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Chapter 1:  Overview 
The first section of this chapter outlines general changes to each of the LOSPLAN programs.  
The second section lists the specific data input fields that have changed between the LOSPLAN 
2002 and LOSPLAN 2007 program versions. 

General Changes 

ARTPLAN 

ARTPLAN 2007 maintains much of the same look and feel of ARTPLAN 2002.  All of the 
previous features, such as input validation, dynamic field value updating, separately formatted 
reports for printing, context sensitive help, and data exchange capability with other XML 
compliant transportation software applications, are maintained in this version well as all.  Major 
new features include the capability to analyze the off-peak direction and to analyze up to 14 
segments.  The multimodal input screens have also been changed such that the data for all active 
segments can be viewed at the same time.  Many other user interface (UI) enhancements have 
been made to this version, particularly with respect to screen navigation, such as 'Back' and 
'Next' buttons and tabs at the bottom of the screen, in addition to the toolbar buttons and menu 
selections. 

Major changes to the analysis methodology include a revised calculation procedure for adjusted 
saturation flow rate (based on FDOT final report DO2319, "Guidelines for Quantifying the 
Influence of Area Type and Other Factors on Saturation Flow Rate"), additional performance 
measures, such as free-flow delay and LOS threshold delay, and inclusion of a left-turn queue 
spillover calculation.  In addition, input data validation has been enhanced with respect to critical 
variables, such as AADT/hourly volume and weighted g/C ratio. 

HIGHPLAN 

HIGHPLAN 2007 maintains much of the same look and feel of HIGHPLAN 2002. All of the 
previous features, such as input validation, dynamic field value updating, separately formatted 
reports for printing, context sensitive help, and data exchange capability with other XML 
compliant transportation software applications, are maintained in this version as well. 

Major changes to the analysis methodology include revisions to the calculation of Percent Time 
Spent Following (PTSF) for two-lane highways (based on NCHRP Report 20-7(160). As a result 
of implementing the PTSF calculation revisions, HIGHPLAN now uses PTSF (or ATS under 
certain conditions) as the service measure for ‘rural undeveloped’ highways instead of v/c ratio 
(as was used in HIGHPLAN 2002).  Additional performance measures have been added as well, 
namely free-flow delay and LOS threshold delay.  Input data validation has also been enhanced 
with respect to critical variables, such as AADT/hourly volume. 
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FREEPLAN 

FREEPLAN 2007 maintains much of the same look and feel of FREEPLAN 2002.  All of the 
previous features, such as input validation, dynamic field value updating, separately formatted 
reports for printing, context sensitive help, and data exchange capability with other XML 
compliant transportation software applications, are maintained in this version as well. 

The analysis methodology has been expanded to incorporate the effects of ramp metering, 
accel/decel lane extensions, auxiliary lanes, off-ramp queuing, and oversaturation.  Additional 
performance measures have been added as well, namely free-flow delay and LOS threshold 
delay.  Input data validation has also been enhanced with respect to critical variables, such as 
AADT/hourly volume. 

Data Input Field Changes 
This section identifies the differences between the data input fields of the LOSPLAN 2002 and 
LOSPLAN 2007 programs. 

ARTPLAN 
 
Project Properties 
 
Changed 
Area Type (list of choices) 
Study Period (list of choices) 
 
Added 
Modal Analysis 
Type of Analysis 
 
Facility Data 
 
Changed 
% Turns Excl. Lanes → % Left Turns, % Right Turns 
Left Turn Lanes → Exclusive Left Turn Lane(s), Exclusive Right Turn Lane(s) 
Signals/Mile → # of Signals, Arterial Length 
 
Added 
Storage Length 
Left g/C 
Peak Dir. Hourly Volume (input for ‘Dir Hr Demand Vol’ study period) 
Off Peak inputs for: 
 Off Peak Dir. Hourly Volume (input for ‘Dir Hr Demand Vol’ study period) 

% Heavy Vehicles 
% Left Turns 
% Right Turns 
Arrival Type 
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Removed 
Local Adj. Factor 
 
Intersection Data 
 
Changed 
% Turns Excl. Lanes → % Left Turns, % Right Turns 
 
Added 
Left g/C 
Excl. Lanes—Right 
Off Peak inputs for all inputs available for Peak direction 
 
Segment Data 
 
Added 
# Thru Lanes 
Off Peak inputs for all inputs available for Peak direction 
 

HIGHPLAN 
 
Changed 
Area Type (list of choices) 
Study Period (list of choices) 
 
Added 
Segment Length 
Peak Dir. Hr. Vol. (input for ‘Dir Hr Demand Vol’ study period) 
Off Peak inputs for: 
 Off-peak Dir. Hr. Vol. (input for ‘Dir Hr Demand Vol’ study period) 
 

FREEPLAN 
 
Added 
Freeway Length 
Aux Lanes (Y/N) 
Ramp Metering (Y/N) 
Accel/Decel Lanes to 1500 feet  (Y/N) 
Aux Lanes number per segment 
Ramp Analysis (Y/N) 
Off ramp length 
Signal Location (at end of ramp, downstream from off ramp, no signal) 
Signal Type (actuated or pretimed?) 
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Cycle Length 
g/C Ratio 
Percent off ramp volume moving on right turn on red 
Distance to signal from off ramp’s end 
Arrival flow rate to signal not from ramp 
Arrival type of vehicles on arterial 
Number of lanes on arterial at signal 
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User Interface Screen Shots 
This section includes screen shots, for each individual screen, from all three LOSPLAN 2007 
programs. 
 

