5280 RunningTime(i) + CtriDelay, AvgSegmentSpd(1) = 31.94  mi/h
AvgSegmentSpd(2) = 13.57
AvgSegmentSpd(3) = 30.91

AvgSegmentSpd(i) :=

G. Calculate the facility travel time and speed

FacTravTime ( SegLength(1) j N ( SegLength(2) j N ( SegLength(3) j

5280 AvgSegmentSpd(1) 5280- AvgSegmentSpd(2) 5280- AvgSegmentSpd(3)

FacTravTime = 0.048 hours

AvgFacilitySpeed := SegLength(1) + SegLength(Z? + Seglength(3) AvgFacilitySpeed = 23.33 mi/h
5280-FacTravTime

Artplan Computational Methodology 18
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5. Determine Segment LOS.

FDOT LOS Methodology, from FDOT Report BDK-77, TWO 931-02

SegLOSl := CalcLOS(Class, AvgSegmentSpd(1))
SegLOS2 := CalcLOS(Class, AvgSegmentSpd(2))
SegLOS3 := CalcLOS(Class, AvgSegmentSpd(3))

SegLOS1 ="A"
SegLOS2 ="D"
SegLOS3 ="A"

6. Determine Facility LOS.
FacLOS := CalcLOS(Class, AvgFacilitySpeed)

FacLOS = "B"

Artplan Computational Methodology

CalcLOS(Class, Speed) :=

Transportation Research Center

if Class=1

out « "A"
out < "B"
out « "C"
out « "D"
out < "E"

out « "F"

if Class =2

out

out « "A"
out « "B"
out « "C"
out « "D"
out « "E"

out « "F"

if Speed > 40
if 31 < Speed <40
if 23 < Speed <31
if 18 < Speed < 23
if 15 < Speed < 18
if Speed <15

if Speed > 28
if 22 < Speed < 28
if 17 < Speed < 22
if 13 < Speed < 17
if 10 < Speed < 13
if Speed <10
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Appendix B
Multimodal Calculations Documentation for ARTPLAN

UF-TRC
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University of Florida Transportation Research Center

ARTPLAN 2012 Computational Methodology

Dr. Scott Washburn

Multimodal University of Florida
For Version 9/11/2012 Transportation Research Center
User Inputs
AreaType =1
AADTl = 43250 K,=0.09 D:= 0.55 PHF := 0.95
Length1 := 2500 Link length (ft)
%HV = 2.5 Percent Heavy Vehicles
SegNumLanes1 =3 Number of lanes on segment in one direction
FFS,:=50 Free-Flow Speed (mi/h)
Cycle, =120 Cycle length (sec)
gC, = 0.50 _ _
Main street thru g/C ratio
ArrivaIType1 =4
%RightTurns1 =8 Percent right turns
MedianType1 =1 0 = None, 1 = Non-Restrictive, 2 = Restrictive
IntThruLanes1 =3 Number of intersection thru lanes
LeftTurnBay1 =1 0=No, 1=Yes
Woutlnl =12 0 = Narrow, 1 = Typical, 2 = Wide, or specific width in ft
ShoulderBikeLn1 =1 0=No, 1=Yes
PvtCond1 =1 0 = Non-desirable, 1 = Typical, 2 = Desirable
Sidewallk1 =1 0=No, 1=Yes
SwRdwySepl =1 0 = Adjacent, 1 = Typical, 2 = Wide
SwRdwyBar1 =1 0 = No barrier, 1 = Cor_1tinuous barrier (at least 3' high) or
elements (at least 3' high) spaced less than 20 ft apart
OnStreetParking := 1 0=No, 1= Yes
ParkingActivity := 2 0 = Not Applicable, 1 = Low, 2 = Medium, 3 = High
BusFrequency1 =2 buses/hour
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PassLoadFact := 0.8 Passenger loading factor
Amenities1 =4 1-Poor (No bench or shelter)
2 - Fair (Bench only)

3 - Good (Shelter only)
4 - Excellent (Shelter & Bench)

BusStop := 1 0 = None 1 = Typical, 2 = Major

Calculated or Assumed Inputs

HourlyDirVol, := round(AADTlK- D) HourlyDirVol = 2260 Auto Directional Hourly Volume (veh/h)
HourlyDirVol
MajorStreetFlowRate, .= ————— = 2378.9
1 PHF
IntWidth := 60 From running time calculation

SegLength1 = Length1 + IntWidth = 2560.0 ft

Number of access points in peak direction;

NumAccessPts := 3.79 From running time calculation based on link length
RunningTime := 38.83 sec From running time calculation
SeaAutoRuUNNINGSHd — 300 Seglength, _ 450 Segment auto running speed; does not include

g PP T80 RunningTime control delay (mi/h)

_ Segment auto average speed; does include

SegAutoAvgSpd = 31.9 control delay (mi/h)
Rp = 1.333 From signal delay calculations Platoon ratio

1
%Greenl = 0.667 From signal delay calculations Percent arrivals on green
ControlDelay := 15.8 From signal delay calculations
ParkStripes := 1 0 = Parking spots not striped, 1 = Parking spots are striped (assumed for all on-street

parking scenarios)
CrossStreetSpeed := FFsl —5=45 mi/h (based on T-7F export assumption)
IntWidth : o
CrossStreetLanes := —2 CrossStreetLanes = 5 total lanes in the cross-street (both directions)
1

CrossStreetVol := 50%- MajorStreetFlowRate, -2 = 2378.9 veh/h (both directions)
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Weq = IntWidth = 60

Transportation Research Center

curb-to-curb width of the cross-street (ft)

Iwalk = gCl-CycIe1 = 60.0 sec
2
0.5-(Cyc|e1 - gwalk)
AvgPedXingWait := =15.0 sec Equation 18-67, HCM 2010
Cycle1
%RightTurns _— L
1 Conflicting movement approximation
RTORandPermLT := MajorStreetFIowRatel-(l - %Green1)~— =63.4 hh g PP
100 (veh/h)

NumRTIslands := 0

ppk =

ol =

return 0 if OnStreetParking = 0
if OnStreetParking = 1

0.2 if
0.5 if
0.8 if

return 10

return 12

return 14

ParkingActivity = 1
ParkingActivity = 2
ParkingActivity = 3

if Woutlnl =0

if Woutlnl =1

if W

=2
outln1

(return Woutln1> otherwise

W = 5-Shou|derBikeLn1 =5

W

0s =

return O if OnStreetParking = 0
return 8 if OnStreetParking = 1

Wp = |out « 6-Sidewalkl if SWRdwySep1 =0

out « 10~Sidewa|k1 if SWRdwySepl =1

out <« 15~Sidewa|k1 if SWRdwySep1 =2

Wpyt = 2~Sidewa|k1 =2

Pedestrian Intersection

Fow = 0.681~CrossStreetLaneso'5

Artplan Computational Methodology

# of right-turn channelizing islands

Proportion of on-street-parking occupied

ppk =05
Width of outside lane (ft)
W = 12
Width of bike lane (ft)
Width of paved outside shoulder (ft)
Wy =8

Available sidewalk width (ft)

Width of sidewalk/roadway buffer (ft)

Equation 18-69, HCM 2010
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CVol - RTORandPermLT

=158

CrossStreetVol

Vol =
4.CrossStreetLanes

= 118.9 volume in the outer lane of the

cross-street in a 15-min period

XS0 -

Fy = 0.00569-CVol - NumRTIsIands-(0.0027~Vo|xso - 0.1946) Fy=0.09
Fg := 0.00013Vol,-CrossStreetSpeed Fs = 0.696
Fdelay := 0.0401-In(AvgPedXingWait) Fdelay =0.109

PedIntScore := 0.5997 + Fwt+t Fy+ Fs + Fdelay PedIntScore = 3.05

Pedestrian Link

f = |return 5.37 if SwRdwyBar1 =1 fi = 5.37

return 1.0 if SwRdwyBar1 =0

W, = |return (Wol + Wy + Wos) if ppy =0

) W; = 17.0

return (W0| + Wbl) if ppy 0

W,, = [return W; if MajorStreetFIowRate1 > 160 v MedianType1 =2

w,, = 17.0

[return Wt-(z - 0.005~MajorStreetFIowRatel) otherwise v

Wy = |return (Wbl + Wos) if ppy <0.25 v ParkStripes = 1 W, - 130
(return 10) otherwise

Wap := min(Wu, 10) = 10.0

fSW =6-03Wyp =30 Sidewalk width coefficient

Adjusted available sidewalk width

Transportation Research Center

conflicting movements in a 15-min period

Equation 18-73, HCM 2010

Equation 18-70, HCM 2010
Equation 18-71, HCM 2010

Equation 18-72, HCM 2010

Equation 18-68, HCM 2010

Buffer area coefficient

Total width of outside through lane,
bicycle lane, and shoulder (ft)

Effective total width of outside
through lane, bicycle lane, and
shoulder (Exhibit 17-17, HCM 2010)

Effective width of combined bicycle lane
and shoulder (Exhibit 17-17, HCM 2010)

Fow= ~1.2276:In(Wy, + 0.5-Wy + 50-pgy + Wyys-fy + Waa-fay) Fy = 5514

MajorStreetFlowRate 1

Fyi= 0.0091

4~SegNumLanes1

Artplan Computational Methodology

F, = 1.804
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F

MV

4 SegAutoRunningSpd 2
100

PedLinkScore := 6.0468 + Fw* Fy + Fs

Transportation Research Center

Fg = 0.808

PedLinkScore = 3.15

Pedestrian Segment (i.e., combination of link and intersection)

Spf =33 ft/s

D = Length1~0.5 = 1250.0

Dy = Dy2 = 25000  ft

Jwalk_mi = 9C;-Cycle;-0.5 = 30

0.5~(CyC|el - gwa|k_mi)2

d. = - 338
pe Cy(:le1

vV, = 80 =0.222 ped/ft/min
P™ 606

S, = (1 — 0.00078-v 2).5 _33
P~ : p ) opf =

Recommended value for pedestrian free-flow

walking speed with > 20% elderly pedestrians.

Sec

PedSegScore := 0.318-PedLinkScore + 0.220-PedIntScore + 1.606

PedSegScore = 3.28

worst case, assuming signal with
crosswalk on each end of link

Equation 17-33 HCM 2010
Diversion distance

crossing delay

Equation 17-25 HCM 2010

Equation 17-26 HCM 2010
Pedestrian walking speed

Equation 17-36
HCM 2010

Pedestrian perception
index

Bicycle Intersection

W= Wop + Wy + OnStreetParkianOS

F

MW

= 0.0153- Wy - 0.2144-W,

Artplan Computational Methodology

Wt: 25

Fyy = —4.442
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MajorStreetFlowRate 1

F,, := 0.0066- F,, = 1.308
A 4.IntThru Lanesl v
BikelntScore := 4.1324 + Fw+ Fy BikelntScore = 1.00

Note: The HCM 2010 provides a method to calculate delay to bicyclists at signalized intersections; however, this delay is
not used as a basis for determining LOS.

