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Report Organization

There were three research components to this project. The first component, labeled Task 17,
addressed the issue of testing the revisions to the two-lane directional analysis methodology as
part of NCHRP 20-7 (task 160) and implementing these revisions into the HIGHPLAN software
program.

The second component addressed the issue of two-lane highway classification categories and the
preferred level of service performance measures for those categories. This component includes
two tasks, labeled Task 2a and 2b. In Task 2a, a roundtable discussion was organized with
several transportation professionals from the northern part of Florida to discuss two-lane
highway analysis issues. The conducting of this roundtable session and subsequent write-up for
the report was done with the assistance of graduate student Mr. Brad Choi.

In Task 2b, focus group sessions were conducted with recruited citizens in an effort to identify
the preferred performance measures for assessing level of service on various types of two-lane
highways. The report content for Task 2b, under the section titled “Identification of Preferred
Performance Measures for the Assessment of Level of Service on Two-Lane Highways”, is in
large part the Masters thesis prepared by Ms. Jessica Morriss under the supervision of Dr. Scott
Washburn. The front matter that was relevant only to the graduate school of the University of
Florida has been removed.

The third component, labeled Task 3, addressed the development of a methodology for
performing a two-lane highway level of service analysis at the facility level, primarily with
respect to the combination of basic two-lane highway segments and signalized intersections. The
report content for Task 3, under the section titled “A Methodology for the Operational
Performance Assessment of Two-Lane Highway Facilities”, is in large part the draft dissertation
prepared by Mr. Qingyong (Steven) Yu under the supervision of Dr. Scott Washburn. The front
matter that is relevant only to the graduate school of the University of Florida has been removed.

! Note: This task was not included in the original scope of work.




Task 1

HIGHPLAN Revisions
Based on NCHRP 20-7 (Task 160) Results




Task 1

Although not originally part of the scope, a major task was undertaken as part of this project
due to its significance to the overall objective of improving the analysis methods of two-lane
highways and its importance to the level of service program for the Florida DOT. This task
dealt with NCHRP project 20-7 (Task 160), which resulted in significant changes to the
directional analysis methodology for two-lane highways in the Highway Capacity Manual
(HCM) 2000.

This task entailed the following components:

A preliminary review and testing of the revised two-lane highway directional analysis
methodology proposed in NCHRP 20-7 was performed. This was done during the
months of August and September 2003.

A beta version of HIGHPLAN was produced with the NCHRP 20-7 revisions and
supplied to FDOT in December 2003. Fairly extensive modifications to the program
code and one table implementation were necessary.

More comprehensive testing of the new procedure was performed and revealed a
numerical discrepancy related to certain levels of traffic directional split—this
required coordination with the research contractor for NCHRP 20-7 (Midwest
Research Institute) to troubleshoot and identify the source of the discrepancy. This
was done during the spring and summer semesters of 2004.

After this issue was resolved and verified by additional testing, the HIGHPLAN
program code and data table were modified again as necessary. The methodological
components that were affected by NCHRP 20-7 are included in the following pages.
Note: This material is excerpted directly from the NCHRP 20-7 report.
Comprehensive testing of the revised HIGHPLAN program was performed. As part
of this testing effort, the entire sequence of computational steps was documented in a
Mathcad format. Multiple tests were made comparing the results of HIGHPLAN
(including each of the intermediate outputs that can be viewed in the diagnostic mode)
with those generated from the Mathcad worksheet. Three example problems are
included later in this section. For the data inputs shown at the top of each Mathcad
worksheet, HIGHPLAN will return the same final results.

Another beta version of the new HIGHPLAN program was provided to FDOT staff for
final testing in May 2005.




Task 1

MODIFICATIONS TO HCM2000 CHAPTERS 12 AND 20 FOR
COMPATIBILITY OF THE TWO-WAY SEGMENT AND
DIRECTIONAL SEGMENT PROCEDURES FOR TWO-LANE
HIGHWAYS

The following changes should be made to HCM Chapters 12 and 20 to make the two-

way and directional segment procedures for two-lane highways compatible with one another:

1. Replace HCM Exhibit 12—-7b with the following figure:
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Task 1

2. Replace HCM Exhibit 20-20 with the following table:

Exhibit 20-20. ADJUSTMENT (f,,) TO PERCENT TIME-SPENT-
FOLLOWING FOR PERCENTAGE OF NO-PASSING ZONES
IN DIRECTIONAL SEGMENTS

Two-way Increase in percent time-spent-following (%)
flow rate, No-passing zones (%)
Vp (pc/h) 0 20 40 60 80 100
Directional split = 50/50
<200 9.0 29.2 43.4 49.4 51.0 52.6
400 16.2 41.0 54.2 61.6 63.8 65.8
600 15.8 38.2 47.8 53.2 55.2 56.8
800 15.8 33.8 40.4 44.0 44.8 46.6
1400 12.8 20.0 23.8 26.2 274 28.6
2000 10.0 13.6 15.8 17.4 18.2 18.8
2600 55 7.7 8.7 9.5 10.1 10.3
3200 3.3 4.7 5.1 5.5 5.7 6.1
Directional split = 60/40
<200 11.0 30.6 41.0 51.2 52.3 53.5
400 14.6 36.1 44.8 53.4 55.0 56.3
600 14.8 36.9 44.0 51.1 52.8 54.6
800 13.6 28.2 334 38.6 39.9 41.3
1400 11.8 18.9 221 254 26.4 27.3
2000 9.1 13.5 15.6 16.0 16.8 17.3
2600 5.9 7.7 8.6 9.6 10.0 10.2
Directional split = 70/30
<200 9.9 28.1 38.0 47.8 48.5 49.0
400 10.6 30.3 38.6 46.7 47.7 48.8
600 10.9 30.9 375 43.9 45.4 47.0
800 10.3 23.6 284 33.3 345 35.5
1400 8.0 14.6 17.7 20.8 21.6 22.3
2000 7.3 9.7 15.7 13.3 14.0 14.5
Directional split = 80/20
<200 8.9 27.1 37.1 47.0 47.4 47.9
400 6.6 26.1 34.5 42.7 435 44.1
600 4.0 24.5 31.3 38.1 39.1 40.0
800 4.8 18.5 235 284 29.1 29.8
1400 3.5 10.3 13.3 16.3 16.9 32.2
2000 3.5 7.0 8.5 10.1 10.4 10.7
Directional split = 90/10
<200 4.6 241 33.6 43.1 43.4 43.6
400 0.0 20.2 28.3 36.3 36.7 37.0
600 -3.1 16.8 235 30.1 30.6 31.1
800 -2.8 10.5 15.2 19.9 20.3 20.8
1400 -1.2 5.5 8.3 11.0 11.5 11.9
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3. Replace HCM Exhibit 20-21 with the following table:

Exhibit 20-21. VALUES OF COEFFICIENTS USED IN ESTIMATING PERCENT TIME-
SPENT-FOLLOWING FOR DIRECTIONAL SEGMENTS

Opposing demand flow rate, v, (pc/h) a b

<200 —0.0014 0.973

400 —-0.0022 0.923

600 —-0.0033 0.870

800 —0.0045 0.833

1000 —0.0049 0.829

1200 —0.0054 0.825

1400 —0.0058 0.821

> 1600 —0.0062 0.817

4. Replace HCM Equation (20-16) with the following equation:

PTSF,=BPTSF,+ f Ve (20-16)
V,+V,
where:
PTSF4 = percent time-spent-following in the direction analyzed,
BPTSFy = base percent time-spent-following in the direction analyzed,

fop = adjustment for percent no-passing zones in the direction analyzed

5. To reduce the potential for misunderstanding, HCM Equation (20-7) should be rewritten
using the exp function, as shown below, rather than as e raised to a power:

BPTSF = 100 (1  exp (-0.000879v;)) (20-7)

where: BPTSF base percent time-spent-following for both directions of travel
combined

two-way passenger-car equivalent flow rate, pc/h

Vp

6. To reduce the potential for misunderstanding, HCM Equation (20-17) should be rewritten
using the exp function, as shown below, rather than as e raised to a power:

BPTSF, = 100 (1 - exp (avi)) (20-17)

where: BPTSF4
'

base percent time-spent-following in the direction analyzed,
directional passenger-car equivalent flow rate, pc/h
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Mathcad Computations for Example 1




Task 1

HIGHPLAN Computational Methodology
Update for NCHRP 20-7 Revisions UF-TRC

Application of the HIGHPLAN Computational Steps to Example Problem 1

Inputs and Initial Computations.

1. Input Roadway and Traffic Data.

Roadway Variables

Class =1 Median =1 0=Mo, 1 =Yes
MumberofLaties = 2 LeftiTumlane =1 O0=Hha, 1=%es
AnalysisType =1  0=5egment, 1 = Facility WHEPZ = 60

Tetrain = 2 1=Level, 2= Ralling PresencePassinglane =1 0=Mo, 1=Yes
Fosted3peed = 50 mmifhr Spacing = 5 i

Traffic Variahles

&ATT = 10000 PercentHeavyVehicles .= 0.04 P = PercentHeavyVehicles

K =00% BazeCapacity = 1700

D=0355 Locald djustmentFactor .= 0.95 LAF = Locald djustmentF actor
PHF =091

2. Calculate DDHY {Design Directional Hour Volume)
Calculation:
DDHY = £ADT KD

DDHV = 528
3. Determine adjustment for the presence of a median and/or left turn lanes.

Left Turn Lane Adjustment (LTad]) = -0.2 for left turn lanes MOT present, LTad] = 0 atherwise.

Median Adjustment (Medad)) = 0.05 for median present, MadAd] = 0 atherwise.
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Calculations:

Left Turn Lane:

LTadjLeftTurnlane) = [out « 02 if LefiTwnlane =0
out «— 0 if LefiTurnlane =1

out

LTadiiLeftTurnlane) =0 LTadj = LTadj(LeftTurnl are)

hedian:

MedAdiihMedian) = [out <« 0 if Median=10
out «— 005 if Median=1

out
MedA diMediatry) = 005 Medﬁdj = MedA diihediat)

Final Adjustment %alue for Left Turn Lane and Median;
AdiMedLTL = 1 + LTadj + Medddj

2 dhIedLTL = 1.05

4. Determine Facility Adjustment Factor (FacAdj).

FacAdj = 1.0 for Analysis Type = Segment
FacAd) = 0.9 for Analysis Type = Facility
Calculation:

FachAdil AnalysisType) = |out « 10 f AnalysisType =0
out <+ 09 if AnalysisType=1

out

FachAdil AnalysisType) =089 Factdi = FacAdi{AnalysisType)

5. Calculate Adjusted Volume {AdjVol).

Calculation:

DDHYT

2diVal = - -
PHF - LAF- AdilledLTL-FacAdj

LTadj=10

Iledddi = 0.05

Fachdj =09

A diVaol = 6463 weh/h o= AdiVol V= 646 304 veh/h
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Calculations for Percent Time Spent Following (PTSF)

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

Calculation:

PCEs(Terrain, V) = |if Tetrain=1
Er« 11 #f 02V <300

Ep e 1.1 if 300 < ¥ = 600
Epr« 1.0 o V> 600

Ep < 1.0

[ ]
out
R

out

if Tetrain = 2

Ere 18 i 02V <300
Er« 15 o 300 <V £600
Er« 10 i V> 600

Ep < 1.0

{ J
out
ER

out

out

l.EI] Er:= PCES(Terrajn,‘i.le

PCEs( Tetrain, V) = [1 .

Ep = PCEs(T errajn,‘i.?jz

7. Calculate heavy vehicle factor {f,. ).

Calculation:

1+ PpEp - 1) fyy =100

From Exhibit 20-10
HCk 2000

From Equation 20-4
HCH 2000




Task 1

8. Determine grade adjustment factor {f3).

Calculation:

fr Tetrain V) = |4f Terrain=1
fG «— 10
out — f'G

out
if Tetrain = 2

i LV o
fg < OF7 F DS 2300 From Exhibit 20-8
fry & 054 if 300 < ¥ < 600 HCM 2000
fry & 10 i ¥ > 600

out — f'G

out

ot
fG(Terra:in,Tni'j =1 f&: fG(Terrajn,Tni'j f'G =100

9. Calculate forward direction volume {v ).

Calculations:

v From Equation 20-12

Vd = ——
PHF fry fyyy HCM 2000

=ince the PHF was already accounted for in Step &, the following equation is used:

.. Adiol
sl
eRithy
Vd = pda 3 pC.-"hr VdPTSF = Vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
b through 9 as necessary.
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10. Calculate opposing direction volume {v_}.
Calculations:

vl:l

e From Equation 20-13
PHF fy fyy HCM 2000

An approximate equivalent is performed by the following equation:

vy (1 - I
V= —
" D

v, = 5188

fs and fy,; are not currently accounted for in the determination of v, as they are in the

HCM 2000 methodology. Additionally, the PHF is assumed to be the same in the
oft-peak direction.

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

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

[nput:
v, 15 rounded o the nearest 10 veh/h.
round|v,,~1] = 530 pcihr
From Exhibit, for v, = 400, ay = —0.0022 by = 0523 Erarm Exhibit 2091
HCK 2000
Frarn Exhibit, for v, = 600, ay = —0.0033 by = 0.870
Calculations:

3~ 3
ai=ap + (530 - 400) | ————

400 - 600

a = —000292
by -y
b= by + (530 - 400y ———
1+ D 200 om0

b = 088855

10
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12. Calculate base percent time spent following (BPTSF).

Calculations:

a-%
BPTEF 4 = IDD-(I S € j From Equation 20-17
HCK 2000

EPTRF 4= 2095

13. Determine adjustment for % no-passing zones in analysis direction (f ) for HCM Equation
20-16.

Loak up value fram HCM Exhibit 20-20 (linear interpalation if necessary, by bath volume
and percent no-passing zane).

Input:
PostedZpeed = 50 %WHPZ = Al v, = 3282
FF3 = Posted3peed + 5
FF3 =55

Calculation:

This example calls for interpalation by volume and by directional split

Vp =Ty +v, Vp = 1175.10
From Exhihit, far v, = 400; HHNFZ = 60
D =055

From Exhibit, far v, = BOD;

Aplity = 50
YNPZ] gy = 60 96NPZpgyy, o= 80
Vol = 200 f) =440 g =445
Vg = 1400 £, =262 g, = 274 o Explbit 20-22
|
Val) = ﬁ-lvp = Vi + ) Wal) = 32271

11
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Aplity = 60
YMPZp =6l YoMPZpy = 50
Vp3 = 200 fy =354 gy =358
Vo4 = 1400 fa=254 gq =264
£q-£5
Valy = — Vg = T3l * £5 Waly = 30345
VP4 VPE
Valy - Val
Doublelnterp = ——————— | 100-I' - Splity | + Valy Dioublelnterp = 31.61
Splity - Splity
fﬂP = Doublelnterp
fﬂP = 31410

14. Calculate percent time spent following (PTSF).

Calculations:

W
PTSF = BPTSF 4 + f‘np- _4 Fram Eguation 20-16
Tat Ty HCH 2000

PTEF 4= 7737

If passing lanes are present, see calculations later in file.

12
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Calculations for Average Travel Speed (ATS)

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

Calculation:

PCEs Terrain, V) = |ff Terrain=1
Ep« 1.7 f D02V <300

Ep e 1.2 if 300 <V =400
Er« 11 of V> 600

Ep < 1.0

[ ]
out
R

out

if Tetrain = 2

Ere 25 ff 05V <300
Er« 19 o 300 <V <400
Ep« 15 i V> 600

Ep « 1.1

[ ]
out
R

out

out

15 ] Et = PCEs(Tetrain, ) i

PCEa( Terrain, V) = [1 .

Ep,=PCEs(T laen*aau':clﬁ.i":]2

From Exhibit 20-9
HCR 2000

Ep =13

Ep =11

13
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7. Calculate heavy vehicle factor {f,. ).
Calculation:

1 .
o= ————————— fror = 092 From Equation 20-4
A HV

EELs 5 HCM 2000

8. Determine grade adjustment factor {fz).

Calculation:

foTetrain V) = |if Terrain=1
fne 10
ot — fG

out

_ _ From Exhibit 20-7
G U el HCM 2000

fme 071 f 0V <300
fy =093 if 300 < V < 600
fy 0599 if V> 600

out f'G

out

out
fG(Terrajn,Ei'j =059 f&: f'G(Terrajn,Ei'j fG =059

9. Calculate forward direction volume {v).

Calculations:

I From Equation 20-12
PHF fry fpyy HCM 2000

£

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

_ Adiol

£

oy
v = 6650 pcih YAATS = Vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
B through 9 as necessary.

14
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10. Calculate opposing direction volume {v_).

Calculations:

¥

From Equation 20-13

Vo= —
" PHF-fyfyy HCM 2000

The "equivalent” is perfarmed by the following equation:

vy (1 - D)
V= —
" ]

v, = 5448 peih

fs and fy,, are nat currently accounted for in the determination of v as they are in the

HCM 2000 methodology. Additionally, the PHF is assurmed to be the same in the
off-peak direction.

11. Determine adjustment for % no-passing zones in analysis direction {f ) for HCM Equation

20-15.

[nput:

Calculation:

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

Posteddpesd = 50 %l FPZ = 60 Vg = 24519
FF3 = Posted3peed + 5
A

FF3 =355

This example only calls for interpolation by volume,

24-16
f . =24+ |v_ —-400)| —
AR " [mn-annj

fe = 182

15
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12. Calculate average travel speed (ATS).

Input:
FF3 4 = FF3 FF3 4 =55 from inputs
vy = 6659 from step 9
v, = 5448 fram step 10
fnp =152 from step 11
Calculation:

ATS 4= FFS, - 000776 (vy + v ) - £,

p From Equation 20-5

HCh 2000
AT3 =432 mi‘h

If passing lanes are present, see calculations below.

16
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Additional Calculations for When Passing Lanes are Included
1. Input Roadway and Traffic Data.
Roadway Variables
PassinglaneSpacing = 5 mi
L; = Passingl anelpacing Li=5
Traffic Variables

2. Determine the Downstream Length of Roadway Affected by Passing Lanes on
Directional Segments in Level and Rolling Terrain.

Ly. = Downstream Length of Affected Roadway

The L,, for the PTSF and ATS must be calculated using their respective v, values. The
ATS is a constant 1.7, but the PTSF must be interpalated from Exhibit 20-23.

le = 4|:||:| Ld&l = 81
Vd;: = TDD LdeE = 5?
Loz~ Lget
LaepTar = ————|¥dpTSF ~ Va1 | + Lger
V42 T Tl
Lieprop =613 LgeaTg=17

Equation 20-18
Ld = Lt_ “—u + Lpl & Ln:lva:I

L, = Length of the two-lane highway downstream of the passing lane and beyond its effective
length,
L, = total length of analysis segment,

L, = length of two lane highway upstream of the passing lane,
Ly, = length of the passing lane including tapers, and
Ly, = downstream length of the two-lane highway within the effective length of the passing lane.

HighPlan assumes that the L, equals 0 and that L, eguals 1.

L,=0 Lpl =1 .«]T\h:= Passingl anedpacing L=5
Laprar =Ly - Ly + Lot + LygepTar! Lyprap =-213 Lpsimede = Lt ~ Lyt
LyaTs =Lt~ (Ly+ Lo+ LyeaTs! LyaTg =23 Lprimede = 4

17
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3. Determine the Factors for Estimation of Average Travel Speed and Percent Time Spent
Following within a Passing Lane.

£ £ ipTap(vapTap) = |out < 058 if 0< vyppap < 300

out « 061 if 300 £ ¥ yprap < 600

return out
From Exhibit 20-24
HC R 2000

f—fp].;é';TSI VdﬁTS' = out «— ].Dg :L'F D i: vdﬁTS - 3':":'

out «— 1.10 if 300 = TAATS < 1]

out «— 1.11 if VaaTa Zalo

return out

ftpTaF = LopTaF YepTSF! fraTs = LEaTslveaTs)
fp]PTSF =0a2 pré_LTS =111

4a. Adjust the Precent Time Spent Following for Passing Lanes

PTEF 1| LgepTsF - TP TSF - LapTSF -Lerimede) = |¥ LypTap 20
1+f
PIFTSE .
PTSFd-|:Lu +LypTap + fp]PTSF'Lpl + (7 ‘LyepTSF Equation 20-19
out «—
Passingl aneSpacing
out
if Lyprap <0
1-1 Lp,;
plPTEF Primede .
FTSF | Ly * FppTaF Tp1 + fpipTsF (Mprimede! * ' Equation 20-20
2 LyepTaF
out «—
PassinglaneBpacing
out
out

PTEF o\ LaepTaF Fotp TaF - LaPTEF Lo rimeqe) = 5564
FTEFping = FT3F )\ LyepTap - BptPTaF - LaPTSF - Lorime de!

PTSFpy, o = 55644

18
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4b. Adjust Average Travel Time for Passing Lanes

T8 el Lgea s fuaTa-LaaTs Lhsimeds| =

AT8paTalLgea ta fua T LaaTs Lrrimeds | = 45492

f Lyarg 20
ATE y Passingl anelpacing ]
out d Equation 20-21
ik Iis
1 deATH
Ly+LaaTs + — e
faaara 1+ faTs
out
f Lyas <0
ATS g Passingl ane3pacing
out .
Lyt 2 Lpsimede) Equation 20-22
+ +
foaTa LyeaTs ~ Lpsimede!
1+ fp]ATS + 'fplATS = 1|-L7
de AT
out
out

T80 = AT e 7ol LyeaTs FolaTs LaaTs -Lorime de/

ATSgy o = 45492

19
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Determine Level of Service.

Los(Clags ,PTAF,ATE FFE) = |if Class =1

outy « "A"
outy < "B"
outy « "C"
outy « "D
outy « "E
outy & "A"
outy « "B"
outy & "C"
outy « "D
outy < "E"

if Class =2
out — "&"
out < "B"
out « "C"
ot «— "D
ot «— "E"
out

if Clage=3

ot «— A"
out < "B"
ot — "
ot «— "D
out «— "E"

out — "F"

out

out

IIDII
Los(Class PTEF , ATS  FF3| =
d d IIDII

LiosiClass ’PTSFF]IIEJ.’ATSFIIIEJ’FFS | = [ we ]

if PTEF < 33
if 35 < PTEF < 50
if 30 <« PTi&EF < 63
if 85 < PTEF < &0
if PTEF = 80
if ATS > 55
if 50« ATS S 55
if 45 < AT3 < 50
if 40« ATS < 45
if AT3 =40

D'LJ.T.I
out
Dut2

if FTEF < 40
if 40 < PTHEF £ 55
if 55 < FTEF =70
if 70 < PTSF £ 85
if PTAF = &0

if ATS > 0917
FF3

if 0833« AT3 = 0917
FF3
ATS

if 0750« —— = 0833
FF3

if 0667 < ATS <0750
FF3

if 0583 < ﬂ £ 0667
FF3

if AT8 < 0.583
FF3

Frorm Exhibit 20-2
HCh 2000

Frorn Exhibit 20-4
HCK 2000

If Class I, the LOWER LOS GOWERNS

If Class |, the LOWER LOZ GOVERNS

20
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Mathcad Computations for Example 2

21



Task 1

HIGHPLAN Computational Methodology
Update for NCHRP 20-7 Revisions UF-TRC

Application of the HIGHPLAN Computational Steps to Example Problem 2

Inputs and Initial Computations

1. Input Roadway and Traffic Data.

Roadway Variables

Class =1 Median =1 O0=Hha, 1=%es
FumberofLanes = 2 LeftTumLane = 1 O0=Mo, 1 =es
AnalysisType =1  0=Segment, 1 = Facility WHEZ = 80

Tetrain = 1 Level=1, Rolling = 2 PresenceFassinglane:=1 0=MNo, 1="es
Posted3peed = 50 mifhr Spacing = 2 i

Traffic Variahles

AADT = 10000 PercentHeavyVehicles .= 002 P = PercentHeavyVehicles

K = 0095 BazeCapacity = 1700

D=0355 Locald djustmentFactor .= 1 LAF = Locald djustmentF actor
FHF = 0925

2. Calculate DDHVY {Design Directional Hour Volume)

Calculation:

DDHV = 2ADT-K.D

DDHY = 322.5
3. Determine adjustment for the presence of a median and/or left turn lanes.

Left Turn Lane Adjustment (LTad)) = -0.2 for left turn lanes MOT present, LTad] = 0 otherwise.

Median Adjustment (Medad)) = 0.05 for median present, MadAd] = 0 atherwise,
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Calculations:
Left Turn Lane:

LTadiiLeftTurnlane) = |out « 02 if LeftTumlane =10
out «— 0 if LeftTwrnlane =1

out

LTadi(LeftTurnlane) =0 LTadi = LTadjiLeftTunl ane) LTadj=0

hedian:

MedAdi Mediarn) = Jout < 0 if Median=10
out «— 005 if Median=1

out
MedAdiiMediam = 0.05 Medﬁdj = Medd dir M ediat) MedAd) = 005

Final Adjustment “alue for Left Turn Lane and Median:

AdibMedLTL = 1 + LTadj + Medddj

A dihedlTL = 1.05
4. Determine Facility Adjustment Factor (FacAdij).

FacAdj = 1.0 for Analysis Type = Segment
FacAdj = 0.9 for Analysis Type = Facility
Calculation:
FacAdiAnalysisType) = |out « 10 if AnalysisType =0
out «— 09 if AnalysisType =1
out

FacAdj AnalysisType) =09 Factdi = FacAdi( AnalysisType) FacAdj =009

5. Calculate Adjusted Volume (AdjVol).

Calculation:
DDHY
AdiVol =
FHF-LAF-AdihedLTL-FacAdj
AdiVol = 53977 vehsh L:: AdiVol W= 597741 vehsh
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Calculations for Percent Time Spent Following (PTSF)

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

Calculation:

PCEs(Terrain, V) = |if Tetrain=1
Er« 11 #f 02V <300

Ep e 1.1 if 300 < ¥ = 600
Epr« 1.0 o V> 600

Eg « 1.0
[ET]
out E
F Fram Exhibit 20-10
out HCM 2000
if Tetrain =2

Er« 18 o 0=V =300
Ep« 15 o 300 <V <600
Ep« 10 if ¥V > 600

Ep < 1.0

{ J
out
ER

out

out

1_1] E’T = PCES(Terrajn,‘i.le ET =11

PCEs( Tetrain, V) = [1 .

Ep = PCEs(Terrain, V), Ep =10

7. Calculate heavy vehicle factor {f,. ).

Calculation:

1 fgy = 0998 Fram Equation 20-4

firr 2 ——
HY L+ Pp|Ep - 1] HCM 2000
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8. Determine grade adjustment factor {f3).

Calculation:

fr Tetrain V) = |4f Terrain=1
fG «— 10
out — f'G

out
if Tetrain = 2

i LV o
fg < OF7 F DS 2300 From Exhibit 20-8
fry & 054 if 300 < ¥ < 600 HCM 2000
fry & 10 i ¥ > 600

out — f'G

out

out
frg( Tetrain, V) = 1 fi = fo Terrain, ) fry= 110
9. Calculate forward direction volume {v ).

Calculations:

vyq= __r From Equation 20-12
PHF foy frgy HCM 2000

=ince the PHF was already accounted for in Step &, the following equation is used:

L. Aol
sl
foy fyy
Vd= J0E9 pI:.-"hr vdPTSF = vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
b through 9 as necessary.
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10. Calculate opposing direction volume {v_).

Calculations:

Yo

e From Equation 20-13
PHF fo fygy HCM 2000

The "equivalent” is performed by the following equation:

vq(1 - )
V= —
" D

v, = 490

fs and fy,, are not currently accounted for in the determination of v, as they are in the

HCM 2000 methodology. Additionally, the PHF is assumed to be the same in the
oftpeak direction.

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

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

v, 15 rounded to the nearest 10 vehdh,

round| v, -1 = 490 pcthr

From Exhibit, for v, = 400, ay = —0.0022 by = 0923 From Exhibit 20-21
HCh 2000

From Exhibit, for v, = 00; a5 = —0.0033 by = 0570

Calculations:

3~ 3
a=a) + (490 - 400) | ————

400 — 600

= 2605 % 10 -
by =ty
b=ty + (490 - 400) — =
1+ o0~ e00

b= 0299
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12. Calculate base percent time spent following (BPTSF).

Calculations:

a-%
BPTEF 4 = IDD-(I S € j From Equation 20-17
HCK 2000

EPTRF =571

13. Determine adjustment for % no-passing zones in analysis direction (f ) for HCM Equation
20-16.

Loak up value fram HCM Exhibit 20-20 (linear interpalation if necessary, by bath volume
and percent no-passing zane).

Input:
PostedZpeed = 50 %WHPZ = &0 v, =490
FF3 = Posted3peed + 5
FF3 =55

Calculation:

This example calls for interpalation by volume and by directional split

vp =Vt vy vp = 1 0E9 = 103
YHPZ = &0
D =055
Aplity = 50
%NPZLDW = Al %NPEHigh = 20
Vol = 200 f) =440 g =445
From Exhibit 20-22

va = 1400 fE =262 g = 274 HCK 2000

Val S Valy = 3642
| =¥y~ ¥, + g 1 =38
sz - VPI B B
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Aplity = 0
%MFPZ; =6l YolNPZyy = 20
Vp3 = 200 fy =354 gy =359
Vo4 = 1400 fq=254 gq=264
B4~ B3
Valy = Ay = Vsl + g3 Waly = 33395
Vo~ ¥ L
pd= g3
Valy — Val
Dioublelfterp =

———— | 100-Dr - Splity | + Valy Dioublelnterp = 34900
Aplity - Splity

fﬂP = Doublelnterp

fﬂ

o= 349

14. Calculate percent time spent following (PTSF).

Calculations:

K
PTSF 4= BPTSF 4 + fnp-[—dJ From Eqguation 20-16

Vot ¥y HCK 2000
PTEF =763

If passing lanes are present, see calculations later in file.
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Calculations for Average Travel Speed (ATS)

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

Calculation:
PCEsrTerrain, V) = |if Terrain =1
mg
Epr« 1.7 if 02V <300

Ep e 1.2 df 300 < ¥ = 600
Er« 1.1 o V> 600

Ep < 1.0

[ ]
out
R

out

From Exhibit 20-9
if Tetrait = 2 HCk 2000

Ep« 25 o 0=V =300
Epr« 19 o 300 <V <600

Ep e 15 if V6800

Ep ¢ 11
Er
out «—
Ep
ot
out
e Ep = PCEs(Terrain, V), Ep =12
PCEs( Tetrain, V) =
= Ep,= PCEs(Terrain, V)., Ep =10

7. Calculate heavy vehicle factor {f,. ).

Calculation:

1 .
frgg = ——————— froer = 0996 Fram Equation 20-4
AN HY

SR HCK 2000
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8. Determine grade adjustment factor {f3).
Calculation:
Fof Tetrain W) = |if Terrain=1
fry & 10
out « fiy
out _
Fram Exhibit 20-7

UG HCM 2000
f e 071 o D=V 2300

fi = 053 if 300 < ¥ £ 600
fip = 0899 of V> 600

out — f'G

out

ot
fG(Terra:in,Tni'j =1 f&: fG(Terrajn,Tni'j f'G =

9. Calculate forward direction volume {v ).

Calculations:

T From Equation 20-12
FHF-fi gy HCH 2000

£

=ince the PHF was already accounted for in Step &, the following equation is used:

_ AdjVal
o Ty

£

vy = 600.1 pcth VdATS = Vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
b through 9 as necessary.
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10. Calculate opposing direction volume {v_).

Calculations:

¥

From Equation 20-13

Vo= —
" PHF-fyfyy HCM 2000

The "equivalent” is perfarmed by the following equation:

vy (1 - D)
Vo= —
e n]

v, = 41 peh

fs and fy,, are nat currently accounted for in the determination of v 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 {f ) for HCM Equation

20-15.

[nput:

Calculation:

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

Posteddpesd = 50 %P = 80 v, = 491.017
FF3 = Posted3peed + 5
AAASS

FF3 =355

This example only calls for interpolation by volume,

27-18
f . =27+ |v_ -—-400)| —
AR " [mn-annj

fe = 229
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12. Calculate average travel speed (ATS).

Input:
FF3 4 = FF3 FF3 4 =55 from inputs
v = 6001 from step 9
v, = 491 fram step 10
fnp =229 from step 11
Calculation:

ATS 4= FFS, - 000776 (vy + v ) - £,

p From Equation 20-5

HCh 2000
ATS =442 mi‘h

If passing lanes are present, see calculations below.
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Additional Calculations for When Passing Lanes are Included

1. Input Roadway and Traffic Data.
Roadway Variables
PagsinglaneSpacing =2 mi

= Pazsinglanelpacin Sk
P g

Traffic Variables

2. Determine the Downstream Length of Roadway Affected by Passing Lanes on
Directional Segments in Level and Relling Terrain.

Ly = Downstream Length of Affected Roadway

The Ly, far the PTSF and ATS must be calculated using their respective v, values. The
ATS is a constant 1.7, but the PTSF must be interpolated from Exhibit 20-23.

le =400 LdEl =31
de =700 Ldez =57
 Laez ~Laer
LaepTar = — " 1VdpTsF ~ Vdi! t Lae
Y42~ Val
LyepTar = 9707 LgeaTs =17

Equation 20-18
Ld = Lt' I:Lu i |-|:-I i Lt:lra:l

L4 = Length of the twa-lane highway downstream of the passing lane and beyond its effective

length,
L, = total length of analysis segment,

L, = length of twa lane highway upstream of the passing lane,
L, = length of the passing lane including tapers, and
L,. = downstream length of the two-lane highway within the effective length of the passing lane.

HighFlan assumes that the L, equals O and that L, equals 1.

L,=10 Lpl =1 Ly = PassinglaneBpacing Li=2
Laprar =Ly = 1Ly + Lot + Lyeprar! LapTer = =959 Lpsimede = Lt ~ Lyt
LyaTgs =Ly~ Ly + Ly + Lgea sl Lyarg=-07 Lpsimede = !
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3. Determine the Factors for Estimation of Average Travel Speed and Percent Time Spent
Following within a Passing Lane.

£ £ ipTap(vapTap) = |out < 058 if 0< vyppap < 300

out « 061 if 300 £ ¥ yprap < 600

return out
From Exhibit 20-24
HCh 2000
f—fp].;é';TSI VdﬁTS' = out «— ].Dg :L'F D i: vdﬁTS - 3':":'
out «— 1.10 if 300 = TAATS < a00
out «— 1.11 if VAATS Z @00
return out
ftpTaF = LopTaF YepTSF! f1aTs = LEaTsl veaTs)
fp]PTSF =[0al pré-.TS =111
4a. Adjust the Precent Time Spent Following for Passing Lanes
PTEF 1| LgepTsF - TP TSF - LapTSF -Lerimede) = |¥ LypTap 20
PTSFa{Lu * LapTsF *+ fpprer Lo + ( - fI;]PTSF]'LdePTSF:| Equation 20-19
out e Passingl aneSpacing
out
if Lyprgp <0
U~ fopTar | | Lerimede )
PTF g b+ P Tar bt P Tof Mpemesel | 5 )| T~ Equation 2020
uke PassinglaneBpacing
out
out

FTRF o\ LaepTaF FotpTaF - LaPTSF LPrimede) = 47702
FTEFping = FT3F )\ LyepTap - BptPTaF - LaPTSF - Lorime de!

PT&Fpy, o = 47.702
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4b. Adjust Average Travel Time for Passing Lanes

AT8parallgea s fuaa s LaaTs Lrrimeds) = | LyaTs 20
ATE y Passingl anelpacing .
out — g o a3 Equation 20-21
1 deATH
L,+LlgaTs+ ERpN . - L8
faaara 1+ faTs
out
f Lyurs <0
ATS g Passingl ane3pacing
out — Equation 20-22
. La . 2 Lpsimede!
foaTa LyeaTs ~ Lpsimede!
1+ fp]ATS + 'fplATS - 1|-L7
deATS
out
out

AT8paalLgea s fua T LaaTs Lrrimeds | = 48383
T80 = AT e 7ol LyeaTs FolaTs LaaTs -Lorime de/

ATSg, o = 48383
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Determine Level of Service.