ARTPLAN 
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HIGHPLAN 
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FREEPLAN 
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Chapter 2:  Computational Methodology Documentation 
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University of Florida

Transportation Research Center
ARTPLAN Computational Methodology

For Version 6.0.0 (updated 7/21/2006)

General Facility Data Inputs

Roadway Variables:

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

Class 2:= ThruLanes 4:= both directions

PostedSpeed 45:= MedianType 2:= 0 = None, 1 = NonRestrictive, 2 = Restrictive

InsideLaneWidth 12:= LeftTurnBay 1:= 0 = No, 1 = Yes

OutsideLaneWidth 12:= RightTurnBay 0:= 0 = No, 1 = Yes

Traffic Variables:

AADT 30000:= PHF 0.925:= %LeftTurns 12:= BaseSatFlowRate 1950:=

Kfactor 0.095:= %HV 2:= %RightTurns 12:=

Dfactor 0.55:=

Intersection and Segment Data Inputs

Intersection Data:

Int1 No Inputs Required

Int2 Cycle1 120:= gC1 0.44:= ArrivalType1 4:= %LeftTurns1 12:= %RightTurns1 12:= NumDirLanes1 2:=

Int3 Cycle2 120:= gC2 0.44:= ArrivalType2 4:= %LeftTurns2 12:= %RightTurns2 12:= NumDirLanes2 2:=

Segment Data:

Seg1 Seg2

Length1 1760:= Length2 1760:=

AADT1 30000:= AADT2 30000:=

HourlyDirVol1 AADT1 Kfactor⋅ Dfactor⋅:= HourlyDirVol2 AADT2 Kfactor⋅ Dfactor⋅:=

HourlyDirVol1 1568= HourlyDirVol2 1568=

FFS1 50:= FFS2 50:=

Signal Data:



Sig1 0:= No Inputs Required

Sig2 1:= 0 = Pretimed, 1 = Semi Actuated, 2 = Fully Actuated

Sig3 1:= 0 = Pretimed, 1 = Semi Actuated, 2 = Fully Actuated

Computational Steps

1.  Calculate the Saturation Flow Rate Adjustment Factors

A.  Calculate the population adjustment factor

Population AreaType( ) out 1.5← AreaType 1=if

out 0.4← AreaType 2=if

out 0.03← AreaType 3=if

out 0.003← AreaType 4=if

:=

Population AreaType( ) 0.4=

PopFact
1

Population AreaType( ) 0.018−
:= PopFact 0.984=

B.  Calculate the number of lanes adjustment factor

N
ThruLanes

2
:= ECL 1.03:=

NumLanesFact
1

1
1
N

ECL 1−( )⋅+

:= NumLanesFact 0.985=

C.  Calculate the posted speed adjustment factor

SpeedFact
1

1 0.0066 PostedSpeed 50−( )−
:= SpeedFact 0.968=

D.  Calculate the traffic pressure adjustment factor

%Turns %LT %RT,( ) %LT LeftTurnBay 1= RightTurnBay 0=∧if

%RT LeftTurnBay 0= RightTurnBay 1=∧if

%LT %RT+ LeftTurnBay 1= RightTurnBay 1=∧if

0 otherwise

:=

%Turns1 %Turns %LeftTurns1 %RightTurns1,( ):= %Turns1 12=

ThruMvmtFlowRate1
HourlyDirVol1

PHF
1

%Turns1
100

⎛
⎜
⎝

⎞
⎟
⎠

−
⎡
⎢
⎣

⎤
⎥
⎦

⋅:= ThruMvmtFlowRate1 1491.2=



Cycle1 120:=

vl
ThruMvmtFlowRate1 Cycle1⋅

N 3600⋅
:= vl 24.854=

TrafFact
1

1 0.0032 vl 20−( )−
:= TrafFact 1.016=

E.  Calculate the lane width adjustment factor

AvgLaneWidth1
InsideLaneWidth NumDirLanes2 1−( )⋅⎡⎣ ⎤⎦ OutsideLaneWidth+

NumDirLanes2
:=

LaneWidthFact1 1
AvgLaneWidth1 12−

30
+:= LaneWidthFact1 1.0=

F.  Determine the Median adjustment factor

MedianFact Median( ) out 0.95← Median 0=if

out 1.0← Median 1=if

out 1.0← Median 2=if

out

:=

MedianFact MedianType( ) 1=

MedianFact1 MedianFact MedianType( ):= MedianFact1 1.0=

G.  Determine the left turn bay adjustment factor

LeftTurnFact LeftTurnBay( ) out 0.8← LeftTurnBay 0=if

out 1.0← LeftTurnBay 1=if

out

:=

LeftTurnFact LeftTurnBay( ) 1=

LeftTurnFact1 LeftTurnFact LeftTurnBay( ):= LeftTurnFact1 1.0=

H.  Determine the right turn adjustment factor

ERT RightTurnBay( ) out 1.07← RightTurnBay 0=if

out 1.0← RightTurnBay 1=if

out

:=



ERT RightTurnBay( ) 1.07=

RightTurnFact
1

1
%RightTurns1

100
ERT RightTurnBay( ) 1−( )⋅+

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:= RightTurnFact 0.992=

I.  Calculate the heavy vehicle adjustment factor

ET 1.74:= (per Q/LOS Handbook)