Bicycle Link
We = maX(WV — 10'ppk’0) if Wbl + WOS <4 From Exhibit17-21, HCM 2010
max(Wv + Wy + Wog — 20'ppk,0) otherwise W, =20 ft
. . %HV -
PctHV, := [(50) if MajorStreetFIowRate1~ 1- < 200 A %HV > 50 From Exhibit 17-21, HCM 2010
. PctHV, = 2.5
%HV otherwise a
--- The following calculation is a replacement for the preceding one ---
Calculate the truck factor [per FDOT project # BD-545-81 (PI: Linda Crider)]
MajorStreetFIowRate1 %HV
4-SegNumLanes 100 MajorStreetFlowRate
1 %HV 1| %HV
TF:= |out « RELLLAY <3 TF = 0.025
3 100 4~SegNumLanes1 100
0,
out « otherwise
Vina = MajorStreetFlowRate1 if MajorStreetFlowRate1 > 4~SegNumLalnes1 From Exhibit 17-20, HCM 2010
(4-SegNumLanesl) otherwise V. = 23789 veh/h
ma :
SRa = Max(SegAutoRunningSpd, 21) From Exhibit 17-20, HCM 2010
SRa = 44.95 mi/h
Po:= |return 4.5 if PvtCond1 =2
From ARTPLAN's existing methodology
return 3.5 if PvtCond, =1
1 P.=35
return 2.5 if PvtCond1 =0
F.oi= - 0.005.W,° Foy = -2
AT T\ YR e W= "
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F,.:= 0.507-In “ma F, = 2.682
AMAT 4-SegNumLanes Vo
[Fg= 0.199:(1.1199-In(Sg, — 20) + 0.8103)-(1 + 0.1038~PctHVa)2 Fs = 1.393
Fsp := 0.199-(1.1199-In(Sg, — 20) + 0.8103)-(1 + 10.38-TF)? Fsp = 1.393

7.
Fo - 1.066 Fp= 0577

2

I:)C

BikeLinkScore := 0.760 + F,,, + F, + Fgo + Fp BikeLinkScore = 3.41

Bicycle Segment (i.e., combination of link and intersection)

Transportation Research Center

Fpj == 1.0 signalized intersection
. I i NumAccessPts
BikeSegScore := 0.160-BikeLinkScore + 0.011-Fp-e> Ko SC" | g 035, ~UMACCESSTE  5 g5
SegLengthy
5280
BikeSegScore = 3.70
LOS(score) := [return "A" if score <2
return "B" if score < 2.75
return "C" if score <3.5
return "D" if score < 4.25
return "E" if score <5
return "F" if score > 5
LOS(PedIntScore) = "C" LOS(BikelntScore) = "A"
LOS(PedLinkScore) = "C" LOS(BikeLinkScore) = "C"
LOS(PedSegScore) = "C" LOS(BikeSegScore) = "D"

Transit Link LOS Computational Steps

PedLOSGradel := LOS(PedLinkScore) = "C"

1. Determine adjustment factors

A. Calculate pedestrian LOS adjustment

Artplan Computational Methodology
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PedAdj(i) := |return 1.15 if PedLOSGradei ="A"
return 1.1 if PedLOSGrade, = "B"
return 1.05 if PedLOSGradei ="c" PedAdj(1) = 1.05
return 1.0 if PedLOSGradei ="D"
return 0.85 if PedLOSGradei ="E"

return 0.55 if PedLOSGradei ="F"

B. Calculate passenger load factor adjustment

LoadFact(i) := Jout < 1.05 if PassLoadFact < 0.3
out « 1.0 if PassLoadFact < 0.7
out « 0.95 if PassLoadFact <1
out < 0.85 if PassLoadFact > 1

LoadFact(1) = 0.95

C. Calculate roadway crossing difficulty adjustment

MajorStreetFlowRate

CrossAdj(i) := Jout « 0.8 if < 200 A SegNumLanes, = 1 A MedianType, = 2
SegNumLanes, 1 1

MajorStreetFlowRate

out « 0.875 if < 350 A SegNumLanes, <2 A MedianType, < 2
SegNumLanes, 1 1

MajorStreetFlowRate

out « 0.95 if <550 A SegNumLanes, < 3 A MedianType, <1
SegNumLanes, 1 1

MajorStreetFlowRate

out « 1.0 if < 775 A SegNumLanes, <4 A MedianType, <1
SegNumLanes, 1 1

MajorStreetFlowRate

out « 1.05 if > 775 A SegNumLanes, <4 A MedianType, <1
SegNumLanes, 1 1

CrossAdj(1) = 1.05

D. Calculate the amenities adjustment

AmenitiesAdj(i) := |return 0.9 if Amenities1 =1

return 1.0 if Amenities1 =2

return 1.0 if Amenities1 =3 AmenitiesAdj(1) = 1.1

return 1.1 if Amenities1 =4
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Transportation Research Center

E. Calculate the relative transit speed adjustment

49

= 44,951 Equation 17-45 HCM 2010

SRt = min| SegAutoRunningSpd,

fgt = 0.540 + 0.0698-Spy; = 3.678

Iy := 0.540 + 0.0698-Sp; = 3.678

S
i (@j(ﬂj ERNES N

dps = |out <~ 0 if BusStop=0
out « 15 if BusStop =1
out «— 35 if BusStop =2

dps =15
dye:=0
dig = dgq + dps + dpg = 32.927
3600-Length
tRt= —————— + dig=70.847

5280-Sgy

(3600~ Lengthl)

S = = 19.672
T15e0 ™ 5280ty + ControlDelay)
S
. Tt
RelativeBusSpeed, := — L N 0.617
1" segAutoAvgSpd

Artplan Computational Methodology

1+ exp| -3.54 + 1937
Length1

transit vehicle running speed

Equation 17-48 HCM 2010
transit vehicle deceleration rate

transit vehicle acceleration rate
Equation 17-46 HCM 2010

transit vehicle accel/decel delay due to transit stop,
minus f_ad term

transit vehicle delay due to serving passengers
replacement for Equation 17-49 HCM 2010

Re-entry delay from a bus pull-out. Assume no bus pull-out;

Equation 17-50 HCM 2010
delay due to a transit vehicle stop for passenger
pick-up at stop i within the segment

Equation 17-44 HCM 2010
segment running time of transit vehicle

Equation 17-52 HCM 2010
travel speed of transit vehicles along the
segment
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SpeedAdj(i) :=

return 1.5

return 1.2

return 1.0

return 0.9

return 0.7

if RelativeBusSpeedi >0.90
if RelativeBusSpeedi >0.75
if RelativeBusSpeedi > 0.60
if RelativeBusSpeedi > 0.50

if RelativeBusSpeedi < 0.50

2. Determine Link Bus LOS.

Transportation Research Center

SpeedAdj(1) = 1.0

ModifiedFrequency(i) := BusFrequenCyi~PedAdj(i)~LoadFaCt(i)-CrossAdj(i)~AmenitiesAdj(i)~SpeedAdj(i)

ModifiedFrequency(1) = 2.30

BusLOS(i) :=

out < "A"
out « "B"
out « "C"
out « "D"
out < "E"

out < "F"

if ModifiedFrequency(i) > 6
if 4 < ModifiedFrequency(i) <6
if 3 < ModifiedFrequency(i) < 4
if 2 < ModifiedFrequency(i) < 3
if 1 < ModifiedFrequency(i) < 2
if ModifiedFrequency(i) <1

3. Determine Facility Bus LOS.

BusLOS(1) = "D"

The values immediately below are from the ARTPLAN output for the example file

ModifiedFrequency?2 := 2.19

FacilityAdjBuses :=

FacilityBusLOS :=

ModifiedFrequency3 := 1.88

Length2 := 1500 Length3 := 1700

ModifiedFrequency(1)~Length1 + ModifiedFrequency2-Length2 + ModifiedFrequency3-Length3

Lengthl + Length2 + Length3

out « "A" if FacilityAdjBuses > 6
out « "B" if 4 < FacilityAdjBuses < 6
out « "C" if 3 < FacilityAdjBuses < 4
out « "D" if 2 < FacilityAdjBuses < 3
out « "E" if 1 < FacilityAdjBuses < 2
out « "F" if FacilityAdjBuses < 1

Artplan Computational Methodology

FacilityAdjBuses = 2.15

FacilityBusLOS = "D"
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University of Florida Transportation Research Center

Dr. Scott Washburn

HIGHPLAN Computational Methodology University of Florida

Transportation Research Center
For Version 7/19/2012

Two-Lane Methodology

Inputs

Project Properties
Roadway Information:

AreaType := 2 1 = Urbanized, 2 = Transitioning/Urban, 3 = Rural developed, 4 = Rural undeveloped

Highway Data

Roadway Variables:

NumberofLanes := 2 LeftTurnimpact := 0 0=No,1=Yes
Terrain := 2 Level =1, Rolling =2 Median := 0 0=No,1=VYes
PostedSpeed := 50 mi/h PresencePassingLane := 0 0=No,1=Yes
SegLength := 4 mi Spacing := 0 mi

%NPZ := 60

Traffic Variables:

AADT = 14410 Pt:= 4% Percent trucks
K := 0.096 BaseCapacity := 1700

MW

D:= 0.60 LocalAdjustmentFactor := 1.0

PHF := 0.91

LOS Computational Steps

1. Calculate Peak and Off-Peak Hour Volumes

PeakHrVol :== AADT-K-D PeakHrVol = 830.0 veh/h
OffPeakHrVol := AADT-K-(1 — D) OffPeakHrVol = 553.3
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2. Determine adjustment for the presence of a median and/or left turn lanes

Left Turn Impact Adjustment (LTadj) = -0.2 for left turn lanes NOT present, LTadj = O otherwise
Median Adjustment (MedAdj) = 0.05 for median present, MedAdj = 0 otherwise.

Left Turn Lane:

LTadj(LeftTurnlmpact) := |out « —-0.2 if LeftTurnimpact = 1

out «— 0 if LeftTurnlmpact =0
out

LTadj(LeftTurnlmpact) = 0 l-Tadj ;= LTadj(LeftTurnimpact)

LTadj=0
Median:
MedAdj(Median) := [out « 0 if Median =0
out < 0.05 if Median =1
out
MedAdj(Median) = 0 MedAdj ;= MedAdj(Median) MedAdj = 0

Final Adjustment Value for Left Turn Lane and Median:

AdjMedLTL := 1 + LTadj + MedAdj AdjMedLTL = 1

3. Calculate Adjusted Volume (AdjVol)

Note: the PHF is assumed to be the same in the off-peak direction.

PeakHrVol
AdjPeakVol 1= —— 2T VO
PHF-AdjMedLTL

AdjPeakVol = 912 veh/h
ffPeakHrVol
AdjOffPeakvol := — I PeakHIVO

PHF-AdjMedLTL

AdjOffPeakVol = 608 veh/h

Calculations for Percent Time Spent Following (PTSF)

4. Determine E; (Truck passenger car equivalency factor)

Note: 1" indicates analysis direction, 2" indicates opposing direction

VollndexLow := 900 valueLow :

1.0 From Exhibit 15-18
VollndexHigh := 1000

HCM 2010
valueHigh := 1.0

Highplan Computational Methodology
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Interpolation:

AdjPeakVol — VollndexLow j

E := valueLow + (valueHigh — valueLow)-
T1_PTSF ( J ) (VollndexHigh — VolIndexLow

Et1_prsF =100

VollndexLow := 600 valuel_ow := 1.2
NMVWWWWWWWWWWW MWW
VoIIndexHigh = 700 valueHigh =1.0

Interpolation:

AdjOffPeakVol — VoIIndexLowj

E := valueLow + (valueHigh — valueLow)-
T2_PTSF ( J ) ( VolindexHigh — VollndexLow
Ero_prsF =118

5. Calculate heavy vehicle factor (f,,)

Note: All heavy vehicles are considered as trucks in HIGHPLAN

; ) 1 ; 1,00 Equation 15-8
HV1_PTSF = Hv1 pTsF = 1 HCM 2010
- 1+ Pr(Ery_prse -~ 1) -
. 1
fHv2_pTsF: fravz pTsF = 099

I Pr(Et2_prse — 1)

6. Determine grade adjustment factor (f;)

VollndexLow := 900 valuel_ow := 1.0 From Exhibit 15-16
VoIIndexHigh == 1000 valueHigh =10 HCM 2010

Interpolation:

AdjPeakVol — VollndexLow j

f := valueLow + (valueHigh — valueLow)-
G1_PTSF ( J ) (VollndexHigh — VolIndexLow

fg1_prsF =100

VollndexLow := 600 valuel_ow := 0.97
NMVVWWWWWWWWW MWW
VoIIndexHigh = 700 valueHigh = 0.99

Interpolation:

AdjOffPeakVol — VoIIndexLow)

f := valueLow + (valueHigh — valueLow)-
G2_PTSF ( J ) ( VolindexHigh — VollndexLow
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fg2_pTsF = 0.97

7. Calculate analysis and opposing direction volumes

Equation 15-7

Since the PHF was already accounted for in Step 5, HCM 2010

the following equation is used:

AdjPeakVol

Vd_PTSF : Vd_PTSF =912.1 pC/h

fe1 pTsFTHVL PTSF

AdjOffPeakVol
fe2 pTsFTHV2 PTSF

Vo_pTSF = Vo_pTsF = 6304 pc/h

8. Determine values of coefficients 'a’ and 'b' for HCM Equation 15-10

Note: This table uses opposing demand flow rate (pc/h)

VollndexLow := 600 valuelow := —0.0033
MWWWWWWWWWWWWWW MWWWWWWW
VoIIndexHigh = 800 valueHigh = —0.0045

From Exhibit 15-20
Interpolation: HCM 2010

Vo PTSF ~ VollndexLow
VollndexHigh — VollndexLow

a := valueLow + (valueHigh — valueLow){

a = -0.0035
VollndexLow := 600 valuelow := 0.870
VoIIndexHigh = 800 valueHigh = 0.833

Interpolation:

Vo_PTSF ~ VollndexLow j

b := valueLow + (valueHigh — valueLow)- -
VolindexHigh — VollndexLow

b = 0.8644

9. Calculate base percent time spent following (BPTSF)

Equation 15-10

b
&V4_PTSF )
BPTSF = 100(1 -e BPTSFy = 71.6 HCM 2010
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10. Determine adjustment for % no-passing zones in analysis direction (fnp) for HCM Equation
20-16