Los(Clags PTAF ,ATE FES) = |if Clags =1

outy « "A" i PTSF €35

outy < "B" if 35 < PTSF £ 50

outy < "C" if 50 < FPTSF £ A5

out; « "D" if A5 < PT3F £ 20

out; « "E" i PTEF » 20 o
From Exhibit 20-2

outy + "A" f AT3 > 55 HCh 2000

outy « "BYif 50 < ATE £ 55

outy & "CU i 45 < ATE £ 50

outy < "D if 40 < ATS < 45

outy « "E' if ATS =40

[Dutl ]

out —

ot

if Clags =12

out «— "A" if PTEF <40

out «— "B" if 40 < PTAF < 55
out < "C" if 35 < PTEF £ 70
ot « "D" if 0 < PTSF £ 85
out « "E" i PT3F » &0

out

if Claga=3

Frarn Exhibit 20-4
HCR 2000

ot — A" if AT3 = 0917
FF3

ATH

out « "B" if 0833 « —— = 0917
FFZ

ot «— O af 0750 < AT3 £ 0833
FF3

ouat < "D if 06ET < A8 <070
FF3
ATA

out < "E" if 0583 <« —— £ 0667
FF3

ot «— "F'if A3 £ 0.583
FF3

out

out

IIDII
Las|Class, PTSF 4, ATS 4 FFS| = ["D" ] If Class 1, the LOWWER LOS GOWVERMS

IIBII
Los(Class ,PTSFpy, 1 ATSpy, o1 FFS) = (C j If Class 1, the LOWER LOS GOVERNS
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Mathcad Computations for Example 3
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Task 1

HIGHPLAN Computational Methodology
Update for NCHRP 20-7 Revisions UF-TRC

Application of the HIGHPLAN Computational Steps to Example Problem 3

Inputs and Initial Computations

1. Input Roadway and Traffic Data.

Roadway Variables

Class =1 Median =1 O0=Hha, 1=%es
FumberofLanes = 2 LeftTumLane = 1 O0=Mo, 1 =es
AnalysisType =1  0=5Segment, 1 = Facility W HNPZ = 20

Tetrain = 1 Level=1, Rolling = 2 PresenceFassinglane:=1 0=MNo, 1="es
Posted3peed = 55 mifhr Spacing = 2 i

Traffic Variahles

AATT = 5000 PetcentHeavyVehicles == 0.05 P = PercentHeavyVehicles

K =009 BageCapacity = 1700

D =040 Locald djustmentFactor = 0.9 LAF = LocalA djustmentFactor
PHF =038

2. Calculate DDHY {Design Directional Hour Volume)
Calculation:
DDHY = £ADT KD

DDHV = 294
3. Determine adjustment for the presence of a median and/or left turn lanes.

Left Turn Lane Adjustment (LTad]) = -0.2 for left turn lanes MOT present, LTad] = 0 atherwise.

Median Adjustment (Medad)) = 0.05 for median present, MadAd] = 0 atherwise.
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Calculations:
Left Turn Lane:

LTadiiLefiTuwnlane) = |out < -02 if LeftTwnlane =10
out <= 0 if LefiTurnlane = 1
out
LTadiiLefiTuwnlane) =0 LTad = LTadi(LeftTuwnlane) LTadi=10
fedian:

MedAdiihIedian) = |out < 0 if MMedian=10
ot <= 005 if Median =1

out
Meda difTlediar = 0.05 Medﬁdj = Iledd dihedia) Medadj =005

Final Adjustrment Value for Left Turn Lane and Median:
AdedlTL =1 + LTadj + Medad
AdiMedLTL = 1.05
4. Determine Facility Adjustment Factor (FacAdj).

FacAd] = 1.0 for Analysis Type = Segment
FacAd] = 0.9 for Analysis Type = Facility
Calculation:
FacAdjl AnalysisType) = |out « 1.0 if AnalysisType=10
out «— 0.8 if AnalysisType =1
out

Fachdil AnalysisType) = 09 Fachdl = FacAdil AnalysisType) Fachdi=09

5. Calculate Adjusted Volume {AdjVol).

Calculation:
DDHV
AdiVol = : .
PHF LAF - AdiMedlTL Fack dj
& djVol = 3948 vehih L:: &diVal Vo=302817 vehih
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Calculations for Percent Time Spent Following (PTSF)

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

Calculation:

PCEs(Terrain, V) = |if Tetrain=1
Er« 11 #f 02V <300

Ep e 1.1 if 300 < ¥ = 600
Epr« 1.0 o V> 600

Ep < 1.0

[ ]
out
R

ot

if Tetraity = 2

Er« 18 of 0=V =300
Ep« 15 o 300 <V <600
Ep« 10 if V6800

Ep < 1.0

{ J
out
ER

out

out

11 Er:= PCES[:Terrajn,‘ni'jl
1.0

PCEa(Tetrain, V) = [
Ep = PCES(Tnz:rra.i.ﬂ,‘i.i";l2

7. Calculate heavy vehicle factor {f. ).

Calculation:

1

T 14 Pp(Bp - 1]

From Exhibit 20-10
HCk 2000

Er = 1.1

Ep =10

From Equation 20-4
HCh 2000
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8. Determine grade adjustment factor {f3).

Calculation:

fr Tetrain V) = |4f Terrain=1
fG «— 10
out — f'G

out
if Tetrain = 2

i LV o
fg < OF7 F DS 2300 From Exhibit 20-8
fry & 054 if 300 < ¥ < 600 HCM 2000
fry & 10 i ¥ > 600

out — f'G

out

ot
fG(Terra:in,Tni'j =1 f&: fG(Terrajn,Tni'j f'G =10

9. Calculate forward direction volume {v ).

Calculations:

vyq= __r From Equation 20-12
PHF foy frgy HCM 2000

=ince the PHF was already accounted for in Step &, the following equation is used:

L. Aol
sl
foy fyy
Vd =304 E pI:.-"hr vdPTSF = vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
b through 9 as necessary.
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10. Calculate opposing direction velume {v_).

Calculations:

Ki

u]

Ty m From Equation 20-13
FHF f fygy HCM 2000

The "equivalent” is perfarmed by the following equation:

vy (1 - I
Vs —
" D

v, = 263.2

fe and f,,, are not currently accounted for in the determination of v, as they are in the

HCK 2000 methodology. Additionally, the PHF is assumed to be the same in the
oft-peak direction.

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

[nput:

Look up walues frorm HCR Exhibit 20-21 (linear interpolation if necessary).

v, 15 rounded to the nearest 10 vehdth,

Calculations:

round| v ,-1| = 260 pcihr
From Exhibit, far v = 200 ay = -0.0014 by = 0973 From Exhibit 20-21
HCh 2000
From Exhibit, for v, = 400; ay = ~0.0042 by = 0913
day — &
a= g +qzan-znm-(ﬁJ o= 164107 °
by by
b=ty + (260 - 200 —— b= 009328
1+ % 200~ a0
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12. Calculate base percent time spent following (BPTSF).

Calculations:

a-%
BPTEF 4 = IDD-(I S € j From Equation 20-17
HCK 2000

EPT=F 4 =396

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

20-16.

[nput:

Loak up value fram HCM Exhibit 20-20 (linear interpalation if necessary, by bath volume
and percent no-passing zane).

PostedZpeed = 55 %HPZ = 20 v, = 2652
FF3 = Posted3peed + 5

FF3 = é0

Calculation:

This example calls for interpalation by volume and by directional split

vp =Vt vy vp = A5T 9ad
NP2 = 20
D=0a
aplit = 6040 YMNPI =20
Vpl = A00 fl =3A9
From Exhibit 20-22
va = 200 fz =283 HCK 2000
f-14
Valy = —jv_—-w_41 + F Val; = 34378
1 1 1 1
sz - Vpl P p
Doublelnterp = Val Dioublelnterp = 34378
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fo

o= Doublelnterp

fnp =344

14. Calculate percent time spent following (PTSF).

Calculations:

W
PTSF = BPTSF 4 + fnp- 4 From Egquation 20-16
ot ¥y HCh 2000

PTEF =602

If passing lanes are present, see calculations later in file.
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Calculations for Average Travel Speed (ATS)
6. Determine E; (Truck passenger car equivalency factor).

Calculation:

PCEs Terrain, V) = |ff Terrain=1
Ep« 1.7 f D02V <300

Ep e 1.2 if 300 <V =400
Er« 11 of V> 600

Ep < 1.0

[ ]
out
R

out

From Exhibit 20-9
if Tetrait = 2 HCR 2000

Ep« 25 o 0=V =300
Epr« 19 o 300 <V <600

Ep e 15 if V600

Ep ¢ 11
Er
out «—
Ep
ot
out
e Ep = PCEs(Tetvain, V), Ep=12
PCEs( Tetrain, V) =
= Ep,= PCEs(Terrain, V)., Ep=10

7. Calculate heavy vehicle factor {f,. ).

Calculation:

1 .
g =———— Fram Eguation 20-4
A Py (B - 1] fy =0° HCM 2000

45



Task 1

8. Determine grade adjustment factor {f3).

Calculation:
MTerrajn,ﬂ = |ff Terramn =1
fne 10
out « fiy
ot From Exhibit 20-7

UG HCM 2000
f e 071 o D=V 2300

fin = 0593 of 300 < ¥ < 600
fG «— 089 if V= a0l
out — f'G

out

ot

frg( Tetrain, V) = 1 fi = f Terrain, ) fry =
9. Calculate forward direction volume {v ).

Calculations:

T From Equation 20-12
FHF-fi gy HCH 2000

£

=ince the PHF was already accounted for in Step &, the following equation is used:

_ AdiVol

£

o v
vy = 3967 pcth VdATS = Vd

Check this value against flow range used for Exhbits 20-10 and 20-3, and repeat steps
b through 9 as necessary.
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10. Calculate opposing direction volume {v_).

Calculations:

¥

From Equation 20-13

Vo= —
" PHF-fyfyy HCM 2000

The "equivalent” is perfarmed by the following equation:

vy (1 - D)
V= —
e ]

v = 2645 peih

fs and fy,, are nat currently accounted for in the determination of v as they are in the

HCK 2000 methodology. Additionally, the PHF is assurmed to be the same in the
off-peak direction.

11. Determine adjustment for % no-passing zones in analysis direction {f ) for HCM Equation

20-15.

[nput:

Calculation:

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

Fosted3peed = 55 HHPZ = 20 vy = 264.497
FF3 = Posted3peed + 5
AAASS

FFa =4l

This example only calls for interpolation by volume,

14-19
= — =200+ 19
AP qng-zo0 T
g =
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12. Calculate average travel speed (ATS).

Input:
FF3 4 = FF3 FF3 4 =60 from inputs
vy = 3967 from step 9
v, = 2645 fram step 10
fnp =174 from step 11
Calculation:

ATS 4= FFS, - 000776 (vy + v ) - £,

p From Equation 20-5

HCh 2000
ATE =531 mi‘h

If passing lanes are present, see calculations later in file.
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Additional Calculations for When Passing Lanes are Included

1. Input Roadway and Traffic Data.
Roadway Variables
Passingl anelipacing .= 2 mi
L; = Passingl anedpacing Ly=12
Traffic Variables

2. Determine the Downstream Length of Roadway Affected by Passing Lanes on
Directional Segments in Level and Rolling Terrain.

Ly = Downstream Length of Affected Roadway

The L, for the PTSF and ATS must be calculated using their respective v, values. The
ATS is a constant 1.7, but the PTSF must be interpolated from Exhibit 20-23.

"Fdl = 400 Ldel =51
de = F00 LdEE =57
Loz~ Lger
Lyeprar = ————— | 7upTaF ~ Va1 ! + Luget
Vdz " Vdl

Equation 20-18
Ly=L-L, + LIJI + L)

L4 = Length of the two-lane highway downstream of the passing lane and beyond its effective

length,
L, = total length of analysis segment,

L, = length of twa lane highway upstream of the passing lane,
Ly, = length of the passing lane including tapers, and
L4e = downstream length of the twa-lane highway within the effective length of the passing lane.

HighPlan assumes that the L, equals O and that L, eguals 1.

L,=0 Lpl =1 Ly, = Passingl anelpacing Li=2
LaprsF = Lt~ bu * Lyt + LaepTaF! LapTaF = /1% Dprimede =0t~ bt
LyaTa=Ly— Ly + Ly + Lyeaal LyaTg=-07 Lptimede =
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3. Determine the Factors for Estimation of Average Travel Speed and Percent Time Spent
Following within a Passing Lane.

£ £ ipTap(vapTap) = |out < 058 if 0< vyppap < 300

out « 061 if 300 £ ¥ yprap < 600

return out
From Exhibit 20-24
HCh 2000
f—fp].;é';TSI VdﬁTS' = out «— ].Dg :L'F D i: vdﬁTS - 3':":'
out «— 1.10 if 300 = TAATS < a00
out «— 1.11 if VAATS Z @00
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4b. Adjust Average Travel Time for Passing Lanes
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Determine | evel of Service.
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Roundtable Discussion on Two-Lane Highway
Classifications and Preferred Service Measures
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Typology Field Review

As a precursor to the roundtable meeting, a field review was conducted of several two-
lane highways in north central Florida, most of which are also representative of two-lane
highways in other parts of the state as well. The field review team consisted of two University
of Florida research personnel — Scott Washburn (PI) and Brad Choi (graduate research
assistant), and two FDOT systems planning office personnel, Doug McLeod and Gina Bonyani.
It was felt that this exercise would facilitate a mutual understanding of the potentially different
types of two-lane highways present in Florida between the UF research team and FDOT project
management team.

The field study was conducted on May 13, 2003. The purpose of the study was to
examine a number of two-lane highways for their physical characteristics, surrounding land
development, and primary travel function in an effort to potentially assess the adequacy of the
existing two classifications defined in the HCM for analyzing all of the potential two-lane
highway situations in the state of Florida. Furthermore, it was intended to use some the of
video data collected during this exercise for the roundtable meeting.

The group departed from Gainesville at 11 a.m. and concluded the study at approximately
6 p.m. A camcorder was used to document selected highway segments and related discussion

during the study. The studied facilities were as follows:

CR 25A from US 301 to US 441

CR 326 from US 27 to I-75

US 27 from I-75 to Williston

Alternate 27 from Williston to Chiefland

US 41 from Williston to Newberry

SR 26 from Fanning Springs to [-75

CR 318 from I-75 to US 301

SR 326 from US 301 to SR 40

CR 315 from SR 40 to SR 20 (portions via CR 21)
SR 20 from CR 21 to SR 24

SCEOTEmUOWR

Figure 1 shows these facilities graphically, referencing each roadway with its corresponding

letter. Selected facilities are discussed below.
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Figure 1. Study Roadway Locations
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County Road 25A in Marion County

This facility is approximately 10 miles in length. It connects US 441 from Ocala back
to US 441 just north of the town of Reddick. This two-lane facility is primarily rural
undeveloped, but becomes rural developed as it passes through the town of Reddick, with a
population of 500-1000. As seen in Figure 2, it has narrow lanes (11 ft) and no shoulders.
The speed limit drops from 55 mph to 45 mph as it enters the town of Reddick. There are
several all-way stop controlled intersections, but no signalized intersections on this facility. It
was generally agreed that for the rural undeveloped sections of this highway, it should be
analyzed as a Class II (i.e., PTSF as the service measure), but that this is probably not
appropriate for the section through the town of Reddick.

Figure 2. CR 25A
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County Road 326 in Marion County

This facility is approximately 8 miles in length and connects from US 27 to just west of
I-75. This facility is both rural developed and undeveloped. As shown in Figure 3, it has
narrow lanes (10 or 11 ft), no shoulders, and speed limit of 55 mph. The field study team
concluded that this segment has the characteristics of a Class II facility, although it may also

be classified as Class I. Professional judgement should be used on this segment.

Figure 3. CR 326
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US 27 in Marion and Levy Counties

This segment of US 27 begines at the intersection of CR 326 and travels north through
the cities of Williston, Bronson, and ends in Chiefland. This is a Florida Intrastate Highway
System (FIHS) facility. FIHS is a statewide transportation network that provides high-speed
and high-volume traffic movements within the state of Florida. The primary function of the
system is to serve intrastate and regional commerce and long distance trips. The segment
from CR 326 to Williston is currently being expanded into a multilane facility. This is a rural
undeveloped facility and has 12-ft lanes and mostly 3-ft shoulders as shown in Figure 4. This
is clearly a Class I facility. The portion where it passes through the city of Williston is four-

lane with multiple signals. This section should be anazlyzed as a signalized multilane arterial.

Figure 4. US 27
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US 41 in Levy and Alachua Counties

The first portion of this segment is four lanes leaving Williston. It then becomes two
lanes, passing through the town of Archer and ending in Newberry. There is one isolated
signal in the town of Archer (Figure 5). This facility has mostly narrow (11 ft) lanes without
shoulders. The speed limit is primarily 60 mph. This facility fits the characteristics of Class
I. However, the portion where it passes through Archer and the one where it enters Newberry
do not seem to fit well with either Class I or Class II, and thus might be considered a third

class, say Class III.

Figure 5. US 41




Task 2a

State Route 26 in Alachua County

This section of SR 26 connects from Newberry to [-75. This is another FIHS facility
and is currently undergoing capacity improvements. The current two-lane facility has 12-ft
lanes and wide shoulders as shown in Figure 6. This is clearly a Class I facility as it serves as

a commuter route into a major traffic generator (Gainesville).

Figure 6. SR 26
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County Road 234 in Alachua County

CR 234, as shown in Figure 7, from Micanopy to Rochelle is a designated scenic route.
It has narrow (10 or 11 ft) lanes with no shoulder. The posted speed limit is 55 mph. The
field review group was undecided as to whether this should be analyzed as a Class I or Class
IT highway. One member also noted that Class II roadways should be a combination of both
ATS and PTSF where ATS would be the primary service measure for residents in the area of

the facility and PTSF the service measure for pass-through traffic.

Figure 7. CR 234
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State Route 325 in Alachua County

SR 325 in the southeastern corner of Alachua County connects SR 20 to US 301. It has
10-ft lanes with no shoulders. This road has the characteristics of a Class Il roadway. It does

not connect major traffic generators nor is it a major intercity route.

Figure 8. SR 325
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County Road 200A in Marion County

CR 200A branches off of US 301 at the town of Citra and connects back to US 301 just
north of Ocala. It was pointed out by Doug McLeod that this route used to be the primary
truck route in the 1950’s between Ocala and Jacksonville. It is now a secondary route that
connects to a four-lane facility (US 301). This segment has 11-ft lanes with no shoulders.
The group also noticed a section of no passing zone due to vertical geometry, as shown in
Figure 9. Due to its travel function and geometric restrictions on passing, the field study

group agreed that this is a Class II highway.

Figure 9. CR 200A
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State Road 20 in Putnam and Alachua Counties

This roadway had 12 ft lanes, but no shoulders (Figure 10). This road is higher speed
and generally serves traffic traveling between Hawthorne and Gainesville, and was thus

considered to be Class 1.

Figure 10. SR 20

The field review group raised the questions of how to incorporate isolated signals into
uninterrupted flow, and whether to account for driveways on just one side or both sides of a
two-lane highway. The group also emphasized the potential applicability of percent free-flow

speed as a service measure in rural developed areas.
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Roundtable Discussion Meeting

On September 12, 2003, a roundtable discussion session was held in Gainesville,
Florida at the North Central Florida Regional Planning Council (NCFRPC) office. Invitation
letters were sent out to members of four different regional planning councils, as well as
multiple FDOT District Offices. The purpose of this meeting was to bring together personnel
from these agencies that are familiar with the planning and operational aspects of two-lane
highways in order to gain more insight into the issues regarding the existing analysis
methodology. Dr. Scott Washburn and graduate student Brad Choi facilitated the meeting.

The other meeting attendees were:

Doug McLeod, FDOT Systems Planning Office

Gina Bonyani, FDOT Systems Planning Office

Mike Escalante, North Central Florida Regional Planning Council
Lea Gabbay, FDOT District Two

Charles Houston, FDOT District Two

Keith McCarron, Appalachee Regional Planning Council

Select samples of the video data collected during the field review, as well as some additional
video captured of two-lane highways in a coastal area and through a small town, were utilized
in the roundtable meeting'. The following text summarizes the main discussion points from
this roundtable meeting. A full transcript (edited for content and clarity) of the roundtable

session is provided later in this section.

The roundtable session began with Dr. Scott Washburn giving an overview of the background
of two-lane highway analysis and the issues of the HCM2000 methodologies. Washburn
explained, “the main issue for us right now is whether the existing two classes that are defined
in Chapters 12 and 20...whether those adequately cover two-lane highways that we have
nationwide, and in particular here in the state of Florida. So that’s where we are looking for
feedback from people who have used the methodology and have tried to apply it to different

two-lane highways in the state.”

' Some of these videos were also used in a presentation at a workshop on two-lane highways at the Highway
Capacity and Quality of Service (HCQS) Committee meeting at the 2004 Transportation Research Board
meeting (Washington, DC).
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It was then followed by discussion and input from the participants. Gabbay on several
occasions pointed out that percent time-spent following was not a main concern for her.
Rather it was the ability to stay close to the speed limit. She noted. “My experience — the time
I spend on viewing the sideways, the stores and everything else. It’s not going to bother me
how much time I spent following somebody else. How close am I to my destination? And
speed does have something to say. Ifit’s 30 or 40 or 50 I will always try to beat that speed — I

don’t care what it is. That’s human nature.”

Escalante echoed this point by noting, “I think that’s a reasonable expectation, that is, if
everybody’s going at the speed limit and there’s no tractor on the road to aggravate
everybody, then regardless of how long you spend following you should have a high level of
service.” He also added, “My concern about using the term ‘percent time spent following’ --
it sounds like you’re trapped behind the vehicle in front of you, you can’t get around and I
think actually following somebody at a reasonable speed like we were talking about before is
a choice and therefore I have absolutely no problem following somebody for 90% of the time
of each trip. So a factor in measuring LOS is to identify whether the driver spending all that
time following was a choice or a constraint, over the length of this facility, were there
opportunities to pass. In other words, how much of that facility was striped “no passing” or
striped to allow passing, regardless of the oncoming traffic. So if he had an opportunity to
pass and there are no cars coming, he can pass, but if it’s a double yellow line then that person
is trapped, and being trapped may be an issue in the comfort of their ride. It’s not just an
issue of... it’s an issue of the opportunity to pass or the choice not to. Given that you’re

traveling at an adequate speed.”

Participants raised the point of whether two classes of two-lane highways are enough.
Gabbay noted, “Is there a possibility of considering a transitional Class 2? Let me just
explain this — you have a clear Class 1 which is obvious to us. Where speed is higher, where
you have some interruption but they’re not as difficult to overcome. Then you have the
extreme Class 2, which is really already built, you constantly stop and you have to (and

sometimes it’s constrained, you can’t do anything — you cannot add lanes or anything). So
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maybe there’s a transition because before you get to this the category of Class 2, that is, the
final, you have developable land along a Class 1 that is not on the coast but will become as

critical maybe as the coast.”

Escalante said, ““...maybe somebody needs to fill in between Class 1 and Class 2 and our offer
is - like you would see Class 1 as an extreme for the free open road measurement, so to speak,
but the question is Class 2 at the other end. Is that the other pole and you’re trying to figure
out what’s in between. Maybe there are developments to a level that’s not really urban but to
a level that maybe Class 2 is not adequately measuring level of service, and you need to even
go beyond Class 2 and then continue the measurement. I can’t say that would be the case, but
maybe an issue of introducing another factor to measure, to deal with the other level of

service.”

McCarron raised the point of trip purpose by saying, “Some of those functions at different
points in time have different classes. Like during the working week you know it’s a

commuter road but on the weekend it’s a scenic highway. In our region, we’ve got a large
national forest where they’re trying to designate scenic highways that on a lot of the roads

during the week are used as commuter roads.”

During the second half of the meeting, video clips of two-lane highways taken during the field
review were shown to gather the opinion from participants about each roadway. During this
portion of the discussion, participants pointed out the role of geometry in roadway
classification. Escalante noted, “...with better geometry there’s more opportunity to pass.
Geometry can constrain you from having an opportunity to pass relative to a relatively ‘fly

299

down the street.

This comment and the earlier comment made by Escalante regarding whether a driver is
constrained from passing due to geometry, for example, versus traffic demand, raises the
point of whether it is reasonable to base level of service on percent time-spent-following for
roadways where the driver does not expect to be able to pass, such as on geometrically

constrained roads and roads in developed areas. The following comment by Escalante further
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illustrated this point, “...the terrain meant for the yellow striping, which is a forced percent
time following condition, not voluntary. So given that condition, if you are zipping along at
55, then why isn’t that a high LOS? In other words...if you were at 70% time spent
following, and came up with LOS D, I’d say, but you’re going the speed limit. How can you

have such high travel speed and be in that condition?

McCarron also raised the issue of pavement quality. Escalante gave an example by saying,
“You get out into a region like Dixie County or Taylor County — where you’ve got logging
trucks. The difference between the pavement condition on one lane versus the other where
the trucks are going back empty and coming back full. They actually drive two sides of the
road when there’s no traffic coming just to make the ride less bumpy.” McCarron added,
“There are two county roads in Tallahassee (Leon County) where they put a rough coat on

there intentionally to slow travel speeds.”

Participants once again raised the point that speed, rather than percent time-spent following,
should be the primary service measure. Escalante noted, “If everybody’s going the speed
limit, how can it be D? You’d be going the posted speed limit, but because the percentage
time following is 70% you’re in D. Why can’t I understand that logic? If you are moving
down the road at the legal limit, even though let’s say you can go 70 on that road if you chose

to step on the gas, then how can it be D?”

Gabbay added, “I think basically the underlying way that I would take is that I would try to
adjust my speed to the one that is posted. So if your question is which one matters more by
adjustment or credibility, I would say that my target is to look at what the posted speed is and
I will try to by-pass that, but if I’'m interrupted, then I’'m not going right, then my level of
service is not acceptable. Then the platoon and the trucks and all those other elements come
into play. The real thing is that if the road is designed for a speed limit of 55 in a rural area or
in urban area, whichever it was designed for, and it’s posted 50 and I’'m driving 55 — I’'m
doing good. Ifit’s posted 50 and I’m driving 45, then I’'m not reaching my flow, my driving
ability.” Gabbay also noted, “...if the speed limit is 55, then my level of service A is based

on that speed limit because the road is designed to achieving speed limit for the safety, for
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design, for geometry, for whatever. So I’'m measuring it based on that and I go a little faster
‘cause [ want to always do better. That’s life. But my measurement of A will be that 55. If I

go below then I’'m not A.”

In a follow-up discussion with Ms. Gabbay, after the roundtable meeting , she indicated that
her proximity to other vehicles in the traffic stream is a secondary consideration for level of

service, with her speed relative to the posted speed still being the primary consideration.

Charles Houston and Keith McCarron generally agreed with the concept of percent free-flow
speed as a service measure in developed areas. Houston stated, “I think if you’re doing 55 on
a 55, that should be a better level of service.” When Washburn responded, “What about if
you do 35 on a 35?7”, Houston replied, “I think it should be a better level of service...that’ll be
all right. You’re doing what you’re expected to do. You’re doing the best you can do.”
Washburn then said, “So you’re saying that matches the driver expectation? Drivers go
through these areas and their expectation changes...not whether they’re going fast...”
McCarron responded, “I agree. I think it’s rational. It makes sense. It seems like the land use
surrounding the roadway might be a way to distinguish between these rural roads you showed

versus these others constrained, urban, or coastal roads.”

Based on the different input from the participants, McLeod raised the point of whether it is
better to use a combination of service measures as opposed to just one or two. He said, “...is
it better to work with one service measure, so you can go out there and measure and monitor it
and hopefully can make the best one, or is it better to have a function where there may be

50% because of speed, 20% because of volume, 10% because of the pavement surface, all
measurable. Are we better off, when we determine the level of service, to use just one
measure, is it all or nothing, but it’s cleaner, or are we better off with a primary measure

adjusted by others?”

There was a fair amount of discussion on this topic, but no clear consensus. The participants
of course agreed that the chosen method for assessing level of service should be as accurate as
possible, but some participants expressed concern that the use of multiple factors for
evaluation would give analysts too much room to “maneuver” with regard to LOS results. If

this issue could be controlled, and variables were all relatively easy to measure, the
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participants generally indicated that they would not have any objections to a multi-factor LOS

evaluation approach.
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Advance Material Provided to Roundtable
Discussion Meeting Participants
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Two-Lane Highway Analysis

Chapter 12 of the HCM2000 offers the following definitions for Class I and Class II two-lane
highways:

= (Class [—These are two-lane highways on which motorists expect to travel at relatively
high speeds. Two-lane highways that are major intercity routes, primary arterials
connecting major traffic generators, daily commuter routes, or primary links in state or
national highway networks generally are assigned to Class I. Class I facilities most
often serve long-distance trips or provide connecting links between facilities that serve
long-distance trips.

= (lass [I—These are two-lane highways on which motorists do not necessarily expect
to travel at high speeds. Two-lane highways that function as access routes to Class |
facilities, serve as scenic or recreational routes that are not primary arterials, or pass
through rugged terrain generally are assigned to Class II. Class II facilities most often
serve relatively short trips, the beginning and ending portions of longer trips, or trips
for which sightseeing plays a significant role.

Based on these definitions, the HCM uses two measures of effectiveness (MOE) for Class |
LOS—percent time spent following (PTSF), and average travel speed (ATS), and just one
measure for Class [I—percent time spent following.

Some users (particularly FDOT staff) have questioned whether just these two definitions of
two-lane highway classes cover the entire range of two-lane highways. In particular, it has
been suggested that these two class definitions do not apply to two-lane highways that run
through developed areas (such as small towns) and along coastal roads. FDOT staff and UF
researchers have previously suggested the implementation of a third class of two-lane
highway to account for these situations, with ‘percent of free-flow speed’ being the
performance measure upon which to base level of service.

Many of the state’s two-lane highways are in areas that would be considered scenic in nature
(e.g., along the coasts, the Florida Keys route), implying a Class II classification, yet many of
these highways also serve well-developed areas, which would imply a Class I classification.
Quoting from Chapter 12 of the HCM, it is stated, “...the primary determinant of a facility’s
classification in an operational analysis is the motorist’s expectations, which might not agree
with the functional classification.” This statement sums up very well the crux of the issue for
the FDOT as neither classification appears to be appropriate for these types of two-lane
highways. It has been suggested that the most important LOS measure for motorists on these
types of highways is the ability to maintain a “reasonable” speed. Drivers in a small,
developed area which is posted for 55 mph would primarily like to travel near that speed.
Similarly, along a beach road posted at 45 mph or in a community posted at 40 mph, drivers
probably accept that they need to slow down and are quite satisfied to proceed through these
areas close to those speeds. Based on this reasoning, PTSF is not a relevant level of service
measure. Thus, Class II can be removed from consideration as a performance measure
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applicable for these types of roadways, as PTSF is the only performance measure for this
Class. That leaves Class I for consideration, which includes a speed-based performance
measure, as well as PTSF.

On Class I highways, the LOS is determined by the most critical of the two
performance measures (ATS or PTSF). This raises the question of which measure controls
under what conditions. The ATS is heavily influenced by the free flow speed and the PTSF is
not. On the other hand, PTSF is much more sensitive to the traffic volume than ATS, whose
relationship to the demand volume is fairly flat. So, it should be expected that the PTSF will
govern at high speed and high volume while the ATS will govern at low speed and low
volume. Figure 1 confirms this premise. Keeping all parameters except free flow speed and
AADT at their default values for two lane highways, a “crossover volume” was determined
for each free flow speed. The crossover volume represents the point at which PTSF becomes
the critical determinant of the LOS. The volume is represented by the v/c ratio to give a
normalized perspective on the numbers. It can be seen that ATS never governs at v/c ratios
above 0.3, or at free flow speeds above 55 mph.

While free-flow speeds at or below 55 mph are the condition on a very large
percentage of these two-lane highways, the volumes can encompass a large range, with v/c
ratios frequently exceeding 0.3. However, even for facilities in which the ATS would govern,
the FDOT has difficulty with the concept that a facility that has an average travel speed the
same as a posted speed of 50 mph, for example, would only have a level of service of C (see
Table 1). They felt these ATS LOS thresholds were unreasonably pessimistic for these types
of roadways in developed areas. Thus, ‘percent of free flow speed’ has been suggested as the
level of service measure for these types of two-lane highways as it best represents the concept
of “reasonable” speed.

The concept of a third class of two-lane highway, and the ‘percent of free flow speed’ as its
level of service measure have been adopted for use in the FDOT’s Highway Planning
(HIGHPLAN) level of service estimating software. Overall, the FDOT Systems Planning
Office strives to maintain fidelity with the methods of the Highway Capacity Manual, so this
issue is of considerable concern to the FDOT. Consequently, FDOT has funded a research
project through the University of Florida to further investigate this issue. One of the expected
outcomes is a recommendation to TRB’s Highway Capacity and Quality of Service
Committee (which oversees development of the HCM) for how to address two-lane highways
in developed areas.

One of the tasks for this project is to obtain critical input from practitioners on the
HCM2000’s two-lane highway analysis methodology as applied to Florida’s two-lane
highways. Thus, UF research personnel would like to conduct a focus group/roundtable style
discussion with regional planning council staff and FDOT district staff about experiences in
applying the two-lane highways analysis procedures of the HCM2000 to the various two-lane
highways in Florida.
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v/c Ratio

Crossover Volume

0.3
PTSF Governs

0.25
0.2 | / /
0.15 -

ATS Governs
0.1 -

0.05 -

45 50 55
Free Flow Speed (mi/hr)

FIGURE 1 Effect of Free-Flow Speed on Crossover Volume.

TABLE 1 LOS Criteria for the Three Classes of Two-Lane Highways.

Class I Class II' | Class Il

LOS PTSF® ATS® PTSF | 9% of FFS*
A <35 > 55 <40 >0.917
B >35-50 | >50-55 | >40-55 > 0.833
C >50-65 | >45-50 | >55-70 >0.750
D >65-80 | >40-45 | >70-85 >0.667
E > 80 <40 > 85 >(0.583

" Values are directly from the HCM

2 PTS — Percent Time Spent Following
> ATS — Average Travel Speed

* FFS — Free Flow Speed
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Transcript of Roundtable Discussion Meeting
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Initials used in the following transcription:

DM — Doug McLeod, FDOT, Systems Planning Office

GB — Gina Bonyani, FDOT, Systems Planning Office

ME — Mike Escalante, North Central Florida Regional Planning Council
LG — Lea Gabbay, FDOT District 2

CH - Charles Houston, FDOT District 2

KM — Keith McCarron, Apalachee Regional Planning Council

SW — Scott Washburn, University of Florida

BC — Brad Choi, University of Florida

SW - Basically, the two-lane issue kind of started to develop when I was working on a project
for Central Office for HIGHPLAN - highway planning methodology software. That
would be incorporating multi-lane highways, two-lane highways — there was a new
methodology for the 2000 edition of the Highway Capacity Manual. There’s a two-lane
methodology that’s been in the Highway Capacity Manual that’s been there since 1985.
It was unchanged from 1985 to the 1997 edition. So then there was an NCHRP project
to do a new two-lane highway methodology 2000 edition of the Highway Capacity
Manual. Midwest Research Institute was the prime contractor on this project.

One of the significant changes to the methodology was that a directional analysis
methodology was added — with the previous methodology it was always a two-way
analysis. That’s the only option you had was the two-way analysis. Now we have both
a two-way and a directional methodology. When we did HIGHPLAN, we decided to
implement just the directional methodology because that’s the way we do the other
things — arterial, freeway — it’s always the directional methodology. And additionally,
one of the other significant changes was that the 2000 introduced two different classes
for a two-lane highways and the service measures depended upon (that is the
performance measures the level of service depended upon) which class you were in —
whether you were Class 1 or Class 2. If you look at that hand-out, I can bring it up on
the screen. That’s Exhibit 1 here. It gives the description of what Class 1 and Class 2
is. And if you are in a Class 1 facility — the service measures (there’s two actually —
there’s percent time-spent following and average travel speed) and then if you are in
Class 2 the service measure’s only percent time-spent following. When we did the
methodology for the two-lane highway for HIGHPLAN we found that the level of the
service that we were getting now for two-lane highways in the state of Florida was
coming out much worse than what it was with the 97 methodology with the same input
conditions. That kind of raised a ‘red flag’ that this is probably a major issue that all of
a sudden the two-lane highways in the state of Florida are performing much worse than
they were just because the methodology changed, even though volumes were the same.
That issue was kind of initiated through Central Office, FDOT — Highway Capacity
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Quality and Service Committee and also, kind of simultaneously, the issue of whether
the two classes really fully accounted for all the different two-lane highways that one
might encounter was raised as well. And that’s actually more the focus right now with
this project. The issue with the level of the service coming out much worse with this
new methodology was really related to the directional methodology and in particularly
the percent time spent following service measure. Basically, the equation that’s in the
HCM2000 right now greatly over-estimates percent time spent following, at least until
you get up to near capacity values.