fHV1
1

1
%HV
100

ET 1−( )⋅⎡⎢
⎣

⎤⎥
⎦

+

:= fHV1 0.985=

2.  Calculate the Adjusted Saturation Flow Rate

FactAdj LaneWidthFact1 MedianFact1⋅ fHV1⋅ PopFact⋅ TrafFact⋅ NumLanesFact⋅ SpeedFact⋅ LeftTurnFact1⋅ RightTurnFact⋅:=

FactAdj 0.931=

AdjSatFlowRate1 BaseSatFlowRate FactAdj⋅:= AdjSatFlowRate1 1816=

3.  Calculate signal delay

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

Sig1

c AdjSatFlowRate1 gC1⋅:= c 799=

ThruMvmtFlowRate1
HourlyDirVol1

PHF
1

%Turns1
100

⎛
⎜
⎝

⎞
⎟
⎠

−
⎡
⎢
⎣

⎤
⎥
⎦

⋅:=

ThruMvmtFlowRate1 1491.2=

vc1
ThruMvmtFlowRate1

c NumDirLanes1⋅
:= vc1 0.933=

Sig2

c AdjSatFlowRate1 gC2⋅:= c 799=

%Turns2 %Turns %LeftTurns2 %RightTurns2,( ):= %Turns2 12=

ThruMvmtFlowRate2
HourlyDirVol1

PHF
1

%Turns2
100

⎛
⎜
⎝

⎞
⎟
⎠

−
⎡
⎢
⎣

⎤
⎥
⎦

⋅:= ThruMvmtFlowRate2 1491.2=



vc2
ThruMvmtFlowRate2

c NumDirLanes2⋅
:= vc2 0.933=

B. Calculate uniform delay (d1)

d1_1
0.5 Cycle2⋅ 1 gC2−( )2⋅

1 vc2 gC2⋅( )−
:= d1_1 31.92= Equation 15-2 HCM

2000

C. Calculate incremetal delay (d2)

Determine k, signal controller mode delay adjustment factor

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

kfactor Signal( ) out 0.5← Signal 0=if

out 0.5← Signal 1=if

out 0.11← vc2 0.5<if

out 1 2 0.11⋅−( ) vc2 0.5−( )⋅ 0.11+← otherwise

Signal 2=if

out

:=

From Exhibit 15-6
HCM 2000

kfactor Sig2( ) 0.5= k1 kfactor Sig2( ):= k1 0.5=

Determine I, the upstream filtering/metering adjustment factor

If the v/c ratio for the upstream signal is greater than 1, then I = 0.09.

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

Ifactor out 0.09← vc1 1.0≥if

out 1.0 0.91 vc1
2.68

⋅−← vc1 1.0<if

out

:=
From Exhibit 15-7
HCM 2000

Ifactor 0.244= I1 Ifactor:= I1 0.244=

Calculation:

T 0.25:= (ARTPLAN default)

Equation 15-3
HCM 2000d2_1 900 T⋅ vc2 1−( ) vc2 1−( )2

8 k1⋅ I1⋅ vc2⋅

T c⋅ NumDirLanes2⋅
++

⎡⎢
⎢⎣

⎤⎥
⎥⎦

⋅:=



d2_1 3.444=

D. Calculate progression adjustment factor (PF)

Determine fPA and Rp based on Arrival Type.

Determine Platoon Ratio

Rp ArrivalType( ) out 0.333← ArrivalType 1=if

out 0.667← ArrivalType 2=if

out 1.0← ArrivalType 3=if

out 1.333← ArrivalType 4=if

out 1.667← ArrivalType 5=if

out 2← otherwise

out

:=

From Exhibit 15-4
HCM 2000

Rp ArrivalType2( ) 1.333= Rp_1 Rp ArrivalType2( ):= Rp_1 1.333=

Calculate supplemental adjustment factor for platoon arrival during the green

fPA ArrivalType( ) out 1.0← ArrivalType 1=if

out 0.93← ArrivalType 2=if

out 1.0← ArrivalType 3=if

out 1.15← ArrivalType 4=if

out 1.0← ArrivalType 5=if

out 1← otherwise

out

:=

From Exhibit 15-5
HCM 2000

fPA ArrivalType2( ) 1.15= fPA_1 fPA ArrivalType2( ):= fPA_1 1.15=

Calculate the percent arrivals on green

%Green gC2( ) out 1.0← Rp_1 gC2⋅( ) 1.0>if

out Rp_1 gC2⋅← otherwise

out

:= Equation 15-4
HCM 2000

%Green gC2( ) 0.587= %Green1 %Green gC2( ):= %Green1 0.587=

Calculate the Progression Adjustment Factor (PF)