VTwowWay = Vd_PTSF * Vo_PTSF VTwoway = 15425

VollndexLow := 1400 valuel ow ;= 25.4

MWWWWWWWWWWWWY MWWWWWWWW

VolindexHigh := 2000 valueHigh := 16.0

From Exhibit 15-21
. HCM 2010
Interpolation:
v — VollndexLow
. TwoW
fhp == valueLow + (valueHigh — valueLow)- Wo a_y
p VolIndexHigh — VollndexLow
fnp = 23.17
11. Calculate percent time spent following (PTSF)
Vd_PTSF Equation 15-9
PTSF, := BPTSF,4 + f. ;| ———— PTSF4 = 85.3
d d™ 'np| |, d HCM 2010
TwoWay

Calculations for Average Travel Speed (ATS)
12. Determine E¢ (Truck passenger car equivalency factor)

Note: '1' indicates analysis direction, '2' indicates opposing direction

VollndexLow := 900 valuel ow ;= 1.3 From Exhibit 15-11

HCM 2010

VoIIndexHigh = 1000 valueHigh =1.3

Interpolation:

AdjPeakVol — VolIindexLow )

E := valueLow + (valueHigh — valueLow)-
TLATS ( J ) (VollndexHigh — VolIndexLow

Bty aTs =130
VollndexLow := 600 valuelLow := 1.7
MWWWWWWWWWWWWWW MWWWWWWW
VoIIndexHigh = 700 valueHigh =1.6

Interpolation:

AdjOffPeakVol — VoIIndexLowj

E := valueLow + (valueHigh — valueLow)-
T2_ATS ( J ) ( VollndexHigh — VollndexLow
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Eto_aATs = 169

13. Calculate heavy vehicle factor (f,,)

Note: All heavy vehicles are considered as trucks in HIGHPLAN

1
f = f = 0.99
HVI_ATS HVI_ATS
- 1+Pr(Bri_ats - 1) -

1
1+Pr(Erp aTs — 1)

vz ATs fHva_aTs = 0.97

14. Determine grade adjustment factor (f)

VollndexLow := 900 valueLow := 1.0
VoIIndexHigh = 1000 valueHigh =1.0

Interpolation:

f := valueLow + (valueHigh — valueLow)-
G1_ATS ( g ) (VollndexHigh — VolindexLow

fg1_aTs =100
VollndexLow := 600 valuelow := 0.97
VoIIndexHigh = 700 valueHigh = 0.98

Interpolation:

AdjOffPeakVol — VollndexLow
VollndexHigh — VollndexLow

fGZ_ATS := valueLow + (valueHigh — vaIueLow)(
fgo_aTs =097

15. Calculate analysis and opposing direction volumes

Since the PHF was already accounted for in Step 5,
the following equation is used:

AdjPeakVol
Vd_ATS = ; ; Vd_ATS =923.1 pC/h
G1_ATS THV1_ATS
AdjOffPeakVol
Vo ATS = Vo ATS = 643.7 pc/h

fe2 ATs THV2 ATS

Highplan Computational Methodology

AdjPeakVol — VolIndexLow j

Equation 15-4
HCM 2010

From Exhibit 15-9
HCM 2010

Equation 15-3
HCM 2010
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16. Determine adjustment for % no-passing zones in analysis direction (fnp) for HCM Equation

15-6

FFS := PostedSpeed + 5 = 55

VollndexLow := 600 valueLow := 1.6
MWW MWW
VoIIndexHigh = 800 valueHigh =11
From Exhibit 15-15

. HCM 2010
Interpolation:

Vo ATS — VollndexLow
f ;= valueLow + (valueHigh — valueLow)- = -
~py VolIndexHigh — VollndexLow
fnp =1.49
17. Calculate average travel speed (ATS)
. Equation 15-6
ATS := FFS — 0.00776-(vd_A-|-S + Vo_ATs) ~fap ATSy =414 mi/h HCM 2010
18. Calculate Percentage of Free-Flow Speed (%FFS)
ATSy
%FFS := ——-100 %FFS = 75.2

19.

20.

21.

Highplan Computational Methodology

Calculate Free-Flow Delay

FFDelay := (SegLength - SegLengthj.SGOO FFDelay = 86.4 sec/veh

ATS4 FFS

Calculate LOS Threshold Delay

return 37 if AreaType =1
return 50 if AreaType = 2 v AreaType = 3 v AreaType = 4

LOSspeedthresh(AreaType) :=

LOSspeedthresh(AreaType) = 50

LOSDelay = [SegLength - SegLength }3600 LOSDelay = 602  sec/veh

ATSy LOSspeedthresh(AreaType)

Calculate v/c ratio

Use the higher volumes between PTSF and ATS, which is ATS in this case
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Note: In the software, the v/c ratios are checked to make sure they are not greater than 1.0 before
proceeding with the rest of the analysis. If one of the v/c ratios is greater than 1.0, the analysis stops

and LOS is set to 'F'.

Vd_ATS * Vo _ATS

veratioTwoway := ] 3200 vecratioTwoWay = 0.49
BaseCapacity-| ——
1700
Vd_ATS
vcratioOneWay .= ———— vcratioOneWay = 0.54
BaseCapacity
veratio ;= max(vcratioTwoWay, vcratioOneWay) vcratio = 0.54

22. Determine Class

ClassCalc(AreaType) := |return 1 if AreaType =4
return 3 if AreaType = 1 v AreaType = 2 v AreaType =3

Class := ClassCalc(AreaType) Class = 3

23. Determine Level of Service

Highplan Computational Methodology
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LosCalc(Class, PTSF,ATS, FFS) :=

If Class = 1, the
lower LOS governs

Highplan Computational Methodology

if Class=1

outy « "A"
outy « "B"
outy « "C"
out; « "D"
out; « "E"
outy « "A"
outy < "B"
outy « "C"
outy « "D"
outy « "E"
outy

out «
0Ut2

if Class =2

out < "A"
out « "B"
out « "C"
out < "D"
out < "E"

out

if Class = 3

out

out « "A"

out « "B"

out « "C"

out < "D"

out « "E"

out « "F"

out

if PTSF <35

if 35 <PTSF <50
if 50 < PTSF <65
if 65 <PTSF <80
if PTSF >80

if ATS >55

if 50 < ATS <55

if 45 <ATS <50

if 40 <ATS <45

if ATS <40

if PTSF <40
if 40 <PTSF <55
if 55 <PTSF <70
if 70 <PTSF <85
if PTSF >80

it 215 . 0.017
FFS

if 0.833 < 21
FFS

<0.917

if 0.750 < 212 < 0,833
FFS

if 0667 < 21> <0750
FFS

if 0583 < 21> < 0,667
FFS

it 215 < 0583
FFS

Transportation Research Center

From Exhibit 15-3
HCM 2010

LOS = max(LosCaIc(CIass, PTSF4.ATSy, FFS))

LOS = "C"
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Service Volumes Check

From Exhibit 15-3 HCM 2000, for a Class Il highway the percent free flow speed (%FFS)
threshold for LOS C is 0.75.

Using the procedure documented above, the following results are obtained for the displayed 830
veh/h peak direction service volume.

INputAADT = Round(%,loj = 14410

ATS = 41.351 mi/h
FFS =55 mi/h
ATS
—— = 0.752

FFS

Thus, the maximum service volume (AADT) for LOS C for the conditions in the example calculations file
is ~14,410.

Passing Lane Improvement

If there is a passing lane in the analysis direction, the service volumes will be increased by the
proportion of the length of the passing lane (assumed to be 1 mile) to the passing lane spacing, as
illustrated below.

NoPassingSV := 830 veh/h
spacing, .= 2 miles
Improvement := — =05

Spacing

PassingSV := NoPassingSV-(1 + Improvement)
PassingSV, ;= PassingSV — mod(PassingSV,10) * HIGHPLAN rounds down to multiples of 10
PassingSV = 1240 veh/h

Note that the improvement to the service volumes cannot exceed capacity. In other words, the service
volume for any level of service is capped at the LOS E service volume for the no-passing lane condition.
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University of Florida Transportation Research Center

Dr. Scott Washburn

HIGHPLAN Computational Methodology University of Florida

For Version 7/19/2012 Transportation Research Center

Multilane Methodology

Inputs

Project Properties
Roadway Information:

AreaType := 2 1 =Urbanized, 2 = Transitioning/Urban, 3 = Rural Developed, 4 = Rural Undeveloped

Highway Data

Roadway Variables:

NumberofLanes := 4 LeftTurnimpact := 1 0=No,1=Yes
Terrain := 2 Level =1, Rolling =2 Median := 0 0=No,1=Yes
PostedSpeed := 45 mi/h

SegLength := 5 mi

Traffic Variables:

AADT := 39500 Pr:=2% Percent trucks
K := 0.095 BaseCapacity := 2000

MW

D:= 0.55 LocalAdjustmentFactor := 1.0

PHF := 0.925

LOS Computational Steps

1. Calculate DDHV (Design Directional Hour Volume)

DDHV = AADT-K-D DDHV = 2064
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2. Determine E¢ (Truck passenger car equivalency factor)

PCE(Terrain) := Jout <~ 1.5 if Terrain=1 From Exhibit 14-12

out < 2.5 if Terrain = 2 HCM 2010
out
PCE(Terrain) = 2.5 E := PCE(Terrain) Er=25

3. Calculate heavy vehicle factor (f,,)

1

finy=—— fun, = 0.971 Equation 14-4
HV HV
1+Pp(Er-1) HCM 2010
4. Calculate Base Analysis Volume (vp) LAF := LocalAdjustmentFactor
DDHV .
V. = Equation 14-3
p Number fL n Vi, = 11491 Veh/h
pHp.w.va. LAF p HCM 2010

5. Determine adjustment for the presence of a median and/or left turn lanes

Left Turn Lane Adjustment (LTadj) = -0.2 for left turn lanes NOT present, LTadj = O otherwise.
Median Adjustment (MedAdj) = -0.05 for no median present, MedAdj = 0 otherwise. Note:
The presence of a median, but no left turn lanes is not a valid option per FDOT guidance.

LTI := LeftTurnimpact

LTadj(LTI) := jout < -0.2 if LTI=1 MedAdj(Median) := |[out <~ —0.05 if Median =0
out« 0 if LTI=0 out « 0 if Median =1
out out

LTadj(LeftTurnlmpact) = —0.2 MedAdj(Median) = ~0.05

MedAdj ;= MedAdj(Median)
MedAdj = —0.05

l.Tadj ;= LTadj(LeftTurnimpact)
LTadj = -0.2

Final Adjustment Value for Left Turn Lane and Median:

AdjMedLTL := (1 + LTadj + MedAdj) AdjMedLTL = 0.75

6. Calculate Adjusted Analysis Volume (AdjVol)

Vp

AdjVol :== ————
AdjMedLTL

AdjVol = 1532.1 veh/h .= AdjVol V = 1532.1 veh/h
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7. Determine Average Passenger Car Speed

FFS := PostedSpeed + 5 FFS =50

Speed(FFS,AdjVol) := |out « FFS if AdjVol <1400
if AdjVol > 1400

Speed(FFS, AdjVol) = 49.5

8. Calculate Percentage of Free-Flow Speed (%FFS)
S
%FFS := ——-100
FFS

9. Calculate Free-Flow Delay

FFDelay = (SegLength - SegLength).3600

S FFS

10. Calculate LOS Threshold Delay

LOSspeedthresh(AreaType) := |return 53 if AreaType =1

LOSspeedthresh(AreaType) = 60

LOSDelay = (SegLength B SegLength ).3 ;

S LOSspeedthresh(AreaType)

11. Calculate v/c ratio

Highplan Computational Methodology

28-FFS — 880

33-FFS — 1050

36-FFS — 1120

o= Speed(FFS, AdjVol)

Transportation Research Center

Exhibit 14-3
HCM 2010

131
j if FFS > 55

131
if 50 < FFS <55

—FFS - 1181
5

131
j if 45 <FFS <50

out < FFS — [ 2-.Fps _ 13 |.[ AdiVol — 1400
10

out < FFS — 3—4.|:|:s _ 219)) (_AdjVol - 1400
205 41 171

out « FFS — EFFS — 350 . AdjVol — 1400
3 43

out « FFS — (% FFS - %GJ.(M

131
) if FFS = 45

S =49.52 mi/h

%FFS = 99.0

FFDelay = 3.5  sec/veh

return 60 if AreaType = 2 v AreaType = 3 v AreaType = 4

LOSDelay = 63.5 sec/veh

45



University of Florida Transportation Research Center

. \% .
vcratio .= ————— vcratio = 0.77
BaseCapacity

12. Calculate density

. AdjVvol Equation 21-5 . .
Density := S HCM 2000 Density = 30.9 pc/mi/in

Determine Level of Service

LOS Thresholds (FDOT specific)

Rural Developed and Rural Undeveloped Urbanized and Transitioning
A<=6 A<=10
B <=14 B <=17
C<=22 C<=24
D<= 29 D<=31
E <= 39 for FFS = 45 E <= 39 for FFS = 45
E <= 37 for FFS = 50 E <= 37 for FFS = 50
E <=35for FFS =55 E <=35for FFS =55
E <= 34 for FFS > 60 E <= 34 for FFS > 60

LOS =D

Service Volumes Check

The density threshold for Transitioning area type and LOS D is 31 pc/mi/ln

Using the procedure documented above, the following results are obtained for the displayed 1750
veh/h peak direction service volume.