The bottom line is the curve was nothing like this. The curve is very steep - percent
time-spent following - you didn’t have to get much volume for that percent time-spent
following, so it gets way up there. The curve is supposed to look more like — something
like that. That was essentially addressed in a kind of emergency NCHRP project. That
was January or something like that and finished in July, that again was conducted by
Midwest Research Institute. So, they made some corrections. They developed a new
curve. It looks a little more reasonable. So that basically it correlates fairly well with
the two-way analysis methodology.

What they did was basically said we feel that the two-way methodology is giving us
reasonable numbers. They looked at the 97 two-way methodology, did some
calculations there, compared that with the two-way calculations with the HTM 2000
methodology and there was pretty good agreement there. So they said the two-way is
probably reasonable. So essentially what they did was look at one direction of the two-
way analysis and see if they could get the directional analysis methodology to
correspond with that. So basically, they started with the two-way data point and said,
well let’s take out one direction of the two-way and plot the curve for that. They
basically developed some new data points, redid their regression equation and came up
with this new curve. The problem is there’s sort of a discrepancy between ... The two-
way was developed — well most of this was developed with a simulation model, but I
don’t remember all the details on this, but there’s some difference between how they
initially arrived at the two-way versus the directional and so there was a disconnect there
and ideally one would fall out from the other. But they did them a little bit on separate
tracks and then didn’t realize “Oh! They don’t correspond very well.” Because you can
do that, you can do the two-way analysis and then you can try and split out the two
directions. If you do that, you find out that if you split out a direction and then do a
directional methodology analysis, the numbers don’t match at all. It’s sort of a patch. I
was on the panel reviewing the emergency project report and Gina was as well, but she
left town conveniently when she had to review the report, so Doug ended up reviewing
the report. But that was one of the recommendations that [ made, was that we need
another project, eventually, to hopefully address both two-way and directional at the
same time and have one relate directly to the other.

LG: What I want to understand is that once the correction was made, the adjustments now
reflect consistently the directional analysis?
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SW: The adjustments were made such that the directional now matches better with the two-
way.

SW: When they first started this, they essentially had the two-way methodology that they
carried over from the 97 edition and then essentially did the directional methodology
independently of the two-way analysis, so they got these curves and then they just said
all right, we’re good to go. They never really did a reality check on this. They never
ran numbers and said what if we do the two-way and then split out the two directions
and compare results. They never did that, otherwise they would have caught it. It
wasn’t until we started implementing this in HHIGHPLAN. We said “Whoa.

Something’s not right here.” That was a major goof. Now it’s in the Manual. So what
they did when they went back, they said “All right. Well let’s just start with the two-way
and extract it from that.” But again, there’s kind of a disconnect — the fact that they’ve
extracted the directional from the two-way. It would be nice to be able to do research on
the two-way, do research on the directional and see if they match up. So that’s
hopefully something that will happen in the future, but what MRI has done is essentially
a patch. But this still has to go through the Highway Capacity and Quality of Service
committee. I don’t know where things are at right now with review comments on that.

DM: 1 think their final report is due at the end of this month. See what we get out of it.

SW: I think there were 5 people on the panel, maybe. And there were 3 that gave some
significant comments and there were a lot of issues to be addressed, so they’ve got to
work through those first and then it will probably come back up in January, TRB
meeting. What will we do with this stuff? The two-lane subcommittee will have to
probably - assuming that it gets approved by the NCHRP panel - then the two-lane
subcommittee will have to approve it and it will be at least another year.

DM: Maybe by the mid-year meeting, next year TRB you may decide O.K. that can go into
the Manual.

SW: The main issue for us right now is whether the existing two classes that are defined in
Chapters 12 and 20 (those are the two chapters that deal with two-lane highways)
adequately cover two-lane highways that we have nationwide and in particularly here in
the state of Florida. So that’s where we’re looking for feedback from people who have
used the methodology and ever tried to apply it to different two-lane highways in the
state, what their sense is. And to review, in your Exhibit 1, Class 1 basically is like a
major two-lane highway that connects the major destinations, the idea is that this is
supposed to be a high-speed facility and generally a more long-distance type of trip.
Class 2 right now is like it says there in the first sentence ‘two-lane highways where the
motorist doesn’t necessarily expect to travel at high speeds, access routes to Class 1,
recreational and scenic routes, maybe shorter trips, maybe not connecting to any major
destinations, possibly connecting to Class 1 facilities.” And again for Class 1, there’s
two service measures — percent time spent following and average travel speed - Class 2
just uses the percent time spent following.
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Go to that third page at the bottom there — see for Class 1 you’ve got percent time spent
following, average travel speed. So if you decide that a two-lane highway is a Class 1
highway, then you calculate both percent time spent following and average travel speed
and then see where the level of service falls for both of those and then you choose the
worse of the two. So, for example, if you had percent time spent following in the 40s
percent, that puts you in the LOS B category, but if your average travel speed is, say 47
mph, that’s level service C, so then you say its level service C. Class 2 facilities says
the idea is that travel speed is not that important or that high speed is not that important,
you just use the percent time spent following service measure and that’s the only thing
that dictates the level of service. Another interesting point is that when we were doing
some calculations with HIGHPLAN, it became apparent that average travel speed really
never governs anyway with a Class 1 facility. You’re talking about high-speed routes,
and if you look at the chart right above, what you see there is what we’re calling
crossover volume here, basically increasing volumes for a given set of conditions would
be when the service measures which you want... see which one governs but it switches
between the average travel speed governing the level of service versus the percent time
spent following. Basically stated, percent time spent following always governs at high-
speed/high-volume. So it’s only when you get into lower speeds and lower volume that
average travel speed governs, but that’s usually not the case anyway for a Class 1
facility. The average travel speed is rarely applicable here.

LG: I’m just thinking about two different routes comparing Class 1 or Class 2 and two-lane
roads. I would say, for example, A1 A along all the beaches in Florida is a Class 2 two-
lane road. Speeds on A1A will be lower even though people drive faster. You look at a
two-lane road (if you live down here, 121, or whatever it is, a two-lane road) and it has a
higher speed, so if I'm understanding what you are trying to convey is that the speed
really doesn’t have that much of impact on it — but it does.

SW: Yeah. All I'm saying right now is basically is what’s in the Highway Capacity Manual
and when you go to the calculations — if you have a Class 1 facility and you do the
calculations you’re going to find that the average travel speed basically never
determined what the level of service is. Its always PTSF, but part of the purpose for
today’s meeting is to talk about some of these issues -- is this really reasonable and do
we really only have two classes of two-lane highways, and even if we really do only
have two classes of two-lane highways, are the current service measures really
applicable? Is that really what’s determining the level of service in the eyes of the
traveler?

LG: You think there is another measure?

SW: Well, yeah. And this is where we’ve got to be a little bit careful because — that’s why
Doug can’t open his mouth too much because he’s got pretty strong feelings on this and
I have some opinions but it just may be that Doug and I (and Gina as well to some

extent) see things one way but other people out there are not seeing it the same way.

LG: Sorry to interrupt, I just wanted to know.
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SW: The purpose of today is not too much talking by me, but more talking by the rest of us,

because ultimately what we want to do is to go back to the Highway Capacity and
Quality of Service committee, to the two-lane subcommittee, and say we’ve looked into
this a little bit, talked about it, we talked with some others that have some experience
with two-lane highways, at least in the state of Florida, and either say “Yeah, we feel
good with the two classes you’ve got in there and the service measures that are chosen.
We think that covers the whole deal.” or say “No, we don’t think this really covers the
whole situation.”

SW: You’ve got the Class 1/Class 2 definitions right now, there’s percent time spent

following, average travel speed and the service measures for Class 1 and percent time
spent following for Class 2 and I was talking about basically when we’ve done the
calculations the average travel speed never really ends up dictating level service for
Class 1 anyway and if you look at this figure here in the Exhibit, it kind of illustrates
that what we were looking at here is - What is the crossover? What is the point when
you have a certain set of conditions and you start increasing the volume? At what point
does the PTSF start to govern the level service versus the average travel speed?
Basically, when you get the high-speed, high-volume conditions, the percent time spent
following always dictates level service, which is what you have anyway for Class 1. For
Class 1 the average travel speed really never is a factor anyway and so one of the
reasons for this meeting today is that we want to talk about 1) The current definitions for
these two classes of highways — Do those really account for all the two-lane highways
that we have in this state and 2) Are the service measures that are defined for these
classes of highways really the most applicable service measures? And Doug wants to
listen to what’s going on, but he’s with the Office, and so is Gina, who’s with the project
that I’'m working on here. He’s got very strong feelings about whether Chapter 20 really
covers things accurately or not, and he tries not to say too much on that. He doesn’t
want to bias people too much but the bottom line is that we feel that there’s some issues
here in Chapter 20 and we felt it involved... we probably wouldn’t be here today but
we’re trying to get feedback right now from folks who have some familiarity with trying
to use the methodology. Lea was just bringing up the example of A1A along ...

LG: Anywhere in Jacksonville or anywhere you go on A1A. The scenic routes, the speed

SW:

limit is lower, people expect to drive slower and they don’t want more lanes, they don’t
want more capacity, they object to any changes. But, in order to measure the level of
service on that kind of a road is a really hard thing to do because it’s really a small space
for how many cars are on the road or basically on the street either. I just don’t know if
... I don’t know where we’re going with this — I’'m waiting for what you’re considering
but I don’t know yet where we’re going with this.

Well, I don’t want to try and lead the discussion too much. If at the end of this we sort
of get some consensus about some of the things we’re thinking about already on this
project, that’s great, but if not, that’s fine too. We may just decide that I’'m out in left
field or Doug is out in left field or whatever.
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LG:

SW:

Lea:

SW:

LG:

SW:

ME:

Well, let me just start off with another thought. Are we still measuring everything by
direction?

For the purposes of the state of Florida, and the whole LOSPLAN thing, everything’s a
directional analysis.

O.K., and when talking about Class 2 roadways, everything is directional and Class 2 is
basically measured only by PTSF, not by speed.

If you say I have a scenic roadway or something along the coast there, let’s say, right
now by the current HCM definitions that’s probably a Class 2, not a Class 1, and the
percent time spent following is what’s going to govern. So, does that seem reasonable?
Does it seem reasonable that you’re cruising down A1A and you’re following a couple
people, and that’s really a bad level of service, or is there something else that you think
that people are thinking about in terms of what’s making for a good trip or what makes
for a bad trip?

My experience — the time I spend on viewing the sideways, the stores and everything
else. It’s not going to bother me how much time I spent following somebody else. How
close am I to my destination? And speed does have something to say. Ifit’s 30 or 40 or
50 I will always try to beat that speed — I don’t care what it is. That’s human nature.

So you’re saying that when you’re talking about the speed, you’re talking about the
posted speed (Right.) and so if the posted speed is 30, you’re thinking if I can do that or
a little bit better I’'m feeling good. (feeling good, right) O.K. But that’s always relative
to what the posted speed is so ... (right) If it’s 50, then I’ve got to be doing 50 or a little
bit better. If it’s posted at 25 and I’m doing that or a little more, then I’'m feeling good.

The classifications seem to be organized to what you can do on the roadway itself as a
means of trying to deal with what level of development is around these roadways? Is
that a fair assumption?

Because my impression is whether two classes is adequate or maybe you need a third or
even a fourth, fifth or whatever. To me, is magnitude of development driven with the
component being how many access points are along this roadway? Meaning how many
potential conflicts can occur on this stretch of roadway between point A and point B?
The fewer there are, obviously the faster travel speed everybody would enjoy, and if
percent time spent following was 90%, if you’re going 70 mph is that LOS D or is the
whole platoon going A? You know what I’'m saying? If somebody wanted to go 90 in a
65 mph zone, is he feeling he’s at LOS D? 1 think most of us would say we don’t think
so. He’s just unreasonable.

And compatible with that is how much development is along. We’re talking like 129
through Suwannee County, you can go pretty fast with the not much around, but A1A is
obviously more attractions and ability to pull off the road and get on which affects the
speeds.
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SW: In the methodology, you make adjustments to the (depending upon access) frequency
and the combination of lane/shoulder width. We don’t require that with HIGHPLAN,
but that’s the way it’s treated in Chapter 20. That’s how you factor in access and
frequency if you just make an adjustment to the frequency and again now I want you to
look at Class 1. Say you’ve got a Class 1 and you’ve got a lot of accesses, you’re going
to make some adjustments to FFS, maybe now the average travel speed might start to be
a factor in LOS, probably a good chance the percent time spent following... Really
what’s wrong with access frequency? But if I hear you, it sounds like you’re maybe
making a little bit of an argument that you have a lot of accesses on the roadways and so
maybe it’s not really Class 1. Are you implying that?

ME: In other words I think when we travel in a more accessible facility and limited access
facility our comfort level is if we could just get going and just not really have to pay
attention to other traffic coming to get on the facility.

SW: The issue here is it’s continual, and the question I guess would be is the two class
continuum adequate, or with the adjustments that could be made within each class, or
can an argument be made for more stratification?

LG: I kind of disagree with the issue on the access, it’s signals where you stall. That’s when
there’s an interruption. If you had a two-lane road going to Waldo, to Lawty, wherever,
with two main roads and there are many accesses for single homes but they don’t
interfere with flow. Unless you live there, you really don’t make that turn. So actually
on a two-lane road, in rural areas in particular, it makes no difference. It’s just if there is
an intersection. Signalized or not, if there is an intersection that you physically use or
stop, then you have an interaction with the flow. That’s one instance and it’s obvious to
me that the two classes are very different. Class 1, that’s what you expect — to flow a
little faster, drive a little faster whatever is around. In Class 2, you do expect more
development, slower speeds, more interruptions and adjustments to what come from the
outside of the road. If you’re looking for a store, if you’re looking for an apartment, or
whatever. To me, those two are two different things, but speed is secondary to my
decision in measure of level of service. Because I’m driving on a two-lane road and I
know I can’t go anywhere else, I can’t turn anywhere so whatever is the posted speed
that’s what it’s going to be ... when you come down here on 16 — two-lane road. What
can you do?

SW: Are you saying again ... | think kind of like what you were saying before. It’s the
following thing I want to clarify. If you’re going at the speed limit, or a little bit above
but you’re following other cars, you’ll feel like you got a good level of service?

LG: Yes, I don’t expect anything else on a two-lane road. I think my perception as a driver is
that in a two-lane road if I can pass him fine; if not it’s O.K. I don’t expect anything
else. If you do 65 with no policemen around, right? Just my perception as a driver.
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ME:

SW:

I think that’s a reasonable expectation, that is, if everybody’s going at the speed limit and
there’s no tractor on the road to aggravate everybody, then regardless of how long you
spend following, you should have a high level of service. I mean, if for some reason
you ran into the tractor and there are a lot of cars coming behind and you can’t pass,
then it’s an issue of discomfort and therefore lower LOS.

At that point the PTSF becomes an issue because now your speed is impacted.

LG: But overall, how much of that occurs? It’s very wrong. Is it worth changing and having

SW:

ME:

SW:

another class or another concept put into the analysis step for that condition?
I’m not sure we’ve hit on all the conditions yet, but ...

Lea disagrees with me because — at least I think I heard that the issue of signalization as
far as preventing conflicts and I’ll disagree with that because I think conditions where
there may be a lot of turning movements to access roads that have not yet met signal
warrants, which interrupt free-flow is an issue.

I think there might be a distinction because Lea was talking more about minor driveways
(single family residences) versus major driveways.

LG: Or to another facility is like what I’m talking about.

SW:

ME:

LG:

SW:

DM:

If it’s really minor (if they’re homes) I don’t even really think it has to be counted as
accesses because you could get one person coming out of that home or somebody
pulling in, but that’s pretty rare.

So I’m talking about what you would call a significant side street or ...

Well, if you have a “7-11”, then yes you have an interruption. People may come out of
there but I’'m trying to figure out what we’re trying to accomplish here with regard to
this. We have two classes. We have two measurements. We have one way of
analyzing, also how the adjustments are done. And what is the best way to improve
this? Am I interpreting OK? Is that what you’re trying to...

Well, Doug, do you want to talk specifically about the issue? This was put into a letter
to TRB in addition to the PTSF issue. That was supposed to be addressed in the
NCHRP report. Another issue that was raised.

After further discussion today, Mike might like the idea of redefining the classes. I
mean what facilities are like. What I’ve heard from Lea today, maybe the 2 classes are
sufficient, and it may vary either by significant access points, what the development
goes by, which road, etc. It’s like this general claim that if there’s more than one class,
there’s at least two, and somewhere between 2 and 5 depending on which factors come
up. The other question, what I’ve heard today is, most of the discussion is not on the
open road much. The question is once we get into the other roads where the speed limit
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is slower, the development is higher, what’s the appropriate service measure? Is it going
close to the speed limit, or the percent time spent following versus average travel speed?
And really those are the issues that Scott’s bringing up here — how many classes of
roadways are there and what should be the relevant measures.

KM: We have a situation with the Coastal group — Federal Highway US-98 to Wakulla,
Franklin County and Gulf County and there’s going to be a lot of pressure on that road
and it’s very constrained in terms of the proximity to water and very vulnerable road and
segments of it have become urbanized — developments concentrated create a longer
corridor because of a lot of public acquisition in this county and we’re probably lagging
behind some of the other regions in the state in terms of difficulties coming up in a
timeframe of 10-year period. Around Tallahassee we have a lot of two-lane commuter
roads, where following time is a concern and in some of the little, what you would might
call traditionally rural, agricultural areas around Tallahassee, sometimes has difficulty in
their development of LOS issues because of the way that the numbers work out. But the
people there don’t necessarily have a concern.

SW: Roadways like the first one you’re talking about are getting somewhat urbanized. You
would see that as a Class 2 right now?

KM: Right.
SW: So it’ll just be percent time spent following?
KM: Right.

LG: Is there a possibility of considering a transitional Class 2? Let me just explain this — you
have a clear Class 1 which is obvious to us. Where speed is higher, where you have
some interruption but they’re not as difficult to overcome. Then you have the extreme
Class 2, which is really already built, you constantly stop and you have to (and
sometimes it’s constrained, you can’t do anything — you cannot add lanes or anything).
So maybe there’s a transition because before you get to this the category of Class 2, that
is, the final, you have developable land along a Class 1 that is not on the coast but will
become as critical maybe as the coast.

SW: Yes. Now we’re getting into one of the key issues the DOT has. The issue with
developed areas that was basically one of the things that was put forth by MRI research.
Does the 2 classes definition really accommodate all two-lane highways, but particularly
two-lane highways in developed areas? You apply Class 2 in that situation and then use
PTSF, you’re probably getting pretty crummy levels of service because everybody’s
going slower, they’re all bunched up, but is that reasonable? Mike saying earlier - even
though the speed is slow, if you’re going along average or a little bit above that you
don’t necessarily think it’s that bad even if you’re in a big platoon.

LG: You don’t really care if you’re along the beach and you are on A1A and you’re doing
that all along Florida. But if you are in Tallahassee, maybe, and you are not far from the
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shopping center and you’re trying to go to work and this place is going to be jammed,
eventually, and you still have two lanes, then the level of service is critical because then
you are measuring from all capacity and you are anticipating more delays so then the
key word that he said to me, what made it clear, is that during the constrained facility on
ATA, but there isn’t one on other roads that are taking you from one point to the other to
go to work that are two-lane. And there are two lanes, so maybe that measure is not ...
maybe at that point is the speed and the amount of time you spend following somebody
else.

SW: It’s almost like you’re saying (there’s a transition) we have the Class 1, which is actually
PTSF and speed, but maybe Class 2 really should be PTSF and speed, or not necessarily
speed, but the speed relative to posted speed.

LG: I don’t know where my Tallahassee people are standing on this issue ‘cause they didn’t
get any directions, but right now I’m not even speaking from somebody who knows
anything about level of service — I’m just speaking from being delayed, driving along
the coast, driving to Waldo, Lawty or whatever, and driving to Tallahassee. So I can see
myself doing exactly what I’'m telling you I would be doing when I’'m driving. So to
measure the level of service, then I will be more a DOT person saying, well you know, I
really should recommended more roads. But the mayor in Lawty or in Dixie County, I
would say, well additional lanes here are impossible and we just follow this donkey
along this road and I’ll get there. And if ’'m on A1A, I'll say, hey let me look at the city
road and say I know that we can’t add any more lanes if it costs billions of dollars, so
I’11 just follow and enjoy the world. You have the extreme and the middle way.

ME: It’s a continuum. She also introduced the fact that maybe somebody needs to fill in
between Class 1 and Class 2 and our offer is - like you would see Class 1 as an extreme
for the free open road measurement, so to speak, but the question is Class 2 at the other
end. Is that the other pole and you’re trying to figure out what’s in between. Maybe
there are developments to a level that’s not really urban but to a level that maybe Class 2
is not adequately measuring level of service, and you need to even go beyond Class 2
and then continue the measurement. I can’t say that would be the case, but maybe an
issue of introducing another factor to measure, to deal with the other level of service.

SW: Yeah. Getting into the next section we’ve got some brief video clips of different two-
lane highways that we’ll look at. See — what do you think about this and what do you
think about that? So we’ll get into that a little later on. I’m still in a mode of free-for-all
right now, before I start looking for exactly how you might rate the roadway. That is
coming up. If you have a two-lane highway that has geometric constraints (now we
don’t have too many in the state of Florida, but you can imagine yourself in the
mountains of Montana...) but anyway. Let’s say you’ve got some pretty good grades —
that is another thing we kind of have to keep in mind — that ultimately we want to make
some recommendations to the HCM committee too. It would be nice if we could
account for the country as a whole, even though we are definitely comparing to the state
of Florida. We don’t have too many geometrically constrained roadways, but if you had
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mountainous two-lane highway — major vertical grades, major horizontal curvature—
what do you think about that? Would that fit in Class 2, or something different?

LG: I think that will fall with your analysis of direction. If I had a problem measuring all of
this two-lane road based on the directional volume. I have got to do whatever I have to
on two lanes. So whichever direction I have to analyze, and it’s not if it’s in the
morning or in the evening or whenever. So conflict of directions will be then affected
by your geometry. If you have a geometric problem in that you actually see the
problem. In mountainous areas there’s really nothing you can do because of the
geometry. You are more constrained than if you are on a rural road and you’re just
going in that direction. That’s my perception. And for measuring LOS, its more critical
if I’'m in the mountains than if I am on the farm somewhere driving from one place to
the other.

SW: I’m not sure I follow you completely but -- you’ve got that kind of road and we call it
Class 2 -- if it is Class 2, then would you say that part of what might be the service
measure how you would go about classifying level of service.

LG: Well, then you measure up the two measures, then it is following, the speed doesn’t
matter, who you’re following the percentage and the other one would be the geometry
because you are constrained with the geometry and the direction. When I was riding in
the mountains in Switzerland, the Alps, you are blocked. You can’t go anywhere. You
are either falling down or are you just hugging a wall. I can physically see and the
direction makes a big difference. If all the other directions you may feel less secure that
you are just going to fall or if you are by the wall. I don’t know how to explain it. It’s
more the geometry then that really makes a big difference.

GB: I think what she’s saying is that the criteria or the service measure should be different for
mountainous terrain than on level terrain.

ME: But it depends on the articulation of the steepness of the grade and how much curvature
there is too because... My experience is less European, although I’ve seen some, but
mostly Appalachian, where there are opportunities where they allow passing on the hills.

GB: Decisions are different too when you are on a mountain. On a mountain terrain she just
described, you don’t want to think about passing anybody. As long as you’re going,
you’re fine. Why? The expectations are different.

SW: Does it make sense to you to be able to call this kind of roadway the same class as your
ATA along the beach?

LG: Well, you know, because both of them have constraints, physical constraints. They will
fall in the same category?
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ME: I don’t know because in the mountains they usually have your average — the posted
speeds are usually lower. When you’re dealing with grades they lower the speeds so
they don’t have trucks running away.

LG: A1lA is lower speeds 30, 35.

SW: This is an issue I do want to explore some more eventually, but you mention the term
constrained, but it’s really two different kinds of constraints because there are geometric
constraints, which are potentially limiting the performance of your vehicle and how you
can travel on that roadway, and then there are further development constraints. Whether
it affects your perception, or the driver’s perception, in the same way I’'m not sure. If
I’m geometrically constrained or developmentally constrained, I do want to explore that
more, whether that is one or two classes. Are they separate classes, should the service
measure be something different for developmentally constrained areas? Because the
travelers’ perception might be a little bit different, their expectation that is.

ME: Every perception is different, so therefore, the expectations are probably different too.
We’re just a very small example. We all have our own expectations/perceptions.
Ultimately we may get to that point too, depending on wherever this goes, but it may go
to where we’re going to try to do more interviews, survey-type of stuff with a large
number of lay travelers out there to try to find out what their perceptions or expectations
are for LOS on two-lane highways.

LG: It bothers me that we are constantly bringing back the concept of
expectations/perceptions because up to now all our measurements are actual
measurements based on numerical values that can be measured and concretely shown
and all these fuzzy feeling-type things will change everything we see. So you may have
a hundred classes. You’ve got to limit where you are and which direction you really
want to go eventually. If we are going to bring in the concept of perceptions,
expectations, and all these things, then we may have another book.

SW: You raise a good point and it’s really all kind of relevant here I guess, but some of it is a
little out of scope and so I’ll try and keep it a little more focused. There is a quality of
service task force now, which is part of the Highway Capacity and Quality Service
Committee, and I’ve been participating in that. The language in the Highway Capacity
Manual says that — for any roadway you could mention there are a variety of different
performance measures. You can measure speed, you can measure density, vehicle
occupancy, measure volume, measure percentage of time spent following, whatever, but
of all these different performance measures, which are the ones that are really relevant
to travelers’ deciding if this is a good trip or this is a bad trip? The HCM states
something to the effect that the performance measure we choose to base LOS on (which
we term the service measure) should reflect traveler’s perception. That’s a little bit of
the debate right now, but you guys were right that we still have to base this upon
measures that we can actually go out and quantify, so we have to make the connection
between what’s driving their feeling, their perception of a good trip or bad trip, and
relate that to things that we can quantify because if they’re looking out and say the trees
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here are really nice. Yeah, but what can we do with that? But if somehow we can still
make the connection between these other things that are out there like lane width and all
that, to what travelers are perceiving to be the level of service experience. That’s a little
bit of the debate because some people within the committee feel like well, we said that it
should be based on traveler perception but we still feel like we should be the ones
deciding what the travelers are really perceiving in terms of level of service and
therefore we’ll choose the level of service measure. And then there’s others,
particularly within the Quality of Service task force, that think maybe it’s time we
actually go find out from the actual travelers if density on a freeway is really what’s
making them decide whether its LOS A, B, C, D or whatever. If it’s not, and it’s other
things, that’s great, and if you can quantify it and maybe even come up with a level of
service function per se -- it’s a little bit of density, a little bit of speed, and it’s a little bit
of the number of big trucks that ’'m next to and so forth. As long as this is stuff that we
can quantify, even something like non-traditional measures, maybe like pavement
quality. We can still measure that — the pavement guys have ways to measure that — we
do still have to keep it reined in though. That is something that is getting major
discussion right now within the Highway Capacity and Quality of Service committee
and some people are a little nervous about doing this kind of social research and asking
people what they really feel.

ME: I'd like to get back to the two measures we were looking at before. My concern about
using the term ‘percent time spent following’ -- it sounds like you’re trapped behind the
vehicle in front of you, you can’t get around and I think actually following somebody at
a reasonable speed like we were talking about before is a choice and therefore I have
absolutely no problem following somebody for 90% of the time of each trip. So a factor
in measuring LOS is to identify whether the driver spending all that time following was
a choice or a constraint, over the length of this facility, were there opportunities to pass.
In other words, how much of that facility was striped “no passing” or striped to allow
passing, regardless of the oncoming traffic. So if he had an opportunity to pass and
there are no cars coming, he can pass, but if it’s a double yellow line then that person is
trapped, and being trapped may be an issue in the comfort of their ride. It’s not just an
issue of --- it’s an issue of the opportunity to pass or the choice not to. Given that you’re
traveling at an adequate speed.

SW: I think that the way it’s set up now, percent time spent following is over the length of
segment that you’re defining what percentage of the vehicles were traveling at a
headway of 3 seconds or less, or it might be also relative to the travel time over that
length. But that is certainly an issue, about the assumption of somebody traveling at 3
seconds or less, are they really being constrained or are they just comfortable doing that
even though they have the opportunity to pass, they just don’t pass?

ME: That would be my point and I guess you’d have to do it by survey.

SW: If a vehicle is approaching a slower vehicle, they will generally do what they can to pass.
If they can’t pass, then they get into this 3 second range and therefore that’s a negative.
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But not necessarily for all drivers. Some drivers may just say, this isn’t so bad, I'd
rather do this than take the risk of trying to pass somebody.

LG: I think it’s a function of age - if you’re 17 you’re going to do anything to get there. If
your not, you just sit there and say O.K. I’ll look at the scenery.

SW: You raised another good point about this idea of trying to relate factors to traveler’s
perception and level of service. I think one of the things we’re going to find is that
socio-economic and demographic characteristics play a big role. You may find that if
we’re given a set of conditions, the younger crowd is all giving this a certain level of
service and the middle-aged crowd and the older crowd are giving theirs. The problem
is that’s hard to measure -- you can’t go out there and necessarily measure the age of the
people in the vehicle, but these are definitely issues that have to be dealt with if this kind
of approach is ever going to be viable.

We’re close to a break. Let’s look at videos. Keith or Charles, you got anything. You
haven’t had too much discussion on this whole idea of the two classes. What’s your gut
feeling? The two classes have it covered, or maybe not? If you haven’t made a decision
yet, that’s fine too. Maybe after we look at some of these videos, then that will help a
little bit.

KM: Well, some of those functions at different points in time have different classes. Like
during the working week you know it’s a commuter road but on the weekend it’s a
scenic highway. In our region, we’ve got a large national forest where they’re trying to
designate scenic highways that on a lot of the roads during the week are used as
commuter roads. So any time you try to fit something into categories there’s always
some outliers...

SW: You raise a good point. Because again one of the things that’s in the Class 2 definition is
sort of the trip’s purpose. You're saying that really you can have the same route and the
trip’s purpose is changed by the time of the day, or day of the week, or something like
that.

LG: Now on a scenic road, if you’re going to work you don’t care or if there are other people
on the road — you just want to get to work.

SW: Idon’t think that’s out of the realm of what could be accommodated -- a road maybe
could be classified as Class 1 for analyzing a week day commute but a Class 2 for a
weekend recreational trip time period. Is that pretty near?

KM: Pretty good. The counts are down here on a week day, but we use the state highway
system. We use that officially in determining level of service for planning purposes.

ME: Isn’t most of the analysis used for peak conditions, so if you were a resort area you might
be trying to design the facility for weekend high travel volumes as opposed to commuter
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volumes. The resort calendar might be negligible versus a more developed area where
you’d be designing for commuter traffic, not vacationers.

SW: I don’t know. I guess it depends on the agency. Maybe in some respects it’s like A1A,

sort of like the commuter out there at certain periods, but I guess you have to decide
whether it’s a critical period - recreational people on the weekend. What’s the peak
period out there?

LG: On A1A? 1 am.

SW:

ME:

SW:

ME:

Those people, they don’t even go to work, they play golf all day or they go to the beach.
So there is no peak period to speak of and there is no percentage. Maybe a small
percentage should be considered in the peak period going to work because it’s a
different kind of population and if you’re in Miami it’s different and if you are on A1A
in some other non-resort areas, it’s different so we’re kind of bordering. We’re dabbing
here and there, different context — population, age, type of work and all that. I don’t
think that’s what we’re trying to do. We’re looking at the car, the traveler in the car and
the kind of road we have and what’s adjacent. What kind of land use adjacent to that
road and how can we measure what we have on that road. There is a variable that you
can go forever into this. We need to be realistic and kind of nail them down to what
we’re trying to achieve. The way I’m seeing what you’re trying to achieve is to find a
class that’s most reasonable and it’s two-lane road...different kind of two-lane road you
have.

I think the bottom line right now is feeling that the two classes do not adequately cover
at least the combination of the two classes, and the service measures that are devised for
those two classes really do not accommodate the different types of two-lane highways
that are out there. So you end up with unrealistic levels of service for certain kinds of
two-lane highways. That’s the thing. Whether that’s right or wrong, we’re still trying to
determine that.

Is driver behavior and driver vehicle choice an issue in dealing with this? Way back
when it used to be cars and trucks and many, many cars and some trucks. Now you

have many trucks, many cars, pick-up trucks, SUVs towing Seadoos and God knows
what else.

It’s not an issue necessarily for looking at the need to expand the methodology. That
certainly comes into play again with the whole traveler’s perception issue.

I’m talking about how the roadway is populated now compared to back then and there
are many different vehicle types on the road than before.

LG: It’s going to make a big difference if you are behind an SUV where you can’t see

anything or you’re behind a car.

You know, Doug, do you remember that we had an issue, a paper some time ago I think
3 or 4 years on the FIHS two lanes and we allowed a standard of C or we didn’t allow
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standard of C for two-lane roads for FIHS? What was the reasoning behind that?
Maybe that’s something that — I mean, the standards that we allowed for the two-lane
road. Does that have anything to do with the kind of measurements which we are now
talking about in this conference?

DM: It could, Lea, in the sense that if so given the current Highway Capacity Manual it is so
hard to obtain the level of C on a two-lane roadway. (Right.) That we felt like we
needed a level of service C for a two-lane roadway and yet our standard would be for
rural areas. I think this is wrapped into the discussion that you all are having here in that
maybe progress in rural areas and two-lane roadways — we’re seeing things a little
differently in that FDOT has this patch of putting C on all two-lane roadways to
accommodate these different circumstances. Maybe there are other performance
measures that would get us more realistic results rather than the patch they arbitrarily
put. (Right.) I think it is relevant.

LG: Yes, I remember we made that change on purpose because we had this problem. Not
being able to achieve the level of service B which is the perfect world when we kind of
fly through the two-lane roads and you have no problems. Well, we have all kinds of
problems. Maybe that’s associated also with the class, that this extreme class we’re
talking about, that 2 and that 1 and we have to make some adjustments with our
standards. With our standards so we didn’t have a different way of looking at that two-
lane road.

SW: The vehicle population may factor into the whole traveler’s perception. You may find
out if you research the modeling, that the percentage of large passenger vehicles to the
percentage of trucks heavily impacts levels of service. That may be something built-in
that you could measure. You could measure SUVs, or mini-vans, or trucks and that
would be one of your variables in an LOS function, along with volume or speed or
something like that. Let’s take a quick break now.

SW: Let’s begin first with our discussion and maybe get specific input on certain two-lane
highways. Say yeah, I think it’s this or I think it’s that, or whatever. Doug and Brad
and Gina and I went out and drove around for half the day. Doesn’t sound like fun for
most people? We drove a lot of two-lane highways here in North Central Florida with
the video camera rolling and had a lot of discussion about what we thought was going
on in these two-lane highways and what might be important to people for the level of
service.

SW: So what we have here is several clips. Like we said, we drove around for hours, but
we’ve got ample clips that kind of have a variety of different things at least within the
state of Florida. We don’t have any mountainous roads here. When we play the clip,
I’1l point out specific things to pay attention to — most of it probably will be obvious.
I’ll be looking for a little bit of your input on these. The first clip — I won’t tell you
which road it is initially, but maybe wait until after we’ve looked at it and discussed it.
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So here we have a two-lane highway. Pretty narrow lanes. I don’t remember what we
thought these were — 10, 11 ft max — probably 10%2 , no shoulders, pretty frequent
driveways. I think the posted speed here is 55.

What do you think? Anybody think this is a Class 1?

LG: I think it’s Class 1. Because I'm driving comfortably, I’m not stopping, I’'m following
somebody in front of me without any interruptions. It doesn’t really bother me that
there’s no shoulders or sidewalks or bikeways or anything...As a driver, ’'m interested
in one direction and I’'m doing O.K.

SW: You don’t feel that maybe the allowable passing, from the striping standpoint, may be a
factor in it being Class 1 or not?

LG: I’m one person. I’m just telling you. But to me a road like this with narrow lanes and no
shoulder, I would not think you could go...