PF gC2( ) out
1 %Green1−( ) fPA_1⋅

1 gC2−
← gC2 1.0≠if

out 0← otherwise

out

:= Equation 15-5
HCM 2000

PF gC2( ) 0.849= PF1 PF gC2( ):= PF1 0.849=

e.  Calculate the total signal delay

CtrlDelay1 d1_1 PF1⋅ d2_1+:= Equation 15-1
HCM 2000

CtrlDelay1 30.55=

7.  Calculate the Segment Running Time/Speed

Calculations:

Sigs1
5280

Length1
:= Sigs1 3= signals/mi

v_temp
HourlyDirVol1
NumDirLanes1

:= v_temp 783.75= not adjusted by PHF

RunSpeed1 out 56.941 1.53944 Sigs1⋅− 0.00721 v_temp⋅−← FFS1 55=if

out 51.888 1.14222 Sigs1⋅− 0.00795 v_temp⋅−← FFS1 50=if

out 46.574 0.89222 Sigs1⋅− 0.00604 v_temp⋅−← FFS1 45=if

out 39.69506 0.10306 Sigs1⋅− 0.00585 v_temp⋅−← FFS1 40=if

out 35.23011 0.21722 Sigs1⋅− 0.00517 v_temp⋅−← FFS1 35=if

out 29.893 0.05611 Sigs1⋅− 0.00398 v_temp⋅−← FFS1 30=if

out 25.58418 0.00095 Sigs1⋅− 0.00356 v_temp⋅−← FFS1 25=if

out

:=

Regression
Equations

ARTPLAN uses specific array values for running time, rather than the above regression
equations, so results do not match.

RunSpeed1 42.2= mi/h running time

SegRunTime1
3600

RunSpeed1
:= SegRunTime1 85.2= seconds/mile



L1
Length1

5280
:= L1 0.333= miles 

TotTravTime1 SegRunTime1 L1⋅ CtrlDelay1+:= TotTravTime1 59.0= seconds 

Equation 15-6
HCM 2000SA1

3600 L1⋅

TotTravTime1
:=

SA1 20.35= mi/h segment running speed



8.  Determine Segment LOS.

Calculations:

LOS Class SA,( )
out "A"← SA 42>if

out "B"← 34 SA< 42≤if

out "C"← 27 SA< 34≤if

out "D"← 21 SA< 27≤if

out "E"← 16 SA< 21≤if

out "F"← SA 16≤if

Class 1=if

out "A"← SA 35>if

out "B"← 28 SA< 35≤if

out "C"← 22 SA< 28≤if

out "D"← 17 SA< 22≤if

out "E"← 13 SA< 17≤if

out "F"← SA 13≤if

Class 2=if

out "A"← SA 30>if

out "B"← 24 SA< 30≤if

out "C"← 18 SA< 24≤if

out "D"← 14 SA< 18≤if

out "E"← 10 SA< 14≤if

out "F"← SA 10≤if

Class 3=if

out "A"← SA 25>if

out "B"← 19 SA< 25≤if

out "C"← 13 SA< 19≤if

out "D"← 9 SA< 13≤if

out "E"← 7 SA< 9≤if

out "F"← SA 7≤if

Class 4=if

out

:=

LOS Class SA1,( ) "D"= From Exhibit 15-2
HCM 2000
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University of Florida

Transportation Research Center

ARTPLAN Computational Methodology
Version 6.0.0 (updated 5/29/2006)

Service Volume Example

From Exhibit 15-2 HCM 2000, for a Class II Arterial, the average speed (SA) threshold for
LOS C is 22.0 mi/h.

Using the procedure documented in the level of service computations file, the following results are
obtained for an AADT input of 25200.

Calculating Average Speed (SA) gives:

SegRunTime 83.3:= seconds/mile CtrlDelay 26.75:= seconds 

Length 0.333:= miles

TotTravTime SegRunTime Length⋅ CtrlDelay+:=

TotTravTime 54.5= seconds

SA
3600 Length⋅

TotTravTime
:=

SA 22.0= mi/h

Thus, the maximum service volume (AADT) for LOS C for the conditions in the example calculations file
is 25200.  Note that ARTPLAN gives 25600 due to the difference in the running time calculation (i.e.,
table versus equation).



Dr. Scott Washburn
University of Florida

Transportation Research Center

HIGHPLAN Computational Methodology
Version 2.0.0 (updated 7/21/2006)

Two-Lane Segment (w/o passing lane)

Inputs and Initial Computations

1.  Input Roadway and Traffic Data

Roadway Variables

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

Class 1:= Median 0:= 0 = No, 1 = Yes

NumberofLanes 2:= LeftTurnLane 1:= 0 = No, 1 = Yes

AnalysisType 0:= 0 = Segment, 1 = Facility %NPZ 60:=

Terrain 2:= Level = 1, Rolling = 2 PresencePassingLane 1:= 0 = No, 1 = Yes

PostedSpeed 50:= mi/hr Spacing 5:= mi

Traffic Variables

AADT 10000:= PercentHeavyVehicles 0.04:= PT PercentHeavyVehicles:=

K 0.096:= BaseCapacity 1700:=

D 0.55:= LocalAdjustmentFactor 0.95:= LAF LocalAdjustmentFactor:=

PHF 0.91:=

2.  Calculate DDHV (Design Directional Hour Volume)

DDHV AADT K⋅ D⋅:=

DDHV 528=

3.  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 = 0 otherwise.