InputAADT := Round %,10 = 39500
K-D
AdjVol = 1532 veh/h
S = 49.52 mi/h
Density = 30.9 pc/mif/in

Thus, the maximum service volume (AADT) for LOS D for the conditions in the example calculations file
is ~39,500.
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UF-TRC

47
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Dr. Scott Washburn

HIGHPLAN Computational Methodology University of Florida

For Version 9/24/2012 Transportation Research Center

Two-Lane Facility Analysis, Example 1

Inputs and Initial Computations.
1. Input Roadway and Traffic Data.

Roadway Data

ClassliiHighways (The new %Delay LOS criteria are a function of highway class)
AnalysisType = 0 0= segment, 1= facilty YNPZ = 50
Median =0 0=no median, 1= median PostedSpeed - 55
Terrain:= 1 Level =1, Rolling =2 FFS := PostedSpeed + 5
Peak Direction is EB
Lup =3 mi Lgown =4 mi
L1:=Lyp + Ldown
Traffic Data
AADT := 10000  K:=0.10 D:= 0.6 PHF := 0.95
DDHV = AADT-K-D DDHV =600 veh/hr
LocalAdjustmentFactor := 1.0 LAF := LocalAdjustmentFactor
DDHV AADT-K-(1 - D
Vpyi= ———— Vv, = 631.6 Vg = ( ) vy =4211
P PHF-LAF P PHF-LAF
%TruckB %RV
%TruckBus = 3 %RV = 2 PSR AR L P = 0.05
100
VLT
PHF
v T=48 VRT = 48 %LT := 100 %LT =8
v
p
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Signal Data
GreenTimegyy, := 54 GreenTimepg := 26 YellowRedTime := 5
A= %0 g.C:= SreenTimegw g.C=06
C
LeftTurnLane := 1 0=No,1=Yes

BaseCapacity := 1700

2. Determine segment lengths

Upstream effective length of signal (L.¢ )
\' 2 \'
Leff up = 266.66 + 3.047-| —= | + 8.626.C — 0.972: —= |-%6LT - 14.102-C-g_C
P 100 100
L
eff_up .
LEff_Up = 353.923 (ft) W.Z 5280 LEff_Up = 0.067 (ml)

Length of basic two-lane segment upstream of signal (L ;)

Ly = Lyp — Leff up Ly =2933 (mi)

Downstream effective length of signal (Log gown)

v v
. P p
Leff_down = 701.34 + 51.016-[5] + 42.353-%HVgpg + 13.833-C - 1.701-[E]~%LT - 16.760-C-g_C
L
eff_down .
LEff_dOWn = 1489.3 (ft) /‘I/_VQMM/\:: W LEff_dOWn = 0.28: (ml)
Length of intersection influence area (L icrsecion)

Lintersection = Leff_up + Leff_down = 0-349  (mi)

Length of basic two-lane segment downstream of signal (L)
Ly == L1 = Ly ~ Lintersection = 3.718 (mi)

3. Estimate the free-flow speed

FFS := PostedSpeed + 5 FFS=60 mi/h
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4. Calculate the average travel speed on the unaffected upstream segment

ATS, := 49.62 mi’h

5. Calculate control delay at the signalized intersection influence area
ControlDelay ;= 11.1  sec/veh See signal delay calculations section below

6. Determine average travel speed on the unaffected downstream segment

ATS, := 49.62 mi/h

7. Determine the delay of every segment

Ly =2933 S;:=ATS;  S;=4962 FFS = 60
Li Ly

Dy = | — - —— [-3600 Dy = 36.813
S, FFS

Lintersection = 0-349

Dintersection := ControlDelay  Djntersection = 11-1

L,=3718 S,:= ATS, S, = 49.62 FFS = 60
L, Ly

D, = | — - —— |-3600 D, = 46.665
s, FFS

8. Determine the percent time-delayed of the entire facility

1. The total length of the facility:
Li= L1 + Lintersection * L2 Ly=7 mi

2. The total delay of the facility:

Dt = D1 + Dintersection + D2 Dy =94578  sec/veh
3. Calculate the total travel time of the facility based on the free flow speed:
Lt
TtFFS = | —— [-3600 TtFFS = 420 sec/veh
FFS
4. Calculate the percent time-delayed of the facility:
Dt
PTD := | —— |-100 PTD = 2252 (%)
TiFrs
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9. Determine the Level of Service

LOS(PTD) := |los « "A" if PTD <95

los « "B" if 95<PTD <215
los < "C" if 21.5 <PTD <36.5
los « "D" if 36.5 <PTD <555
los < "E" if PTD > 555

LOS(PTD) = "C"

Transportation Research Center

New PD LOS criteria for Class
Il highways

a. Calculate volume to capacity ratio (v/c)

Er:=23
fing: ! f 0.939
HV =7 5 /= .\ Hy = 0.

1+ PT-(ET - 1)

VRT

b . _ PHF

V | —

P PHF

BaseSatFlowRate := 1900

AdjSatFlowRate := BaseSatFlowRate-fi\, fpT

&= AdjSatFlowRate-g_C ¢ = 1056.5
0,
ThrquthIowRatel =Vv,|1l- ALT
p 100

ThruMvmtFlowRate 1

VCl = VCl = 0.55

c1

b. Calculate uniform delay (d,)

RedTime:= C — (C-g_C) = 36

Highplan Computational Methodology

shared lane equation
instead of single lane

AdjSatFlowRate = 1760.8

ThrquthIowRatel =581.1
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ThrquthIowRatel

3600 -RedTime
QueueClearTime := =177
AdJSatFIOWRate Thru MthFIOWRatel
3600 - 3600

ThrquthIowRatel ThrquthIowRatel
TotalDelay := 0.5-(RedTime) + 0.5

3600 3600
TotalDel
dy 1= Y - 10.7
— ThruMvmtFlowRate 1
3600 '

c. Calculate incremetal delay (d,)

Determine k, signal controller mode delay adjustment factor

fully-actuated mode assumed

PassageTime := 2.0

kmin = max(—0.375 + 0.354-PassageTime — 0.091~PassageTime2 + 0.00889~PassageTime3,0.04)
k= minfmax{ (1 ~ 2:Kpin)-(veq = 05) + Kpnin:Kmin].05]

k = 0.086

1:=1.0 random arrivals assumed, given relatively long spacing

between signals

, 8klve
dy 7= 900-T (veg — 1) + [(veg — 1) t

dy 1 = 0358

d. Calculate the overall average delay

AVgDeIayl = dl 1 + d2 1

AvgDelay, = 11.1

Highplan Computational Methodology

)(RedTime)~QueueCIearTime = 156.
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Appendix F
Calculations Documentation for FREEPLAN
Excluding Toll Plaza Analysis

UF-TRC
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Basic Methodology
Input Values

Traffic

FwyVol := 3036 PHF := 0.95

fp =1.0 FFS := 65

%TrucksF =5 PR=0
%Trucks,:

Pr:= = 0.05

Transportation Research Center

*FwyVolNew and %Trucksgy,, from the previous

upstream segment are the input values for FwyVol and
%Trucks (if there is a previous upstream segment).

Roadway

N=3 LaneWidth:= 12 LatClear := 6 IntDens := 0.87
Terrain:= 1 1 = Level, 2 = Rolling, 3 = Mountainous
AreaType:= 2 1= Rural, 2= Urban

*FREEPLAN determines IntDens by counting each on- and off-ramp as 1/2 interchange each and adds them
across the entire facility. Then, it divides that total number of interchanges by the total length of the facility.

Find f,, (using Exhibit 23-8 and Eq. 23-3)

Eq(Terrain) := Jout «<- 1.5 if Terrain =
out « 2.5 if Terrain =
out < 4.5 if Terrain =

out
Eq(Terrain) = 1.5

1

1= Ex(Terrain)

Thv=17 Pr(Er - 1) + Pre(Er - 1)

Find Vp (using Eq. 23-2)

FwyVol

V= ————— = 1091.9
P7 PHF-Nfiyy

Vp

Determine S

Eqnl := 75 — 0.00001107-(v, — 1000)
Eqn2 := 70 — 0.00001160-(v,, — 1200)
Eqn3 := 65 — 0.00001418~(vp - 1400)2
Eqn4 := 60 — 0.00001816~(vp - 1600)2
Eqn5 := 55 — 0.00002469-(v - 1800)2

p

FREEPLAN Computations
Documentation

1 ERr(Terrain) := |out «- 1.2 if Terrain =1

2 out « 2.0 if Terrain=2
3 out < 4.0 if Terrain=3
out

ERr(Terrain) = 1.2 JER= Er(Terrain)

fiyy = 0.9756

pc/h/In
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S:= |out « Eqnl if FFS =75 A v, > 1000
A p
out < Eqn2 if FFS=70 A Vp > 1200
out « Eqn3 if FFS =65 A Vp > 1400
out < Eqn4 if FFS =60 A Vp > 1600
out < Eqn5 if FFS =55 A Vp > 1800
out « FFS
S=165.0
Density (using Eq. 23-4)
Vp
D:= ? D=16.8 pc/mi/ln

Determine level of service (using Exhibit 23-2)

LOS(D) := |out « "F" if D> 45

out « "E" if 45>D> 35
out « "D" if 35> D > 26
out « "C" if 26 >D > 18
out < "B" if 18 >D > 11
out « "A" if 11>D

out

LOS(D) = "B"

Determine Input Vol and %HV for Next Downstream Segment

FwyVolNew := FwyVol = 3036 *FwyVolNew and %Trucksgy,,, are the input values for FwyVol

and %Trucks for the next downstream segment if there is one.
If the next segment is a weave, then %Trucksgye,, is the input

value for %Trucks_FF and %Trucks_FR.

%Trucks,:NEW = %TrucksF =5

FREEPLAN Computations 55
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Off-Ramp Methodology

Step 1. Data Inputs and Volume Adjusments

*FwyVoINew and %Trucksgpyew from the previous

A. Inputs upstream segment are the input values for FwyVol and
FwyVol .= 3036 veh/h RampVol = 300 veh/h %Truckse (if there is a previous upstream segment).
%Trucksg := 5 %RVE =0 PHF := 0.95 fp =1 FFS := 65 mi/h
%Trucksg := 2 %RVR =0 Sprev = 65.0 mi/h Average speed on immediate upstream segment
NumlLanes := 3 Number of mainline freeway lanes NRamp =1 Number of lanes on ramp roadway
Terrain:= 1 1 =Level, 2 =Rolling, 3 = Mountainous
Lseg = 1500 ft Lorev == 5280 ft

Lseg * Lprev Distance.from midpoints of upstream
Lmidpnts = -5 Lnidpnts = 3390 ft and subject segments

Lp := 450 ft Total length of Deceleration Lane

Skr =40 mi/h  Freeflow speed of the ramp at the junction point

AdjUp:=0 AdjDn =1 0 =none, 1 =on-ramp, 2 = off-ramp for Adjacent Upstream/Downstream Ramps
Lyp = 5280 ft Lgown = 500 ft

VolumeUp := 0 veh/h Volume on adjacent upstream ramp

VolumeDown := 700 veh/h Volume on adjacent downstream ramp

B. Heavy Vehicle Adjustments

Passenger Car Equivalents

ET(Terrain) = Jout« 1.5 if Terrain=1 ER(Terrain) = Jout« 1.2 if Terrain=1
out < 2.5 if Terrain =2 out < 2.0 if Terrain =2
out <~ 4.5 if Terrain =3 out <~ 4.0 if Terrain =3

ET(Terrain) =15 ER(Terrain) =1.2

= ET(Terrain) Er =15 ER= ER(Terrain) ER=12

100
f_HVF = f_HVF =0.976
100 + %Trucksg(Ey — 1) + %RVg(Eg - 1)
100
f_HVR = f_HVR =0.99
100 + %Trucksg( Ey — 1) + %RVg(Eg — 1)
C. Demand Flow Rate
FwyVol RampVol
Vg = __wrol Vs = 3276 pc/h = __ompYor vV, =319 pc/h
PHF-f_HVE-f, PHF-f_HVp-f,
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VolumeDown