ME: If the geometry limits the ability to be striped for passing, I don’t think that’s a negative
towards perception on the left because the driver can see from the terrain that there are
passing limitations. Now if you have a double stripe ...

SW: The geometry is constraining your ability to pass. Would it still be a Class 1?

ME: Yeah. It’ll still be Class 1. Given motorists expect to travel at relatively high speeds,
then it can’t be Class 1 if terrain’s limiting the ability to travel at high speeds. To me,
when the terrain becomes a speed factor, then you’re stepping away from Class 1. At
what point is terrain affecting the ability to travel at high speeds, however you define
high speeds, that’s an issue that’s debatable too. But if you’re saying it’s like 60...
mountains with slower moving vehicles, that doesn’t mean it’s not Class 1.

SW: The methodology says there’s nothing wrong with saying outside of town it’s 55, when
you get into town it’s this class, when you get back out of town it’s this class.

LG: Am I understanding what you’re saying that the traffic would change based on the area
type? Is that what you’re trying to say? I thought the speed as the determining factor
would be set by the area type.

SW: Speed could potentially be one of a few factors that you base segmentation on...

LG: Yeah, but that is not the issue. The class is not based on the area type. The class is
based on what you are doing on the two-lane road?

SW: Maybe area type does indicate the type of class. Like whether it’s a scenic area or
whether it’s a developed area. Do you have any thoughts on that one, Keith, the first
one?
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KM: Yeah, I was wondering what kind of area it was in?
SW: CR-326? East-west route going away from Ocala.

KM: Yes, would that be something that was functioning as an access route to a Class 1 and
then could that meet the definition of a Class 2 because of that?

ME: Yes, it’s kind of a rural collector.

KM: Sometimes those areas are used for recreational driving or cycling and that kind of thing.
I might call it Class 2.

DM: I changed it around a little bit. Let me add — clearly my intent here was just to listen to
everybody else. I think I am still counting my words so that I’m not redirecting
anything. Do you want me to participate or not, Scott? (Yes)

I’'m not sure if it’s Class 1, which is the wide open, easy to pass, first percent or less
predominately passing zone — I think maybe that’s what Scott and I typically think of as
Class 1 — wide open, good geometry. Listening to Lea though was also kind of Class 1
because it was 55 mph, still kind of open, but I almost kind of want to go 1 and 1A here
—there’s a high level facility then there’s also the facility that is still kind of wide open.
There may be some geometric constraint. So, maybe there’s two types of Class 1, if you
will. To follow-up on what Keith was saying, going by the HCM though, that thing was
a Class 2 even though it was posted 55. I personally think that thing is more of a Class 1
than a Class 2 just because you can go 55 mph.

ME: It looks like it fits the definition...of Class 1 if it’s connecting I-75 and 27.

SW: One of the issues I have here is the issue of the design of the roadway. If this was really
meant to be a high-speed facility, would you design it with narrow lanes and no
shoulders? This does not ...

LG: I don’t think it was designed for high-speeds. It was designed as a two-lane road and we
then posted the speed on it which became high-speed. We have to remember that those
collectors, when they were built as two-lane roads, especially in the area of Ocala, they
were just connectors. They were not...

SW: You’re saying it’s basically serving a different purpose than originally intended. You
should base the classification on how its really functioning.

I still kind of see this wide-open, wide lanes, wide shoulders, it’s a straight shot, plenty
of passing opportunities, it’s a no-brainer Class 1. Start getting into more of these
restricted designs, why I’m not convinced.

ME: You can describe it as being, now given it’s posted speed, sub-standard as far as current
design standards and Alachua County ...

40



Task 2a

SW: Let’s go to the next one. We’ve got a few more of these.

DM: Maybe there are more than 2, maybe there are 3 or 5. And I thought FIVE classes? But
all of a sudden I thought this was a geometrically constrained high-speed roadway.
Maybe there is a different class there. Whether it’s 1 and 1A, or whether it’s a new class
or something else.

ME: I think the issue is whether geometry is constraining, or driver behavior is constraining
for level of service.

Next Clip Played

SW: This is entering a small town... that, ’'m sure you will agree is not Class 1.

LG: I’'m sorry. I’'m still looking at it as a Class 1 (a Class 1 sub-category) because the area-
type you will call it a community area or whatever you call it. But it’s still a two-lane
road where the speed is pretty reasonable, people can still drive, there are not as many
interactions. As a driver, I’'m getting to where I want to go, I don’t need more lanes, |
don’t need anything else. So...

ME: Do you have a paved shoulder there now? In that developed area, you’re not expecting
high speeds in that area are you? (No.) Approaching stop light or sign or whatever.

LG: Maybe really the differences between the area type.

SW: If I hear Lea correctly, there is no reason why you still couldn’t have level service A as
you go into this small town, but for the purpose of classification you’ve got to have
different classifications. Most likely you’d have a different way of defining levels of
service between those two classes.

DM: Percent time spent following, is it close to the speed limit, is it going an average speed,
is it a combination of this, is it the number of trucks that were on the other side — in that
situation?

GB: As a driver, as long as I’'m proceeding ... I would ask to mix in the number of trucks. If
you are following or passing or on the other side or something, because that’s a factor
and it always slows you down.

Vehicle population is a factor. Go back to what you said earlier with speed as a
potential service measure? If we go out and measure the average speed on that road and
it’s 35 and the posted speed limit is 35, that would probably be level service A. So it’s
not the magnitude of the speed per se, but magnitude of the speed relative to the posted
speed.
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ME: I think so. I think people have this perception of LOS being based on how comfortable
you feel driving in the wide-open spaces of Montana and developing congestion in that
environment and then translating that to New York City and applying the same
measures is not realistic. People stop their cars and drive home in commuter traffic 90%
of the time, but what do the car ads show? You’re up in the Rockies, zooming ... They
sell that, but that’s not what you end up purchasing it for. And that’s my point — this
perception of some nice LOS out there versus the realities you get here where people are
‘conditioned’ and since this is all qualitative based on perception...I think... we’re stuck
in this commuter traffic, this is what it is and I think the standard needs to really reflect
the reality of our conditioning to traffic. It’s like getting LOS A-plus when you get out
into that wide-open space conditions. But for measuring workday commuter traffic, I
think the standards and evaluations and measures should be reflective of that condition.

BC: Going back to Doug’s question on LOS - they go into an area like that, what’s important,
for me, I think travel speed or percent time spent following is kind of — I can forget
about those for a second when I’m driving on a two-lane road, going through a small
town. It’s probably a mile and a half — 2 miles at the most. I know it’s going to pass
soon. The only thing that would bother me is maybe the volume. If I’'m expecting a
traffic light, I don’t mind stopping, but if there’s heavy traffic volume and I get stuck in
it, maybe I have to wait like 2 cycles before I can get through the light, that might
irritate me a little bit. But being that there are gas stations and post offices and things
like that, I don’t think stopping or following somebody would really be an issue since
you kind of expect that when you’re driving through a town.

Next Clip Played

SW: This one has no shoulders — similar to the first one. We thought it was a Class
2...looked a little wider than the first one.

Yeah that’s coming up, the passing opportunity is much more than in the first clip. This
is a little bit wider but still no shoulder. What’s different here between this one and the
first one? (Better geometry.) Yeah, a little better geometry...

ME: And the point is — with better geometry there’s more opportunity to pass. (Right.)

SW: Is that one of the distinctions between this one and the first one?

ME: I think so. That has to do with my discussion earlier about how geometry can constrain
you from having an opportunity to pass relative to a relatively ‘fly down the street.” In
other words, you’re trapped in a condition of percent time following as opposed to

eternally following somebody.

KM: Did the road surface seem smoother there? Looked like the first one had a more
rough...
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SW: There’s some other research for rural freeways where pavement quality has been

indicated. A survey of many, many travelers — pavement quality was definitely a factor
for them on LOS — something that we normally don’t account for.

ME: You get out into a region like Dixie County or Taylor County — where you’ve got

logging trucks. The difference between the pavement condition on one lane versus the
other where the trucks are going back empty and coming back full. They actually drive
two sides of the road when there’s no traffic coming just to make the ride less bumpy.

SW: I tell you, I would take 20™ /24™ street home every day from school/work, but the fact is

KM:

that it’s a nightmare with the pavement there and all the pot-holes. I usually go down
Archer even though it’s littered with signals. The pavement beats the living daylights
out of my car. If the pavement was nice there, it would be a no-brainer taking that route
home.

There are two county roads in Tallahassee (Leon County) where they put a rough coat
on there intentionally to slow travel speeds. Like that first clip seemed to have that —
more aggregate in the asphalt or something. Central Florida, around Marion County.
They seem to have a wider appearance and they seem to have that rough coat. They
seem to be out in the agricultural areas and I would associate it more with Class 2.

SW: Good point.

Next Clip Played

SW: 30 mph, two-lane roadway, you’ve got parking on the sides, Doug’s driving 32 mph. Do

you think it’s a pretty good level of service on this section, Lea?

LG: Yes. I’'m coming to more and more conclusions that the function of that level of service

is based on the speed and the speed’s set wherever it is. My perception, or how the
geometry...but if the speed limit’s at 30 or 35 or 55 because of the area type, or
whatever it is. My driving ability and the level of service that I would perceive is based
on that speed.

If there are trucks there on the opposite side and they’re loaded, there are SUVs or if
there is no way for me to pass or if the road is very narrow of if there are cars parked on
the sides — I think some of those things interrupt my thinking. They kind of break my
flow — I’'m just driving. And that’s what causes me to slow down and my speed
changes. From my perspective, the speed was set up for reasons for why it was set up.

SW: The geometry may have factored into that as well.

LG: Of course it does. So my reaction to it is to hold that speed and my goal is always to go

beyond that speed.

43



Task 2a

SW: You’re almost making a case of measuring on your ability to maintain your speed
relative to the posted speed...could maybe be service measure for any class of highway.

LG: And that’s what I’'m coming to, because I was looking at the first example, the second
example and the third example. Whichever, if the first one was a 1 and if the second
one was a 1A and the third one was a Class 2, in all three cases when I was driving with
Doug in this car, I was just looking at how am I going to really reach over there, the
faster I can get there without being interrupted. That’s my goal and so I’m thinking
about the speed.

SW: I think one potential glitch could be...but I’'m not sure it applies as much to two lanes as
it does, say, to the freeway. When you can’t have multiple-lane freeway flow, speed is
somewhat essential to flow but you start getting these closer headways and that’s why
density increases.

I think that would still impact your speed to some extent. Let’s say you were doing
close to 65, you’re doing 55 but you’re the only one on the road as you opposed to you
doing 55 but you’re in a group. Again, maybe really you wouldn’t be doing that same
speed if you’re in a group.

LG: If ’'m in a group I would be driving 45 but if I’m not in a group and the speed limit is 55,
I’m driving 65.

SW: You’re thinking that the platoon is still going to have a negative impact on your speed?
LG: Yeah, because I depend on what they’re doing.

SW: Is that realistic to think that Lea would still go as fast as she wanted to by herself, as
opposed to ...

LG: If there was a truck in front or if there’s an SUV or whatever, I will be reacting to that.
ME: So, the ratio of travel speed to posted speed ... measurement is what you suggested?

SW: Basically what she’s saying is — yeah, what is your speed relative to the posted speed. I
don’t know if you can measure...

ME: If everybody’s going the speed limit, how can it be D? You’d be going the posted speed
limit, but because the percentage time following is 70% you’re in D. Why can’t I
understand that logic? If you are moving down the road at the legal limit, even though

let’s say you can go 70 on that road if you chose to step on the gas, then how can it be
D?

SW: We did some examples for HIGHPLAN, where we set it up that the average travel speed
was governing the level of service for Class 1, and the LOS was C or something even
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though the average travel speed was actually right around the posted speed. It’s
understandable. I would have issues with that.

DM: You wanted to tie your actual speed to the posted speed. (Right) Is it the posted speed
limit you want to tie it to or do you want to tie it to your 65 mph? Ifit’s posted 55, but
your free-flow speed is 65, would you rather tie it to the posted speed limit or what you
would normally drive at?

LG: Let me try to figure out what I would do. I think basically the underlying way that I
would take is that I would try to adjust my speed to the one that is posted. So if your
question is which one matters more by adjustment or credibility, I would say that my
target is to look at what the posted speed is and I will try to by-pass that, but if I’'m
interrupted, then I’'m not going right, then my level of service is not acceptable. Then
the platoon and the trucks and all those other elements come into play. The real thing is
that if the road is designed for a speed limit of 55 in a rural area or in urban area,
whichever it was designed for, and it’s posted 50 and I’m driving 55 — I’'m doing good.
If it’s posted 50 and I’'m driving 45, then I’'m not reaching my flow, my driving ability.

SW: The posted speed may be 55 and let’s say you and everybody else that drives that
roadway feels like 60 is the speed they can do and should do. You feel at 60 your level
of service is better than if you’re doing 55?

LG: No.

GB: She’s saying it’s still the same. Whether she’s going at the free-flow speed or right at the
speed limit, she’s doing fine.

SW: You wouldn’t say that your level of service is a little bit worse?

LG: No. My best mark — if the speed limit is 55, then my level of service A is based on that
speed limit because the road is designed to achieving speed limit for the safety, for
design, for geometry, for whatever. So I’'m measuring it based on that and I go a little
faster ‘cause I want to always do better. That’s life. But my measurement of A will be
that 55. If I go below then I’'m not A. For example if you drive on Blanding, there are
signals all over the place and a constant 35 miles or 45 in certain areas. We know
Blanding Boulevard?

SW: No.

LG: Blanding Blvd. is that corridor that goes all the way to Orange Park. Have you taken that
one? There are gas stations and Taco Bells and McDonalds and there are driveways
every inch and everything. But there is a progression of signals and I’m always driving
the 45 mph and you know what, I’m driving at level service A. I’m explaining it O.K.?

END OF TAPE 1
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BEGINNING OF TAPE 2

SW: That’s good stuff. I’ll want to get some other opinions from the others on that.
DM: But being able to hit the signal progression is a very big deal for LOS for you.
LG: In a congested urban area, I guess.

ME: I’ll be glad when signal progression comes to Gainesville.

SW: Yeah, I’ve been reluctant to bring up that issue yet.

Next Clip Played

BC: This one is, if you sort of ignore the construction, new pavement and...

SW: Wide lanes, shoulders. Let’s skip to the next one.

BC: This is just driving through Micanopy.

LG: What’s wrong, you’re driving ten miles per hour here.

ME: I think the speed limit is 25.

ME: ...And then they put in a speed hump. I just laugh at that condition. I’m sorry.

SW: I’'m not sure we intended to show this one.

DM: Is your concern following other cars?

KM: Looks like a certain neighborhood or something.

ME: Well, I think what is happening in this condition, for those who are familiar, is basically
when they laid that county road bypass to connect 441 to the interstate, to me this
became a local collector at best. Because the function it previously served was to
connect 441 to the interstate. And when they built that bypass, you pretty much want to
go to Micanopy to go on that road, otherwise you’re taking the bypass. So I think its
functional classification is much different now than what it was. The fact that there’s a
speed hump on it should tell you something about that.

KM: Is that their main street? Kind of a main street with some antique shops on it.

ME: yeah

DM: According to the Highway Capacity Manual, it is still an uninterrupted, 2-lane highway.
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DM: How do you evaluate that roadway?

ME: I don’t know...it’s in our region...I’m glad they hired consultants to do that. I’d be
interested to see what the functional classification is now and then ????. Like I said, I'm
almost inclined to relegate it to a local road as opposed to a rural collector.

Next Clip Played

SW: Let’s go to this next one. OK, this is a scenic highway. Speed limit’s set at 55. Maybe
11 foot lanes, no shoulders. And supposed to be lots of scenery to look at.

ME: Maybe just the absence of billboards makes it a scenic road.
SW: Yeah, I’'m not quite sure how the scenic designation came about.
KM: Maybe it’s the national forest?

ME: There are some canopy trees. We’ve seen some canopy. [ was trying to see if it was a
local scenic road. Ok, down around by Cross Creek, so this is east of Micanopy. Down
by Evanston or something like that?

LG: You know I wouldn’t call this a Class II scenic highway. I would call this a Class I,
because I can drive here 55, 45, depending how much I want to enjoy the scenery. But,
you know we need to go beyond the universe of Gainesville and look at what each
corridor looks like. A1A, or US-1, or areas that have 2-lane roads that are different.
And then see how to classify them. This is very similar to Class I.

ME: I think so.

DM: So is the wide-openness of the general free-flow traffic that was relevant here and not
the scenery or something else?

ME: I would still say if you can do the speed limit or better, I just don’t understand how it
would be a bad LOS, even if you have 80 cars going.

SW: Did you say this would be different still from ATA?

LG: Yeah this one certainly is different from A1A. You need to look at different universe of
classification.

ME: Well, different scenery and the number of access points that would be off A1A, as
opposed to this are extreme.
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Next Clip Played

ME: Somebody just pulled onto the shoulder.
DM: Narrow lanes.

LG: I'll tell you a big measurement we’re ignoring, which is coming up right now, is the
school crossing. Anywhere you have a school crossing...and have been ignored in
Florida. But there is no other stronger element than a school crossing for slowing down
or reducing speed, which disturbs the level of service at peak hours certain times of the
day. That’s one measure; did you see the school crossing? If it were there, I don’t care
if there were trucks, or 10 cars, a platoon, or if you were by yourself. As long as there’s
a crossing there and the light is flashing or there’s a school bus, the whole universe stops
and you have to slow down. Then it’s not a measure of level of service and it does make
an effect on the level of service.

SW: We’re looking at down the road, a little bit, how we can accommodate different
interruptions of 2-lane highways because it’s becoming more and more common,
whether it’s a school zone or signal or something else.

ME: I think a factor you have to consider, and I’'m sorry you didn’t get it on your sampling,
was passing or a bicycling lane because on that Evanston clip you had before, that’s a
popular bicycling route. There were some discussions years ago about having it
resurfaced and adding paved shoulders. Some cyclists didn’t want to have the paved
shoulders because they associated adding paved shoulders to accommodating even
higher vehicle speed. And as a vehicle comes around and clips the shoulder...they’ll
take out the cyclist worse than if the cyclist had stayed on a narrow lane. And I don’t
know how this factors into what you’re evaluating, but...

ME: Well, geometry!

BC: The last one was pretty much the same as the other scenic routes, except we passed the
truck.

SW: Go ahead and show the other one.

ME: Call it non-motorized vehicle accommodation ...

Next Clip Played

BC: I think this was the most geometry we saw all day.
SW: We had a couple of horizontal curves but this is the only vertical...

ME: There’s so much undulation that there’s no real break in it.
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SW: Here are some driveways again...

ME: And once again, given the conditions, I think proximity to the posted speed is a great
factor. To me, that would be the most important factor for LOS perception.

ME: 55, looks like going up to Worthington Springs or something?
DM: This is old US-27, south towards Ocala.
SW: Terrain...Mike, you still think that the speed relative to posted speed is...

ME: Yeah, because obviously the terrain meant for the yellow striping, which is a forced
percent time following condition, not voluntary. So given that condition, if you are
zipping along at 55, then why isn’t that a high LOS? In other words...if you were at
70% time spent following, and came up with LOS D, I’d say, but you’re going the speed
limit. How can you have such high travel speed and be in that condition?

LG: You know what? Personal conclusion...in all those 2-lane roads, all those samples that
you drove, the factor of the volume of cars didn’t come into play at all. The second most
important factor...the other third factor is the factor of geometry. How much time you
spend following and all of that, is almost at the end of the line.

SW: Say it again, you said speed was number two?

LG: Right, what I was saying is volume was not a factor. Number two factor was speed.
How fast can I go past the speed limit? Geometry is the next one, because if I have to
curve on a narrow road, and somebody’s car, or wall, or bike, or whatever, some
constraint of some sort whether physical or non-physical. That is the third element
that’1l affect my driving, and the level of service. The last of all these was following
someone as a measure. Because I can always take the opportunity to pass or slow down
or stop somewhere. Sometime, if there is a dump truck in front of me, I’1l go to the gas
station and get a cup of coffee, so I don’t have to see him. [ mean...

DM: Clarification Lea...your speed is not average travel speed; your speed is how close I am
to the speed limit?

LG: Right, I’'m not doing 75 mph because it’s open. I’'m trying to always obey the law, with 5
miles more.

ME: Just like in ARTPLAN, with 5 mph over the posted speed.

LG: And I may not be the example; everybody’s got their own way of doing things. A 17-
year old, in an SUV or BMW, and they’re zooming through that 2-lane road; they’re
getting there 5 minutes before me. I don’t know if that’s the goal. They’re not going to
work, I may be going to work. Five minutes may not be important to them. Five
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minutes may be more important to me, but I’'m willing to give that for safety. So, the
trade-off, the difference.

SW: We have one more clip. Let’s do that one and then we can wrap up the final discussion.

Next Clip Played

BC: This one is just right after the last one with the terrain. This one goes back to a flat
geometry...same road.

LG: Scott, I think we need to make a note that if it’s an FIHS facility, to consider it
differently. I don’t know the wording, maybe I don’t have the right expression, but if
it’s an FIHS facility and it’s connecting major ... it has a different function. Then I
would look at the classification and all these decisions a different way, even the speed.
Because on an FIHS facility, the speed should be relative to the function of the road, not
just the design of it.

LG: We have the other FIHS in the state that are 2-lane.

DM: Lea, what I want to say is those FIHS routes are the classic Class I...

LG: Yeah that’s right.

SW: That’s SR-40, right?

DM: Right. The other routes that are posted 55 and maybe have geometric constraints are a
little bit different. They’re still open roads, but they’re not the same as the 12-ft lanes
with the 4-ft shoulders with as much passing zone as we can get.

SW: Yeah, we didn’t have a video, SR 40 probably would have been a good one. There’s
usually pretty heavy volume on that. We would be able to see the relative difference.

Everything we were driving...there were few other cars out there.

GB: I think that’s a reason...volume did not really affect...wasn’t a factor. You were the only
car on the road.

LG: If you look at an FIHS facility, then volume is an issue. Level of service is measured by
the volume, and the number of trucks and all that.

SW: Charlie? Any thoughts on what Lea said or other things? Haven’t decided yet? Or
speed relative to speed limit?

CH: I think if you’re doing 55 on a 55, that should be a better level of service.

SW: What about if you do 35 on a 35?
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CH: I think it should be a better level of service...that’ll be all right. You’re doing what

you’re expected to do. You’re doing the best you can do.

SW: So you’re saying that matches the driver expectation? Drivers go through these areas

KM:

SW:

KM:

DM:

KM:

and their expectation changes...not whether they’re going fast...

I agree. I think it’s rational. It makes sense. It seems like the land use surrounding the
roadway might be a way to distinguish between these rural roads you showed versus
these others constrained, urban, or coastal roads.

You think that would make a case for different classification?

Yeah, maybe whether the density...whether you might base it on population, or census,
distinguish it, defines urban versus rural, or you actually have a land use classification
system or something like that.

Keith, what about the possibility of using driveways? Is that another one? Or it could
be non-residential driveways. What I heard earlier was...number of access points,
which you differentiated between whether they were residential...I thought you were
grouping commercial and streets, that was one type of access point, and then just kind of
discarding residential. I want to get at your land use point of view.

Right, I thought maybe the DOT tracks or permits...you have a count on that right?

LG: Some of them we do because we permit the access points, but some of them, you know,

there are some that are grandfathered. We don’t have a database that tracks all the
driveways and the geometry. But I want to respond to and emphasize what you just
said, because he’s got a very good point. Classification is more likely to be based on the
area type, if it’s urban or transitioning or... It’s not so much the function of how many
driveways. You have driveways and you have signals and if there’s a progression, then
that’s not so much a problem. But if you have an urban area with a lot of development,
then your speed limit is lower; your expectation is different as you’re driving. The
interruption when people come to driveways or cut to roads is to slow down, then you
measure slowing the speed limit. The speed is what lowers the level of service. And the
volume of course is part of that equation. In classification of Class II, and anything
beyond that, or in between Class I and II, would be based on area type.

SW: But I still get the sense that you’re thinking that we don’t necessarily need different

service measures for different classifications, am I correct? I’ve been hearing the speed
relative to posted speed, and I’ve been hearing that across the different classifications.

LG: Yeah, I agree. That is an umbrella to all of it, but if you want to go beyond that and

classify...
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SW: You’re saying maybe we can have secondary...that’ll be a primary service measure but
there could be different secondary service measures for the different classifications.

LG: Right. I’m not the TRB or anything. Now you know how I feel as a driver.

KM: We were discussing earlier about what goes on in the coast versus what you might find
out in a traditional commuter pattern. In the coast, there seems to be a seasonal peak,
where certain times of the year, you’re in St. Augustine where you have constrained
bridges and constrained highways, it’s really frustrating to be there at the wrong time. I
don’t know if there’s a way to factor that, the seasonal issue. The way they try to
address that is providing alternative routes with bridges of greater capacity, interspersed
along the coast. But I think along the coast, if there are sections of highway, of
ATA...have they been fixed at 2-lanes. The scenic highway designation, has that fixed
the lane width by local government decision?

LG: Most of the time they are. And the speed is adjusted to that. And as it grows more
vertically, the population is requesting even lower speed limit. They want to absolutely
slow this movement. So what’s happening is that, you were talking about alternative
routes, or alternative bridges, there’s also the concept about alternative motor
conservation to alleviate some of that. There are other ways...we’re talking about
measuring the LOS as a driver. But on A1A, you’re right, the season makes a big
factor, in the summer or December, depending where you are.

DM: We’re constantly narrowing in on these clues...Do you think the HCM is...is it better to
work with one service measure, so you can go out there and measure and monitor it and
hopefully can make the best one, or is it better to have a function where there may be
50% because of speed, 20% because of volume, 10% because of the pavement surface,
all measurable. Are we better off, when we determine the level of service, to use just
one measure, is it all or nothing, but it’s cleaner, or are we better off with a primary
measure adjusted by others? Understand the question?

LG: Yeah, very good question Doug. If I was a consultant, I would say give me all those
opportunities. Let me measure it this way, this way, this way and come up with a good
level of service. But if I’'m being practical about setting some standards and being able
to measure it one way across the board, it’s better to have one measure. From DOT
perspective, for us, it’s better to have one measure than to have five little element s to
try to conquer in order get level of service.

SW: Let me see if I can clarify a little bit on what Doug’s talking about. Right now, you have
two service measures that are sort of independent; I think I can see what you’re talking
about, you’ve got percent time spent following and average travel speed; and if you
leave it to the consultant, they look at them and say this one comes out, and this one, this
one, let’s go re-measure, this one’s now here...But maybe what Doug was getting at was
that maybe we can have a very defined, basically like a function, where we have a
coefficient times the volume, plus a coefficient times the speed, plus a coefficient times
a geometry factor, and so on, but there wouldn’t be room for the consultants to play
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games. They measure these three things, plug them into the equation, function, and
calculate the level of service ... granted, they can go back out to re-measure. At least
there wouldn’t be the independent relationships, they’re all related, you just plug in the
numbers and calculate an answer...then reference this answer to one LOS threshold
table...

LG: I think if it’s done correctly, and your coefficients are proper and don’t have room for
jiggling, then one measure is a better measure for it; but it has to be realistic, that’s the
key to it, no room for question.

ME: You’re saying you may be inclined to use the function to come out with one single
value...because I don’t think there’s a magic bullet, one single thing that says that’s
what LOS is, that can be applied everywhere. You will offer great economy, but I don’t
know if it’s realistic.

SW: We did some preliminary research on rural freeways and found that...that was one of the
conclusions I made, was people think multi-dimensionally about this, multiple factors.
There are some that are definitely more important than others, but it’s not like they don’t
consider anything else. This is for rural freeways, but it may be applicable to other
facilities. But speed was definitely, what you were talking about, the ability to travel at
or above the posted speed limit. I don’t remember...that might be number one, but there
are a couple of other things, like pavement quality, that was definitely a strong thing, not
as strong, but that was a factor, and there were a couple of others. So there’s a
dominating factor, but there are others that can shift it a little bit one way or another.

LG: There’s certainly correlation between all those factors. There is a measure of all of
them...and maybe the best way to handle all of them under one formula; but really, you
cannot allow much room for jiggling, that’s the most dangerous thing, to move in all
directions. To answer that, I think one formula is better than ten little ways to look at.

ME: Scott would love to do the studies to able to weigh each one of those components.

DM: Actually along those lines, what some of us on the Highway Capacity Committee are
doing is suggesting a national study. $500,000 or a million dollars throughout the
United States to do the research of what are the factors. So it wouldn’t be just Florida,
it’d be a nationwide study, so for the nation as a whole, that is not an unreasonable cost.
It may come to that if it’s a good idea. But other people on the Highway Capacity
Committee liked...you don’t go out to measure a function, you don’t go out there and,
you know, here are the 14 factors and you get a value of 2.6, and that means LOS C.
It’s much easier for us to go out there and measure a speed; you measure a density of
vehicles...

ME: Yeah, but that speed is a result of the driving conditions, which may have accounted for
85% of the ...
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DM: But there’s only one thing the person has to go out there and measure and determine.

SW:

ME:

SW:

ME:

SW:

ME:

SW:

Some of the group like that one thing only; but others like the idea of as long as we can
keep it down to one function, you don’t get the wiggle room. But again, the major
factors, so that we can account for 90% of what they experience. There are two
thoughts there.

In the case of a rural freeway again, speed is the major factor; but again, speed should be
relatively constant. The increase of volume is when you really start to...when you get
the volume up there is when it starts to drop. But we saw that density was still the
concern because of the comfort level. Even though they may be doing 75 -- 75 by
themselves versus 75 with several cars around them. The comfort level comes down a
little bit, they still feel like well maybe it’s not LOS A+, maybe it’s LOS A-. Sort of
tempering it a little bit.

I suggest they’ll feel even less comfortable if the vehicles surrounding them are trucks.
Right. And so again...
I like the point about vehicle population being a factor before.

We put that in the survey, I just don’t remember if people indicated that was significant
or not, it may have been to some extent.

Not so much on two lanes because they are either in front or behind you, or in the
opposite direction. But if they are next to you, the comfort level drops.

Keith, was there any specific thing that you want to bring up?

KM: Just talking to some other people in the office, we generally agree with some of the

statements made that two classifications sometimes don’t result in...that they do not
apply to developed areas such as small towns.

SW: Felt like that is kind of falling through the cracks right now?

KM: Right, we kind of agree with the comment there, also with the average travel speed LOS

thresholds being unreasonably pessimistic for these types of roadways through
developed areas.

END OF TAPE 2
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ABSTRACT

The concept of level of service (LOS) is central to the Highway Capacity Manual
(HCM) [1] and is used to assess the performance of all types of roadway facilities. Many
transportation infrastructure funding decisions are based on LOS analyses and the
resulting LOS designations are intended to represent user perceived quality of service.

This paper provides an overview of the evolution of the two-lane highway LOS
analysis methodology and identifies weaknesses in the methodology as perceived by the
Florida Department of Transportation (FDOT), as well as other HCM users. In
particular, this study focuses on deficiencies in the methodology (in terms of performance
measures, LOS thresholds and service volumes) with respect to rural developed two-lane
highways, such as those facilities through small towns or developed coastal areas.

Although the HCM intends for LOS designations to correlate with user perceived
quality of service, little research has been done to ascertain what those perceptions are.
Therefore, the objective of this study was to determine what performance measures
appear to be most appropriate (i.e., consistent with traveler perceptions and expectations)
for assessing LOS on different types of two-lane highways. This objective was facilitated
primarily through direct input from non-transportation specialist travelers in a series of
three focus group sessions. Focus group participants watched a series of video clips
depicting different two-lane highway driving situations. Audio recordings of focus group

discussions and data collected from survey forms were analyzed.
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Based on the data collected in this study, it is apparent that motorists consider
several factors in their assessment of trip quality on a two-lane highway. The function
and/or development setting of the facility also appears to dictate what their quality of
service expectations are. At this time, two-lane highway classifications are largely based
on expectations of travel speed. However, from this study, it appears that expectations
for passing should also be considered, in addition to travel speed, when distinguishing
among facilities. Also, the current classifications do not address rural developed two-
lane highways (e.g., facilities through small towns, developed coastal areas, etc.). These
types of facilities should receive their own classification (Class III) and their own specific
performance measure.

Ultimately, the development of a more comprehensive LOS methodology should be
pursued. The outcome of such research might be a level of service function, defined in
terms of a series of variables (performance measures) and corresponding coefficients that

could be applied to all categories of two-lane highways.
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CHAPTER 1
INTRODUCTION

Background

The Highway Capacity Manual (HCM) [1] is widely accepted among
governmental agencies in the United States as the definitive tool for level of service
(LOS) analysis on all types of roadway facilities. The Florida Department of
Transportation (FDOT) is no exception, and has committed itself to implementing the
principles outlined in the HCM when evaluating the LOS for transportation facilities
found within the state.

The HCM 2000 defines LOS as a “qualitative measure describing operational
conditions within a traffic stream, generally in terms of such service measures as speed
and travel time, freedom to maneuver, traffic interruptions, and comfort and
convenience” [1]. It also states that “each LOS designation (A through F) represents a
range of operating conditions and the driver’s perception of those conditions” [1]. In
other words, the concept of LOS serves primarily as a means of evaluating the operating
conditions and quality of service of a roadway as perceived by the traveling public.

Because decisions regarding transportation infrastructure investment are largely
based on LOS analyses, roadways with poor LOS designations typically receive higher
priority for funding. Therefore, LOS methodologies that accurately reflect the roadway
user’s perception of operating conditions are necessary to avoid spending taxpayer

money where it is not necessary.



With this in mind, transportation researchers are continually trying to develop new
or improved methods for accurately estimating roadway performance measures and
translating those into LOS values that hopefully correlate well with the quality of service
as perceived by the traveling public. Again, with better LOS analysis methodologies,
transportation practitioners and funding decision makers will be able to make better
infrastructure investment decisions in the eyes of the public.

Problem Statement

One area of special concern to the FDOT since the early 1990s has been the LOS
analysis of two-lane highways in rural developed areas. Since the publication of the 1985
HCM, FDOT has questioned the applicability of the two-lane highway methodology to
two-lane highways in rural developed areas.

This issue came very much into focus when officials in Monroe County, Florida
had difficulty accepting the results of HCM LOS analyses for US-1 (Overseas Highway)
from the Florida mainland to the Florida Keys. After applying the 1985 HCM
methodology, state transportation officials felt that the resulting LOS determinations
along this highway were unrealistically low and did not reflect actual user perceived
quality of service. US-1, like many other two-lane highways in the United States,
features uninterrupted flow with alternating sections of undeveloped and developed
surrounding land use. However, as some transportation officials would later come to
believe, the 1985 HCM two-lane highway methodology was not designed to account for
developed sections of two-lane highway with uninterrupted flow.

These concerns did not apply only to US-1 however. In addition to FDOT
officials, other HCM users were expressing dissatisfaction with the 1985 HCM two-lane

highway methodology with respect to these types of facilities. Prior to the release of the



HCM 2000, the National Cooperative Highway Research Program (NCHRP) sponsored
Project 3-55 Task 3 [2] to identify the strengths and weaknesses of the 1985 HCM two-
lane highway chapter. As part of this project, a survey was conducted that asked HCM
users to identify ways in which they would like to see the two-lane highway LOS
methodologies improved. Among the responses, several comments were made regarding
the lack of an explicit methodology for uninterrupted flow two-lane highways in rural
developed areas as well as two-lane highways with reduced design speeds. One user
stated, “There is a need to develop a consistent level of service measure to address
situations where a rural two-lane road passes through ‘village’ areas where posted speeds
are less than those considered in the current methodology. In many cases, these areas
cannot be considered urban or suburban and, thus, there is not an appropriate method to
assess level of service” [2]. Another comment was, “The procedure should address levels
of service for roads with design speeds down to 25 mi/h” [2]. The project report also
noted that several agencies felt inclined to invent their own procedures to deal with these
types of facilities.

While the two-lane highway analysis methodology in the HCM 2000 was more
robust than the previous methodology, transportation officials at the FDOT still felt that
this revised methodology fell short of adequately addressing LOS analysis issues for two-
lane highways in rural developed areas. Despite the introduction of two different classes
and corresponding service measures, which allowed more flexibility in two-lane highway
analyses, the FDOT still felt that traveler expectations on two-lane highways in rural

developed areas were not consistent with the service measures, LOS thresholds, or



roadway travel functions defined for either of these two classes. This is essentially the
core of the problem for the FDOT.