Median Adjustment (MedAdj) = 0.05 for median present, MadAdj = 0 otherwise.



Left Turn Lane:

LTadj LeftTurnLane( ) out 0.2−← LeftTurnLane 0=if

out 0← LeftTurnLane 1=if

out

:=

LTadj LeftTurnLane( ) 0= LTadj LTadj LeftTurnLane( ):= LTadj 0=

Median:

MedAdj Median( ) out 0← Median 0=if

out 0.05← Median 1=if

out

:=

MedAdj Median( ) 0= MedAdj MedAdj Median( ):= MedAdj 0=

Final Adjustment Value for Left Turn Lane and Median:

AdjMedLTL 1 LTadj+ MedAdj+:=

AdjMedLTL 1=

4.  Determine Facility Adjustment Factor (FacAdj)

FacAdj = 1.0 for Analysis Type = Segment

FacAdj = 0.9 for Analysis Type = Facility

FacAdj AnalysisType( ) out 1.0← AnalysisType 0=if

out 0.9← AnalysisType 1=if

out

:=

FacAdj AnalysisType( ) 1= FacAdj FacAdj AnalysisType( ):= FacAdj 1=

5.  Calculate Adjusted Volume (AdjVol)

AdjVol
DDHV

PHF LAF⋅ AdjMedLTL⋅ FacAdj⋅
:=

AdjVol 610.8= veh/h V AdjVol:= V 610.8= veh/h



Calculations for Percent Time Spent Following (PTSF)

6.  Determine ET (Truck passenger car equivalency factor)  

PCEs Terrain V,( )

ET 1.1← 0 V≤ 300≤if

ET 1.1← 300 V< 600≤if

ET 1.0← V 600>if

ER 1.0←

out
ET

ER

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

out

Terrain 1=if

ET 1.8← 0 V≤ 300≤if

ET 1.5← 300 V< 600≤if

ET 1.0← V 600>if

ER 1.0←

out
ET

ER

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

out

Terrain 2=if

out

:=

From Exhibit 20-10
HCM 2000

ET PCEs Terrain V,( )1:= ET 1.0=
PCEs Terrain V,( )

1.0

1.0
⎛
⎜
⎝

⎞
⎟
⎠

=
ER PCEs Terrain V,( )2:= ER 1.0=

7.  Calculate heavy vehicle factor (fHV)

fHV
1

1 PT ET 1−( )⋅+
:= Equation 20-4

HCM 2000

fHV 1=

8.  Determine grade adjustment factor (fG)



fG Terrain V,( )

fG 1.0←

out fG←

out

Terrain 1=if

fG 0.77← 0 V≤ 300≤if

fG 0.94← 300 V< 600≤if

fG 1.0← V 600>if

out fG←

out

Terrain 2=if

out

:=

From Exhibit 20-8
HCM 2000

fG Terrain V,( ) 1= fG fG Terrain V,( ):= fG 1.0=

9.  Calculate forward direction volume (vd)

vd
V

PHF fG⋅ fHV⋅
:= Equation 20-12

HCM 2000

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

vd
AdjVol
fG fHV⋅

:=

vd 610.8= pc/hr

Check this value against flow range used for Exhbits 20-10 and 20-8, and repeat steps
6 through 9 as necessary.

10.  Calculate opposing direction volume (vo).

vo
Vo

PHF fG⋅ fHV⋅
:=

Vo From Equation 20-13
HCM 2000

The "equivalent" is performed by the following equation:



vo
vd 1 D−( )⋅

D
:=

vo 499.7=

fG and fHV are not currently accounted for in the determination of vo as they are in the
HCM 2000 methodology.  Additionally, the PHF is assumed to be the same in the
off-peak direction.

11.  Determine values of coefficients 'a' and 'b' for HCM Equation 20-17

Look up values from HCM Exhibit 20-21 (linear interpolation if necessary).

Input:

vo is rounded to the nearest 10 veh/h.

vo_rd round vo 1−,( ):= vo_rd 500= pc/hr

From Exhibit 20-21
HCM 2000 (per
NCHRP 20-7
revisions)

From Exhibit, for vo = 400;

From Exhibit, for vo = 600; 

a1 0.0022−:= b1 0.923:=

a2 0.0033−:= b2 0.870:=

Interpolation:

a a1 vo_rd 400−( )
a1 a2−

400 600−

⎛
⎜
⎝

⎞
⎟
⎠

⋅+:=

a 0.0028−=

b b1 vo_rd 400−( )
b1 b2−

400 600−
⋅+:=

b 0.8965=

12.  Calculate base percent time spent following (BPTSF)

BPTSFd 100 1 e
a vd

b⋅
−

⎛⎜⎝
⎞⎟⎠⋅:= Equation 20-17

HCM 2000

BPTSFd 57.9=

13.  Determine adjustment for % no-passing zones in analysis direction (fnp) for HCM Equation



20-16

Look up value from HCM Exhibit 20-20 (linear interpolation if necessary, by both volume
and percent no-passing zone).