Vym—————
4 PHE-_HVR f,

VolumeUp

U PR Vg £
PHF-T_HVg o

VvV, =0 pC/h Vd =744 pC/h

u

Step 2. Determine the Approaching Flow Rate in Lanes 1 and 2

A. Equilibrium Seperation Distance for Adjacent Upstream On-Ramp or Downstream Off-Ramps on a Six Lane Freeway

Vu

L =
EQUP ™0 071 + 0.000023 -V¢ — 0.000076 -V,

LeQdown =

Vyg

1.15 - 0.000032 -V¢ - 0.000369 -V,

LEQup =0 ft

I-EQdown =802 ft

B. Estimating Proportion of Freeway Vehicles Remaining in lanes 1 and 2

Egqnl := 0.760 — 0.000025 -V¢ — 0.000046 -V,

Y,
u
Eqn2 := 0.717 — 0.000039 - V¢ + 0.604 -——
Lup
Vd
Eqn3 := 0.616 — 0.000021-V¢ + 0.124-
Ldown

PFD(NumIanes) =

m:: PFD(NumLanes)

out < 1.00 if NumlLanes = 2

out < Egqnl if AdjUp = 0 A AdjDn
out « Eqnl if AdjUp =0 A AdjDn
out « Eqnl if AdjUp = 0 A AdjDn

out « Eqn3 if AdjUp = 0 A AdjDn
out « Eqnl if AdjUp =1 A AdjDn
out « Eqn2 if AdjUp =1 A AdjDn
out « Eqnl if AdjUp =2 A AdjDn
out < Eqnl if AdjUp =1 A AdjDn
out « Eqn2 if AdjUp =1 A AdjDn
out < max(Eqn2, Eqn3) if AdjUp
out « max(Ean, Eqnl) if AdjUp
out < Eqnl if AdjUp =1 A AdjDn

out « max(Eqn3, Eqnl) if AdjUp

out < Egnl if AdjUp = 2 A AdjDn
out « Eqnl if AdjUp =2 A AdjDn
out « Eqn3 if AdjUp =2 A AdjDn
out «<— 0.436 if NumlLanes =4

FREEPLAN Computations Documentation

PrD =

Eqnl = 0.663
Eqn2 = 0.589
Eqn3 = 0.732

=0 A NumLanes = 3
=1 A NumLanes = 3

=2 A ldown 2 LeQdown ~ NumLanes = 3
=2 A Ldown < Leqdown A NumlLanes = 3
=0A Lup > LEQup A NumlLanes = 3
=0n Lup < LEQup A Numlanes = 3

= 0 A NumlLanes = 3

=1nA Lup > LEQup A Numlanes = 3

=1A Lup < LEQup A Numlanes = 3

=1 AAdDn =2 A Lup < LEQup A Lgown < LEQdown A NumLanes = 3
=1AAdDn=2A Lup < LEQup A Lgown = LEQdown A NumlLanes = 3
=2A Lup > LEQup A Lgown 2 LEqdown A NumlLanes = 3
=1AAdDN =2~ Lup > LEQup A Lgown < Leqdown A NumlLanes = 3

=1 A NumLanes = 3

=2 A ldown 2 LEQdown A Numlanes = 3

=2 A Lgown < LEQdown ~ NumLanes = 3

0.663
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C. Estimating Flow in Lanes 1 and 2

V12 = Vr + (Vf - VI’) 'PFD V12 = 2281 pC/h

D. Checking the Reasonableness of the Lane Distribution Prediction

Six Lane Freeways Eight Lane Freeways
V§- V12
V3 = Vf - Vlz V3 =995 pC/h Vav34 = T Vav34 =498 pC/h
V12a(NumLanes) = |out<«Vq, if Numlanes =2

\
12
out <~ Vg—2700 if V3> 2700 A V3 < 1.5-7 v Numlanes = 3

Ve oo V12
out <~ ——— if V3 <2700 A V3> 1.5-—— A Numlanes = 3
1.75 2
Ve ) V12
out < max| V¢ — 2700’ﬁ if V3>2700 A V3> 1.5~T A Numlanes = 3

V12
out <~ Vqy if V3<2700 AV3< 1.5~T A NumlLanes = 3

Y
12
out <~ Vg —5400 if Vy,34> 2700 AV, 34 < 1.5-7 A Numlanes = 4

Vi V12
out <~ —— if V34 <2700 A V434 > 1.5-—— A Numlanes = 4
2.50 2
Vg V12
out < max| V¢ — 5400’ﬁ if Vay3a > 2700 A V34 > 1.5-T A NumlLanes = 4

V12
out <~ Vqy if V5,34 <2700 A Vg 34 < 1.5~T A Numlanes = 4

C. Final Flow in Lanes 1 and 2

Vaa= Vlza(NumLanes) Vi, =2281 pc/h
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Step 3. Determine Capacity of Ramp-Freeway Junction

CapUpFreewaySegment(NumLanes , FFS) =

out < 4800
out < 4700
out <« 4600
out «— 4600
out < 7200
out < 7050
out « 6900
out <~ 6750
out < 9600
out < 9400
out «— 9200
out «— 9000

if

FFS > 70 A NumLanes
FFS = 65 A NumLanes
FFS = 60 A NumLanes
FFS = 55 A NumLanes
FFS = 70 A NumLanes
FFS = 65 A NumLanes
FFS = 60 A NumLanes
FFS = 55 A NumLanes

FFS = 70 A NumLanes =

FFS = 65 A NumLanes
FFS = 60 A NumLanes
FFS = 55 A NumLanes

CapUpFreewaySegment(NumLanes , FFS) = 7050

MaxV12 =4400

CapacityRampRoadway := | out «— 2200

CapacityRampRoadway = 2000
Vi=3276 pc/h

Ramp Freeway Junction Checkpoint

FREEPLAN Computations Documentation

out «— 2100
out «— 2000
out «— 1900
out < 1800
out «— 4400
out «— 4200
out «— 4000
out < 3800

out < 3600

out <~ 2400-NumLanes
out < 2350-NumLanes
out < 2300-NumLanes

out < 2250 -NumLanes

if
if
if
if

Maximum Desirable Flow Rate Entering Merge Influence Area

(NRamp = 1) A (Sgg > 50)
(NRamp = 1) A (40 < Sgg < 50)
(NRamp = 1) A (30 < sgp < 40)
(NRamp = 1) A (20 < Sgg
(NRamp = 1) A (20 > Sg)
(NRamp = 2) A (Sgg > 50)
(NRamp = 2) A (40 < Sgg < 50)
(NRamp = 2) A (30 < Sgg < 40)
(NRamp = 2) A (20 < Sgg < 30)
(NRamp = 2) A (20 > sFR)

Volume immediatley upstream of off-ramp influence area

Transportation Research Center

FFS = 70 A NumLanes > 4
FFS = 65 A NumLanes > 4
FFS = 60 A NumLanes > 4
FFS = 55 A NumLanes > 4

Capacity of Ramp Freeway Junction

Volume immediatley upstream of off-ramp influence area is chekced
against freeway capacity. Failure of ramp freeway junction checkpoint (i.e.
demand exceeds capacity) results in LOS F
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Ramp Roadway Capacity Checkpoint If the off-ramp demand flow rate (Vr) exceeds the capacity of the
off-ramp, LOS F prevails.

, . , While the V12 values is checked against the maximum desirable,
Maximum Desirable Flow Entering Ramp . . . L . .

; failure does not result in assignment of LOS F. Failing this checkpoint
Influence Area Checkpoint generally means that there will be more turbulance in influence area
than predicted by this methodology. Thus, predicted densities are most
likely lower than those that will exist, and predicted speeds are most
likely to be predicted as higher than those that will actually occur.

Step 4. Determine Speeds in the Vicinity of Ramp-Freeway Junction

A. Average Speed in the Ramp Influence Area

Sg = FFS — (FFS — 42) (0.883 + 0.00009 -V, — 0.013-Sgg)
Sg=55.99  mi/h

B. Average Speed in the Outer Lanes of Freeway

Average Flow in Outer Lanes

; — Ve—V
N, = t<«1 if NumL =3 f 12
o ou i umLanes Vo = Vop = 995
; N
out < 2 if Numlanes =4 o]

out <~ oo if NumLanes =2

So(Voa) = |out < 1.097-FFs if Vgp < 1000

out < 1.097-FFS — 0.0039-(V — 1000) if 1000 < Vgu

C. Average Speed for Off-Ramp Junction

V12 +Voa Ng

S = S...=59.9  mi/h
av av
& V12 Voa-No &
—_— + —_—
SR So

D. Maximum Achievable Speed

-0.00162-L,,;
. ( mldpnts) .
Smax = FFS = (FFS = S;ey) e Smax = 65.0  mi/h

Si= |Savg ¥ Savg < Smax
. S =59.9 mi/h
Smax If Savg > Smax
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Transportation Research Center

Step 5. Determine the Density and Level of Service

A. Density in Off-Ramp Influence Area

Densityp := 4.252 + 0.0086-V1, — 0.009-Lp

B. Density in Outer Lanes

. Voa
Densityg = S_
(0}

C. Density of Entire Cross-Section

Density :=

Densityg = 19.8 pc/mi/ln
Densityg = 14 pc/mi/ln
out «<— Densityg if Numlanes < 2
[DensityR~(2) + Densityo~(NumLanes - 2)]
if Numlanes > 2 Density = 17.9  pc/mi/ln

out <

NumLanes

D. Level of Service

Los(Density) := | out < "A" if
out « "B" if
out <« "C" if

out « "D" if

< Density < 1
0 < Density < 10 Los(Density) = "B"
10 < Density < 20
20 < Density < 28

28 < Density < 35

out < "E" if 35 < Density

Step 6. Determine Input Vol and %HV for Next Downstream Segment

%Trucksg
FwyVolc,,s := FwyVol-| 1 —T = 2884.2

%Truckst
— [ =294

RampVolcg,q = RampVoI-(l -

FwyVolearshew = FwyVolcg s — RampVole, s = 2590.2

%Trucksg
FwyVolr ks = FwyVol- =151.8
%Trucksg
RampVolry ks := RampVol- —oo )"

FwyVolrrycksNew = FWYVolr ks — RampVolry ks = 145.8
FwyVoINew := FwyVolc,rsnew T FWYVOlrr cksNew = 2736

FwyVolrrycksNew
FwyVolNew

%Truckspyew = -100 = 5.3289

FREEPLAN Computations Documentation

*FwyVoINew and %Trucksenew are the input
values for FwyVol and %Trucksk for the next

downstream segment if there is one. If the next
segment is a weave, then %Trucksgyew is the

input value for %Trucks_FF and %Trucks_FR.
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Wea\" ng M et h Od OIogy *FwyVoINew and %Trucksgnew from the previous upstream

Step_1. Data Inputs segment are tf?e input. values for SeginputVol and
Seginput%HYV if there is a previous upstream segment.

OnRampVol := 700 OffRampVol := 455 SeglnputVol := 2736 Int_Density := 0.87 int/mi
OnRamp%HV = 2 OffRamp%HV := 2 Seglnput%HV := 5.3289 *FREEPLAN determines IntDens by

] h ' h ' ) counting each on- and off-ramp as 1/2
FFS := 65 mi/ Sprev = 64.0 mi/ PHF := .95 fpi=1 interchange each and adds them across

the entire facility. Then, it divides that
Lg:= 3000 ft Lseg = 3000 ft Lorey = 500 ft total number of interchanges by the total
length of the facility.