Although the HCM intends for LOS designations to correlate with user perceived
quality of service, little research has been done to ascertain what those user perceptions
are and rarely have user perceptions been compared to the current LOS designations
assigned to a facility.

Research Objectives and Tasks

The objective of this study was to determine what performance measures appear to
be most appropriate (i.e., consistent with traveler perceptions and expectations) for
assessing LOS on different types of two-lane highways. This objective was facilitated
primarily through direct input from non-transportation specialist travelers in a series of
three focus group sessions. The following tasks were carried out in support of this
research objective:

o Determine suitable two-lane highway segments from which to collect field data,

o Collect video footage of roadway and traffic conditions from these chosen two-lane
highway segments,

o Produce short video clips to be shown to focus group participants,
o Recruit focus group participants,
J Conduct focus group sessions to solicit traveler opinions and perceptions about the

factors most important to them for assessing trip quality on two-lane highways
o Perform an analysis of focus group participant responses, and

o Recommend performance measures for use in two-lane highway LOS analyses
based upon the analysis of the focus group participant responses.



Chapter Organization

Chapter 2 includes an overview of existing literature relevant to this topic as well
as a timeline describing the sequence of events that led up to the current research detailed
in this paper. Chapter 3 is an extension of chapter 2 in that it provides a more
comprehensive look at the methodology in terms of service measures, LOS thresholds
and service volumes. This is achieved through a series of example LOS calculations.
Chapter 4 describes the research approach used in this study, including the selection of
two-lane highways, equipment setup, collection of video footage, video clip production,
focus group participant recruitment and selection, and focus group implementation.
Chapter 5 describes the analysis method as well as the results. Chapter 6 is comprised of
conclusions and recommendations. Several appendices are also included with supporting

data and information.



CHAPTER 2
METHODOLOGY REVIEW

This chapter provides an overview of the historical development of the two-lane
highway analysis methodology in the HCM, deliberations by the Highway Capacity and
Quality of Service (HCQS) committee on the topic, as well as other relevant literature.
The material in this chapter is organized chronologically and traces the development of
the methodology over approximately the last 20 years, as well as the related issues that
ultimately motivated this research study.

Highway Capacity Manual (1985)

The 1985 publication of the HCM introduced the concept of percent time delay as
the primary service measure to be used in the assessment of LOS for two-lane highways.
Percent time delay is essentially a measure of decreased mobility as a result of traffic
platooning, or more precisely, “the average percent of time that all vehicles are delayed
while traveling in platoons due to the inability to pass” [3]. Average travel speed (ATS)
and capacity utilization were named as secondary measures.

Also introduced in this edition was the concept of capacity as a function of the
directional split of traffic. However, the capacity analysis procedure still only estimated
capacity for both directions combined (two-way), such as in the 1965 HCM. Also
discussed in this edition are several measures that can be implemented to improve
operations by reducing platooning. One of the measures discussed is the usage of passing
lanes; however, no corresponding procedure accounting for their effect on operations is

incorporated into the methodology.



Another aspect of the methodology was that it appeared to focus mainly on
uninterrupted flow two-lane highways with high design speeds and undeveloped
surrounding land use. Under the methodology, two-lane highways with “design speeds
greater than or equal to 60 mi/h” were considered ideal, and quality of service
representative of LOS A would consist of “motorists being able to drive their desired
speed” with “average travel speeds approaching 60 mi/h” [3]. However, many two-lane
highways are not designed for high speed travel, either because of terrain, surrounding
development, or other conditions. As discussed in the following sections, many users of
this methodology came to believe that it did not adequately address these types of
facilities.

Methodology to Assess Level of Service on US-1 in the Florida Keys (1993)

One such example, as described in a 1993 paper by De Arazoza and McLeod [4],
was US-1 in the Florida Keys (Monroe County). US-1, the sole roadway connecting
mainland Florida to the Florida Keys, is primarily an uninterrupted flow, two-lane facility
with rural developed and suburban land use. US-1 passes through several small
communities and developed areas, with alternating stretches of rural, open highway.
When trying to assess the LOS on US-1 using the 1985 HCM, state of Florida and
Monroe County transportation officials felt that the methodology presented in the HCM
did not adequately address the unique aspects of US-1, nor did it produce LOS
designations that realistically reflected user perceived quality of service.

Largely in response to this finding, the State of Florida and Monroe County formed
the US-1 LOS Task Force in 1990, of which the authors, De Arazoza and McLeod, were

members. Around the same time, the FDOT formed a subcommittee, comprised of



members from the previously established Florida LOS Task Team (1988), to deal
specifically with issues regarding two-lane highways in developed areas.

As explained in the De Arazoza and McLeod paper, the Monroe County Task
Force, as well as the Florida LOS Task Team, held the belief that on two-lane highways
in developed areas “most drivers were more concerned with maintaining a decent travel
speed under uninterrupted flow conditions than trying to pass.” In other words, both task
teams did not believe that the 1985 HCM LOS service measure of percent time delay was
appropriate for this situation. As a result, the Monroe County US-1 LOS Task Force
developed an alternative LOS methodology in which average travel speed (ATS) was
used as the service measure, which they believed would reflect user expectations more
effectively. The task force then developed LOS thresholds relative to the roadway’s
posted speed limit (weighted by segment length).

In 1991, and then again in 1992, the Monroe County Planning Department
conducted a travel speed and delay study of US-1. The alternative methodology, using
ATS as the service measure, was applied to the study data to assess the LOS on different
segments of US-1, as well as the overall facility. Based on knowledge of the local area
and the supporting travel speed and delay data, De Arazoza and McLeod found that using
ATS as a means to determine the LOS on US-1 produced results that “accurately
reflected traffic operations and perceived levels of congestion.” Therefore, the authors
recommended that ATS be used as the primary service measure in the assessment of LOS
for uninterrupted flow two-lane highways in developed areas.

Level of Service of Two-Lane Rural Highways with Low Design Speeds (1994)
A 1994 paper by Botha et al. [5] also expressed concern with the two-lane highway

chapter of the 1985 HCM. The authors noted the lack of an explicit methodology to



assess two-lane highways with lower design speeds (less than 60 mi/h) and questioned
the appropriateness of percent time delay as a service measure. These concerns were
brought about when the authors observed discrepancies in the LOS results after applying
both the 1965 and the 1985 HCM methodologies to two-lane highways with design
speeds less than 60 mi/h.

While this paper recognized the need to address two-lane highways with low
design speeds, the authors do not refer specifically to two-lane highways through
developed areas (small towns, coastal areas, etc.). Instead, the focus of the research
described in this paper was on the “evaluation of methodological alternatives for defining
the LOS for two-lane highways with 50 mi/h design speeds” [5]. The methodological
alternatives, other than percent time delay as used in the 1985 HCM, included other
service measures and concepts such as density (two-way), functional classification of the
roadway, limitation on achievable LOS range for low design speeds, and a combination
of percent time delay and density.

Ultimately, the authors did not recommend any specific service measure or
methodology. However, one of the main points that can be deduced from this paper is
that the 1985 two-lane highway analysis methodology was insufficient in terms of
evaluating two-lane highways with low design speeds and that further research needed to
be conducted in an effort to remedy this issue.

Highway Capacity Manual (2000)

In 1994 and 1997, the Transportation Research Board (TRB) released updated
editions of the HCM. However, there were no changes to the two-lane highway
methodology introduced in either of these updates. In 1999, research conducted as part

of NCHRP 3-55 Task 3 [2] resulted in the development of a new two-lane highway
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analysis methodology for the HCM. This methodology was incorporated into the 2000
edition of the HCM and with it came many significant changes. The two most significant
changes involved the introduction of a directional procedure for capacity analysis and the
introduction of a classification scheme defined in terms of user expectations of travel
speed and roadway function. The classification scheme and the corresponding service
measures outlined in the HCM 2000 are the focus of this section.

When following the current HCM methodology, the first step in determining the
LOS of a two-lane highway is to classify the roadway. There are presently two

classifications, which are defined below (directly from the HCM 2000):

o Class I highways are defined as two-lane highways in which drivers expect to
travel at relatively high speeds. Two-lane highways that are major intercity routes,
primary arterials connecting major traffic generators, daily commuter routes, or
primary links in state or national highway networks generally are assigned to Class
I. These highways are often used in long-distance trips or as links between
highways that serve long-distance trips.

o Class II highways are defined as two-lane highways in which drivers do not expect
to travel at high speeds. Two-lane highways that function as access routes to Class

I facilities, serve as scenic or recreational routes that are not primary arterials, or

pass through rugged terrain generally are assigned to Class II. These roadways are

often used for relatively short trips, the beginning and ending portions of longer
trips, or for trips that include sightseeing, such as trips along scenic routes.

Once the classification is selected, the LOS can be determined by calculating the
appropriate service measure(s) and applying the corresponding thresholds. Two service
measures are used to determine the LOS of a Class I highway: percent time spent
following (PTSF) and ATS. The definition of PTSF is essentially the same as that for
percent time delay. The term was changed to percent time spent following to more

clearly communicate the meaning of the service measure [2]. However, only PTSF is

used to determine the LOS of a Class II highway.
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While the two-lane highway analysis methodology in the HCM 2000 was more
robust than the previous methodology, transportation officials at the FDOT still felt that
this revised methodology fell short of adequately addressing LOS analysis issues for two-
lane highways in rural developed areas. Despite the introduction of two different classes
and corresponding service measures, which allowed more flexibility in two-lane highway
analyses, the FDOT still felt that traveler expectations on two-lane highways in rural
developed areas were not consistent with the service measures or LOS thresholds for
either of these two classes.

More specifically, the FDOT felt that these types of facilities did not seem to easily
fit into the new classification scheme. In accordance with the HCM’s intent that LOS
methodologies, and corresponding service measures, reflect user perceived quality of
service, the two classifications (Class I and Class II) are defined in terms of user
expectations of travel speed. Class I facilities are those in which motorists expect to
travel at high speeds, while on Class II facilities motorists do not necessarily have this
expectation.

User expectations are in large part tied to roadway function. Roadways that
function as major intercity routes or primary arterials are often synonymous with high
speed travel, and are therefore usually designated Class I facilities. Local collectors,
scenic or recreational routes, and mountainous roadways often do not carry the same
expectations for high speed travel and are therefore usually designated as Class II
facilities.

However, the primary travel function of the roadway is not always consistent with

user expectations of travel speed. In fact, Chapter 12 of the HCM 2000 states, “The
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classes of two-lane roads closely relate to their functions — most arterials are considered
Class I, and most collectors and local roads are considered Class II. However, the
primary determinant of a facility’s classification in an operational analysis is the
motorist’s expectations, which might not agree with the functional classification” [1].
This discrepancy between traveler expectation and roadway travel function formed the
basis of the FDOT’s concern with the two-lane highway analysis methodology.

Adaptation of the HCM2000 for Planning Level Analysis of
Two-Lane and Multilane Highways in Florida (2002)

A 2002 paper by Washburn et al. [6] further explained this sentiment and outlined
the FDOT’s attempt to remedy it by revising the LOS determination aspect of the HCM
2000 two-lane highway methodology. The authors note, “Many of the state’s two-lane
highways are in areas that would be considered scenic in nature (e.g., along the coasts,
the Florida Keys route), implying a Class II classification, yet many of these highways
also serve well-developed areas, which would imply a Class I classification” [6]. As a
result, FDOT LOS Task Team members “had to decide if either one of these
classifications would be appropriate for these types of highways, or if a new classification
needed to be developed” [6].

As mentioned previously, FDOT’s LOS Task Team members believed that the
primary concern of drivers on rural developed two-lane highways was the ability to
maintain a decent travel speed rather than the ability to pass. Consequently, the FDOT
decided to revise the two-lane highway LOS methodology of the HCM 2000, based on
recommendations from researchers at the University of Florida Transportation Research

Center, to more adequately address their needs. These revisions were ultimately
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incorporated into the FDOT’s two-lane and multilane highway level of service analysis
software package (HIGHPLAN)).

One of the principal changes dealt with the addition of a third class of two-lane
highway that used percent of free flow speed (PFFS) as its primary service measure. The
third class of two-lane highway was intended to represent those roadways in rural
developed areas (e.g., along the coasts, through small communities/towns). The proposed
service measure, PFFS, gives the average travel speed relative to the free flow speed.

The authors note that the use of relative speed, as opposed to an absolute speed, provides
a more accurate gauge of LOS than the ATS measure recommended in the US-1
methodology. Additionally, the authors proposed that the LOS thresholds also be based
on PFFS.

Ultimately, the authors concluded that there is great need for the HCM to recognize
that a third class of two-lane highway exists and they recommended the use of PFFS as
the corresponding service measure to be used in LOS analyses.

NCHRP Project 20-7 Task 160 (2003)

In April of 2002, the American Association of State Highway and Transportation
Officials (AASHTO) Subcommittee on Traffic Engineering issued an emergency
contract' to the Midwest Research Institute (MRI) to address issues regarding the two-
lane highway LOS methodology in the HCM 2000. The prime contractor, MRI, was to
deal with two main concerns, initially raised by the FDOT, but also echoed by some other
HCM users. The first concern involved the overestimation of PTSF in the directional

segment methodology. The second concern (which is relevant to this methodology

" NCHRP Project 20-7 Task 160: Two-Lane Highway Analysis Methodology in the Highway Capacity
Manual: Final Report. Midwest Research Institute. Kansas City, Missouri, 2003.
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review) dealt with the fact that the HCM 2000 methodology did not appear to address
two-lane highways in developed areas. Appendix A contains copies of letters from
representatives of FDOT and the North Central Florida Regional Planning Council
(NCFRPC) regarding this concern.

The project report identified three scenarios not directly addressed by the HCM’s
two-lane highway methodology:

1.  atwo-lane highway with continuous urban/suburban development but with no
traffic signals or traffic signals spaced at intervals greater than 2 miles,

2. atwo-lane highway through a small town with a reduced speed limit, located on a
major road with speeds of 55 mi/h or more, and

3.  atwo-lane highway in a transition area between rural and urban/suburban
development, with reduced speeds and low-to-medium density development.

Alternative conceptual methodologies were outlined in an attempt to address these
three scenarios. The contractor also made recommendations as to where the new
procedures should appear in the HCM. While reviewers of the report felt that the first
issue regarding directional segment PTSF was addressed adequately by the contractor,
there were still concerns with the second issue regarding two-lane highways in developed
areas and questions still remained on how to proceed. Therefore, the final report was
never officially published by the TRB. The correction to the PTSF estimation for the
directional analysis methodology was incorporated into the official errata of the HCM,
but the potential methodologies for analyzing two-lane highways in the situations listed
above were not published.

Highway Capacity and Quality of Service Committee
Workshop on Developed Two-Lane Highways (2004)

In January 2004, at the annual TRB Conference in Washington D.C., the HCQS

committee held a workshop to discuss the results of NCHRP Project 20-7 Task 160. At
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the workshop, both Mr. Douglas Harwood of MRI and Mr. Doug McLeod of the FDOT
presented their respective opinions and recommendations of how to handle LOS analysis
for two-lane highways in rural developed areas. Dr. Scott Washburn of the University of
Florida was the workshop moderator. The following sections summarize the
presentations by Mr. Harwood and Mr. McLeod and the outcome of this workshop.

Mr. Douglas Harwood’s Presentation

Mr. Harwood’s presentation (refer to appendix B) summarized the results of
NCHRP Project 20-7 Task 160 and addressed all three of the two-lane highway scenarios
described above in which the current HCM methodology does not apply. For scenario 1
(two-lane highway with continuous suburban/urban development), Mr. Harwood argued
that this type of facility was essentially the same as an urban street, except for the
absence or wide spacing of signals. Therefore, he recommended that an approach similar
to the urban street analysis methodology be used, with ATS as the service measure. An
estimated (or measured) ATS was then to be compared to speed values representing
percentages of the facility’s FFS, such as in Chapter 15 (Urban Streets) of the HCM.

He recommended that ATS be calculated using procedures from either Chapter 15
or Chapter 20 (Two-Lane Highways), depending on the presence or spacing of signals.
The proposed LOS threshold values were the same as those used in Chapter 15 to assess
LOS for urban streets. Because the recommended service measure and threshold values
were the same as those found in Chapter 15, Mr. Harwood also recommended that the
procedure be incorporated into that chapter.

Because scenarios 2 (two-lane highway through a small town) and 3 (two-lane
highway in a transition area) share similar characteristics, Mr. Harwood issued the same

recommendations for each. The recommendations for these types of facilities were based
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on two factors: 1) the length of the developed area with reduced speeds and 2) the amount
of through traffic versus locally circulating traffic. The extent of development and the
amount of through and/or local traffic is reasoned to be important because of the differing
user expectations involved.

If the developed area with reduced speeds extends for 2 miles or less and most
traffic is through traffic, then Mr. Harwood argued that the roadway should be evaluated
as a Class II two-lane highway. Through motorists on a Class I facility, who travel
through a small town or transition area most likely expect to return to Class I conditions
shortly. Therefore, Mr. Harwood contended that the reduced speed does not affect their
perception of quality of service as much as the platooning that occurs as a result of it,
which in turn hinders passing ability once Class I conditions are resumed.

If the developed area with reduced speeds extends for more than 2 miles, with
mostly local circulating traffic, Mr. Harwood argued that the procedure described above
for two-lane highways with continuous development (scenario 1) should be used. He
contended that if the majority of users are local, traveler expectations may more closely
relate to expectations of urban streets, thereby suggesting ATS be used as the service
measure.

Mr. Doug McLeod’s Presentation

Mr. Doug McLeod’s presentation [refer to appendix B] consisted of
recommendations in contrast to those outlined by Mr. Harwood. The recommendations
presented were essentially those expressed by Washburn et al. in the paper described in a
previous section. These recommendations included the introduction of a third
classification of two-lane highway that applied to all uninterrupted flow two-lane

highways in developed areas and the use of PFFS as both the service measure and basis
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of LOS threshold values. Mr. McLeod also argued that these types of facilities should be
addressed in an uninterrupted flow chapter as opposed to Mr. Harwood’s
recommendation of addressing them in Chapter 15, an interrupted flow chapter.

Mr. McLeod suggested that the use of PFFS is more consistent with user
expectations while traveling on a two-lane highway through a developed area. He
explained that PFFS reflects the “desire to maintain a speed reflective of specific
roadway/area circumstances, while PTSF “largely reflects the desire to pass,” and ATS
“largely reflects the desire to maintain a set speed.” Mr. McLeod argued that motorists
traveling through small towns or other developed areas do not have an expectation to
pass, and in many cases are restricted from passing, thereby rendering PTSF
inappropriate. By that same token he suggested that motorists “do not expect to go the
same speed regardless of roadway/surrounding conditions,” which is what the use of ATS
implies.

Additionally, Mr. McLeod called attention to the differences between the current
Class II two-lane highway methodology (as revised by the NCHRP 20-7 Task 160
results) and the FDOT’s proposed methodology, in terms of service volumes on a rural
developed two-lane highway. He argued that the resulting service volumes using the
PTSF service measure were largely underestimated for this type of facility and are
inconsistent with user expectations.

Workshop Outcome

In conclusion, workshop participants were unable to reach consensus on the best
way to proceed. Some participants felt that the mixed use of Chapters 15 and 20 of the
HCM, as recommended by Mr. Harwood, would potentially cause added confusion for

users. Many workshop participants felt that more specific research should be conducted
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to address the issue, and that a long term solution should be sought and released in a
future edition, rather than a temporary fix released as errata. Recognizing that a great
deal of time would be required to perform additional research, the participants decided
that some language be included in Chapter 20 cautioning users that the existing
methodology does not address two-lane highways in developed areas.

In reaction to this workshop, the FDOT sponsored quality of service research to
explore preliminarily what roadway performance measures are appropriate for assessing
the level of service for two-lane highways. This research was performed by soliciting
information from the travelers themselves. The details of this research are the subject of
chapter 4.

The next chapter provides a more comprehensive look at the differences between
the HCM 2000 Class II methodology and the FDOT’s proposed methodology with
respect to levels of service and service volumes. Numerical examples illustrating these
differences are presented through a series of LOS calculations using both PTSF and PFFS

service measures.



CHAPTER 3
LEVEL OF SERVICE EXAMPLES:
PERCENT TIME SPENT FOLLOWING VERSUS PERCENT FREE FLOW SPEED

This chapter provides a detailed review of the computational procedures and
resulting level of service (LOS) determinations for the PTSF and PFFS service measures.
Two-lane highways that travel through small towns or along the coast clearly do not fit
the HCM Class I definition, as discussed previously. Thus, by default, they must be
considered as Class II under the current HCM methodology. The service measure for
Class II two-lane highways is PTSF. However, the FDOT does not believe that this
service measure or the corresponding LOS thresholds are appropriate for these types of
highways. In response, the FDOT has created a third classification (Class I1I) in which
PFFS is used as the primary service measure.

The practical differences between the application of the PTSF service measure' and
the PFFS service measure” to these types of highways can best be illustrated by an
example LOS calculation and corresponding service volumes for a given set of input
conditions.

Example LOS Calculations

The following example calculations utilize the input conditions outlined in Table 1.

The LOS thresholds for Class II and Class III two-lane highways are included in Table 2.

'Based on the revised methodology from NCHRP 20-7 Task 160

?As outlined in Washburn et al. [6]

19



Table 1. Input Roadway and Traffic Data

20

Roadway Variables

Traffic Variables

Area Type = Rural developed

AADT = 5,000 veh/day

Number of Lanes = 2

K factor = 0.097

Analysis Type = Segment

D factor = 0.55

Terrain = Level

PHF = 0.895

Posted Speed = 50 mph

% Heavy Vehicles = 4%

Presence of Median = No

Base Capacity = 1700

Presence of Left Turn Lanes = Yes

Local Adjustment Factor = 0.92

% No Passing Zone = 40%

Adjusted Capacity (calculated) = 1475

Presence of Passing Lanes = No

Table 2. LOS Thresholds for Class II and
Class III Two-Lane Highways

Class 112 Class 111
LOS PTSF PFFSP®
A <40 >91.7
B > 40-55 >83.3
C > 55-70 >175.0
D > 70-85 > 66.7
E > 85 > 583

* Values are directly from the HCM [1]

® Values are directly from Washburn et al. [6].
“ PFFS Values derived by assuming a FFS of 60 mi/h and dividing into the Average
Travel Speed thresholds in Exhibit 20-2 of the HCM 2000 [6]

Initial Computations

1. Calculate DDHV

DDHV = AADT xK x D

DDHYV = 5000 x 0.097 x 0.55 = 266.75 veh/h

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

Left Turn Lane Adjustment (LTadj) = 0.0

Median Adjustment (MedAdj) = 0.0

AdjMedLTL = 1 + LTadj + MedAdj

AdjMedLTL=1+0.0+0.0=1.0
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3. Determine Facility Adjustment Factor (FacAdj)
FacAdj = 1.0 for Analysis Type = Segment

4. Calculate Adjusted Volume (AdjVol)
AdjVol =DDHV / (PHF x LAF x AdjMedLTL x FacAdj)
AdjVol =266.75/(0.895 x 0.92 x 1.0 x 1.0) = 323.96veh/h

Calculations For PTSF

5. Determine Er (Truck passenger car equivalency factor)
Look up value from HCM Exhibit 20-10 (no interpolation necessary)
Directional flow rate (323.96) > 300 - 600, terrain = level, .. Ey=1.1

6. Calculate fyy (heavy vehicle factor)

fuy =—————— HCM Equation 20-4
S ) N () 1

1

fry = =0.9960159
N 140.04(1.1-1)

7. Determine fg (grade adjustment factor)
Look up value from HCM Exhibit 20-8 (no interpolation necessary)
Directional flow rate (323.96) > 300 - 600, terrain = level, .. f5=1.00
8. Calculate forward direction volume (vq4)

~ v
PHF * f_ * f,,

vV, HCM Equation 20-12

Since the PHF was already accounted for in Step 4, the following equation is used:

v —M vV, = 323.96 =325.26 veh/h

g fy, © 7 1.0%0.9960159

Check this value against flow range used for Exhibits 20-10 and 20-8, and repeat

steps 6 through 9 as necessary. No further iterations are necessary
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9. Calculate opposing direction volume (v,)

_ Vv, *(1-D) , _325.26*(1-0.55)

\ \ =266.12 veh/h
D 0.55

\"

10. Determine values of coefficients ‘a’ and ‘b’ for HCM equation 20-17
Look up values from HCM Exhibit 20-21 (linear interpolation if necessary).
V, 1S rounded to nearest 10 veh/h, .. 266.12 — 270.0 veh/h
From exhibit, for v, = 200; a=-0.0014, b= 0.973
From exhibit, for v, = 400; a=-0.0022, b =0.923

For v, =270 veh/h,

a=-0.0014+(270-200) — 0.0014 =(=0.0022)) _ ) 968
200 — 400
b =0.973+(270 - 200 0973=(0923)) _ ) 9555
200 — 400

11. Calculate base percent time spent following (BPTSF)
b
BPTSF, = 100(1 —e™ ) HCM Equation 20-17

BPTSF, = 100(1 — gOo0IeRa2s 26T ): 34.454

12. Determine value of f,4; for HCM equation 20-16
Determine f,q; value from HCM Exhibit 20-20 (linear interpolation if necessary,
by % no passing zone, directional split and two-way flow rate).
For FFS = 55 (posted speed + 5), %NPZ = 40, v, = 266.12 veh/h
This example only calls for interpolation by volume,

fq =46.05521
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13. Calculate percent time spent following (PTSF)

\"
PTSFy = BPTSF, + fad,-( 4 j HCM Equation 20-16

Vd + VO
Vg =325.26 from Step 9
Vo =266.12 from Step 10

BPTSFq= 34.454 from Step 12

fop =46.05521 from Step 13

PTSF, = 34.454+46.0552l( 325.26 j

325.26+266.12

PTSFy=34.454 +25.330 = 59.78
14.Determine Level of Service (LOS)
LOS from Table 2 is C

Calculations For PFFS

5. Determine Et (Truck passenger car equivalency factor)
Look up value from HCM Exhibit 20-9 (no interpolation necessary)
Directional flow rate (323.96) > 300 - 600, terrain = level, .. Er=1.2

6. Calculate fyy (heavy vehicle factor)

f, =—— = HCM Equation 20-4
" TP (E, - 1) 1

1

fry = =0.9920635
™ 140.04(1.2-1)

7. Determine fg (grade adjustment factor)
Look up value from HCM Exhibit 20-7 (no interpolation necessary)

Directional flow rate (323.96) > 300 - 600, terrain = level, .. fc=1.0
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8. Calculate forward direction volume (vq4)

\Y%

Vy = HCM Equation 20-12
PHFE * fg * f,,

Since the PHF was already accounted for in Step 4, the following equation is used:

_ AdjVol ' 323.96

A A S = =326.55 veh/h
fo * foy 1.0*0.9920635

Check this value against flow range used for Exhibits 20-10 and 20-8, and repeat
steps 6 through 9 as necessary. No further iterations necessary.
9. Calculate opposing direction volume (v,)

Y *(1-D) , _ 326.55%(1-0.55)
- ° 0.55

. —267.18 veh/h
D

10. Determine adjustment for % no-passing zones in analysis direction (f,p) for HCM
equation 20-15
Look up value from HCM Exhibit 20-19 (linear interpolation if necessary, by
both volume and % no passing zone).
For FFS =55 (posted speed + 5), %NPZ = 40, v, =267.18 veh/h

This example only calls for interpolation by volume,

fo, =2.4+(267.18- 200)(ﬂj
200 - 400

11. Calculate average travel speed (ATS)

ATS, = FFS, —0.00776(v4 +V,)— fnp HCM Equation 20-15

FFSqy =55 from inputs
Vg =326.55 from Step 9

Vo =267.18 from Step 10
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fop =223 from Step 11
ATSy=55-0.00776(326.55 + 267.18) — 2.23 = 48.16 mi/h
12. Calculate the Percent Free Flow Speed (PFFS)

PFFS = 215
FFS

x 100

d

PEES — %x 100 = 87.56

13. Determine Level of Service (LOS)
LOS from Table 2 is B

Comparison of PTSF and PFFS Service Measures

The above example calculations (the results are also shown in the HIGHPLAN
output in Figures 1 and 2) demonstrate the difference in LOS when evaluating the given
input conditions as a Class Il roadway with PTSF versus a Class III with PFFS. In the
former case, the resulting LOS is C (PTSF = 59.8). However, the average travel speed is
only 1.8 mi/h below the posted speed limit, which indicates that roadway users are
maintaining a reasonable speed even though they are following nearly 60 percent of the
time.

When evaluated with PFFS as the service measure, the resulting LOS is B (PFFS =
87.6), which seems to be a more accurate representation of operating conditions given
that the ATS is so close to the posted speed limit. This example illustrates the FDOT
belief that drivers on rural developed two-lane highways are primarily concerned with
maintaining a reasonable travel speed and are not as concerned with following or passing
other vehicles.. Thus, the LOS C designation that results from applying PTSF is

considered to be overly penalizing, whereas the LOS B designation that results from
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PFFS is thought to be more consistent with traveler perceptions. The LOS B result
reflects that travelers are maintaining a speed close to the posted speed limit, but
operational conditions are not representative of LOS A since they are traveling somewhat

slower than the posted speed limit.

HIGHPLAN: Two-Lane Segment Analysis - [Rural Developed Area]
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Figure 1. Class II LOS Calculation in HIGHPLAN
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Figure 2. Class III LOS Calculation in HIGHPLAN
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Comparison of Service Volumes

Service volumes indicate the maximum volume that can be accommodated for a
given set of roadway, traffic, and control conditions, for a specified level of service. As
can be seen in Table 3, the Class II service volumes are much lower than the Class 111
service volumes for the given input conditions used in the above example calculations.
The volumes in this table represent the annual average daily traffic (AADT).

Many transportation agencies, such as the FDOT, use service volumes at LOS C to
design and plan future facilities and to assess the operations of existing facilities.
Facilities with flow rates in excess of the LOS C volume threshold would be considered
operationally deficient and in need of improvement. In many cases, the design
improvements required to bring a facility up to operational standards are of great
expense. This reinforces the importance of accurately estimating roadway performance
measures that translate into LOS threshold values which correlate well with the quality of
service as perceived by the traveling public.

Table 3. Class II and Class III Service Volumes (AADT)

Class Il Class 11
LOS PTSF PFFS
A 2100 2800
B 4200 8000
C 8000 14100
D 14800 19300
E 26100 24300




CHAPTER 4
RESEARCH APPROACH

This chapter describes the research approach used in this study. The sections that
follow will describe the method used for collecting example two-lane highway driving
data as well as the process used to gather roadway user opinions and perceptions with
regard to trip quality on two-lane highways.

Survey Method

This study used an approach that combined aspects of both a video survey and a
focus group. Video surveys allow survey participants to watch pre-recorded video
footage of actual two-lane highways. When video is taken from the driver’s perspective,
participants are presented with a reasonably realistic representation of two-lane highway
travel. Because all participants view the same video footage, survey responses are based
upon the same conditions, thereby establishing a baseline. Video data collection is less
costly and involves no liability on the part of the researchers (with respect to survey
participants).

Focus groups allow survey participants to engage in roundtable-like discussion.
Discussion is usually led by a moderator, who attempts to solicit participant opinions in
an unbiased way, while simultaneously attempting to keep the discussion focused on the
topic. Focus groups offer a more flexible approach to data collection by allowing the
participants to present issues of importance to them and to discuss their opinions in an
open environment. They also give the researcher the opportunity to prompt further

discussion about certain topics or ask for clarification if necessary.

28
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In this study, survey participants watched a series of video clips depicting travel on
two-lane highways (from a driver’s perspective) and then participated in a group
discussion facilitated by a moderator. This approach combined the control of a video
survey with the flexibility of a focus group. The following sections describe the video
data collection process and focus group implementation in more detail.

Video Data Collection

In this study, sample driving scenes from two-lane highways were viewed in a
focus group setting to facilitate discussion on potentially important performance
measures used in the assessment of trip quality. Video data collection included four
specific tasks: selection of two-lane highways, equipment setup, collection of video
footage, and video clip production.

Selection of Two-Lane Highways

The first step of the video data collection process involved the selection of several
two-lane highways from which video footage were to be collected. The intent was to
choose a representative sample of two-lane highways within reasonable proximity to the
University of Florida. The 2003 Florida Highway Data (FHD) CD-ROM [7] as well as
the 2003 Florida Traffic Information (FTT) CD-ROM [8], provided by the FDOT, were
used in the preliminary stages of the two-lane highway selection process. Both CDs
employ a Geographic Information Systems (GIS) based user interface in which users can
access information on roadway characteristics and traffic data for nearly every roadway
in the state of Florida.

The FHD CD-ROM provides roadway characteristic information including, but not
limited to: functional classification, number of roadway lanes, median widths and types,

shoulder widths and types, speed limits, and locations of intersecting roadways.
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The FTI CD-ROM provides roadway traffic information collected through the use
of traffic monitoring stations located throughout the state. Each traffic monitoring station
uses Inductance Loop Detectors (ILD) to gather traffic data such as Average Annual
Daily Traffic (AADT), truck percentage, K3 and Dsg. Kj is defined as the proportion of
AADT occurring during the 30™ highest hour of the design year. Dj is defined as the
proportion of traffic in the 30™ highest hour of the year traveling in the peak direction.

Through the use of these two CD-ROMs, as well as the FDOT Roadway
Characteristic Inventory (RCI) Field handbook [9], numerous two-lane highways within
proximity to the University of Florida (approximately a 60 mile radius) were identified
and selected for use in the collection of video footage. The selected two-lane highways
consisted of a diverse range of roadway and traffic characteristics as well as functional
characteristics.

Equipment Setup

The next step of the video collection process was the instrumentation of the data
collection vehicle. A 4-door Chevrolet Cavalier was rented and outfitted with two video
cameras, two portable VCRs, a microphone, a monitor, an A/V selector switch and two
batteries used to power all of the equipment. The video camera setup was intended to
portray two-lane highway travel from the driver’s perspective. Therefore, one camera
was set up to capture the windshield view, which also included a view of the interior rear-
view mirror, while the second camera recorded the view of the speedometer. During a
later step, images recorded from the two cameras would be combined into one image for
the creation of the video clips.

The camera capturing the windshield view was attached to a pole which was

secured between the floor and ceiling behind the driver’s seat. The camera capturing the
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speedometer view was mounted to the steering column. See Figure 3 for photos of the
in-vehicle camera setup. The two VCRs recorded the images captured by the two video
cameras. A microphone was also connected to one of the VCRs, allowing the researcher
to verbally identify which two-lane highway was being driven as well as changes in the
posted speed limit. The monitor and A/V selector allowed the researcher to switch
between VCRs to see if the cameras and other equipment were functioning properly. A

schematic depicting the in-vehicle data collection equipment setup is shown in appendix

\ L I

Figure 3. In-vehicle Video Camer Setup
Collection of Video Footage

Video footage was collected over three separate days between January 20™ and
January 23", 2005. Approximately 450 miles of two-lane highway were driven and
about 9 to 10 hours of video footage were recorded over the three-day period. The

weather on all three days was sunny and dry. Table 4 lists the route number, the county
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in which the two-lane highway is located, the direction of travel, and the approximate
distance driven on each of the two-lane highways during the three day period. Appendix
D contains maps of the driving routes.

The video footage was collected from a representative sample of two-lane
highways throughout the north-central Florida area. These two-lane highway facilities
can generally be divided into four categories which are described below:

o High Speed Roadways - generally used for inter-city travel.

o Medium to Lower Speed Roadways - generally connect to higher speed facilities or
are used for intra-city travel.

o Lower Speed Roadways that are scenic - could be coastal, or with a tree canopy,
etc.
o Lower Speed Roadways that go through a small town - either with or without the

presence of a signal.
Video Clip Production

As mentioned previously, survey participants were to be shown a series of video
clips depicting travel on two-lane highways from a driver’s perspective. After all video
footage was collected, the researcher reviewed all of the footage—entering specific
roadway and traffic characteristic information for each roadway into a spreadsheet. This
spreadsheet was then used to determine which footage would be edited into video clips.

In an attempt to more accurately portray the driver’s perspective, video footage of
the front windshield view and interior rear-view mirror, as well as the speedometer, was
compiled into a single video display to be shown to survey participants. Also, a graphic
display of the roadway’s speed limit was included in the composite video image. This
graphic changed as the roadway’s speed limit changed during the progression of the

video clip. A screenshot from one of the video clips is shown in Figure 4.