Input:

PostedSpeed 50= %NPZ 60= vo 499.7=

FFS PostedSpeed 5+:=

FFS 55=

Interpolation:

vp vd vo+:= vp 1110=

From Exhibit 20-20
HCM 2000 (per
NCHRP 20-7
revisions)

fnp 41.3 vp 800−( ) 41.3 25.8−

800 1400−
⎛⎜
⎝

⎞⎟
⎠

⋅+:=

fnp 33.3=

14.  Calculate percent time spent following (PTSF)

Equation 20-16
HCM 2000 (per
NCHRP 20-7
revisions)

PTSFd BPTSFd fnp
vd
vp

⎛
⎜
⎝

⎞
⎟
⎠

⋅+:=

PTSFd 76.2=

Procedure if passing lanes are present

See separate example document.

Calculations for Average Travel Speed (ATS)

6.  Determine ET (Truck passenger car equivalency factor)  



PCEs Terrain V,( )

ET 1.7← 0 V≤ 300≤if

ET 1.2← 300 V< 600≤if

ET 1.1← V 600>if

ER 1.0←

out
ET

ER

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

out

Terrain 1=if

ET 2.5← 0 V≤ 300≤if

ET 1.9← 300 V< 600≤if

ET 1.5← V 600>if

ER 1.1←

out
ET

ER

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

out

Terrain 2=if

out

:=

From Exhibit 20-9
HCM 2000

ET PCEs Terrain V,( )1:= ET 1.5=
PCEs Terrain V,( )

1.5

1.1
⎛
⎜
⎝

⎞
⎟
⎠

=
ER PCEs Terrain V,( )2:= ER 1.1=

7.  Calculate heavy vehicle factor (fHV)

fHV
1

1 PT ET 1−( )⋅+
:= Equation 20-4

HCM 2000

fHV 0.98=

8.  Determine grade adjustment factor (fG)



fG Terrain V,( )

fG 1.0←

out fG←

out

Terrain 1=if

fG 0.71← 0 V≤ 300≤if

fG 0.93← 300 V< 600≤if

fG 0.99← V 600>if

out fG←

out

Terrain 2=if

out

:=

From Exhibit 20-7
HCM 2000

fG Terrain V,( ) 0.99= fG fG Terrain V,( ):= fG 0.99=

9.  Calculate forward direction volume (vd)

vd
V

PHF fG⋅ fHV⋅
:= Equation 20-12

HCM 2000

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

vd
AdjVol
fG fHV⋅

:=

vd 629.3= pc/h

Check this value against flow range used for Exhbits 20-10 and 20-8, and repeat steps
6 through 9 as necessary.

10.  Calculate opposing direction volume (vo)

Equation 20-13
HCM 2000vo

Vo
PHF fG⋅ fHV⋅

:=
Vo

The "equivalent" is performed by the following equation:

vo
vd 1 D−( )⋅

D
:=



vo 514.9= pc/h

fG and fHV are not currently accounted for in the determination of vo as they are in the
HCM 2000 methodology.  Additionally, the PHF is assumed to be the same in the
off-peak direction.

11.  Determine adjustment for % no-passing zones in analysis direction (fnp) for HCM Equation
20-15

Look up value from HCM Exhibit 20-19 (linear interpolation if necessary, by both volume
and percent no-passing zone).

Input:

PostedSpeed 50= %NPZ 60= vo 514.9=

FFS PostedSpeed 5+:=

FFS 55=

Interpolation:

This example only calls for interpolation by volume,

fnp 2.4 vo 400−( ) 2.4 1.6−

400 600−
⎛⎜
⎝

⎞⎟
⎠

⋅+:=

fnp 1.94=

12.  Calculate average travel speed (ATS)

Input:

FFSd FFS:= FFSd 55= from inputs

vd 629.3= from step 9

vo 514.9= from step 10

fnp 1.94= from step 11

Calculation:

ATSd FFSd 0.00776 vd vo+( )⋅− fnp−:= Equation 20-5
HCM 2000

ATSd 44.2= mi/h



Procedure if passing lanes are present

See separate example document.

Service Volumes

See separate example document.

Determine Level of Service

Los Class PTSF, ATS, FFS,( )

out1 "A"← PTSF 35≤if

out1 "B"← 35 PTSF< 50≤if

out1 "C"← 50 PTSF< 65≤if

out1 "D"← 65 PTSF< 80≤if

out1 "E"← PTSF 80>if

out2 "A"← ATS 55>if

out2 "B"← 50 ATS< 55≤if

out2 "C"← 45 ATS< 50≤if

out2 "D"← 40 ATS< 45≤if

out2 "E"← ATS 40≤if

out
out1

out2

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

Class 1=if

out "A"← PTSF 40≤if

out "B"← 40 PTSF< 55≤if

out "C"← 55 PTSF< 70≤if

out "D"← 70 PTSF< 85≤if

out "E"← PTSF 80>if

out

Class 2=if

out "A"←
ATS
FFS

0.917>if

out "B"← 0.833
ATS
FFS

< 0.917≤if

out "C"← 0.750
ATS
FFS

< 0.833≤if

Class 3=if

:=

From Exhibit 20-2
HCM 2000

From Exhibit 20-4
HCM 2000



out "D"← 0.667
ATS
FFS

< 0.750≤if

out "E"← 0.583
ATS
FFS

< 0.667≤if

out "F"←
ATS
FFS

0.583≤if

out

out

Los Class PTSFd, ATSd, FFS,( )
"D"