I'seg + I'prev L

= Distance from midpoints of upstream
I'midpnts = 2 midpnts

=1750 ft and subject segments

Terrain .= 1 1 =Level, 2 =Rolling, 3 = Mountainous

Config :=1 1 = one-sided weaving segment, 2 = two-sided weaving segment
NumLanes = 4 Number of lanes in weaving section
C_IFL:= 2350 pc/h/In Capacity of basic freeway segment with same FFS as the weaving segment under

equivalent ideal conditions

N_WL:= 2 Number of lanes from which weaving maneuvers may be made with one lane change
or no lane change. 2 or 3 for one sided and 0 for two sided weaving configuration

LC_RF:=1 Minimum number of lane changes that must be made by a single weaving vehicle
from the on-ramp to freeway

LC_FR:=1 Minimum number of lane changes that must be made by a single weaving vehicle
from freeway to the off-ramp

LC_RR:=0 Minimum number of lane changes that must be made by one ramp-to-ramp
to complete a weaving maneuver

Step 2. Volume Adjustment

A. Heavy Vehicle and Volume Adjust ments

Passenger Car Equivalents

E_T(Terrain) = Jout« 1.5 if Terrain=1 ET:= E_T(Terrain) *FREEPLAN assumes trucks make up
out <~ 2.5 if Terrain = 2 all of the heavy vehicles. Therefore,
’ ET=15 RV calculations have been left out.

out < 4.5 if Terrain=3

100 100
f_HV_FF := f_HV_FR =
100 + Seginput%HV(E_T - 1) 100 + OffRamp%HV(E_T - 1)
100 100
f_HV_RF := f_HV_RR :=

100 + OnRamp%HV(E_T - 1) 100 + OnRamp%HV(E_T - 1)
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. SeglnputVol . OffRampVol
SeglnputVolAdj .= ————— = 2956.736 OffRampVolAdj ;= ————— = 483.737
PHF-f_HV_FF-fp PHF-f_HV_FR-fp
OnR Vol *Freeplan assumes the Freeway to Ramp Volume will have
OnRampVolAdj = _ JnRampvol 744.211 the same %HV as the Off Ramp and that the Freeway to
PHF-f_HV_RF-fp Freeway Volume will have the same %HV as the Segment

Input Volume

(f HV_FF + f_ HV_FR + f HV_RF + f HV_RR)
fHV = y f HV = 0.986

B. Volumes for Weaving Segments

v_RR := .05-OnRampVolAdj = 37.211  veh/h * Freeplan assumes the v_RR is 5% of the total On-Ramp volume.

v_FR := OffRampVolAdj — v_RR = 446.526  veh/h

v_RF := .95-OnRampVolAdj = 707 veh/h
v_FF := SeglnputVolAdj — v_FR = 2510.21 veh/h
v_Total := v_FF+ v_RF + v_FR + v_RR = 3.701 x 103 veh/h

C. Weaving Demand Flow Rate

WeavingDemand(N_WL) .= |out <~ v RF + v FR if N_WL#0

out«< Vv_RR if N_WL=0

WeavingFlowRate := WeavingDemand (N_WL)

|WeavingFlowRate = 1154 | pc/h

D. Non-Weaving Demand Flow Rate

NonWeavingDemand(N_WL) := | out <~ v FF+ v RR if N_WL#=0

out« Vv FF+Vv FR+Vv_RF if N WL=0

NonWeavingFlowRate := NonWeavingDemand (N_WL)

[NonWeavingFlowRate = 2547 | pc/h

E. Total Demand Flow Rate

TotalFlowRate := WeavingFlowRate + NonWeavingFlowRate

[TotalFlowRate = 3701 |  pc/h

F. Volume Ratio

WeavingFlowRate
VR = VR = 0.312

TotalFlowRate
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Step 3. Determine the Maximum Weaving Length

16
MaximumLength := [5728 (1+wR) J — 1566-N_WL
[MaximumLength = 5710 | ft Ls := Lg-.77 = 2310 _

Step 4. Determine the Capacity of Weaving Segment

A. Weaving segment capacity determined by density

1.6
C_IWL := C_IFL — [438.2~(1 + VR) J + (0.0765-Ls) + (119.8-N_wL)
C_IWL=2090 pc/h/In C_IWL is the capacity per lane under equivalent ideal conditions

Cwl := C_IWL-NumLanes-f_HV-fp

Cwl = 8243 veh/h Cw1 is the density based capacity of weaving segment under prevailing conditions

B. Weaving segment capacity determined by weaving demand flows

2400 _
C_IW(N_WL) = out< VR I NWL=2 For two sided segments, no limiting value on flow rate is
proposed and thus capacity based on density only is
3500 . imated for th Theref ity value i
out 2> if N WL=3 estimated for the segment. Therefore same capacity value is
VR - used here to get the final as capacity determined by density
for two sided segments.
Cwil .
out« — if N.WL=0
f_ HV-fp
C IW:= C_IW(N_WL) C_IW = 7700 pc/h C_IW is the capacity of the weaving segment under ideal
conditions
Cw2 := C_IW-f_HV-fp
Cw2 = 7593 veh/h Cw2 is the flow based capacity of weaving segment under prevailing conditions
C. Final Capacity of Weaving Segment
WeavingCapacity := if(Cwl > Cw2,Cw2, Cwl)
|WeavingCapacity = 7593 | veh/h

D. Volume to Capacity (v/c) Ratio

TotalFlowRate-f_HV-fp
WeavingCapacity

VolumeToCapacity :=
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Step 5. Determine Configuration Characteristics

Lc_MIN(config) = | out « (Lc_RF-v_RF) + (LC_FR-v_FR) if Config =1
out « (LC_RR-v_RR) if Config =2

LC_MIN := LC_MIN(Config)

|LC_MIN = 1154 | Ic/h Minimum Lane Changes

Step 6. Determine Lane-Changing Rates

A. Lane-Changing Rate for Weaving Vehicles

0.5 2 . \0.8| .
Lc_ w(Ls) = | out « LC_MIN + O.39-[(Ls —300) -NumLanes”-(1 + Int_Density) ] if Ls> 300
out < LC_MIN if Ls <300
LaneChangingWeaving := LC_W(Ls)
|LaneChangingWeaving = 1615 | Ic/h
B. Lane-Changing Rate for Non-Weaving Vehicles

Ls-Int_Density - NonWeavingFlowRat

I_NW = S I Censty, TonTeavingrowra® I_NW = 512 Non Weaving Vehicle Index

10000

LC_NW1 := (0.206-NonWeavingFlowRate) + (0.542-Ls) — (192.6- NumLanes)

LC_NW2 := 2135 + 0.233-(NonWeavingFIowRate - 2000)
(1_Nw - 1300)
LC_NW3 := LC_NW1 + (Lc_NW2 — Lc_Nw1) ——— 2
650

Lc_ NW(I_NW) = |out < LC_NW1 if |_NW < 1300
out < LC_NW2 if |_NW > 1950
out <~ LC_NW3 if 1300 < |_NW < 1950
out <~ LC_NW2 if LC_NWI >LC_NW2

LaneChangingNonWeaving := LC_NW(I_NW)

|LaneChangingNonWeaving = 1006 | Ic/h

C. Total Lane-Changing Rate

TotalLaneChanging := LaneChangingWeaving + LaneChangingNonWeaving

TotalLaneChanging = 2622 | Ic/h
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Step 7. Determine Average Speed of Weaving and Non-Weaving Vehicles

A. Average Speed of Weaving Vehicles

7
TotaILaneChangingjO 8
Ls

WeavinglntensityFactor := 0.226(

WeavinglntensityFactor = 0.25

. FFS — 15
AverageWeavingSpeed := 15 + -
1 + WeavinglntensityFactor

|AverageWeavingSpeed = 55.01 | mi/h

B. Average Speed of Non-Weaving Vehicles

. TotalFlowRate
AverageNonWeavingSpeed := FFS — (0.0072- LC_MIN) - 10.0048. ——

NumLanes

|AverageNonWeavingSpeed = 52.25 | mi/h

C. Average Speed of All Vehicles

WeavingFlowRate + NonWeavingFlowRate
WeavingFlowRate . NonWeavingFlowRate
AverageWeavingSpeed

AverageSpeed :=

AverageNonWeavingSpeed

|AverageSpeed = 53.08 | mi/h

D. Maximum Achievable Speed

) e(_ 0.00162-Ljgpnts) Say = 64.9 mi/h

Smax == FFS = (FFS = Syrey): m

ma

S:= | AverageSpeed if AverageSpeed <S_ ..

i =53.1 mi/h
Smax if AverageSpeed > Smax /

FREEPLAN Computations Documentation
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Step 8. Determine the Level of Service

TotalFlowRate
. NumLanes - .
Density := Density = 17.4 pc/mi/ln

AverageSpeed

LOS(Density) = |out« "A" if 0 <Density <10

out « "B" if 10 < Density <20
out « "C" if 20 < Density <28
out « "D" if 28 < Density <35

out « "E" if 35 < Density

out « "F" if VolumeToCapacity > 1

|LOS(Density) ="B" |

Step 9. Determine the Input Vol and %HV for the Next Downstream Segment

FwyVolNew := SeglnputVol + (OnRampVoI - v_RR) - (OffRampVoI - v_RR) = 2981

SeglnputVol- Seglnput%HV + (OnRampVoI - v_RR)~OnRamp%HV - (OffRampVoI - v_RR)-OffRamp%HV

%Trucks =
FNew FwyVolNew

%Trucksppnew = 5-055 *FwyVoINew and %Trucksgnew are the input values for FwyVol and %Trucksg for the next
downstream segment if there is one. If the next segment is a weave, then %Trucksgpey is the
input value for Seginput%HV and FwyVoINew is the input value for Seginput\Vol.
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On-Ramp Methodology

Step 1. Data Inputs and Volume Adjusments

*FwyVoINew and %Trucksgpyew from the previous

A. Inputs upstream segment are the input values for FwyVol and
FwyVol = 2981 veh/h RampVol := 455 veh/h %Truckse (if there is a previous upstream segment).
%Trucksg := 5.055 %RVE =0 PHF := 0.95 fp =1 FFS := 65 mi/h

%Trucksg = 2 %RVR =0 Sprev = 64.3 mi/h Average speed on immediate upstream segment

NumLanes := 3 Number of mainline freeway lanes NRamp =1 Number of lanes on ramp roadway
Terrain := 1 1 =Level, 2 =Rolling, 3 = Mountainous

lseg=1500 ft Ly, =500 ft

Distance from midpoints of upstream

L +L
€6 prev = 1000 ft and subject segments

Lmidpnts = - 5 Lmidpnts
Lp = 1000  ft Total length of Acceleration Lane

Skr =40 mi/h  Freeflow speed of the ramp at the junction point

AdjUp =2 AdjDn =2 0 =none, 1 =on-ramp, 2 = off-ramp for Adjacent Upstream/Downstream Ramps

Lyp =500 ft  Lyoyy:=8280 ft

VolumeUp := 455 veh/h Volume on adjacent upstream ramp

VolumeDown := 455  veh/h Volume on adjacent downstream ramp

B. Heavy Vehicle Adjustments

Passenger Car Equivalents

ET(Terrain) = Jout« 1.5 if Terrain=1 ER(Terrain) = Jout« 1.2 if Terrain=1
out «— 2.5 if Terrain =2 out «— 2.0 if Terrain =2
out «<— 4.5 if Terrain =3 out «<— 4.0 if Terrain =3

ET(Terrain) =15 ER(Terrain) =1.2

Ez= Er(Terrain) Er=15 Eg,= Eg(Terrain) Eg=12

100
f_HVE = = 0.975 f_HVE = 0.975
100 + %Trucksg(Ey - 1) + %RVE(Eg - 1)
100
f_HVR = f_HVR = 0.99
100 + %Trucksg( Ey — 1) + %RVR(Eg — 1)
C. Demand Flow Rate
FwyVol RampVol

Vf = 3217 pC/h r= W Vr = 484 pC/h

Vpim ————
PHF-f_HV-f o

p
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VolumeUp VolumeDown
Vg —————— vV, =484 pc/h V= o
PHF-f_HVp-f, PHF-f_HVp-f,

Vq =484 pc/h

Step 2. Determine the Approaching Flow Rate in Lanes 1 and 2

A. Equilibrium Seperation Distance for Adjacent Off-Ramp on a Six Lane Freeway

LeQup = 0-214( Vg + Vy) + 0.484-Lp + 52.32-Sgp — 2403 lequp = 926 ft

Vy

L = L =2233 ft
EQdown = 51096 + 0.000107 L, EQdown

B. Estimating Proportion of Freeway Vehicles Remaining in lanes 1 and 2

Eqnl := 0.5775+ 0.000028 - Ly Eqnl = 0.606
Eqn2 := 0.7289 — 0.0000135-(Vf + Vr) —0.003296-Sgg + 0.000063~Lup Egn2 = 0.579
Vd
Eqn3 := 0.5487 + 0.2628- Eqn3 = 0.564
down
PFM(NumIanes) = | out <~ 1.00 if Numlanes =2

out «— Eqnl if AdjUp # 2 A AdjDn # 2 A NumLanes = 3
out < Eqn3 if AdjUp = 0A AdjDn = 2 A Lyown < Ledown ~ Numlanes = 3

out «— Eqnl if AdjUp =0 A AdjDn =2 A Lygwn 2 LeQdown ~ NumLanes = 3
out <~ Eqn2 if AdjUp =2 A AdjDn =0A Lup < LEQup A Numlanes = 3
out <« Egqnl if AdjUp=2A AdjDn=0A Lup > LEQup A Numlanes = 3

out < Eqnl if AdjUp = 1A AdjDn =1 A NumLanes =3
out <~ Eqn3 if AdjUp = 1 A AdjDn =2 A Lygwn < LeQdown ~ NumLanes = 3

out < Eqnl if AdjUp = 1A AdjDn =2 A Lygwn 2 LEQdown ~ NumLanes = 3

out «— Eqn2 if AdjUp=2AAdjDn=1A Lup < LEQup A Numlanes = 3

out < Egqnl if AdjUp=2AAdjDn=1A Lup > LEQup A Numlanes = 3

out < max(Eqn1, Eqn2) if AdjUp =2 A AdiDn = 2 A Ly < Lqup A Ldown = LEQdown A Numlanes = 3
out « max(Eqn3 N Ean) if AdjUp =2 A AdjDn =2 A Lup < LEQup A Lgown < LEQdown A NumLanes =3
out < Eqnl if AdjUp =2 A AdjDn =2 A Lup > LEQup A Lgown 2 LEQdown ~ Numlanes = 3

out < max(Ean1, Eqn3) if AdjUp = 2 A AdiDn = 2 A Ly > Lequp A Ldown < LeQdown A NumLanes = 3