Table 4. Two-Lane Highway Driving Routes

Approximate Distance

Date of Travel Route Number County Direction of Travel (mi)
SR 326 Marion East 10
SR 40 Marion, Lake, Volusia East 65
SR 19 Marion North and South 16
January 20, 2005 SR AIA Volusia, Flagler North 14
SR 100 Flagler, Putnam West 80
SR 26 Putnam, Alachua West 22
CR 219 Putnam North 4
SR 100 Bradford East 16
Bradford, Clay,
January 22, 2005 SR16 St. John’s East 40
Int’] Golf Pkwy St. John’s East 7
SR 207 St. John’s, Putnam South 24
SR 20 Putnam, Alachua West 43
SR 121 Alachua, Union North 12
SR 18 Union, Bradford East 7
SR 231 Bradford, Union North 10
SR 238 Union, Columbia West 15
US 41 Columbia South 5
January 23, 2005 CR 18 Columbia West 6
SR 47 Columbia, Gilchrist South 22
CR 339 Gilchrist, Levy South 15
SR 24 Levy, Alachua East 10
UsS 27 Alachua North 10

33
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The video footage was then edited into 16 clips, with each clip being between 1.5
and 2 minutes in length. As a whole, the video clips were intended to showcase two
things: 1) the four different categories of two-lane highway facilities described above,
and 2) the various roadway and traffic conditions that one may typically experience while
driving on a two-lane highway. However, a significant number of the video clips
featured roadways in small towns and in coastal areas. This was done because it was felt
that there were a larger number of questions about user perceptions with regard to these

types of facilities.

Figure 4. Screenshot of Composite Video Image

Three separate focus group sessions were held in which the video clips were
viewed. However, as a result of time limitations, each focus group was not able to view
all 16 video clips. Therefore, the 16 video clips were divided into three separate groups,
or blocks. Clip blocks 1 and 2 were each comprised of five video clips. Clip block 3 was
comprised of six video clips. Focus group session 1 was shown a total of 10 clips (clip
blocks 1 and 2). Focus group session 2 was shown a total of 11 clips (clip blocks 2 and

3). Focus group session 3 was shown a total of 11 clips (clip blocks 1 and 3). This



system of viewing clips ensured that each clip block would be viewed by 2 separate focus
groups. Table 5 describes the 16 video clips (by clip block) shown during the three focus
group sessions.

Focus Group Implementation

As mentioned earlier, three focus group sessions were held in which participants
watched a series of video clips depicting travel on two-lane highways. The following
sections will discuss the participant recruitment process, the participant selection process,
and the implementation of the focus group sessions.

Participant Recruitment

Participants were selected from those who responded to an advertisement placed in
the Local section of the Gainesville Sun newspaper. The Gainesville Sun serves the local
Gainesville area as well as the University of Florida and many of the surrounding
counties. The advertisement ran for three consecutive days, between Friday, March 18"
and Sunday, March 20™. This allowed those who receive only the Sunday paper, as well
as those who receive the paper throughout the rest of the week to have the opportunity to
view the advertisement. The newspaper is also available for purchase through coin-
operated machines found at popular locations throughout the local area. In addition to
appearing in print, the advertisement was also placed in the Online Marketplace section
of the Gainesville Sun’s website.

The advertisement solicited individuals interested in participating in a focus group
as part of a University of Florida transportation study. The advertisement requested that
individuals be over the age of 25 and have previous experience driving on two-lane
highways. See appendix E for a copy of the advertisement. Interested individuals were

to respond by contacting the Transportation Research Center of the Civil and Coastal



Table 5. Video Clip Descriptions

cli Dir. OF Cli Shoulder Type 1| Shoulder Type 2| Speed
Blu-llr:]k Clip # T::jlvel Route #| County LElllpth Tvpe Width Type Width | Limit Description of Video Clip
g yp (f9 yp ) | mim
Clip 1| Morth | SR 121 | Alachua | 1:40 Paved 4-5 Lawn 20-30 B0 Cpen road, no traffic, many passing zones, wide shoulders.
Clip2 | Moth | SR121| Union 310 | Paved 45 Lawn 15.90 B0 55 45| Approaching small town, decreasing spee_d lirnit, passing and no passing zones, no traffic, side
a5 parking. Mo signals.
1 Clip3| East In;lkavslf St John's| 1:30 Lawwn 8-10 na na a0 Designated scenic roadway, tree canopy, narrow lanes, little to no shoulder.
Clip4| East | SR100 | Bradiord | 200 | Paved 45 Lawn 1015 |4535.25 Approach medium mzed_tnwn, decreasing _speed lirnit, follnwmg Iarge_vehlcle, no passing zone,
driveways and roadside development, side parking.
Clips| West | SR 100 | Flagler 1.35 Paved 2-4 Lawn 56 B0 Guardrail on right side, paved shoulder, passing zones, car following, pavernent quality is poor.
Clip 6| Morth | CR 218 | Putham | 1:50 Lawwn 210 na na 45 Rolling terrain, narrow lanes, alternating passingfno passing zones.
Clip7 | East | SR100| Clay 145 Paved 35 Lawn 10 |4535 45 Approaching small town, decreasing spegd limit, traffic signal, moderate traffic, driveways and
roadside development.
2 ClipB | Morth | SR A1A| Volusia | 1:40 Paved 45 na ha A0 45 Atlantl_c ocean on right, wiews of water, moderate traffic, pa_rklng pullput areas on right, dune;, no
passing zone, alternating shoulder/no shoulder, pedestrian crossing zones, some pedestrian
Clipd| East SR 24 Lewy 145 Lawn a0 na ha 5 Mear small town, no traffic, lawn shoulderéilsotv:nscpeeed residential area. 35 mph for extended
Clip 10| East SR 16 | Bradford | 1:45 Lawn 152-20 na na 60 Following slower vehicle. Light trafic, passing zones.
Clip 1) Moth | SR A1A| Flagler 152 Lawn 34 na na  |4535.30 Atlaln?lc ocean on right, passing zane in heglnnlng,.lower ruadsllcle act.l\flltyfdeveloprqent,
transitions into higher activity/development, no passing, pedestrian activity. Traffic signal.
Clip 12| East SR 1 Clay, .St' 1-50 Paved 34 Lawn 15.30 55 Following vehicles traveling at speed limit or above. Go over 2 lane bridge with guardrails and no
John's shoulder. St. Johns river.
Clip 13| West | SR20 | Putnam | 200 Paved 3 Lawn 1015 453545 Approaching small town, decreasing speed limit, fnllowmgl slower vehicle, roadside
3 developrent, moderate traffic, traffic signal.
Clip 14| East | SR 158 [ Bradford | 1:40 Lawn 20-30 na na a0 Mo traffic, narmow lanes, no paved shoulder, passing zones.
Clip 15| East = a0 | volusia 1-40 Paved 2.3 Lawn 410 4555 Following vehicles, moderate opposing traﬁ'lc, passing zones, ditch & trees on both sides, some
roadside development.
Clip 16| West | SR 100 | Putnam | 200 |Park Ln g Cuth 4535 Approaching medium sized town, decreasing speed limit, moderate traffic, following wehicles,

side parking. Approaching traffic signal.

9¢
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Engineering Department at the University of Florida. Approximately 60 responses were
received within one week of the ad’s placement.

A researcher then contacted all individuals who responded to the advertisement.
Each person was given information about the study and the purpose of the focus group
sessions. Also at that time, the researcher collected demographic information from each
respondent, as well as information regarding their two-lane highway driving experience.
Demographic information was requested in an attempt to secure a reasonably
representative sample. Respondents were also asked about their availability and
scheduling preferences. All information was recorded on a preliminary survey form. See
appendix F for a copy of the preliminary survey form.

Participant Selection

Participant selection was based on the desire to obtain a representative sample for
use in the three focus group sessions. A total of 36 individuals were invited to participate
in the study, 12 for each session. Those chosen to participate were divided into the three
sessions based upon their two-lane highway driving experience and demographic
information collected in their preliminary survey form. This was done in an attempt to
create a balance of personal backgrounds and driving experience between the 12
participants in each session. A special effort was made to accommodate scheduling
preferences. Tables 6 and 7 summarize the demographic information and the two-lane
highway driving characteristics respectively, for participants in each of the three focus
group sessions, as well as the overall study.

The abundance of responses to the newspaper advertisement allowed for the
selection of a demographically diverse group of participants. The majority of participants

(17) were between the ages of 46 and 65, with an equal number of participants (8) over
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the age of 65 and between the ages of 26 and 45. Additionally, participants were asked to
rate their typical driving style on a scale of 1 to 5 (1-very conservative, 5-very
aggressive). As can be seen in Table 7, the results of this survey question indicate that
most participants rated their driving style as more conservative. Therefore, it is possible
that the higher number of “older” participants contributed to the high percentage of
conservative driving styles. Thus, it is also possible that the opinions expressed in the
focus group discussions and on the survey forms, may have a more conservative overtone
than if there were a larger number of younger participants.

Table 6. Summary of Participant Demographic Characteristics

Participant Information Focus Group 1 Focus Group 2 | Focus Group 3 All
Total # of Participants 12 12 10 34
# Yrs. with Driver's Lic. 35.4 36.5 32.6 36
Gender

Male 7 5 2 14
Female 5 7 8 20
Age Range
16 to 25 0 0 1 1
26 to 45 3 4 1 8
46 to 65 7 4 6 17
Over 65 2 4 2 8
Marital Status
Single 1 1 6 8
Married 8 7 2 17
Separated/Divorced 1 3 2 6
Widowed 2 1 0 3
Highest Education Level
Some or no HS 0 0 0 0
HS diploma or equivalent 1 4 0 5
Tech. College (A.A)) 1 2 7 10
College Degree 5 3 1 9
Post-graduate Degree 5 3 2 10
Household Income
No Income 0 1 1 2
Under $25,000 2 1 2 5
$25,000 - $49,999 3 8 6 17
$50,000 - $74,999 5 2 1 8
$75,000 - $99,999 1 0 0 1
$100,000 - $149,999 0 0 0 0
Over $150,000 1 0 0 1
Ethnicity
White 9 11 8 28
Black 2 1 2 5
Other 1 0 0 1
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Table 7. Summary of Participant Two-Lane Highway Driving Characteristics

Participant Information |Focus Group 1{Focus Group 2|Focus Group 3 All
Total # of Participants 12 12 10 34
Av_erage Pgrcentage of 93.7 77.3 84.1 85
Trips as Driver
Vehicle Most Often Used na na na Sedan
Most Common Trip na na na Business & Personal
Driving Style (1-very
conservative, 5-very
aggressive)

1 3 1 2 6
2 3 5 5 13
3 6 5 3 14
4 0 1 0 1
5 0 0 0 0
Typical # of Passengers
for Two-Lane Highway
Trips
0 5 5 4 14
1 2 1 3 6
2 5 5 3 13
3 0 1 0 1
Typical # of Two-Lane
Highway Round Trips Per
Month
lto2 0 0 1 1
3to4 0 1 1 2
5t06 1 1 0 2
7t08 2 1 0 3
9to 10 3 1 1 5
11to 12 1 0 0 1
Over 12 5 8 7 20
Typical One-Way Length
of Trip (miles)
less than 5 1 1 1 3
6to 10 4 2 3 9
11to0 20 2 7 3 12
21-40 3 1 2 6
41-60 0 0 1 1
Over 60 2 1 0 3

All respondents were contacted within one week of initial contact and told whether

or not they had been selected to participate in the study. Those who had been selected to

participate were told when and where their focus group session was to be held. The

selected participants were also sent a letter of confirmation with more detailed
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information. Those who had not been selected were thanked for their interest and were
told that their contact information would be kept on file if there were any cancellations.

Focus Group Implementation

The two main objectives for conducting the focus group sessions were: 1) to
identify the factors (e.g., roadway and/or traffic conditions) that are important in the
assessment of trip quality provided on a two-lane highway, and 2) to identify the relative
differences, if any, between the importance of these factors in the assessment of trip
quality for different types of two-lane highways (i.e., the four categories discussed
previously).

All three focus group sessions were held on Saturday April 23, 2005 on the
University of Florida campus in the Civil and Coastal Engineering Department’s main
conference room. The room was equipped with a video projector and large screen for
viewing the video clips. All focus groups sessions were audio recorded with the
permission of the participants. Focus groups sessions 1 and 2 had twelve participants.
Focus group session 3 had ten participants (two persons failed to show and did not
previously cancel). Each session was approximately 1.5 to 2 hours in length and was
audio recorded. The duration of each focus group session provided ample time for the
moderator to engage the members in meaningful discussion and obtain the information
sought for this research study. Dr. Scott Washburn, the principal investigator, was the
moderator of each focus group to ensure consistency across each of the three sessions.

A one page written instruction sheet was developed and given to participants upon
arrival. The instruction sheet described the purpose, objectives, and format of the focus
group session. See appendix G for a copy of the instruction sheet. Participants were also

given a survey form (Form 1) that was comprised of two sections. The first section was
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similar to that of the preliminary survey conducted over the phone during the participant
selection process. In this section, participants were to provide information about their
personal background and two-lane highway travel habits. Examples of this information
include income level, education level, marital status, typical number of two-lane highway
trips taken per month, typical number of passengers for two-lane highway trips, etc. This
information was summarized previously in Tables 6 and 7. The second section of the
survey form was used by participants to write down their responses to each of the video
clips. See appendix G for a copy of the survey form.

Each focus group session began with some brief introductory statements by the
moderator pertaining to the purpose and objectives of the focus group. Prior to viewing
the video clips, the moderator verbally reviewed the instruction sheet and survey form for
each session of focus group participants. After reviewing all instructions and answering
questions, the participants began watching the video clips.

Each video clip was between 1.5 and 2 minutes in length. Immediately following
the conclusion of the video clip, the moderator facilitated group discussion about the
conditions observed in the clip and what the important factors are for the assessment of
trip quality. Approximately 5 minutes of discussion time was allotted for each clip.
After the group discussion, participants wrote down their opinions on the survey form.
The above steps were repeated for all of the video clips.

After watching all of the video clips, there was an additional 10 to 15 minute
discussion about the overall performance measures, or factors, that group members felt
were important in their assessment of trip quality on a two-lane highway. This discussion

served more as a summary, and was not in reference to any particular video clip.
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Finally, the session moderator facilitated a short group discussion about the
different types of two-lane highway classifications, or categories. Participants were
given a second survey form (Form 2), asking them to rank the importance of certain
factors to the assessment of their trip quality on different types of two-lane highways.
Examples of these factors include: the ability to consistently maintain desired travel
speed, ability to travel at a speed no less than the posted speed limit, frequent passing
zones, wide travel lanes, wide shoulders, etc. Refer to appendix G for a copy of the

second survey form.



CHAPTER 5
ANALYSIS AND RESULTS

As discussed in the previous chapter, the two main objectives for conducting the
focus group sessions were: 1) to identify the factors (e.g., roadway and/or traffic
conditions) that are important in the assessment of trip quality provided on a two-lane
highway, and 2) to identify the relative differences, if any between the importance of
these factors in the assessment of trip quality for different types of two-lane highways.

This information was obtained from focus groups, where participants engaged in a
roundtable-like discussion led by a moderator and recorded written responses on survey
forms. The following sections describe the methodology used to analyze the focus group
discussion and survey form data, as well as the results of these analyses.

Analysis Method
Focus Group Discussions

Audio recordings from each focus group session were reviewed thoroughly and all
relevant discussion material was transcribed to a word processor. As is the case with
most group discussions, there is a natural tendency for discussion to get side-tracked.
Discussion that was not relevant to the topic was not transcribed or analyzed.

The discussions were transcribed in sections, with each section corresponding to a
different video clip. Resulting discussion could then be more easily interpreted by
referring back to the video clips. Important themes from each video clip discussion were

identified and direct quotations supporting those themes were extracted.

43
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Some common focus group analyses include the usage of computer software
programs that determine the frequency in which certain words, phrases or themes appear
in discussion. While counting the frequency in which certain topics are discussed is
sometimes an important component of qualitative analyses, it does not always accurately
reflect the level of importance in which participants view these topics. For example,
more discussions pertaining to lane width than the presence of SUVs, does not
necessarily mean that participants consider lane width to be a more important factor in
their assessment of trip quality. In fact, in this study, certain topics were sometimes
raised by the moderator either because they didn’t arise naturally or because further
discussion or elaboration was deemed necessary. Therefore, the frequency in which
certain topics were raised was noted but not strictly counted.

Instead, the responses of the participants to the video clips and related questions
posed by the moderator were judged solely on their own merit. Themes or points that
were raised and received agreement (or disagreement) among participants were noted, as
well as the emphasis participants placed on those themes. The results section of this
chapter describes, on a clip-by-clip basis, the discussions and corresponding themes or
points that emerged during each of the focus group sessions.

Survey Forms

As discussed previously, there were two different survey forms filled out by
participants during the focus group sessions. The first form consisted of merely blank
spaces, one for each video clip. On this form (Form 1), participants could write down
what they felt were important factors in the assessment of trip quality for the roadway
segments depicted in each clip. These written comments served as summaries and as

further support of the verbal discussions. Comparisons between the written responses
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and corresponding dialogue contained in the transcripts helped to analyze and interpret
the results. Refer to appendix F for a copy of this survey form.

The second form (Form 2) asked participants to rank the importance of certain
factors to the assessment of their trip quality for different types of two-lane highways. As
discussed previously, four different types, or categories, of two-lane highways were
included on the form, ranging from high-speed, intercity facilities to low-speed facilities
through small towns or scenic areas. For each type of two-lane highway, participants
assigned numbers, from 1 to 7 (1-not at all important, 7-extremely important), to different
items listed on the form, indicating how those items affect the quality of their trip.
Examples of these items, or factors, include: the ability to consistently maintain desired
travel speed, ability to travel at a speed no less than the posted speed limit, frequent
passing zones, wide travel lanes, wide shoulders, etc. Refer to appendix F for a copy of
this survey form. The data collected on this form served as quantitative reinforcement of
the verbal discussions and was entered into a spreadsheet for further analysis. Results
from these survey forms are discussed in the latter part of this chapter.

Results
Focus Group Discussions

Below are descriptions of the roadway and traffic conditions depicted in each video
clip as well as the results of the focus group discussions. Each video clip was watched by
two of the three focus groups.

Video clip 1

Description: A high-speed facility with a 60-mi/h speed limit and very little traffic

in either direction. The roadway has well maintained pavement and markings, standard-

width lanes (12 feet), paved shoulder (4-5 feet), large clearance zone between pavement
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and other obstacles, and many marked ‘passing’ zones (as indicated by a dashed-yellow

center line).

Figure 5. Screenshot of Video Clip 1.

Discussion results: One of the major themes that emerged in the discussion about
this clip was the importance of pavement quality and positive guidance through lane
markings. Members of both focus groups made comments about the high quality of the
pavement saying “pavement quality good” and “the road itself looked good, no pot holes
or anything.” Other comments focused on the lane markings, such as “the outside white
lines are painted, which I think is real good so you know where you’re at on the road”
and “the markings on the outside of the lanes were great.”

Another major theme, which was raised by the moderator, concerned the speed of
the facility. The moderator asked both focus groups if they felt the posted speed limit

was reasonable. Several participants from both groups seemed to agree that the speed
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was reasonable for this section of roadway, saying “60 mi/h was a good speed limit” and
“it’s rural out there, so yes.”

Another issue that was raised by one person from each group concerned passing
opportunities. One person said that one of the most important things in terms of trip
quality was that there be “lots of places to pass.” The other person only noted that the
roadway depicted in the clip offered “good proviso for passing.”

In summary, pavement quality and positive guidance were two issues initiated by
members of both groups. Participants also seemed to agree that the posted speed was
appropriate and was consistent with the rural context of the facility. The importance of
passing opportunities was also raised by a couple of participants. Given the lack of
traffic present in the video scene, there was little discussion about specific traffic factors.
Video clip 2

Description: The speed limit transitions from 60 to 35 mi/h (60-55-45-35) as the
roadway approaches a small town. No traffic in either direction was present in the video
scene. The roadway has well maintained pavement and markings, and standard-width
lanes. Pavement markings in town area indicate ‘no-passing’ (solid-yellow center line).
No traffic control is present on the mainline in town.

Discussion results: Two major themes emerged in the discussion following this
video clip. One dealt with expectations of travel speed in a small town and the other
dealt with expectations for passing.

In one session, members were asked if they felt the posted speed of 35 mi/h within
the small town was acceptable and what speed would they go if they were traveling on

that section of roadway. Several people agreed that they would travel at a speed around
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35 mi/h. One person said, “The 35-mi/h [speed limit] seems consistent with the fact that

it’s a smaller town, it’s a shorter span, and it’s only a two-lane road.”

Figure 6. Screenshot of Video Clip 2.

When asked how they felt about the speed reduction upon entering a small town
area, two participants commented negatively about this type of situation. One person
said, “Often times the speed reductions come too rapidly and you don’t have enough time
to reduce to the posted speed.” Another person expressed frustration about having to
constantly change speeds when traveling on these types of highways, saying “As soon as
you get up to speed you’re having to slow down again.”

Members of this group were also prompted to discuss their expectations for passing
in this situation. Several participants stated that they felt no expectation to pass in a small

town area. One person said, “It just wouldn’t be safe, you might have people crossing the
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roadway, you may have cars coming in from the side.” Another said frankly, “I don’t
feel compelled to pass anybody in those small towns.”

In summary, many participants felt that the reduced speed in a small town was both
acceptable and expected. For this particular video clip, only members from one group
discussed their expectations for passing and most agreed that they would not feel
compelled to pass in that type of situation.

Video clip 3

Description: A designated scenic roadway with extensive tree canopy and a 50-
mi/h speed limit. The roadway has narrow lanes (10-11 feet), no paved shoulder and
very little clearance zone between pavement and trees. Light traffic was present in the

video scene.

Figure 7. Screenshot of Video Clip 3.
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Discussion results: Members of both focus groups spoke positively about the
scenic nature of this tree canopy roadway, referring to the beauty of the surrounding
trees. However, in one session, several participants mentioned that the lack of a shoulder
or clearance zone was of concern to them. One person stated that there were “no paved
shoulders, not much right-of-way, and tree and brush growth was close to the road.”
Others said that there was no “escape route” or “breakdown area,” illustrating a desire for
increased shoulder space or clearance between the roadway and the trees.

For members of the other focus group, the main topic of discussion centered on
their expectations for passing other vehicles on a roadway such as this. When asked if
passing restrictions on the roadway, as indicated by lane markings, decrease their
perception of the trip quality, a few group members said “no” with one person saying,
“No, not if it is for a short length.” Another person stated that, “There should be no
passing on a road like this because people do not have a good enough sense of speed and
distance.”

Most members of this group expressed that they would not feel compelled to pass,
as long as the surrounding cars were going the speed limit or above. One person said that
someone would have to be going “15 or 20 below” for them to want to pass in that
situation. For this reason, one member expressed that passing should not be restricted by
saying, “Sometimes you’ll be behind someone who’s going very slow and if it is safe to
pass [then you should be able to].”

Another interesting comment that was made dealt with the different perspectives of

local travelers versus through travelers. One person stated, “I think all of us enjoyed the
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scenic part, but if you drove it everyday going back and forth to work or whatever, you’re
not thinking ‘oh this is a beautiful road’ because you’re late to work or whatever.”

In summary, many participants enjoyed the scenic nature of the roadway in the
video clip however they did not feel comfortable with the lack of shoulder or clearance
area. Additionally, most participants (with the exception of a few) felt that passing
restrictions on a roadway such as the one depicted in the video clip did not lower the trip
quality because they had no expectation for passing in that situation.

Video clip 4

Description: The speed limit transitions from 45 to 25 mi/h (45-35-25) as the
roadway approaches a medium-sized town. A significant amount of roadside
development and many driveways are present in the town area. The pavement markings
in this area also indicate ‘no-passing’ (solid-yellow center line). Moderate opposing
traffic is present in the video scene. The video vehicle is following a large vehicle
traveling approximately 5 mi/h under the speed limit and is also being followed. There
are two traffic signals present in town.

Discussion results: Two major themes emerged in the discussion following this
video clip. One dealt with expectations of travel speed in a small town, such as with
video clip 2, and the other dealt with the relative importance between travel speed and
following or being followed by other cars.

While most people agreed that a slower speed was appropriate while traveling
through the developed town area, there was some disagreement as to what that travel
speed should be. Many participants, from both groups, remarked that the posted speed

limit, including transitions, was appropriate. However, one person from each group said
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that the 25-mi/h speed limit through the busiest part of the town was too slow. One
person commented that in that situation, a “constant speed” was the most important thing
to them. When asked “What speed?”, they replied, “30 mi/h in a small town like that.”
When asked “If it were posted 40 mi/h what speed would you go?”, the same individual

said, “Still slower, 30 mi/h.”

Figure 8. Screenshot of Video Clip 4.

In one session, the moderator posed a hypothetical question involving the relative
importance between speed and following. He asked, “For example, with the speed limit
at 35 mi/h, would you prefer to be doing maybe 25 mi/h and not be following anybody or
having anybody follow you, than to be doing 35 mi/h and be following other people?” A
few participants said that they preferred the former situation, with a few mentioning

tailgating and the high number of vehicles as reasons.
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Also, many members of both groups stated that they had no expectation for passing
in this situation, saying “there was too much traffic” and “there’s no way you’re going to
be able to pass in town like that, you’ll have to wait until you get back onto the rural
part.”

When asked if the presence of the occasional traffic signal influenced their
perception of the trip quality, several members of one group said that it did not and that it
was “no big deal.” However, one person said, “I think it depends on how long you know
your overall trip is going to be. For example, traveling on [US] 301 up toward
Jacksonville, you feel like you’re stopping and going. The presence of more of those I
think decreases the value of your trip.”

In summary, members from both groups felt that a slower travel speed was
appropriate and that there was no expectation for passing due to the high level of
development and surrounding vehicular activity depicted in the video clip. This
sentiment is consistent with the discussions from video clip 2. It also seemed that the
occasional or rare presence of a traffic signal was not a large factor in their perceived trip
quality, but for a couple of people, the “stop and go” on long trips is frustrating and
lowers the trip quality. In reference to the discussion about speed and following, it
appears that a few participants in one of the focus groups do not feel comfortable having
to follow or be followed by other vehicles and that in this case speed is a secondary
consideration. However, this may be attributable to tailgating fears and the generally

conservative driving style of many of the participants.
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Video clip 5

Description: A high-speed facility with a 60-mi/h speed limit. The roadway has
standard-width lanes with a 5-6 foot grass shoulder bordered by a guardrail, and many
marked ‘passing’ zones (indicated by a dashed-yellow center line). The pavement quality
is poor with visible rutting and degradation. Minimal opposing traffic was present in the
video scene. The video vehicle is traveling 5 mi/h over speed limit with two cars

following closely. The second car back passes both the video vehicle and the vehicle

behind it.

Figure 9. Screenshot of Video Clip 5.

Discussion results: One major theme that arose again was the importance of
pavement quality. Members of both groups remarked about the poor pavement quality of
the roadway depicted in this video clip. When asked about the significance of pavement

quality, the majority of participants stated that it was “very important.”
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Another major theme dealt with the passing situation shown in the video clip.
Members of one group were asked to express their feelings about passing. Several
people said that it does not bother them to get passed by other vehicles and that they have
no problem passing other vehicles themselves. However, in reference to the scenario in
the clip, one person said “I am fearful of passing, especially two cars and if they are at
least going in that 5-mi/h range of the speed limit, then I’m not going to pass.” When
asked how much slower than the speed limit would someone have to be going for them to
consider passing, several people say “10 mi/h.”

Another comment that was made dealt with the use of cruise control, a common
feature on cars that allows the driver to set a nearly-constant vehicle travel speed. This
issue arose when one person remarked that they liked the conditions depicted in the video
clip because “you could set your cruise control.” The moderator prompted further
discussion by asking about the use of this feature on a two-lane highway. Many
participants said that they do not expect to be able to use it on a two-lane road. However
a couple of people said that they use it sometimes, if there is no traffic.

A minor theme that was discussed involved the presence of the guardrail. The
majority of participants liked the guardrail, saying that they would rather the guardrail be
there to prevent them from running into the trees along the roadway. A couple of people
did not like it, however.

In summary, the importance of high quality pavement was reiterated. This was one
of the first things that the participants noticed when viewing the clip, and these feelings
are consistent with the discussion about pavement quality for video clip 1. Many people

do not seem to be bothered by passing maneuvers; however they do not feel compelled to
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pass unless they are following a vehicle going approximately 5-10 mi/h under the speed
limit.
Video clip 6

Description: The speed limit is 45 mi/h with rolling terrain. The roadway has
narrow lanes (10-11 feet), no paved shoulder, and alternating ‘passing’ and ‘no-passing’

zones. In the video scene, there is moderate residential development present, driveways

on both sides of the roadway, and minimal traffic in either direction.

Figure 10. Screenshot of Video Clip

Discussion results: One major topic that was discussed in both of the focus groups
was the relationship between lane width, shoulder area, terrain and speed. Several
members of one group expressed concern with the narrow lanes and lack of shoulder
area. A few people agreed that they “wouldn’t go faster than the speed limit” due to the

rolling terrain. Another group member stated that they “wouldn’t feel comfortable going
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faster [than the speed limit]” because “there are a lot of houses.” However a couple of
people felt that the speed limit was too low because there was “no traffic” and “good
visibility.” Further discussion was prompted when the moderator asked one group of
participants, “If there were no posted speed limit, or even if there was one posted, would
you be wanting to drive faster if there was a wider lane and more shoulder area?”
Several people said, “Yes, of course.” One person added however, that if they “were
unfamiliar with the road, they would drive more conservatively, but if they were used to
it then their speed would pick up.”

Another issue that was discussed in reference to this clip was the effect of
overhanging tree limbs on the drivers. Although this roadway was not a “tree canopy”
roadway such as the one depicted in video clip 3, there were several overhanging tree
limbs present. One person said that they are “very distracting” and that they affect
visibility. Someone else continued by saying, “I think the psychological aspect of the
tree canopy is key. I believe that when you travel through an area that has a tree canopy,
traffic slows down much more.”

In summary, lane width, shoulder area, terrain, and level of roadside development
are factors that appear to influence the choice in travel speed for many of the participants.
Also, some members of one group felt that presence of overhanging tree limbs or a tree
canopy affected visibility and travel speed.

Video clip 7

Description: The speed limit decreases from 45 to 35 mi/h as the roadway

approaches a small town with moderate roadside development, many driveways and a

traffic signal. After the traffic signal, the speed limit returns to 45 mi/h. The roadway
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has well maintained pavement and markings. In the video scene, there is moderate traffic

in both directions and the video vehicle is following other vehicles and is being followed.

Figure 11. Screenshot of Video Clip 7.

Discussion results: As in the discussions about similar video clips, such as clip 2
and clip 4, where there were small or medium-sized towns with reduced speed limits, the
two major themes that were discussed dealt with expectations of travel speed and passing.

Again, members of both groups seemed to agree that the speed limit reduction
approaching the small town and signal was appropriate for the situation. Several people
in one of the groups said that it was fine because of the surrounding “commercial
development.” In the other group, most people felt that the posted speed limit, including
transitions, was appropriate, with one person saying, “When you’re going through a town

it’s fine to slow down, unless you’ve got a tornado behind you.” When asked if going
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below the posted speed limit was bad, there were some audible groans of discontent,
indicating agreement with the statement, but no one elaborated.

Additionally, members of both groups reiterated that they had no expectation to be
able to pass in a town area such as the one in the video clip, citing “too much traffic”” and
the “urban context with the strip development...and the exits and entrances (driveways)”
as reasons. To clarify responses, the moderator asked one group of participants, “If
you’re going about the speed limit, are you going to be happy, whether you’re following
cars or not?” A few people confirmed the moderator’s assessment and one person said,
“Yes, there’s nothing you can do, you just accept it.”

In summary, the discussions resulting from this video clip seem to be consistent
with those from other similar clips, in that most people accept the fact that they will have
to reduce their speed and do not expect to be able to pass in a town or developed area.
Video clip 8

Description: Coastal roadway with a speed limit that increases from 40 to 45 mi/h
and a view of the ocean. There are dunes and pull-over parking areas on the edge of the
roadway, however there is no paved shoulder. Moderate traffic in both directions, some
pedestrian activity, and continuous roadside development was present in the video scene.

Discussion results: The main topic of discussion for both groups about this clip
was speed. A majority felt that the speed limit of 40-45 mi/h was appropriate. Members
of both groups also commented on the “recreational” character of the roadway, and took
this into consideration when assessing the speed. For instance, one person said “I don’t
mind going a slower speed here because half the time people are looking at the ocean.”

A person from the other group commented on speed, following, and passing implications
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by saying, “If [ were following and being followed and [the person in front of me] was
going below the speed limit, I could appreciate that [that person] was trying to enjoy the

scenery and I wouldn’t be trying to pass them.”

5
= {ﬁ‘ Fy T B

F & 3=
i . e - B e T ¥
; . T .

ToaE g S

N 40 |

-
-

Figure 12. Screenshot of Video Clip 8.

However, a couple people did not agree with the prospect of having to travel at a
slower speed just because of the “recreational” context of the facility. Their comments
included, “I don’t mind going 40 mi/h (the posted speed limit), but I don’t want to have
to follow someone [going] 20 mi/h” and “In terms of speed limit, I’'m trying to get from
point A to point B. So ultimately, I’'m either going to exceed the speed limit or at least
definitely go the speed limit. That would be my desired goal.” In relation to this topic,
someone else stated, “If [ were going on a recreational trip, I wouldn’t be as concerned

with speed. But if it was a business type trip I would be more concerned.”
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The lack of shoulder area was another key concern for members of one group,
stating that “having someplace to go is important” and that “when you add the fact that
there is no shoulder, coupled with the dunes, that makes me feel like I have to be more
cautious cause I really don’t have anywhere to go.” Additionally, when asked if passing
was a concern and if they had and expectation to pass on this type of roadway, members
of this group said “no.”

In summary, a majority of participants felt that the posted speed of the facility was
appropriate. The recreational nature of the roadway also seemed to be a factor in their
assessment of speed in relation to trip quality, with some members being more tolerant of
slower vehicles, and others not. The importance of a shoulder area was also reiterated.
Video clip 9

Description: The roadway has a speed limit of 35 mi/h, standard-width lanes, well
maintained pavement and markings, and a wide grass shoulder (15-20 feet). In the video
scene, there is minimal residential development on both sides of roadway and minimal
traffic in either direction present.

Discussion results: The main topic of discussion, which was initiated by both
groups after viewing this video clip, was speed. A majority of the participants seemed to
feel that the posted speed of 35 mi/h was “too low” or “too slow.” However a few people
felt that the presence of residences along the roadway (although set back at a significant
distance) warranted the lower speed limit. When asked how much higher the speed limit
should be if the roadway could accommodate a higher speed, many people in one group
said “45 mi/h.” Additionally, a few group members said that they would not restrict their

speed based on the posted speed. However an equal number said they would.
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Figure 13. Screenshotof Video Clip 9.

With regard to these feelings, the moderator asked one group of participants to
describe how much of a factor law enforcement (getting a ticket) would play in their
speed choice and perceived trip quality. One person said, “I follow the posted speeds, but
in that situation I would be frustrated because I thought the speed was too low.” Several
other people agreed with this sentiment by saying that they would have gone faster “if
they didn’t have to worry about getting a ticket.”

In summary, the majority of participants felt the posted speed limit was
unreasonably low for the segment of roadway depicted in the video clip. While some
said that the posted speed would not cause them to restrict their speed, others said that it
would, however many of these same individuals expressed that they would feel

uncomfortable and frustrated traveling at such a slow speed.
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Video clip 10

Description: A high-speed facility with a speed limit of 60 mi/h. The roadway has
standard-width lanes, a 15-20 foot grass shoulder, well maintained pavement and
markings, and many marked ‘passing’ zones (indicated by a dashed-yellow center line).
The video vehicle is following a vehicle traveling approximately 5 mi/h under the speed

limit and there is minimal opposing traffic present in the video scene.

Figure 14. Screenshot of Video Clip 10.