"D"
⎛
⎜
⎝

⎞
⎟
⎠

= If Class 1, the LOWER LOS GOVERNS
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Methodology When Passing Lane is Included
(based on Sample Problem 1) ORIGIN 1≡

1.  Input Roadway and Traffic Data.

Roadway Variables

PassingLaneSpacing 2:= mi 

Lu 0:= Lpl 1:= FDOT default values

Traffic Variables

DirFlowRate 610.8:= veh/h calculated previously, vd, Directional Flow Rate
Step 9, Example 3 

2.  Determine the Downstream Length of Roadway Affected by Passing Lanes on
Directional Segments (for Level or Rolling Terrain)

Lde = Downstream Length of Affected Roadway, in miles

Interpolation:

vd DirFlowRate:=

From Exhibit 20-23
HCM 2000Lde1 8.1 vd 400−( ) 5.7 8.1−

700 400−
⋅+:= Lde1 6.414= PTSF

Lde2 1.7:= ATS

3.  Determine the Factors for Estimation of Average Travel Speed and Percent Time Spent
Following within a Passing Lane.  

Calculations:



fpl DirFlowRate( )

out1 0.58←

out2 1.08←

0 DirFlowRate≤ 300<if

out1 0.61←

out2 1.10←

300 DirFlowRate≤ 600<if

out1 0.62←

out2 1.11←

DirFlowRate 600≥if

out
out1

out2

⎛⎜
⎜⎝

⎞⎟
⎟⎠

←

out

:=

From Exhibit 20-24
HCM 2000

fpl DirFlowRate( )
0.62

1.11
⎛
⎜
⎝

⎞
⎟
⎠

= fpl fpl DirFlowRate( ):=

fpl in miles for PTSF
fpl

0.62

1.11
⎛
⎜
⎝

⎞
⎟
⎠

=
fpl in miles for ATS

4.  Adjust Percent Time Spent Following for Passing Lanes

a.  Calculate Ld, the length of the two-lane highway downstream of the passing lane and
     beyond its effective length (mi).

Calculations:

Ld1 PassingLaneSpacing Lu Lpl+ Lde1+( )−:=

Ld1 5.414−= mi 

b.  Calculate PTSF using either Equation 20-19 or Equation 20-20 from HCM 2000

Input:

PTSFd 76.2:= calculated previously, PTSF without passing lanes
Step 14, Example 3

Calculations:



PTSFpl Lde1 fpl, Ld1,( )

out
PTSFd Lu Ld1+ fpl1

Lpl⋅+
1 fpl+

2

⎛
⎜
⎝

⎞
⎟
⎠

Lde1⋅+
⎡
⎢
⎣

⎤
⎥
⎦

⋅

PassingLaneSpacing
←

out

Ld1 0≥if

out

PTSFd Lu fpl Lpl⋅+ fpl Lde1 Ld1+( )⋅+
1 fpl−

2

⎛
⎜
⎝

⎞
⎟
⎠

Lde1 Ld1+( )2
Lde1

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⋅+
⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⋅

PassingLaneSpacing
←

out

Ld1 0<if

out

:=

PTSFpl Lde1 fpl1
, Ld1,⎛

⎝
⎞
⎠

48.4=

4.  Adjust Average Travel Speed for Passing Lanes

a.  Calculate Ld, the length of the two-lane highway downstream of the passing lane and
     beyond its effective length (mi).

Calculations:

Ld2 PassingLaneSpacing Lu Lpl+ Lde2+( )−:=

Ld2 0.7−=

b.  Calculate PTSF using either Equation 20-21 or Equation 20-22 from HCM 2000

Input:

ATSd 44.2:= mi/h calculated previously, ATS without passing lanes
Step 12, Example 3

Calculations:



ATSpl Lde2 fpl, Ld2,( )

out
ATSd PassingLaneSpacing⋅

Lu
Lpl
fpl

+
2 Lde2 Ld2+( )⋅

1 fpl+ fpl 1−( )
Lde2 Lde2 Ld2+( )⋅

Lde2

⎡
⎢
⎣

⎤
⎥
⎦

⋅+

+

←

out

Ld2 0≥if

out
ATSd PassingLaneSpacing⋅

Lu
Lpl
fpl

+
2 Lde2 Ld2+( )⋅

1 fpl+ fpl 1−( )
Lde2 Lde2 Ld2+( )−

Lde2
⋅+

+

←

out

Ld2 0<if

out

:=

ATSpl Lde2 fpl2
, Ld2,⎛

⎝
⎞
⎠

48.3=
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Application of the HIGHPLAN Computational Steps
 to a Multilane Highway Segment