L V¢
out < 0.2178 — 0.0000125-V, + —0.01115 - —— if (— < 72} A (NumLanes = 4)

SFR SFR
Ve
out ¢~0.2178 - 0.0000125-V, if |——>72|n (NumLanes = 4)
FR
Peati= Pem(NumLanes) Pen = 0.606
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C. Estimating Flow in Lanes 1 and 2

V12 = VfPFM V12 = 1948 pC/h

D. Checking the Reasonableness of the Lane Distribution Prediction

Six Lane Freeways Eight Lane Freeways
Vi—Vi2
V3 = Vf — V12 V3 = 1269 pC/h Vav34 = > Vav34 =635
VIZa(NumLanes) = [out«Vqy if Numlanes =2
V12

out « Vf — 2700 if V3 > 2700 A V3 < 1.5~T v NumlLanes = 3

Ve oo V12
out (_ﬁ if V3 <2700A V3> 1.5-T A NumlLanes = 3

V12
out «V if V3 <2700 A V3 £ 1.5-—— A NumlLanes = 3
12 3 3 2

\Y

Ve V12
out <—2—50 if Vay34 < 2700 A Vg 34 > 1.5~T A Numlanes = 4

\
12
out <~ Vqy if V534 <2700 A Vg 34 < 1.5~T A Numlanes = 4

C. Final Flow in Lanes 1 and 2

Vaai= v12a(NumLanes) Vi, =1948 pc/h

FREEPLAN Computations Documentation
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pc/h

Ve ) V12
out <~ max| Vg — 2700,ﬁ if V3 > 2700 A V3 > 1.5~T A NumLanes =3
. 12
out < V¢ — 5400 if Vav3g > 2700 A Vgy34 < 1.5~T A NumLanes = 4

Vi V12
out « max(Vf— 5400,ﬁj if Vay34 > 2700 A V34 > 1.5~T A Numlanes = 4
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Step 3. Determine Capacity of Ramp-Freeway Junction

VR12 = V12 +Vr

VR12 = 2432 pC/h

Transportation Research Center

Flow entering the ramp influence area

CapUpFreewaySegment(NumLanes R FFS) := | out <4800 if FFS > 70 A Numlanes =
out <— 4700 if FFS =65 A NumLanes =
out <~ 4600 if FFS =60 A Numlanes =2
out «<— 4600 if FFS =55 A NumlLanes =
out <~ 7200 if FFS =70 A NumlLanes = 3
out <~ 7050 if FFS = 65 A Numlanes =3
out <~ 6900 if FFS =60 A NumLanes =
out « 6750 if FFS =55 A Numlanes =3
out <~ 9600 if FFS =70 A NumLanes =4
out <— 9400 if FFS =65 A NumLanes =
out <~ 9200 if FFS = 60 A NumLanes = 4
out <~ 9000 if FFS =55A NumLanes =4
out < 2400-NumLanes if FFS =70 A NumLanes > 4
out <~ 2350-NumlLanes if FFS = 65 A NumLanes > 4
out <— 2300-NumLanes if FFS =60 A NumLanes > 4
out <~ 2250-NumlLanes if FFS =55 A NumLanes > 4

CapUpFreewaySegment(NumLanes R FFS) = 7050

MaxV12 = 4600

CapacityRampRoadway :=

Capacity of Ramp Freeway Junction

Maximum Desirable Flow Rate Entering Merge Influence Area

CapacityRampRoadway = 2000

out <2200 if (NRamp = 1) A (Sgg > 50)
out <2100 if (NRamp = 1) A (40 < Sgg < 50)
out 2000 if (NRamp = 1) A (30 < Sgg < 40)
out <1900 if (NRamp = 1) A (20 < Sgg < 30)
out <1800 if (NRamp = 1) A (20 > Sgg)
out <4400 if (NRamp = 2) A (Sgg > 50)
out 4200 if (NRamp = 2) A (40 < Sgg < 50)
out <4000 if (NRamp = 2) A (30 < Sgg < 40)
out <3800 if (NRamp =2) A (20 < Sgg < 30)
out <3600 if (NRamp =2) A (20> Sgg)

VFO = Vf + Vr

Ramp Freeway Junction Checkpoint

VFO = 3701 pC/h

demand exceeds capacity) results in LOS F

FREEPLAN Computations Documentation

Volume immediatley downstream of on-ramp influence area

Volume immediatley downstream of on-ramp influencearea is chekced
against freeway capacity. Failure of ramp freeway junction checkpoint (i.e.
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Ramp Roadway Capacity Checkpoint

Maximum Desirable Flow Entering Ramp
Influence Area Checkpoint

Transportation Research Center

Capacity or ramp roadway should always be checked against the demand
flow rate on the ramp. Itis rarely a problem for the on-ramp

While the Vg4 values is checked against the maximum desirable, failure

does not result in assignment of LOS F. Failing this checkpoint generally
means that there will be more turbulance in influence area than predicted
by this methodology. Thus, predicted densities are most likely lower than
those that will exist, and predicted speeds are most likely to be predicted
as higher than those that will actually occur.

Step 4. Determine Speeds in the Vicinity of Ramp-Freeway Junction

A. Average Speed in the Ramp Influence Area

B. Average Speed in the Outer Lanes of Freeway

R12 SFR
—— | -0.002:| L\——
1000 1000

Sg := FFS — (FFs — 42) .{0.321 + 0.0039exp[

Average Flow in Outer Lanes

No:= Jout<«1 if Numlanes =3
out <2 if Numlanes =4
out <~ oo if Numlanes =2

So(Voa) = out < FFS if Vgp <500

Sp=5844  mi/h

Vi Vi
Vo= —— Voa = 1269

out « FFS - 0.0036+(Vgp — 500) if 500 < Vp < 2300

out « FFS — 6.53 - 0.006- (Vg — 2300) if Vg > 2300

Sai=So(Von) S = 62.23

C. Average Speed for On-Ramp Junction

8" (Vr1a) (Voa'No
+
SR So

D. Maximum Achievable Speed

S

= FFS — (FFS _ Sprev) -e(7 0.00162-L

San if Savg < Smax

Smax T Savg > Smax

FREEPLAN Computations Documentation

Savg =

midpnts)

mi/h

59.68 mi/h

S... =649 mi/h

max

S =59.7 mi/h
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Step 5. Determine the Density and Level of Service

A. Density in On-Ramp Influence Area

Densityg := 5.475 + 0.00734 -V, + 0.0078-V1, — 0.00627 - Lp Densitys = 18.0 oc/mi/ln
R=18

B. Density in Outer Lanes

: VoA . ,
Density := -~ Densityq = 20.4 pc/mi/ln

(0]

C. Density of Entire Cross-Section

Density := | out < Densityg if Numlanes < 2 Density = 18.8 pc/mi/ln
[DensityR~(2) + Densityo~(NumLanes - 2)]
out « if NumlLanes > 2
NumLanes

D. Level of Service

LoS(Density) := | out <~ "A" if 0 < Density < 10
out « "B" if 10 < Density < 20

LoS(Density) = "B"

out « "C" if 20 < Density < 28
out < "D" if 28 < Density < 35

out < "E" if 35 < Density

Step 6. Determine Input Vol and %HV for Next Downstream Segment

%Trucksg
FwyVolcg s == FwyVol-| 1 T = 2830.3

%Truckst
= 4459

RampVolcg,s = RampVoI-(l -

FwyVolcyrsNew = FWYVoleg s + RampVoley s = 3276.2

%Trucksg
FwyVolr ks = Fwaol-T = 150.69

%Trucksg
RampVoly,,cks := RampVol- T =09.

FwyVolr, cksNew = FWYVOlTp cks + RampVolr ks = 159.79

FwyVolNew := FwyVoleasnew + FWYVOlTrucksNew = 3436 *FwyVoINew and %Truckspnew are the input
values for FwyVol and %Trucksk for the next

FwyVolrycksNew downstream segment if there is one. If the next
%Truckspnew = W’loo = 4.6505 segment is a weave, then %Trucksgyew is the

input value for %Trucks_FF and %Trucks_FR.
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RampOverlap Methodology

The speed and density of the ramp overlap segment are set to the speed and density values of
the preceding on-ramp or the following off-ramp that has the higher density. In this case, off-ramp
25 has a higher density than on-ramp 23; thus, the speed and density of the ramp overlap
segment are equal to those of the off-ramp.

On-Ramp 23 Speed and Density
A§Q3 :=59.0 D23 =201

Off-Ramp 25 Speed and Density

525 =574 D25 = 20.8

Ramp Overlap 24 Speed and Density

524 =574 D24 = 20.8

FREEPLAN Computations
Documentation
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Overall Facility Density and Speed Calculations
Variable Names
L = Length n = Number of Lanes D = Density S =Speed TT = Travel Time

Notation

i is the segment index and n is the number
of segments

n

Z LSeg; Z nLDSeg

FacilitySpeed .= —— FaC|I|tyDenS|ty— —

Z TTSeg; Z nLSegI
i=1

FacilitySpeed = Speed in the entire facility FacilityDensity = Density for the entire facility

1. Basic Segment

Segment Input and Calcs

$=650 D :=168 L :=5280 n =3 T, = Is__i =81.231

nLD, :=n L -D, = 266112

nL, :=n,-L, = 15840

2. Off-Ramp Segment

Segment Input and Calcs

S, = 59.9 D, =179 L, := 1500 n,:=3 T, = 2 = 25.042
2

nLD, := n,L,-D, = 80550

nL, :=n,-L, = 4500

3. Basic Segment L

Sy = 64.0 D, := 154 Ly := 500 ngi=3 TT, = S_j =7.813

nLD =Ny L3 D3 = 23100

nL3 = n3-L3 = 1500

FREEPLAN Computation
Documentations
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4. Weave Segment

S4 =531 D4 =174

nLD4 = n4~L4-D4 = 208800

nL, = n,-L, = 12000
5. Basic Segment

85 = 64.3 D. = 16.7

5 5

-
Il

nLD5 = n5~L5-D5 = 25050

Nl := ng-Lg = 1500
6. On-Ramp Segment

86 = 59.7 D.:=188 L

6 6"

nLD6 = n6~L6-D6 = 84600

nL6 = n6-L6 = 4500

7. Basic Segment

87 == 65.0 D, =19

4

L7 = 5280 n,:=3

nLD7 = n7~L7-D7 = 300960

nL7 = n7-L7 = 15840

8. Off-Ramp Segment

88 = 59.6 D8 =202

L, D, = 90900

nLD8::n g Dg

g
nL8 = n8-L8 = 4500

FREEPLAN Computation
Documentations

500 n

1500 n.:

L8 := 1500 n,:

Transportation Research Center

L4
TT, = — = 56.497
S
4
Ly
TT_ := — = 7.776
57 s
5
Le
TT,.:= — = 25.126
6° s
6
L
7
= — = 81.231
S7
Lg
TT,:= — = 25.168
8 58
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9. Basic Segment

S9 = 64.7 D9 = 16.6

nLD =n,L, D, = 113544

97979

nL9 = n9-L9 = 6840

10. Weave Segment

S10 =518 D10 =191
nLDlO: 10 L10 D10 = 305600
nL10 =N 10 = 16000

11. Basic Segment

S11 = 64.9 D11 =165
nLD Ny L11 D11 = 112860
nL11 =0y 11 = 6840

12. On-Ramp Segment

812 = 59.6 D12 =188
nLDlZ: 12 L12 1= = 84600
nL12 =Ny 12 = 4500

13. Off-Ramp Segment

813 = 59.3 D13 =202
nLDl N3 L13 D13 = 90900
nL13 =Ny 13 = 4500

FREEPLAN Computation
Documentations

Lll

L12

L13

L9 = 2280

L10 := 4000

= 2280

:= 1500

:= 1500

Transportation Research Center

L9
n,.=3 TT,:=— =35.24
9 9 S
9
L
10
nl0 =4 TTlO = S_ =77.22
10
Ll
nll =3 TTll = S_ = 35.131
11
L
12
n12 =3 TT12 = S_ = 25.168
12
L
13
n13 =3 TT13 = 8_13 = 25.295
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14. Basic Segment