Discussion results: After viewing this video clip, the vast majority of participants
from both focus groups expressed “frustration” and “irritation” with the situation
depicted in the video clip, where the video vehicle was following a pickup truck traveling
under the speed limit. The moderator asked one group of participants, “Given that the
speed limit was 60 mi/h and he was going about 5 mi/h under, how many of you would
have wanted to pass that truck?” The moderator stated for the record that just about

everyone raised their hand.
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Both groups were asked if they would feel compelled to pass if the pickup truck
was traveling at 65 mi/h (5 mi/h over the speed limit. Members of both groups said “no”
with one person saying, “No, there’s no reason to, because he’d be going at least the
speed limit.” One of the focus groups was asked if they would feel compelled to pass if
the truck was going 60 mi/h (the speed limit) and several people stated that they would
not. To follow up, the moderator said, “So the threshold seems to be the speed limit. As
long as they’re doing the speed limit then you’re OK.” Several people said “yes.”

As an aside, the moderator asked if the presence of large semi-trucks was a big
issue for members of one of the groups. The majority of the group acknowledged that
they were uncomfortable around large semi-trucks and one person said, “They slow up
your speed and limit your visibility.”

In summary, most participants felt frustrated and dissatisfied with the prospect of
having to follow the slow-moving pickup truck. In this situation the threshold between
feeling compelled and not compelled to pass seems to be the posted speed limit. This
appears to be consistent with the discussions resulting from video clip 5, where several
people said they would feel no desire to pass unless the vehicle in front of them was
going approximately 5-10 mi/h under the speed limit. Also, large trucks seem to play a
negative role in their perceived trip quality.

Video clip 11

Description: Coastal roadway with a speed limit that transitions from 45 to 30 mi/h
(45-35-30) as the roadway approaches a moderate pedestrian/development activity area
with a traffic signal and parking lot off to one side. The roadway also transitions from a

‘passing’ to a ‘no-passing’ zone near the more densely developed and active area. In the
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video scene, the ocean can be seen from the roadway and there is moderate traffic in both

directions.

Figure 15. Screenshot of Video Clip 11.

Discussion results: In this discussion a couple of people from both focus groups
mentioned that they thought the speed limit was appropriate but that it should have been
lower in the area where there was higher density development, more pedestrian activity,
and vehicle activity, such as near the parking lot.

Many members of one group remarked that even though the pavement markings
indicated that passing was permitted, they would not do so because of the increased level
of traffic and pedestrian activity. One person said, “I would be less likely [to pass] due to
the fact that we were in a resort area and the activity is going to dictate.”

When asked how the number of vehicles would influence their trip quality, a

couple of people from one group said that the quality would “go down with lots of cars.”
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One person took a different stance by saying, “The number of cars would not be a
problem if traffic was moving.”

In summary, although there was no lengthy discussion about any one of the topics
mentioned above, it appears that most people expect to travel at slower speed because of
the higher level of roadside development and activity. There also seems to be no
expectation for passing for the same reasons. These discussions are generally consistent
with those of other similar video clips, such as clip 2, clip 4, and clip 7, which all
depicted travel through small or medium-sized towns.

Video clip 12

Description: Two-lane bridge with a speed limit of 55 mi/h and no shoulder, only a
guardrail. The roadway has well maintained pavement and markings and standard-width
lanes. The pavement markings on the bridge indicate ‘no-passing’ (solid-yellow center
line). The video vehicle is following other vehicles (but not closely) traveling at the
speed limit or above.

Discussion results: A few issues emerged in the discussion about this video clip.
Members of both groups expressed concern with the lack of a shoulder or pull-off area
for disabled vehicles or other incidents. Additionally, when asked about passing
expectations in this situation, members of both groups resoundingly said that they would
not feel compelled to do so.

Members of one group were asked if the following situation depicted in the video
clip, where the video vehicle was traveling in a well-dispersed platoon at speeds at or
above the speed limit, was an undesirable situation. The only audible responses were

from a few who said “no.”
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Figure 16. Screenshot of Video Clip 12.

Another issue involved the posted speed limit of the facility as well as the expected
travel speed. In one group, several participants felt that the posted speed was too high for
the type of bridge, citing safety concerns. However, many others felt that the posted
speed limit was appropriate. When asked if the “primary thing in terms of delineating
between poor and good trip quality would be maintaining a speed close to the posted
speed limit”, most members of one group said “yes” with one person saying “because
you don’t have to worry about people coming in and out.”

In summary, the importance of a shoulder is once again reiterated. There also
seems to be no expectation for passing on a facility such as this. Participants did not
seem to be bothered that the video vehicle was following other vehicles because the other
vehicles in the platoon were not closely spaced and were traveling at a reasonable speed.

Participants also noted that a travel speed close to the speed limit was desired.
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Video clip 13

Description: The speed limit transitions from 45 to 35 mi/h as the roadway
approaches a small town with moderate roadside development, many driveways and a
traffic signal. After the traffic signal, the speed limit returns to 45 mi/h. In the video
scene, the video vehicle is following a vehicle traveling between the speed limit and 5

mi/h under and there is moderate traffic present in both directions.

Figure 17. Screenshot of Video Clip 13.

Discussion results: Two major themes emerged in the discussion following this
clip. One dealt with perceptions of trip quality with respect to traffic signals on two-lane
highways and the other dealt with the relationship between speed and following.

Members of both groups were prompted to discuss how the occasional presence of
traffic signals (once every 5-10 miles) on two-lane highways impacts their perception of

trip quality. The majority of member said that traffic signals “didn’t bother” them or that
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they were “not a big deal.” However, one person said that the presence of a traffic signal
was a “big impact, negatively.” Another individual said that it was a “medium impact”
and followed by saying, “If it was every 5 miles and the light was red it would start to
become an issue. If it were a longer interval and half of them were green, that would be
better.”

When asked if anyone would feel compelled to pass in the situation depicted in the
video clip, several members of one group said “no.” One person said, “That person in
front was going 35 in a 45-mi/h zone and that was getting me a little bit antsy, but I
wouldn’t have passed either way.” A couple more people indicated that they too were
frustrated with having to follow at a lower speed than the speed limit, as depicted in the
video. When asked the same question, a member from the other group said, “It frustrates
me. [ would rather do what the speed limit says, and if [the speed limit] is slow, then
fine, but I don’t want somebody in front of me going 15 miles below the speed limit.”

In summary, the occasional or rare presence of a traffic signal on two-lane highway
trips does not seem to bother the majority of the participants. However, a couple of
participants expressed that the presence of signals does downgrade the quality of their
trip. Most group members agreed that they would not feel an expectation to pass in the
small town area, however, several members were frustrated by having to follow a vehicle
traveling well below the speed limit. These comments are consistent with those
discussions for similar video clips.

Video clip 14
Description: A high-speed facility with a 50-mi/h speed limit. The roadway has

narrow lanes (10-11 feet), no paved shoulder, well maintained pavement and markings,
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and many marked ‘passing’ zones (indicated by a dashed-yellow center line). In the

video scene, there is minimal traffic present in either direction.

Figure 18. Screenshot of ido Clip 14.

Discussion results: The main topic of discussion for this video clip involved the
impact of narrow lanes and lack of shoulders on the participants’ perceived trip quality
and choice of travel speed.

As was the case with many of the other video clips, many people commented about
the lack of shoulders, indicating that it may have some impact on perceived trip quality.
However, as the moderator prompted further discussion, many of those participants
began to acknowledge that their concerns were related more to safety than operations.
When asked to consider a hypothetical situation in which the same road was being

judged, but there was no chance of a ‘crisis situation’ occurring, thereby requiring the
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driver to pull over, many people said that the lack of shoulder would not lower their trip
quality, calling it “a fine road” and “a good road.”

Furthering the conversation, the moderator attempted to get information about how
roadway characteristics such as narrow lanes and lack of shoulder area impacts the
participants choice of travel speed. To do so, the moderator, once again, described a
hypothetical situation in which he asked participants to compare between a straight
roadway with 12 foot lanes and a paved shoulder, and a straight roadway with 10 foot
lanes and no paved shoulder. The moderator then asked, “Who would drive slower than
that posted speed limit because of the narrower lane and lack of shoulder?” Several
people said that they would, with two people saying “especially at night.” The moderator
stated for the record that four people raised their hand to indicate that narrow lanes and
lack of shoulders would not affect their speed.

In summary, it appears that narrow lanes and lack of shoulder do impact the choice
of travel speed for some participants, but others claimed that it has no effect. However,
previous discussion indicated that these characteristics did not necessarily lower their
perceived trip quality.

Video clip 15

Description: A high-speed facility with a speed limit that increases from 45 to 55
mi/h, standard-width lanes, well maintained pavement and markings, and moderate
roadside development. In the video scene there is moderate traffic present in both

directions and the video vehicle is being followed by another vehicle (but not closely).
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Figure 19. Screenshot of Video Clip 15.

Discussion results: While there was no lengthy discussion about any particular
topic, a couple of issues were discussed briefly. Most people seemed to feel that the
speed limit on the facility was appropriate and that the adjacent driveways were easy to
see. Only one person seemed to be bothered that the video vehicle was being followed
by another vehicle, and said that maybe this indicated that the speed limit was not high
enough.

One person mentioned that the addition of deceleration lanes would be an
improvement because “...there were so many driveways turning off, and having a lot of
people slowing down in front of me to turn into driveways, they would have to slow
down really slow and that would bother me.”

In summary, most participants felt that the speed limit was appropriate given that

there was some roadside development. The suggestion made by one participant
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regarding the addition of deceleration lanes indicates that having to slow down for
vehicles exiting the roadway would lower the quality of the trip.
Video clip 16

Description: The speed limit transitions from 45 to 35 mi/h as the roadway
approaches a medium-sized town. The roadway has standard-width lanes, well-
maintained pavement and markings, moderate roadside development, and many
driveways. In the video scene, there is moderate traffic present in both directions. Also,

the video vehicle being followed closely and is following other vehicles traveling 5 to 10

mi/h under the speed limit.

Figure 20. Screenshot of Video Clip 16.

Discussion results: Both focus groups did not have much to say in reference to this
clip. A couple of people mentioned that they did not like that the video vehicle had to

travel so far under the speed limit due to the vehicles ahead of it. One person said, “If
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people were going the speed limit there would have been no problem, but the people were
just going 10 mi/h under.” Another group member said that they “wouldn’t dare go over
the speed limit” because there was a lot of “activity going on off to the sides.” As a result
of the activity and traffic volume, most people said that they would not feel the need to
pass.

In summary, although there was little discussion about this clip, what was said,
however, was consistent with previous statements about passing expectations within
small to medium-sized towns. Also, the statements about expectations of travel speed are
consistent in that most participants do not like having to travel at a reduced speed
(relative to the posted speed limit) as a result of following other vehicles.

Survey Forms
Form 1

For Form 1, participants were asked to use the spaces provided on the form to:
“Describe what you consider to be the primary indicators of the trip quality for each of
the two-lane highway video clips. Please be specific as possible when describing what
you feel are the important factors used in your assessment of trip quality. Factors you
should consider include traffic conditions and/or characteristics of the roadway itself.”

While the written comments proved useful in some situations, helping to interpret
and back up the data collected from the focus group discussions, many of the comments
were either vague, irrelevant, or sometimes illegible. In some cases, participants wrote
down merely what they saw in the video clip. For instance, if there was a railroad
crossing in the video clip, some people simply wrote “RRXing” or if there was a
guardrail, they would write “guardrail.” For this reason, some of the responses were

difficult or impossible to interpret.
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At times however, the written comments were more specific. For example, in
reference to many of the video clips featuring a two-lane highway through a small or
medium —sized town (clips 2, 4, 7, 13, and 16) , many participants wrote, “not compelled
to pass” or “should not be able to pass”, indicating that they do not feel compelled or
expect to pass in these situations. In reference to clip 10, in which the video vehicle was
following a vehicle traveling slower than the speed limit, many participants wrote,
“would have been frustrated with vehicle going too slow” or “would have passed” or “I
would pass if a car was not doing the speed limit.” Comments such as these, when put
into the context of the corresponding video clip, served as support to the verbal
discussions.

An effort was made to quantitatively analyze the written comments provided on
this survey form. A spreadsheet was created in which the comments for each video clip
were entered. Irrelevant comments were discarded. The remaining comments were then
separated into different categories. Examples of such include: “good visibility,”

99 ¢

“pavement quality good,” “posted speed limit is good/adequate,” “not compelled to
pass,” and “lane width not good.” The frequency of comments pertaining to a particular
category (for each video clip) was then calculated. However, as discussed previously, the
frequency in which a particular topic is discussed (or in this case written) does not
necessarily reflect its importance. In fact, in this study, the frequency of certain written
comments did not always correlate with the topics emphasized most heavily in the

discussions. The spreadsheet detailing the frequency of comments is included in

appendix H.
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Form 2

Unfortunately, much of the results from this form were inconclusive. In many
cases the results were inconsistent with the data collected from the focus group
discussions and from the written responses on survey form 1. In fact, when analyzing the
rankings, it appeared that many of the participants either did not understand what was
being asked of them or did not want to take the time to properly fill out the form. Since
the form was given to the participants at the end of the focus group session, it is possible
that many participants were experiencing fatigue or were simply eager to leave.

In general, participants tended to say that all of the roadway and traffic factors
listed on the form were of great importance to their perceived trip quality, rather than
indicating the relative importance between them. In some cases, participants recorded 7’°s
(indicating extreme importance) for all of the factors in all of the two-lane highway
categories. While it is possible that these individuals felt that all of the roadway and
traffic factors were of equal importance on all of the different types of two-lane
highways, it is more probable that these individuals were eager to leave and therefore did
not take the time to fill out the form in a way that truly represented their opinions.

However, some general trends were observed in the rankings. With respect to the
four categories of two-lane highways listed on the form, a general downward shift in the
frequency of higher numbered (5’s,6’s, and 7’s) rankings occurred between the high and
medium-speed facility categories and the low-speed categories. This indicates that the
majority of participants consider the roadway and traffic characteristics listed on the form
to factor more heavily in their assessment of trip quality for high and medium-speed
facilities, and less heavily for lower-speed facilities such as those through small towns or

coastal areas. The results of this form are included in appendix H.



CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The objective of this study was to determine what performance measures appear to
be most appropriate (i.e., consistent with traveler perceptions and expectations) for
assessing LOS on different types of two-lane highways. As it stands, LOS
methodologies can be improved by more accurately correlating the roadway performance
measures used in analyses to the perceptions and expectations of the roadway users
themselves. This will lead to better decision making about the allocation of resources to
roadway infrastructure improvements.

Conclusions
Focus Group Implementation and Survey Forms

The recruitment of participants with the newspaper advertisement method was
generally effective. The response rate exceeded expectations. Since many more people
responded to the advertisement than the number needed for the three focus groups, it was
possible to select participants such that each focus group consisted of a reasonably
diverse sample of individuals. However, the one limitation with this method was that the
majority of respondents were older'; thus, almost all of the few younger people (ages 25
— 45) that responded were selected to participate in the focus groups.

All three focus groups ran relatively smoothly and a significant amount of valuable

information was obtained. As expected, however, the group discussion w as sometimes

" This is expected to be due to a large amount of retirees whose schedules are more often more flexible.
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dominated by the more talkative or extroverted individuals, which consequently led to
unequal representation in the audio recordings. However, the written survey form was
intended to counter this, by giving all participants a forum in which to voice their
opinions, although those opinions were limited to the space on the form.

While the written survey form (Form 1) proved useful in some situations, helping
to interpret and back-up the data from the focus group discussions, many of the
comments were either vague, irrelevant, or sometimes illegible. In many cases, the
frequency of certain written comments did not always correlate with the topics
emphasized most heavily in the discussions. The use of Form 2 ultimately did not have
the desired outcome, in that the results were inconclusive and in some cases inconsistent
with the data collected from the focus group discussions. It is suspected that participants
either did not understand what was being asked of them or did not want to take the time
to properly fill out the form. Therefore, it is felt that the audio data recorded from the
focus group discussions is the most reliable set of data.

Focus Group Discussions

The focus group discussions proved to be an effective method of obtaining user
perceptions about quality of service on two-lane highways. Based on the focus group
discussions in this study, it is apparent that motorists consider several factors in their
assessment of trip quality on a two-lane highway. The function and/or development
setting of the of two-lane highway facility also appears to dictate what their trip quality
expectations are.

In all three focus group sessions, there were many common themes or topics of
discussion that arose repeatedly. For many of the study participants, safety was a primary

concern, and was discussed heavily. Positive guidance, in the form of appropriate
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signage, clear lane markings and striping, reflectors, and in some cases lighting, was
considered to be an important factor in their assessment of trip quality on all types of
two-lane highways. While this is not necessarily a traffic operations issue, it nevertheless
was a popular discussion topic and worthy of noting.

Another popular, but non-traffic operations, issue involved pavement quality.
Participants stressed the importance of high quality, well maintained pavement repeatedly
throughout the focus group discussions. For example, many participants immediately
noticed and responded to the high quality pavement depicted in video clip 1 and the poor
quality pavement depicted in video clip 5.

Another heavily repeated theme, that transcended all two-lane highway types,
involved the presence or absence of shoulder area (paved or unpaved). While this is
partly a safety issue in terms of having an “escape route” or “leeway” in the event of an
incident, it can also be an operational issue. Some participants indicated that a lack of
shoulder or adequate clearance zone decreases their comfort level and overall perception
of trip quality. These participants felt that a lack of shoulder area also influences their
choice of travel speed. Others, however, claimed that this had no impact on their travel
speed or perceived trip quality.

In relation to shoulders, lane width was also discussed in reference to many video
clips, including clips 3, 6, 12 and 14. Like shoulders, lane width appears to have an
effect on the choice of travel speed and perceived trip quality for some study participants,
but not others.

Speed and following/passing were also themes that arose repeatedly in all of the

focus group sessions. The discussions about speed often centered around either an
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absolute speed, such as the posted speed of the roadway, or a relative speed, such as the
desired travel speed or speed of the vehicles in the video in relation to the posted speed
limit. The discussions about following/passing often focused on whether or not the
participants felt compelled to pass in a given situation and how they felt about following
or being followed by other vehicles. Based on the data collected in this study, motorists
have different expectations of speed for different types of two-lane highways, as well as
different expectations with regard to passing.

In reference to video clips 1, 5, 10, 14 and 15, most participants agreed that the
posted speed limits on the facilities were appropriate given the context of the facilities.
All six video clips featured two-lane highways through rural undeveloped areas with 50-
to 60-mi/h posted speed limits. Study participants indicated a desire and an expectation
to travel at high speeds on these facilities. In most cases this desired or expected travel
speed was the speed limit or above by 5-10 mi/h. Most participants agreed that having to
travel slower than the posted speed limit on these types of facilities resulted in a lower
trip quality. Participants also indicated that passing opportunities were an important
aspect of trip quality on a high-speed two-lane highway. However, many participants
agreed that they would not feel compelled to pass unless they were following a vehicle
going approximately 5-10 mi/h under the speed limit, such as with video clip 10.

Video clips 2, 4, 7, 13 and 16, all feature two-lane highways which travel through
small-or medium sized towns. Based on the focus group discussions, many participants
agreed that they would not feel compelled or have an expectation to pass in a town area.
Participants appeared to feel similarly with respect to passing expectations for the coastal

roadway depicted in video clips 8 and 11, which featured moderate surrounding
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development and pedestrian activity. Participant also felt this way about the two-lane
highway segments depicted in video clips 3 and 12. Video clip 3, featured a scenic tree
canopy roadway with narrow lanes and video clip 12 featured a narrow bridge with no
shoulder. In all of the above situations, participants agreed that they would not have an
expectation to pass, but that having to follow a vehicle traveling slower than the sped
limit would negatively affect the trip quality, such as in video clips 13 and 16.
Furthermore, participants acknowledged that their preferred travel speed was a speed at
or above the speed limit

Video clips 6 and 9, the only two remaining video clips not discussed previously,
both depicted two-lane highways with moderate residential development on both sides of
the roadway. Both video clips received debate over the appropriate posted speed limit
and passing expectations. For video clip 6, some participants felt that the 45 mi/h speed
limit was appropriate due to the residences along the roadway. These participants also
expressed that they would not feel compelled to pass for this reason. However, others
felt that this speed limit was too low and that they would pass if it were safe to do so. For
video clip 9, the majority of participants agreed that the posted speed limit of 35 mi/h was
too low. Although they recognized the presence of residences, many felt that a speed
limit of 45 mi/h would be more appropriate given that very little traffic would be using
these private driveways. Again, some participants felt a reasonable expectation to pass in
this situation, while others did not.

Based on the data collected from the participants in this study, there appears to be
at least three categories of two-lane highways from a motorist’s perspective. There are

two very definable categories of two-lane highways and the resultant traveler
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expectations. However, there were other two-lane highway situations that did not fit into
either of those two categories and there was not a clear consensus on the preferred
performance measures.

The first category includes high-speed (50 mi/h and above) two-lane highways, in
generally rural undeveloped areas, in which motorists expect to travel at high speeds and
have frequent passing opportunities. Therefore, the combination of speed- and passing
opportunity-based performance measures seems appropriate for this category.

The current HCM service measures for a Class I two-lane highway include ATS
and PTSF. The ATS service measure and corresponding thresholds for Class I are
intended to reflect the motorist’s expectation for high-speed travel. However, the current
thresholds for this class are somewhat restrictive given that the threshold for LOS A is 55
mi/h and, based on this study, motorists tend to perceive facilities with 50-60 mi/h speed
limits as falling under this classification. Thus, PFFS may be more suitable than ATS in
terms of a speed-based performance measure because it references a relative speed rather
than an absolute speed. It is felt that the PTSF service measure is reasonable for this
class because it accounts for passing opportunities. However, the implication with this
measure is that vehicles traveling with headways of 3 seconds or less are compelled to
pass, whereas this may not necessarily be the case. Therefore, this category of two-lane
highway (high-speed, rural undeveloped) appears to be consistent, in terms of service
measures, with the current Class I definition.

The second category consists of two-lane highways in which there is essentially no
passing expectation, including roadways through small-or medium-sized towns,

developed coastal areas, and certain scenic areas. While these types of facilities are
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certainly not Class I facilities, they do not fit under the Class II definition either. These
types of two-lane highways therefore should be of a separate class, Class III for example.
On these facilities, passing opportunities are not an issue, and in general, neither is the
percent time-spent-following. While the participants stated that they would certainly
rather be traveling with no other vehicles around them, they acknowledged that following
is not much of a concern in these situations. Particularly in low-speed conditions, such as
in small towns, following does not tend to be of much concern because there are fewer
safety implications. On these two-lane highways, the clear consensus from the focus
groups was that the motorist’s primary desire is to travel at a speed at or slightly above
the posted speed limit. Therefore, a speed-based measure, such as PFFS, appears to be
more appropriate for these Class III two-lane highways than a following-based measure
such as PTSF.

Based on the focus group results, it is clear that there are additional two-lane
highway situations/configurations that do not fall into either of the above described
categories. These two-lane highways essentially fall in between the two other categories
in that passing expectations on these roadways do not appear to be as definitive. For
example, with video clips 6 and 9, participants were essentially divided on the issue of
passing. Given the moderate level of residential development depicted in both of the
video clips, participants did not expect high-speed travel (such as on a rural undeveloped
facility), which in terms of the current HCM classifications, would render this type of
highway as Class II. The performance measure for a Class II two-lane highway in the
HCM is PTSF, indicating that following is the primary determinant of level of service.

However, this does not seem to be consistent with the expectations of some motorists.
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Instead, for these types of two-lane highways, speed seemed to be a larger issue. While
the participants did not have an expectation for high-speed travel, at the same time they
did not feel that low speeds were warranted either (such as in a small town). In reference
to video clip 9, most participants expressed frustration with what they perceived was an
excessively and unnecessarily low posted speed limit, given the context of the facility.
On these types of intermediate two-lane highways, an absolute travel speed appears to be
just as important as a relative travel speed. In other words, while most motorists’ primary
desire is to travel at a speed which is at or above the speed limit, on these types of two-
lane highways it is just as important (from the motorist’s viewpoint) for the posted speed
limit to be set appropriately within the context of the facility. Therefore, for these Class
II-type facilities, an absolute-speed-based performance measure such as ATS should be
considered. It is possible that, based on the context of the facility and motorist’s
expectations, a following based performance measure should also be used. However, for
these types of two-lane highways, “engineering judgment” will have to dictate.

In summary, it is clear from this focus group effort that some improvements could
be made to the current classification scheme and corresponding service measures. To
begin with, the manner in which the current HCM classifies two-lane highways does not
appear to be comprehensive, and for one of the classifications the chosen service measure
is not necessarily appropriate. At this time, classifications are largely based on
expectations of travel speed. From this study, it appears that expectations for passing
should be considered, in addition to travel speed, when distinguishing among facilities.
Also, the current classifications do not address two-lane highways through small towns or

through coastal and scenic areas. These types of facilities should receive their own
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classification (Class III) and their own specific performance measure, the most logical
choice being PFFS.

The current HCM Class I methodology is largely consistent with what was
determined in this study. However, the use of PTSF does not account for the possibility
that in some situations many people are content to not pass, even if following other
vehicles closely. A passing opportunity-based performance measure, rather than a
following-based performance measure may be more appropriate for these types of
facilities. However, the development of such a measure should perhaps be pursued as
part of a more long-term research effort.

The current HCM Class II definition, which includes all roadways in which
motorists do not expect to travel at high speeds, is also largely consistent with what was
determined in the study, except that two-lane highways in which there is no expectation
for passing should be designated as Class III. Unlike the current Class II methodology
though, the use of a speed-based performance measure should be considered, as well as a
following-based measure. For these types of roadways, it appears that absolute travel
speed (e.g., no less than 45 mi/h) is just as important as being able to travel at a certain
speed relative to the posted speed limit. Therefore, ATS should be considered as a speed-
based measure. Thus, a combination of ATS and PTSF, similar to Class I, should be
considered; however, the LOS thresholds would be different than for Class I.

Recommendations for Further Research

For the findings of this study to be adopted on a national level, it is recommended
that the scope of the video data collection and participant recruitment be broadened to
include regions outside of the University of Florida/north central Florida area.

Additionally, a future study should include a larger number of drivers under the age of
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26. Future research should also consider the use of more video clips, with a more diverse
range of roadway and traffic conditions. Based upon focus group feedback, only two of
the video clips featured roadways that fell under Class II (although not done
intentionally). In this study, the core of the video clips depicted Class I and Class III
two-lane highways. It is recommended that future research include more Class II
examples.

While the use of written survey forms provided all participants with an opportunity
to provide input, the data collected from the focus group discussions were more reliable
and valuable. In a future study, it is recommended that if forms are to be provided for
written input, there should be more time allotted for the participants to think about their
comments or responses and record them, as well as more time to reiterate the instructions
on filling out the forms. Of course, this must be balanced with the overall time
requirement for the focus group effort. In this study, the focus group sessions lasted two
hours, which may already be pushing the practical limits of what can be expected from
recruited participants. It may be more desirable to not require any written input from
focus group participants. However, if no written input is to be collected, an attempt
should be made to obtain verbal input from each participant.

In the previous section, some suggestions were made for making some
improvements to the current LOS methodology for two-lane highways. With regard to
two-lane highways that clearly were neither Class I or 111, it became evident that there
were not enough video data collected with respect to these type of facilities to be able to
make definitive recommendations in terms of performance measures. Furthermore, it

was made clear that a number of roadway factors (e.g., pavement quality, roadway
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striping quality, etc.) are also important to motorists in evaluating trip quality. Thus, the
development of a more comprehensive LOS methodology should be considered. The
outcome of such research might be a level of service function that could be applied to all
categories of two-lane highways. The function could be defined in terms of a series of
variables (performance measures) and corresponding coefficients. The variables might
include PFFS, ATS, PTSF, Passing Opportunities, % Heavy Vehicles, Pavement Quality,
Lane Striping Quality, etc. The coefficients would be defined separately for each
category of two-lane highway. Thus, the weighting of the importance of each variable to
the overall evaluation of trip quality by a motorist could be different for each class of

two-lane highway.
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Florida Department of Transportation

e miy B05 Suwannee Street THOMAS F. BARRY, JR.
t:'lri)'ggsnlﬁgn Tallahassee, Florida 32383-0450 SECRETARY

Novcmbér 2, 2001

Dr. Richard Dowling
Principal

Dowling Associates

180 Grand Avenue, Suite 995
Oakland, California 94612

Dear Dr. Dowling:
Subject: HCM2000 Uninterrupted Flow Two-Lane Level of Service Thresholds

Florida Department of Transportation (FDOT) staff has begun working with the new
uninterrupted flow two-lane chapter of the HCM2000 and have serious concerns with
the new thresholds presented. In some cases service volumes for Class I facilities
have dropped approximately 50 percent from those in HCM1997. This change in
service volumes will have a significant impact on FDOT actions in determining
roadway deficiencies, reporting to legislators on the status of the highway system, and
setting priorities. For those states and others who adopt the HCM, requiring the use of
these new thresholds may have similar significant impacts.

It is my understanding that there was not a significant amount of discussion on setting
the level of service thresholds by the Transportation Research Board Highway
Capacity and Quality of Service Committee. Because of the significant change in the
thresholds from HCM1997, we strongly request that the Committee revisit the level of
service A-E thresholds set for those facilities. As appropriate, additional testing, new
research, surveys to users or some other effort appears warranted.

As you are aware, Florida has been one of the leading states implementing and
advancing the HCM. On an interim basis until the threshold issue is addressed and
resolved, FDOT has made a decision to continue to use the HCM 1997 level of service
thresholds in rural undeveloped areas and will use a newly developed Class III two-
lane class in developed areas. Our lead researchers and staff have submitted a
professional paper encompassing these Class III facilities to your committee for its
review and expected presentation at the 2002 TRB Annual Meeting.

www.dot.state.flL.us @® recveieo paren
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Dr. Richard Dowling
November 2, 2001
Page Two

If you have any questions or need further information on the FDOT concerns, please
contact Doug McLeod, (850) 414-4932, of my staff.

Sincerely, :

Ysela Llort
State Transportation Planner

Thank you for consideration of this issue.

YL:bkl

cc:  Tom Barry, Chair, AASHTO Standing Committee on Planning

Dwight Bower, Chair, AASHTO Standing Committee on Research

Lily Elefteriadou, Chair, Two-Lane Subcommittee, TRB Highway Capacity and
Quality of Service Committee

John Zegeer, Chair, User Liaison Subcommittee, TRB Highway Capacity and
Quality of Service Committee

Richard Cunard, Transportation Research Board

Ken Courage, University of Florida

Scott Washburn, University of Florida

Jim St. John, Federal Highway Administration
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North Central Florida P&
Regional Planning Council

2008 NW BT PLACE, SUITE A, GAINESVILLE, FLORIDA 32853.1603
(352)855-2200 sSuNCOM 625-2200 FAX [352) 255-2208

October 28, 2002

Mr. Douglas Harwood
Midwest Research Institute
425 Volker Boulevard
Kansas City, MO 64110

SUBJECT: Highway Capacity Manual (HCM) Rural Two-Lane Analysis

Dear Mr. Harwood:

As a member of the Florida Department of Transportation (FDOT) Level of Service
Task Team, North Central Florida Regional Planning Council (NCFRPC) staff
participated in the October 14-16, 2002 two-lane facility field study in Florida City,
Florida. The purpose of this letter is to endorse FDOT’s position to modify the HCM
2000 procedures regarding two-lane uninterrupted facility analyses for rural
developed areas. This issue is of significant concern to us because the north central
Florida region is predominantly rural and has a significant amount of two-lane arterial
facilities that provide both intraregional and extraregional access.

The user’s expectation while driving through a rural developed area is different than
while driving through a rural undeveloped area. An increase in density of side-access
from intersecting roadways and driveways lowers the user’s expectation of
unimpeded progression through the facility. In many instances, rural developed areas
have land use intensity changes that are coincident with lower speed zones. Therefore,
the user’s expectation is changed. This perception change would indicate higher
service volumes than those currently calculated using the HCM 2000 procedures.
Exhibit 1 consists of some of the predominantly rural two-lane arterial facilities in
north central Florida. It identifies nearly 100 settlements, most without traffic signals,
that occur along these facilities.

If you have any questions or need more information, please call me at extension 103.
Sincerely,
arlie Sanderson, AICP

Director of Transportation Planning

Xc: Dr. Lily Elefteriadou, HCM Two-Lane Subcommittee Chair
FDOT Level of Service Task Team

sorving 16 Original Florida”



EXHIBIT 1

TWO-LANE ARTERIAL FACILITIES
THROUGH RURAL DEVELOPED AREAS OF NORTH CENTRAL FLORIDA

FACILITY FROM TO MILEAGE SETTLEMENTS
FEDERAL HIGHWAY SYSTEM

us27 Archer Perry 88 Archer#, Half Moon, Newberry#*, High Springs#, Fort White#, Hildreth, Branford, Mayo#, Buckville,
Townshend, Perry#

uUs 41 High Springs Jennings 67 High Springs#*, Mikesville, Ellisville, Mason, Myrtis, Lake City#, Winfield, Suwannee Valley, White
Springs, Genon, Hillcoat, Jasper#, Jennings

us 90 Monticello Macelenny 112 Monticello#, Greenville, Madison#*, Lee, Ellaville, Falmouth, Dickert, Live Oak#*, Houston, Wellhorn,
Lake City#*, Watertown, Newton, Wilburn, Olustee, Sanderson, Glen St. Mary#, Macclenny#

us 98 Newport Perry 38 Newport, Nutal Rise, Scanlon, Hampton Springs, Perry#

us 129 Chiefland Jasper 81 Chiefland, Trentoni, Bell, Branford, Obrien, McAlpin, Live Oak#*, Suwannce Spring, Hillcoal, Jasper#

Us 221 Perry Ashville 35 Perryii, Boyd, Lake Bird, Shady Grove, Ebb, Greenville, Ashville
STATE HIGHWAY SYSTEM

State Road 24 Cedar Key Gainesville 53 Cedar Key, Lukens, Rosewood, Otter Creek, Lennon, Bronson#, Meredith, Archerf*

State Road 26 Fanning Springs | Putnam Hall 54 Fanning Springs, Wilcox, Lottieville, Trenton#, Newberry#, Orange Heights, Melrose, Putnam Hall

State Road 47 | Trenton Lake City 42 Trenton, Fort White#f, Columbia City, Lake City#

State Road 51 Steinhatchee Live Qak 53 Steinhatchee, Clara, Mayo#, Luraville., Live Oak#

State Road 100 | Lake City Palatka 76 Lake City#, Lulu, Lake Butler#*, Starke#, Keystone Heights, Lake Geneva, Putnam Hall, Grandin,
Floral Carraway, Springside, Palatha#

State Road 121 | Williston Macclenny 69 Williston, Wacahoota, La Crosse, Santa Fe, Worthington Springs, Dukes, Lake Butler#, Johnstown,
Raiford, Ellerbee, Sapp. Macclenny#

Notes: 1. Settlements in bold are incorporated.

2. Pound symbol (#) indicates traffic signal within the settlement.

3. Asterisk (*) indicates greater than two throughlane cross-section within the settlement,
4. Gainesville Metropolitan Area facilities are not included.

Cihpublicemi3hem2in wpd
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Presentation by Douglas Harwood of MRI

@ Midwest Research Institute  MRI®

Level of Service Assessment

For Developed Two-Lane
Highways
NCHRP Project 20-7(160)
Douglas W. Harwood
Midwest Research Institute

Existing HCM Chapter 20
MRI® Procedure
"« Class | highways:

— motorists expect to travel at relatively high speeds
— service measures: PTSF and ATS

— threshold values: Exhibit 20-2

Class 11 highways

— motorists do not expect to travel at relatively high
speeds

— service measure: PTSF only
— threshold values: Exhibit 20-4

cenarios Where Existing HCM

S
MRI$ Chapter 20 Does Not Apply

two-lane highway with continuous
urban/suburban development but no
traffic signals or traffic signals spaced
at intervals greater than 2 mi

Are such facilities:

— “generally uninterrupted flow” ?
— “partially interrupted flow” ?