Inputs and Initial Computations

1.  Input Roadway and Traffic Data

Roadway Variables

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

NumberofLanes 4:= PostedSpeed 45:= mi/hr

AnalysisType 0:= 0 = Segment, 1 = Facility Median 0:= 0 = No, 1 = Yes

Terrain 2:= Level = 1, Rolling = 2 LeftTurnLane 0:= 0 = No, 1 = Yes

Traffic Variables

AADT 40000:= PercentHeavyVehicles 0.02:= PT PercentHeavyVehicles:=

K 0.095:= BaseCapacity 2000:=

D 0.55:= LocalAdjustmentFactor 1.0:= LAF LocalAdjustmentFactor:=

PHF 0.925:=

2.  Calculate DDHV (Design Directional Hour Volume)

DDHV AADT K⋅ D⋅:=

DDHV 2090=

3.  Determine ET (Truck passenger car equivalency factor)  

PCE Terrain( ) out 1.5← Terrain 1=if

out 2.5← Terrain 2=if

out

:= From Exhibit 21-8
HCM 2000



PCE Terrain( ) 2.5= ET PCE Terrain( ):= ET 2.5=

4.  Calculate heavy vehicle factor (fHV)

fHV
1

1 PT ET 1−( )⋅+
:= Equation 21-4

HCM 2000

fHV 0.971=

5.  Calculate Base Analysis Volume (vp)

vp
DDHV

PHF
NumberofLanes

2
⋅ fHV⋅ LAF⋅

:= Equation 21-3
HCM 2000

vp 1163.6= veh/h

6.  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 = 0 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.

Left Turn Lane:

LTadj LeftTurnLane( ) out 0.2−← LeftTurnLane 0=if

out 0← LeftTurnLane 1=if

out

:=

LTadj LeftTurnLane( ) 0.2−= LTadj LTadj LeftTurnLane( ):= LTadj 0.2−=

Median:

MedAdj Median( ) out 0.05−← Median 0=if

out 0← Median 1=if

out

:=

MedAdj Median( ) 0.05−= MedAdj MedAdj Median( ):= MedAdj 0.05−=

Final Adjustment Value for Left Turn Lane and Median:

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



7.  Determine Facility Adjustment Factor (FacAdj)

FacAdj = 1.0 for Analysis Type = Segment

FacAdj = 0.9 for Analysis Type = Facility

FacAdj AnalysisType( ) out 1.0← AnalysisType 0=if

out 0.9← AnalysisType 1=if

out

:=

FacAdj AnalysisType( ) 1= FacAdj FacAdj AnalysisType( ):= FacAdj 1=

8.  Calculate Adjusted Analysis Volume (AdjVol)

AdjVol
vp

AdjMedLTL FacAdj⋅
:=

AdjVol 1551.5= veh/h V AdjVol:= V 1551.5= veh/h

9.  Determine Average Passenger Car Speed

FFS PostedSpeed 5+:=

FFS 50= Exhibit 21-3
HCM 2000

Speed FFS AdjVol,( ) out FFS← AdjVol 1400≤if

out FFS
3
10

FFS⋅ 13−⎛⎜
⎝

⎞⎟
⎠

AdjVol 1400−

28 FFS⋅ 880−
⎛⎜
⎝

⎞⎟
⎠

1.31
⋅−← FFS 55>if

out FFS
34
205

FFS⋅
219
41

−⎛⎜
⎝

⎞⎟
⎠

AdjVol 1400−

171
5

FFS⋅ 1181−

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

1.31
⋅−← 50 FFS< 55≤if

out FFS
10
43

FFS⋅
350
43

−⎛⎜
⎝

⎞⎟
⎠

AdjVol 1400−

33 FFS⋅ 1050−
⎛⎜
⎝

⎞⎟
⎠

1.31
⋅−← 45 FFS< 50≤if

out FFS
1
5

FFS⋅
56
9

−⎛⎜
⎝

⎞⎟
⎠

AdjVol 1400−

36 FFS⋅ 1120−
⎛⎜
⎝

⎞⎟
⎠

1.31
⋅−← FFS 45=if

AdjVol 1400>if

:=

Speed FFS AdjVol,( ) 49.4= S Speed FFS AdjVol,( ):= S 49.4= mi/h



10.  Calculate density

Equation 21-5
HCM 2000D

AdjVol
S

:= D 31.4= pc/mi/ln

Determine Level of Service

LOS FFS D,( )

out "A"← D 11≤if

out "B"← 11 D< 18≤if

out "C"← 18 D< 26≤if

out "D"← 26 D< 35≤if

out "E"← 35 D< 40≤if

out "F"← D 40>if

FFS 60≥if

out "A"← D 11≤if

out "B"← 11 D< 18≤if

out "C"← 18 D< 26≤if

out "D"← 26 D< 35≤if

out "E"← 35 D< 41≤if

out "F"← D 41>if

55 FFS≤ 60<if

out "A"← D 11≤if

out "B"← 11 D< 18≤if

out "C"← 18 D< 26≤if

out "D"← 26 D< 35≤if

out "E"← 35 D< 43≤if

out "F"← D 43>if

50 FFS≤ 55<if

out "A"← D 11≤if

out "B"← 11 D< 18≤if

out "C"← 18 D< 26≤if

out "D"← 26 D< 35≤if

out "E"← 35 D< 45≤if

out "F"← D 45>if

45 FFS≤ 50<if

:=

From Exhibit 21-2
HCM 2000

LOS FFS D,( ) "D"=