L
14
S 4= 644 D, =166 L, = 1500 n,=3 TT = s - 23.292
14
LD, =n,L,, D ,= 74700
Ly, =ng, L, =4500
15. On-Ramp Segment L
15
S5 =595 Dc:=195 L,s = 1500 npc:=3 TT = 5_15 =25.21
LD, =Nyl D, = 87750
Ly =Nl = 4500
16. Basic Segment L
16
S g = 643 D g = 200 L, = 1000 Ng:=3 TT 5= 5_16 = 15.552
LD, ¢ :=n LD, = 60000
nLys = nyglys = 3000
17. Off-Ramp Segment
L
S ;=587 D,,:= 211 L, = 1500 n,:=3 T, - S_l? _ o554
17
LD, = n LD, = 94950
nL,, = n,-L,- = 4500
18. Basic Segment L
18
S gi= 644 D g:=16.1 L,g = 1500 ng:=3 TT g:= s - 23.292
18
LD, g:= N gL oD o = 72450
nL g = nygl,g=4500
19. WeaveSegment
L
S g:= 550 D g:= 163 L,g:= 1500 ngi=4 T, S_l9 _ 27973
o 19
LD, g:=n gL, gD; g = 97800
FREEPLAN Computation 78
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nL,.:=n,.-L

19 19’19 = 6000

20. Basic Segment

S20 == 65.0 D20 = 16.8 L20 :

nLD -L,.-D

20 = NogLpg Dy = 266112

nL_.:=n_.L, .= 15840

20 20 ~20

21. Off-Ramp Segment

S, =59.6 D

21 . b1 = 17.9 L

nLD,, := -L,,-D

21" M1t P21 = = 80550

nL,,:=n,.-L

21 = Ngybyy = 4500

22.Basic Segment

S, =643 D

29 o = 14.8 L

nLD,, := -L,,-D

22°= Moo t22 P22 = 44400

nL,,:=n,,-L

22 22" Lpp = 3000

23. On-Ramp Segment

S,,=59.0 D

23 b3 = 20.1 L

nLD,, := -L,,-D,, = 18090

23°= Ma3't23 P23 =

nL23 = n23~L23 = 900
24. Ramp Overlap Segment

S,, =574 D,, =208 L

24 24
nLD24: 24 L24 D24 74880
nL24 = n24~L24 = 3600

FREEPLAN Computation
Documentations

:= 5280

01 = 1500

09 = 1000

23 = 300

on = 1200

Transportation Research Center

Lo
TT. = =2 _81.231
20 S
20
Loy
=3 TT,) = o = 25168
21
L
2
=3 TTyy= 5 = 15552
22
L
Nyg:=3 T, = —= _ 5085
23 S
23
L
2%
Ny =3 T, = 5, _ 20.906
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25. Off-Ramp Segment

825 =574 D25 = 20.8
nLD25: o5 L25 D25 18720
nL25 = n25~L25 =900

26. Basic Segment

826 =624 D26 =16.0
nLD2 Nos L26 D26 = 48000
nL26 = n26'L26 = 3000

27.0n-Ramp Segment

827 :=59.5 D27 =19.2
nLD27: 97 L27 D27 86400
nL27 = n27~L27 = 4500

28. Basic Segment

S,,=650 D, ,=195 L

28 28" ' 28
nLD28 = Nog L28 D28 = 308880
nL28 = n28'L28 = 15840

29. Weave Segment

829 =529 D29 =21 L29
nLD29 = Nyg ng ng = 378000
nL29 = n29~L29 = 18000

30. Basic Segment

S, = 64.9 D

30 20 = 20.4

nLD,, := LD

30"~ M30"30""30 = = 69768

FREEPLAN Computation
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L25 =300 n25 =3
L26 := 1000 n26 =3
L27 := 1500 n27 =3
L
28
= 5280 n28 =3 TT28 = S_
28
L
29
= 4500 n29 =4 TT29 = S_
29
L30 = 1140 n30 =3

Transportation Research Center

L
25
TT,. = — =5.226
25 S
25
L
26
TT26 = — = 16.026
26
L
27
TT,,:=—=25.21
27 S
27
= 81.231
= 85.066
L
30
TT,,:= — = 17.565
30 S
30
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nLSO: 30 30 = 3420

31. Weave Segment
S, i= 53.2 D,, := 20.9

31 31
nLDS Ny L31 D31 = 167200
nL31 =Nay 31 = 8000

32. Basic Segment
S, =641 D,,:= 20.6

32 32
nLDS Nay L32 D32 = 70452
nL32 = Nay 32 = 3420

33. On-Ramp Segment

533 =59 D33 = 22.8

nLD3 Nas L33 D33 = 102600

nL33 = n33-L33 = 4500

FREEPLAN Computation
Documentations

L31

32

33

:= 2000

= 1140

= 1500

Transportation Research Center

L
- 31
Ngp =4 TT.. = —% _ 37.504
31 S
31
L
- 32
Ngp =3 TT,. = —= — 17.785
32 S
32
L
- 33
N33:=3 TT. = —2 _ 25424
33 S
33
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Facility Calcs
33
TotalSegnLD := Z nLD, = 4009278
i=1
33
TotalSegnL := Z nL, | = 215280
i=1
- . TotalSegnLD
FacilityDensity := _oaen? _ 18.624
TotalSegnL
33
TotalSegL := Z L, = 66760
i=1
33
TotalSegTT := Z TT, = 1107.177
i=1
- TotalSegL
FacilitySpeed := _OlaoRt 60.3
TotalSegTT

FREEPLAN Computation
Documentations
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FREEPLAN Computational Methodology

Traditional Toll Plaza
For Version 9/30/2012

Step 1. Input Toll Plaza Data

Number of Lanes Average Service Times

NMB =2 STMB =56 S
NACM =2 STACM =23 S
NeTc =1

Step 2. Input Freeway Data

Traffic

FwyVol := 1733 veh/h PHF := 1.000

f, = 0.98

D %TrucksF =3

FFsup = 70.0 mi/h  Average speed on immediate

upstream segment

Average speed on immediate
downstream segment

FFSdOWn = 700 ml/h

Transportation Research Center

Dr. Scott Washburn
University of Florida
Transportation Research Center

Payment Type Composition

Roadway

N:= 5 total number of lanes

MWV

Lup = 5280 ft

Terrain:= 1 1 = Level, 2 = Rolling, 3 = Mountainous

Step 3. Calculate Flow Rate for Each Payment Type

Passenger Car Equivalents

Eq(Terrain) := Jout «- 1.5 if Terrain=1
out « 2.5 if Terrain = 2

out < 4.5 if Terrain=3

Eq(Terrain) = 1.5 1= Ex(Terrain)

Heavy Vehicle Adjustment Factor

100
100 + %Trucksg(Er — 1)

f_HVF =

Demand Flow Rates

FwyVol
Vi = —

f=
PHF-f,

veh/h

Vs = 1768

FREEPLAN Computations Documentation

Er=15

f_HVE = 0.985

Toll plaza methodology is based on flow rate units of
vehicles, not passenger cars.
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PT
MB
\Y = V- \Y =619
MB f 100 MB
PT
ACM

Step 4. Calculate Capacity

Processing Time

tPuIIUp = 3.5+ 0.015-%Trucksg

tme = STmB + trullup
tacm = STacm * tpullup

Ideal Payment Type Distribution
NmB
tmB
NmB N NACM
tmMB tACM
[NACMJ
t
ACM
¢ -100

Ideal =
ACM
NmB N NACM
tMB tAcMm

Actual Payment Type Distribution

|dea|MB = -100

PT
MB
ACtuaIMB = -100

veh/h

Transportation Research Center

veh/h

PTETC
100

tPuIIUp =3545 s This assumes a setback distance of 5ft.

dealy;g = 38.99 % round(Idealyg) = 39

Idealynip, = round(ldeaIMB)
IdeaIMB =39 %

|dea|ACM =61.01 % rOUnd(ldealACM) =61

Ideal p cpg= round(ldeaIACM)
IdeaIACM =61 %

ACtuaIMB = 46.67 %

round(ActuaIMB) =47 Actualyo = round(ActuaIMB) Actualyg = 47 %
PT
ACM
ACtuaIACM = -100 ACtuaIACM = 53.33 %

FREEPLAN Computations Documentation

85



University of Florida Transportation Research Center

round(ActuaIACM) =53 Actual p cpp = round(ActuaIACM) Actual pcpp = 53 %

Determine Base Capacity

BaseCapacity(FFSETC) == |out < 1950 if FFSgqc <30
out « 2150 if FFSgre < 40

out «— 2200 otherwise

BaseCapacity(FFSETC) = 2150 BaseCapacity := BaseCapacity(FFSETC) BaseCapacity = 2150 pc/h/In
Capacities
3678'417'NMB
cpmpg = ———— - 2.357-Npyg-[%Trucks CpvR = 796.3 veh/h
MB tVB MB F MB
3803.336-N Ideal — Actual
ACM ACM ACM
c = ———||1 - — 3.255-N . /%Trucks c = 1058 veh/h
ACM ( tACM j { ( 44.859 ﬂ ACM F ACM
CnOﬂETC = CMB + CACM CnonETC = 1854.3 veh/h
CETC = mln(BaSEC&paCltyf_HVFNETc,VETc) CETC = 442 veh/h
CTotal = CMB * CACM * CETC CTotal = 22964 veh/h
Step 5. Calculate Speed and Density
Demand to Capacity Ratios
V Vv
MB ACM
‘mB CACM

ETC-Only Speed and Density

\Y
. ETC =
Densitypc == —— |Den5|tyE-|-c =13.0 | veh/h/In

SETC

Reqular Lanes Density
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(41402 Xpg)  (3:3952:Xpcpm)

Density,,oneTC = € +e — 49.2126-Xpg° + 45947 X\

Density, oneTC = 14.6 | veh/h/In

Overall Segment Density

Npp + N N
. . MB ACM . ETC =

Density gyerall = De”S'WnonETC'(—J + Dens'tyETC'(Tj Densityoverall = 143 | \epyhyin

Density 1
DensityPC := —_overa? DensityPC = 145  pc/h/in

f_ HVE
Reqgular Lanes Speed
v (1 PTETC)
| 1-
100 .
ShoneTc =232 |  mih

S =
nonETC -
(NMmB + Nacm) Density gyerall

PT PT
ETC ETC

100 .
Soverall = FwyVol Soverall = 25-9 | mi/h
Step 6. Calculate Delay
ETC-Only Delay
1.467
DecelDE|ayETC = (FFSUp — FFSETC)T DecelDE|ayETC =5135 s
1.467
ACCG'DElayETC = (FFSdOWn — FFSETC)T ACCG'DElayETC =7335 S
TotDelaygtc := DecelDelaygtc + AccelDelayprc  |TotDelayptc = 12.5 S
Non ETC-Only Delay
L
FFS | ——
P\ 3600

DecelDelayonere = ———————— DecelDelay,qneTC = 10.267 S

10

(4.8085-Xp4) . e(3.016.x AcM)

PlazaDelay := 16.3418 + e — 992775 Xy — 4.8725-Xpc\
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PlazaDelay = 26.254 S

TotDelay,oneTc = DecelDelayqngTc + PlazaDelay

Overall Toll Plaza

Delayoyerall = TOtDelaynonETC'(

Vv +V
MB T YACM
—— | + TotDela | —
Ve j yETC[ Vs

TotDelay,oneTC = 36-5

Step 7. Determine Level of Service

ETC-Only Lanes LOS

LOS(TotDeIayETC) = |out « "F" if TotDelaygtc > 18

out « "E" if
out « "D" if
out « "C" if
out « "B" if

out « "A" if

out

|LOS(TotDelaygrc) = "C" |

Non ETC-Only Lanes LOS

LOS!TotDeIaynonETC) = |out « "F"

out « "E"

out « "D"
out « "C"
out « "B"

out « "A"

out

|LOS(TotDelayoneTc) = "C” |

FREEPLAN Computations Documentation

18 > TotDelaygtc > 16
16 > TotDelaypc > 14
14 > TotDelaygc > 12
12 > TotDelaygTc > 10

10 > TOtDE|ayETC

if TotDelay,qneTC > 60

if 60 > TotDelay,,ongTC > 50
if 50 > TotDelay,oneTC > 42
if 42 > TotDelay,,o g > 36
if 36 > TotDelay,,ongTC > 32

if 32> TOtDelaynonETC

VETC

Transportation Research Center

|De|ayoverall =305 | s
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Segment LOS

LOS(DensityPC) == [out « "F"
out « "E"
out « "D"
out « "C"
out < "B"

out « "A"

out

|LOS(Den5iWovera||) = |

if Densityyerall > 45

if 45> Density gy erall > 35
if 35> Density\arall > 26
if 26 > Density g\ erq) > 18
if 18 > Density g\ eran > 11

if 11 > Densitygyerall
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Open road tolling segments are analyzed with the basic freeway segment methodology.
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