MRI
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Objective and Scope

/" OBJECTIVE

Recommend procedures to assess
quality of service for two-lane highways
in developed areas

KEY DECISIONS
What service measure to use?
Where in HCM does procedure belong?

cenarios Where Existing HCM

S
MRI® Chapter 20 Does Not Apply

two-lane highway through a small town
with a reduced speed limit located on a
major road with speeds of 55 mph or
more

two-lane highway in a transition area
between rural and urban/suburban
conditions with reduced speeds and
low- to medium-density development

Two-Lane Highways with
Continuous Development
Candidate service measures:

—PTSF

—ATS

— PTSF and ATS combined
Recommended service measure:

— ATS only

Threshold values:

— based on percentage of FFS

/




LOS Thresholds for
MRI Tiew C%Sapc'ze?8150
/ < LOS A/B boundary  90% of FFS
LOS B/C boundary 70% of FFS
LOS C/D boundary 50% of FFS
LOS D/E boundary 40% of FFS
LOS E/F boundary 30% of FFS

Methodology as Applied to

MRl@ Potential Weaknesses of HCM Chapter 15
Developed Two-Lane Highways

Running time between signals is based on
signal spacing but does not consider:

— effects of driveways and roadside development on

delay
— effects of unsignalized intersections on delay
Procedure does not apply to:
— streets without signals
— streets with signal spacing over 2 mi

MRI® Where in HCM to Address
Developed Two-Lane Highways

/" - Same service measures as HCM Chapter 15
Same threshold values as HCM Chapter 15
Physical facility like an arterial except for
signal spacing
Would very out of place in HCM Chapter 20

Recommendation: incorporate in HCM
Chapter 15 or a new facilities chapter

MRI Alternative Approaches

Adapt current procedures (combine
appropriate elements of existing HCM
Chapters 15 and 20)

OR

Research effort to develop better developed
two-lane highways procedure
OR

Major research effort (new urban arterial
facilities procedure)

95

HCM Chapter 15 Procedure
MRI® for Urban Streets

/" - Atsignals:
— use HCM Chapter 16 to estimate delay
Between signals:
— use running time per km from HCM Exhibit 15-3

Combine segment running time and signal
delay to get average running speed

Apply LOS thresholds

MRI®) HCM Gaps Between Chapters

/'« HCM2000 does not address:
— multilane urban streets without signals or
with widely spaced signals

— two-lane urban streets without signals or
with widely spaced signals

— developed two-lane highways

HCM Chapter 21 addresses rural and
suburban multilane highways

— service measure: density

MRI® Related Questions for Two-Lane
and Multilane Arterials

4 How to evaluate arterials with no signals or
widely spaced signals?

Why not consider delays between signals
when substantial?
Need a true facilities chapter to combine:

— multilane and two-lane segments (including
driveway and development effects)

— unsignalized intersections
— signalized intersections

MRI® Combine Existing Procedures

If developed two-lane highway has no
signals:

— segment length has no effect, so HCM
Exhibit 15-3 is not needed

— determine ATS with HCM Equation 20-15
— apply LOS thresholds from HCM Chapter
15
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MRI®) Combine Existing Procedures

MRI®) Combine Existing Procedures

MRI

If signals are spaced more than 1 mi apart:

— segment length has no effect, so HCM Exhibit 15-
3 is not needed

— determine ATS between signals with HCM
Equation 20-15

— determine signal delay from HCM Chapter 16

— use HCM Chapter 15 procedures to combine
segment speed and signal delay

— apply LOS thresholds from HCM Chapter 15

MRI®) Combine Existing Procedures

— determine signal delay from HCM Chapter
16

— use HCM Chapter 15 procedures to
combine segment speed and signal delay

— apply LOS thresholds from HCM Chapter
15

Small Town or
Transition Area

Two-lane highway in a small town or
transition area on a Class | highway:

— evaluate as Class Il highway if developed
area with reduced speeds extends for less
thaf_rf]_ 2 mi and most traffic is through
traffic

— if developed area with reduced speeds
extends for more than 2 mi or there is
substantial local circulating traffic, evaluate
with developed two-lane highway
procedure

MRIQ

/

MRI

/

If signals are spaced less than 1 mi

apart:

— determine running speed between signals
based on HCM Exhibit 15-3

— determine running speed between signals
based on HCM Equation 20-15

— use the lower of the two speeds

Small Towns and
Transition Areas

Analysis approach depends on length of
area with reduced speeds

Two-lane highway in an undeveloped
area:

— evaluate as Class | or Class Il based on
existing criteria in HCM Chapter 20

Research Needed

Desirable, but not comprehensive:
— HCM procedures for developed two-lane highways
Long-term, more comprehensive:

— urban arterial facilities procedure for any
combination of:
segments (including driveways and development)
unsignalized intersections
signalized intersections
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Presentation by Doug McLeod of FDOT

FDOT'’s Major Recommendations

in Contrast to NCHRP 20-7
(focus of this workshop)

There should be one class (Class Ill) of
uninterrupted flow two-lane segments that
applies in all developed areas

» Percent free flow speed is the best service
measure for these segments in developed
areas, not percent time spent following or
average travel speed

Practical level of service thresholds should be
established for these segments, not untested
thresholds

Because these segments are uninterrupted flow,
they should be addressed consistently in an
uninterrupted flow chapter, not interspersed
with an interrupted flow chapter

Class Il for All Developed Areas

 Class Ill should apply to all developed
areas

e Conceptually it makes sense to

— Group developed areas into one category
of roads

— HCM users would probably appreciate
« Simply first making a choice of “developed” or
“undeveloped”
« Not having to go to different chapters and use
different performance measures for comparable
situations

Use Percent Free Flow Speed
as the Service Measure

 In small towns/communities what are
through drivers primarily concerned
with?

— Percent time spent following (largely
reflecting the desire to pass)

— Average travel speed (largely reflecting
the desire to maintain a set speed)

— Percent free flow speed (largely reflecting
the desire to maintain a speed reflective of
specific roadway/area circumstances

— Other

| 3

@ Class 111 for All Developed Areas

Recommendation 1

e Current HCM classes apply to
undeveloped areas
k|- Class | — high speed segments
}-|- Class Il — not high speed segments
e Class lll Typical developed areas
»- |- Small towns/communities
(most typical situation)
i» - Roads with development along them
(e.g., beach roads)
i In urbanized areas
(e.g., fringe areas)

Class Il for All Developed Areas

» Current NCHRP 20-7 Recommendations
— Does not recommend a Class Il
— Small towns
« Should be treated like other Class Il segments
« Should use percent time spent following as the
service measure
— Other developed situations
(greater than 2 miles)
« Should be treated in the urban streets interrupted
flow chapters
« Should use average travel speed as the service
measure

Use Percent Free Flow Speed
as the Service Measure

¥ 1

B

FDOT'’s position - in
small towns posted
(e.g.,) 30 mph with no
stop conditions drivers
would:

v, o
* FDOT'’s position - in
small towns or along
developed roadways
posted (e.g.,) 50 mph
with no stop conditions
drivers would:
— Probably like to average
about 55 mph
— Probably not expect to be
able to pass vehicles
— Probably not expect to
average a set speed
(e.g., 45 mph)

— Probably like to average
about 35 mph

— Probably not expect to be
able to pass vehicles

— Probably not expect to
average a set speed
(e.g., 45 mph)
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@ Use Percent Free Flow Speed
as the Service Measure

* Current NCHRP 20-7 Recommendations
— Small towns

« Percent time spent following as the service
measure

« Implied - drivers in these areas are most
concerned about trying to pass
— Other developed situations
(greater than 2 miles)
« Average travel speed as the service measure

« Implied - drivers expect to go the same speed
regardless of the roadway/surrounding
conditions

Practical LOS Thresholds
Should Be Established

Recommendation 3

» Practical level of service
thresholds should be established
for these segments, not untested
thresholds

Use Percent Free Flow Speed
as the Service Measure

Percent Free Flow 7] X
Speed is the best
service measure for
these segments in
developed areas,
not Percent Time
Spent Following or
Average Travel
Speed

EXAMPLE

~ Service Volumes  ~ Service Volumes ~ Service Volumes
(using 20-7 Chapter 20 (using FDOT's approach with (using 20-7 Chapter 15
Class Il approach for small  Exhibit 20-2 as a base) approach in other

towns) developed areas)

A =1,900 A =2,500 A =3,100
B = 3,700 B =7,200 B = 15,500
C=17,100 C=12,700 C=23,500
D =13,300 D=17,300 D=N/A

E = 23,500 E = 23,500 E=N/A

EXAMPLE Practical LOS Thresholds
Recommendation 3 ~ Service Volumes ~— ~ Service Volumes  ~ Service Volumes Should Be Established
== (using 20-7 Chapter 20 (using FDOT's approach with (using 20-7 Chapter 15
E 1 Class Il approach for small  Exhibit 20-2 as a base) approach in other ..
towns) developed areas) e FDOT'’s position — LOS thresholds
A=1.900 A=2,500 A=3,100 need to make sense when applied in
B = 3,700 B = 7,200 B = 15,500 the real world
SR v SEL — HCM practitioners would probably
DS &}y D800 D =NA appreciate LOS thresholds that can be
E =23,500 E = 23,500 E=N/A applied consistently for these roads in
25000 developed areas
20000 1 — Resulting LOS calculations and service
15000 4 Dch20 volumes for these roadways need to make
B FDOT sense in relation to those in undeveloped
10000 1 mchis areas and those that are signalized
5000 T
o
A B (o D E
= A A
Practical LOS Thresholds Practical LOS Thresholds

Should Be Established

Recommendation 3

* FDOT has provided LOS percent free
flow speed thresholds directly linked to
HCM Exhibit 20-2 (on average travel
speed) that work reasonably well

* FDOT has provided closely related
alternative percent free flow speed
thresholds that may work even better in
the field

Should Be Established

» Current NCHRP 20-7 Recommendations
— Different service measures in different areas
— Small towns
* Use of Class Il percent time spent following
thresholds result in abnormally low LOS service
volumes
— Northern California case — (Local perceptions)
— Georgia case — (FHWA requiring LOS C for design)
— Other developed situations (greater than 2 miles)
* Use of HCM's interrupted flow average travel speed
criteria

— The related percent free flow speeds have a heavy
dependence on control delay
— Essentially LOS D & E would never exist
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e T
Practical LOS Thresholds @ These Roadways Should Be Addressed in the HCM
; i Flow Two-L h
Recommendaion 3 Should Be Established Recommendaion 4 Uninterrupted Flow Two-tane Segmettt Chapter

» Practical level of service
thresholds should be established
for these segments, not untested
thresholds

e FDOT'’s position - Uninterrupted
flow highway segments should be
treated in the same chapter of the
HCM

— They should not be split between the

25000
20000 1 current two-lane segment chapter
15000 | @chzo and the interrupted flow urban
10000 4 oot streets chapter
5000 7
0
A B C D E

These Roadways Should Be Addressed in the HCM
Uninterrupted Flow Two-Lane Segment Chapter

FDOT Side Issues
(not the focus of this workshop)

« Quality of service research should be conducted
as to what drivers actually believe is most
important

+ Research is needed to develop an HCM facility
chapter on generally uninterrupted flow facilities
combining uninterrupted flow two-lane and
multilane segments and isolated stop control
conditions (FDOT has funded in-state research
and has submitted a research proposal as a
future NCHRP project)

» Concerns about the current service measures for
Class | and Il

» These roadways should be multimodal in
approach (i.e., bike LOS analysis should be
included)

» Current NCHRP 20-7 Recommendations
— Small towns — evaluate in the current
uninterrupted two-lane chapter (20)
— Other areas — evaluate in the current
interrupted flow urban streets
chapter (15), even though they are
uninterrupted

— Is this logical to the HCM practitioner?
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APPENDIX D
MAPS OF DRIVING ROUTES



=i
Sainesuille

B\

Es\?s‘ny Beach
. \ 'I.::\
Mo .

—

Wl

o e

J| A _SR40 -
Ceala =% 1= . W

0 = : p— B el -
(56 km LT = y ik o E2005 Google - Map dats @005 MAYTEQ™

*Blue dot indicates approximate location of video clip footage

01



;/f _-'j"l
Gold Head Branch
 Sate Park

IS
) &2

f :Gm&n E:om‘n

Spnngs

A

| aaw irg Eardens

I.-'i

]Elare Park

41.r

@TQI]S Googl Je/é’f-(li;n data @&2005 MAMTEGL™ - Terms of Lize

*Blue dot indicates approximate location of video clip footage

€0l



104

Day 3

y , L
/ﬂ.' ither
7 . ey
Ichelw::knee E-Dngilﬂ |r
_|StatelPark ™ N =
| worthington Springs -

E"-I'I| 5 Millhopper
Stalan Park _WT
l _]| |J1'IEIJ A

"_Galneswlle

*Blue dot indicates approximate location of video clip footage



APPENDIX E
GAINESVILLE SUN NEWSPAPER ADVERTISEMENT

FOCUS GROUP
PARTICIPANTS

Needed for a UF
Transportation Study

If you are:

Alicensed driver at least 25 years
of age and have experience driving
on two-lane roadways

If you are willing to:

Complete a short survey about your

driving experience, participate in a

2 hour focus group session
Then you are eligible to participate
In this study. You will be paid $50
for competing the study.
Please call 392-9537 ex. 1537

Leave a message with your name

and contact phone #.
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APPENDIX F
PRELIMINARY SURVEY FORM



CONTACT PHONE #:

2-Lane Highway Preliminary Questionnaire

Opening: Hi, this is Jessica calling from the University of Florida Transportation
Research Center with the Civil Engineering Department. We received your message
about your interest in participating in a focus group session.
Do you have a few minutes now so I can tell you a little bit about the research project?
If yes:
These focus groups are being conducted to find out about people’s opinions and
perceptions of travel on 2-lane highways. Focus group participants will be shown
several short video clips and then will participate in a group discussion.
Participants will then be asked to complete a short survey. It will take about 2
hrs. and afterward you will receive $50 for your participation.
Are you still interested in being considered for participation in one of these focus groups?

If yes:

We are planning to hold the focus group sessions either on Saturday April 16" or
Saturday April 23? Are you available for either or both of these dates?

Can you tell me about what time would you prefer to meet. Morning, mid-day or
afternoon?
Now, I’d like to ask you a few demographic questions so that we can be sure that
participants are a representative sample.
2. Number of years of driving experience:
3. Do you have experience driving on 2-lane highways?
Yes No  ifno, thank and end call.
4. How frequently do you drive on 2-lane highways?
Frequently Somewhat Frequently Not Frequently

5. Gender: Male Female don’t ask, just record.
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6. Age:

(] 25t034yrs  [] 35to44 yrs [ 45 to 54 yrs [l Over 54 years

7. Marital Status:
7] Single 71 Married [ Other
8. # of Kids:
9. Highest level of education:
[ High School [1 College degree [J Some college

10. Is your family’s total yearly income before taxes $35,000 or less, or more than
$35,000?

[ Less than $35,000 [ More than $35,000 [1 Not Sure
11. Would you please tell me your race?

[ Black/African American  [] White [ Asian [] Hispanic [] Other

Closing:

Thank you very much for participating in our preliminary selection process. I'll be in
touch with you within 7 days to let you know if you’ve been chosen to participate in the
next phase of the study.

To facilitate that follow-up, can you please tell me:

12. Your first name:

13. Your last name:

14: Can I confirm that your telephone # is:
15. Can I get your mailing address:

16. Do you have an email address where we can send you information?

Thank you, that completes the first part of the process. If you are selected to participate,
we will contact you within 7 days Have a nice evening (day).



APPENDIX G
FOCUS GROUP INSTRUCTION SHEET AND SURVEY FORMS



Instruction Sheet

JFLORIDA ~ TRC

Transportation Research Center

Two-Lane Trip Quality Survey

In the exercise you are about to participate in, you will be watching a series of 11 short video
segments of various roadway and traffic conditions on two-lane highways. A two-lane highway
is defined as a roadway that consists of one lane of travel in each direction. Two-lane highways
make up a significant portion of our roadway network. While many two-lane highways can be
used for regional or inter-city travel, they can also be used for local travel, providing access
between other major roadways.

There are two objectives for this focus group exercise:
1. Identify the factors (e.g., traffic and/or roadway) that are most important to you in your
assessment of the trip quality provided on a two-lane highway, and
2. Identify the relative differences, if any, between the importance of these factors on your
assessment of trip quality for different types of two-lane highways.

The format of the focus group session will be as follows:

= Watch a video clip (each clip is approximately 1.5 to 2 minutes in length).

+ Immediately following the conclusion of the video clip, the session moderator will
facilitate group discussion about the conditions observed in the clip and what the
important factors are for the assessment of trip quality for that roadway. Approximately
5 minutes will be allotted for the discussion of each clip.

« After the group discussion, you will write down your opinions on the survey form for the
specific video clip.

» Repeat the above for each of the 11 video clips.

« Upon conclusion of the individual video clip viewings and discussions, the session
moderator will facilitate a group discussion about the different types of two-lane highway
classifications you observed and the relative importance of the various factors previously
identified for the assessment of trip quality for each. After this discussion, you will fill
out a final survey page relative to this issue.

Points to keep in mind:

s You should view each video clip from the perspective of the overall traffic stream and
roadway conditions—do not focus on just the behavior of any one vehicle, either within
the field of view, or the vehicle from which the video was recorded.

+ The focus in the group discussion should be on the important factors to assessing trip
quality, not about specific complaints with the conditions observed.

= Remember to be as specific as possible when discussing the reasons/factors that helped in
forming your opinions.

« Do not consider the impacts of weather. While the weather conditions observed may
vary from one clip to another, the effects of weather are beyond the scope of this study.

« Although the lighting conditions may vary somewhat, please do not factor in the
environmental conditions unless you feel very strongly about a certain condition.

Thank you for your cooperation and participation.
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Form 1 Section 1

UNIVERSITY OF

FLORIDA

RC

Transportation Research Center

Gender: [ Male [ Female
Age: [ 16to 25 years 1 26 to 45 years | 46 to 65 years T Over 65 years
Marital Status: [ Single | Married | Separated/Divorced O Widowed
Highest level of education:
T Some or no high school [ High school diploma or equivalent
[ Technical college degree (A.A.) [ College degree [l Post-graduate degree

Approximate annual household income:

! No income | Under $25,000 [] $25,000-49,999 [ $50,000— 74,999
0 §75,000-99,999 1 $100,000 - 149,999 [1 $150,000 or more

Number of years possessing a driver's license:

Typical number of two-lane highway round trips made during a month?
O1to2 03tod4 O5t06 078 0O9t10 011te12 [ Over12

Typical percentage of these trips made as a driver , as a passenger (should sum to 100)

Typical one-way length of trip made on a two-lane highway (in miles)?

less than 5 miles 1 6to 10 1 11t020 [ 21t0o40 41to60 [ Over60
Vehicle type most often used for two-lane highway trips:
] Sedan "1 Sports car Pickup truck Suv ! Minivan
_ Full-size van [ RV/Motorhome | Motorcycle [ Other

When making a trip on two-lane highway, what is your most common trip purpose?

| Business 1 School ] Recreation 1 Social "~ Personal (e.g., grocery shopping)
1 Other

Typical number of passengers in vehicle for two-lane highway trips?

1 0 = Driver only 01 o2 O3 [l 4 or more

Typical driving style on two-lane highways (on a scale from 1-5, with 1 being ‘Very Conservative' and
5 being ‘Very Aggressive’):
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Form 1 Section 2

Your Opinions

In the spaces provided below, please describe what you consider to be the primary indicators of the trip
quality for each of the two-lane highway video clips. Please be as specific as possible when describing
what you feel are the important factors used in your assessment of trip quality. Factors you should consider
include traffic conditions and/or characteristics of the roadway itself.

Video Clip

Important Factors (Traffic and/or Roadway Characteristics)

1

10

11




Form 2

From the list of items below, rate each item on a scale of 1 to 7 (1-not at all important, 7-extremely important) as to how that
item affects the quality of your trip on a two-lane highway.

High Speed Medium to Lower | Lower Speed Lower Speed
Roadways Speed Roadways Roadways that go | Roadways that ar
(generally used for | (generally connect | through small scenic (could be
travel between to higher speed towns (possibly coastal, or with a
Item cities) roadways or are with a traffic tree-canopy, etc.)
used for travel signal)
within cities)

Ability to consistently maintain your desired travel speed

Ability to travel at a speed no less than the posted speed limit

Frequent passing zones (i.e., dashed yellow line)

Frequent passing lanes

Infrequent steep grades and/or sharp curves

Small percentage of large commercial trucks in traffic stream

Small percentage of large personal vehicles (pickups, vans,
SUV’s) in traffic stream

Wide, paved shoulders

Wide travel lanes

Other (describe)

Other (describe)

el



APPENDIX H
WRITTEN SURVEY FORM RESULTS



Form 1 Results

Clip #

Comment Type

Frequency

Percentage of

Comments
Good trip quality 2 3.4
Good visibility, sight distance 6 10.3
Low traffic volume, density 2 3.4
Good passing opportunities 3 5.2
1 Lane width good 2 34
Shoulder and/or clearance space good 13 22.4
Pavement quality good 5 8.6
Positive guidance (signage, lane markings, reflectors,etc.) good 12 20.7
Needs more positive guidance (signage, lane markings, reflectors,etc.) 6 10.3
Posted speed limit good/appropriate 7 12.1
Mentioning of on-steet parking 6 154
Good trip quality 1 2.6
Shoulder and/or clearance space inadequate 5 12.8
2 Positive guidance (signage, lane markings, reflectors,etc.) good 3 7.7
Speed limit reduction warning signs needed 8 20.5
Speed reduction as roadway approaches town too abrupt 4 10.3
Posted speed limit in town was good/acceptable 8 20.5
Posted speed limit should have resumed more quickly outside of town 4 10.3
Good trip quality 2 4.2
Visibility not good 3 6.3
Should be allowed to pass 4 8.3
Should not be allowed to pass/not compelled to pass 4 8.3
Should have designated passing lanes 2 4.2
3 Lane width good/sufficient 1 2.1
Lane width not good 3 6.3
Shoulder and/or clearance space not good/inadequate 14 29.2
Positive guidance (signage, lane markings, reflectors,etc.) good 2 4.2
Wildlife crossing signs needed 3 6.3
Posted speed limit good/appropriate 9 18.8
Posted speed limit too high 1 2.1

SII



Form 1 Results Continued

High level of activity/surrounding development 2 5.7
No problem with having to stop for traffic signals 4 11.4
Did not like having to stop for traffic signals 2 5.7
Bad or poor trip quality 2 5.7
Visibility not good 2 5.7
Not compelled to pass 2 5.7
Shoulder and/or clearance space not good/inadequate 3 8.6
Did not like following larger vehicle 1 29
Pavement quality good 1 2.9
Positive guidance (signage, lane markings, reflectors,etc.) insufficient 2 5.7
Posted speed limit in town was good/acceptable 7 20.0
Posted speed limit in town was too slow or low 4 11.4
Posted speed limit in town was too high 3 8.6
Liked safety aspect of guardrail 6 18.8
Bad or poor trip quality 1 3.1
Mediocre trip quality 1 3.1
Good visibility, sight distance 2 6.3
Following negatively affects trip quality-tailgater 3 9.4
Good passing opportunities 3 9.4
Shoulder and/or clearance space not good/inadequate 4 125
Pavement quality bad 10 31.3
Posted speed limit is good/adequate 2 6.3
Hills/terrain influence more cautious driving 1 2.3
Negative comments about overhanging tree limbs 2 4.5
Positive comments about the tree limbs - enhance driving quality 1 2.3
Bad or poor trip quality 1 2.3
Good trip quality 2 4.5
Visibility, sight distance not good 1 2.3
Good visibility, sight distance 1 2.3
Lanes too narrow 3 6.8
Shoulder and/or clearance space not good/inadequate 8 18.2
Needs more positive guidance (signage, lane markings, reflectors,etc.) 12 27.3
Posted speed limit is good/adequate 4 9.1
Posted speed limit is too slow or low 6 13.6
Posted speed limit too high 2 4.5

911



Form 1 Results Continued

LT1

Liked exclusive turn lanes at traffic signal 3 7.7
Mediocre trip quality 1 2.6
Good trip quality 3 7.7
Should not be allowed to pass/not compelled to pass 3 7.7
[ |Lane width good/sufficient 1 2.6
Shoulder and/or clearance space not good/inadequate 6 154
Positive guidance (signage, lane markings, reflectors,etc.) good 4 10.3
Pavement quality good 2 5.1
Posted speed limit in town/developed area was good/acceptable 16 41.0
High level of activity/surrounding development/pedestrians 2 4.9
Positive comments about scenic nature of roadway 3 7.3
Negative comments about scenic nature of roadway - too distracting 1 2.4
Mediocre trip quality 2 4.9
Not compelled to pass 1 2.4
8 Following negatively affects trip quality 4 9.8
Shoulder and/or clearance space not good/inadequate 9 22.0
Positive guidance (signage, lane markings, reflectors,etc.) good 3 7.3
Posted speed limit is good/adequate 13 31.7
Posted speed limit is too slow or low 1 2.4
Posted speed limit is too high 2 4.9
Good visibility, sight distance 3 7.0
Lanes too narrow 1 2.3
Shoulder and/or clearance space not good/inadequate 8 18.6
9 Shoulder and/or clearance space good 2 4.7
Positive guidance (signage, lane markings, reflectors,etc.) good 7 16.3
Needs more positive guidance (signage, lane markings, reflectors,etc.) 2 4.7
Posted speed limit is good/appropriate 3 7.0
Posted speed limit is too slow or low 17 39.5




Form 1 Results Continued

Good visibility, sight distance 1 2.9
Good passing opportunities 3 8.8
Would pass slower vehicle-does not like following at reduced speed 9 26.5
1.0 |shoulder and/or clearance space not good/inadequate - not paved 6 17.6
Shoulder and/or clearance space good 1 2.9
Posted speed limit is good/adequate 11 324
Posted speed limit is too high 3 8.8
Need for more pedestrian crossing/saftey zones and pedestrian crossing signs 10 23.8
Does not like parking on side of roadway 4 9.5
Mediocre trip quality 1 2.4
Not compelled to pass 2 4.8
11 Does not like vehicle following behind 1 2.4
Shoulder and/or clearance space inadequate 2 4.8
Positive guidance (signage, lane markings, reflectors,etc.) good 2 4.8
Positive guidance (signage, lane markings, reflectors,etc.) insufficient 3 7.1
Posted speed limit too high for high pedestrian activity and development 12 28.6
Posted speed limit is good/adequate 5 11.9
Good trip quality 1 3.1
Good visibility, sight distance 1 3.1
Should not be allowed to pass/not compelled to pass 2 6.3
Lane width not good 4 125
12 |shoulder and/or clearance space not adequate 8 25.0
Positive guidance (signage, lane markings, reflectors,etc.) good 1 3.1
Pavement quality good 1 3.1
Posted speed limit is good/adequate 8 25.0
Posted speed limit is too high 6 18.8

8I1



Form 1 Results Continued

Liked exclusive turn lanes at traffic signal 2 6.3
No problem with having to stop for traffic signals 2 6.3
Good trip quality 1 3.1
Should not be allowed to pass/not compelled to pass 1 3.1
13 Does not like following at reduced speed 1 3.1
Positive guidance (signage, lane markings, reflectors,etc.) good 6 18.8
Positive guidance (signage, lane markings, reflectors,etc.) insufficient 2 6.3
Speed reduction unclear 1 3.1
Posted speed limit is good/adequate 14 43.8
Posted speed limit is too high 2 6.3
Good trip quality 3 6.5
Good visibility, sight distance 1 2.2
Good passing opportunities 3 6.5
Lane width not good 4 8.7
Shoulder and/or clearance space inadequate 9 19.6
14 INo need for shoulder 1 2.2
Pavement quality good 2 4.3
Positive guidance (signage, lane markings, reflectors,etc.) insufficient 4 8.7
Positive guidance (signage, lane markings, reflectors,etc.) good 2 4.3
Posted speed limit is good/adequate 9 19.6
Posted speed limit is too slow or low 8 17.4
Would like there to be exclusive turn lanes for vehicles turning off of roadway 4 9.1
Good trip quality 6 13.6
Good visibility, sight distance 5 11.4
Lane width good 1 2.3
15 Shoulder and/or clearance space inadequate 1 2.3
Shoulder and/or clearance space good 3 6.8
Positive guidance (signage, lane markings, reflectors,etc.) good 3 6.8
Positive guidance (signage, lane markings, reflectors,etc.) insufficient 4 9.1
Posted speed limit is good/adequate 14 31.8
Posted speed limit is too high near the more developed area and driveways 3 6.8

611



Form 1 Results Continued

16

Good trip quality

Did not like presence of side-parking

No problem with having to stop for traffic signals
High traffic volume negatively affects trip quality
Does not like following at reduced speed

Should not be allowed to pass/not compelled to pass
Shoulder and/or clearance space good

Shoulder and/or clearance space inadequate
Positive guidance (signage, lane markings, reflectors,etc.) good
Pavement quality good

Posted speed limit is good/adequate

WhPR R

NP e

2.5
2.5
2.5
10.0
7.5
27.5
2.5
2.5
5.0
5.0
32.5

0cl



Form 2 Results

. . Frequency

Two-Lane Highway Category or Type Min Max Mean Mode | St. Dev. TT 21314151517 [sum
High-Speed Roadways (generally used for travel between cities)
Ability to consistently maintain your desired travel speed 3 7 6.1 7 1.21 0 0 2 3 1 10 18 34
Ability to travel at a speed no less than the posted speed limit 1 7 5.9 7 1.45 1 0 1 4 4 8 16 34
Frequent passing zones (i.e., dashed yellow line) 1 7 6.0 7 1.29 1 0 1 0 6 11 15 34
Frequent passing lanes 1 7 5.3 7 1.85 2 1 4 2 6 6 13 34
Infrequent steep grades and/or sharp curves 1 7 5.4 7 1.88 3 0 2 4 4 7 14 34
Small % of large commercial trucks in traffic stream 1 7 5.1 7 2.01 3 2 3 3 6 5 12 34
Small % of large personal veh. (pickups, vans,SUV's) in traffic stream 1 7 4.2 5 2.13 5 5 3 3 8 3 7 34
Wide, paved shoulders 1 7 5.9 7 1.77 2 0 3 0 4 4 20 33
Wide travel lanes 1 7 6.1 7 1.32 1 0 0 2 5 7 18 33
Medium to Lower-Speed Roadways (wl/i cities or connects to HS)
Ability to consistently maintain your desired travel speed 3 7 5.6 7 1.21 0 0 1 7 6 10 10 34
Ability to travel at a speed no less than the posted speed limit 2 7 5.5 5 1.28 0 1 2 3 10 10 8 34
Frequent passing zones (i.e., dashed yellow line) 2 7 5.5 7 1.31 0 1 1 5 9 8 10 34
Frequent passing lanes 1 7 4.9 5 1.54 1 1 5 4 9 9 5 34
Infrequent steep grades and/or sharp curves 1 7 4.9 7 1.91 3 2 2 6 7 5 9 34
Small % of large commercial trucks in traffic stream 1 7 5.1 7 1.85 2 1 5 2 9 3 12 34
Small % of large personal veh. (pickups, vans,SUV's) in traffic stream 1 7 4.5 5 1.96 3 4 4 2 10 4 7 34
Wide, paved shoulders 1 7 5.3 7 1.99 3 1 3 2 4 7 13 33
Wide travel lanes 1 7 5.7 7 1.55 1 1 1 3 5 9 13 33
Lower-Speed Roadway through Small Town (maybe w/ signal)
Ability to consistently maintain your desired travel speed B 2 7 491 5 1.54 0 3 4 4 12 4 7 34
Ability to travel at a speed no less than the posted speed limit 1 7 4.88 5 1.43 1 1 2 8 13 3 6 34
Frequent passing zones (i.e., dashed yellow line) 1 7 4.53 7 1.93 3 2 6 5 7 3 8 34
Frequent passing lanes 1 7 4.00 3 1.79 5 0 10 4 8 4 3 34
Infrequent steep grades and/or sharp curves 1 7 4.12 3 1.74 3 2 8 8 5 4 4 34
Small % of large commercial trucks in traffic stream 1 7 4.97 7 1.80 2 1 4 6 7 4 10 34
Small % of large personal veh. (pickups, vans,SUV's) in traffic stream 1 7 4.03 5 1.87 5 3 4 6 10 2 4 34
Wide, paved shoulders 1 7 4.64 7 2.03 4 2 3 5 6 5 8 33
Wide travel lanes 2 7 5.24 7 1.56 0 2 3 5 8 5 10 33
Lower-Speed Roadway that Scenic (coastal, tree canopy)
Ability to consistently maintain your desired travel speed 2 7 4.53 4 1.58 0 4 5 9 6 5 5 34
Ability to travel at a speed no less than the posted speed limit 1 7 4.47 5 1.78 2 3 6 5 7 6 5 34
Frequent passing zones (i.e., dashed yellow line) 1 7 4.18 3 1.99 3 3 11 3 3 4 7 34
Frequent passing lanes 1 7 3.62 3 1.84 5 4 10 5 3 4 3 34
Infrequent steep grades and/or sharp curves 1 7 3.94 2 1.86 3 6 6 6 5 4 4 34
Small % of large commercial trucks in traffic stream 1 7 5.00 5 1.84 3 0 5 2 9 6 9 34
Small % of large personal veh. (pickups, vans,SUV's) in traffic stream 1 7 4.44 5 2.03 5 1 6 2 9 4 7 34
Wide, paved shoulders 1 7 4.42 7 221 5 2 7 1 5 4 9 33
Wide travel lanes 1 7 4.76 5 1.90 2 3 5 2 8 5 8 33
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CHAPTER 1
INTRODUCTION

1.1 Background

Two-lane highways, which account for approximately 80 percent of all paved rural
highways in the United States, and carry about 30 percent of all traffic, are important facilities
in our transportation network system [1]. With the increased development in rural areas, more
signals are being installed on two-lane highways typically when these highways travel
through a small town. Additionally, there are a number of other design and operational
treatments developed on extended lengths of two-lane highways, such as passing lanes, two-
way stop-controlled intersections, driveway turnouts, two-way left-turn lanes, etc. They can
be effective in alleviating some operational problems on two-lane highways.

Because these design and operational treatments significantly affect traffic operations
on two-lane highways, there is ongoing demand for analysis methodologies with which to
analyze the operating effectiveness of the entire length of two-lane highway, that is, the
facility as a whole. This is consistent with the fact that drivers typically evaluate the quality of

their trip over its entire length, not just in separate pieces.

1.2 Problem Statement

Personnel with the FDOT Systems Planning Office have indicated that a facility-based
evaluation methodology for two-lane highways would be much more useful to them than just
the individual segment and point analysis methodologies. A facility level analysis will allow
the various features (e.g., isolated intersections, continuous grades, passing lanes) that are
typical to an extended length of two-lane highway to be addressed in a combined analysis
with a single performance measure and level of service value resulting.

Frequently, a traveler is less concerned about the quality of service offered by a
particular segment than the service over a facility that may be served by more than one

segment type. For example, on a two-lane highway with several isolated intersections, most




travelers are concerned about the operation of the whole facility and not just the operation of a
particular intersection, or a particular two-lane highway segment.

From the view point of travelers or transportation engineers, a facility level analysis
on a two-lane highway facility, instead of the segment level, is more practical and meaningful.
Currently, there is not any operational analysis methodology to address two-lane highways
with different segment types at the facility level.

In the Highway Capacity Manual (HCM) 2000 [1], the basic two-lane highways with
or without passing lane can be evaluated with the methodology in Chapter 20, Two-Lane
Highways. 1solated signalized intersections on two-lane highways can be evaluated with the
methodology in Chapter 16, Signalized Intersections. The scope of analysis provided in the
HCM 2000 for two-lane highways is mainly limited to separate segments within the facility,
while the methodology to evaluate the facility as a whole is of much more practical value to
transportation engineers.

In the HCM 2000, Chapter 15, Urban Streets, presents the methodology for evaluating
arterials in urban and suburban areas with multiple signalized intersections at a spacing of 2.0
miles or less. To some degree, the analysis procedure is performed at the facility level, which
combines the segment running time and control delay at the signalized intersection when
determining the performance measure (average travel speed) for the entire facility. However,
this methodology has some obvious drawbacks. They are:

1. The potential impacts between roadway segments and signalized intersections are
not taken into account in this methodology. Continuing research has shown that the
installation of signalized intersections can significantly affect traffic operations on the two-
lane highways, such as decreasing average travel speed, and increasing percent time-spent-
following. The impact between different segment types is a big issue differentiating the
facility-level analysis from the segment-level analysis.

2. Segment division introduces error due to the segment between intersections being
longer than they should. In this methodology, the urban street is divided into multiple
segments, which is the full distance from one signalized intersection to the next. The
signalized intersection is regarded as a typical point location within a traffic network, and
control delay is regarded as a typical point performance measure without covering any
distance. In the HCM 2000 [1], by definition, control delay includes movements at slower




speeds and stops on intersections approaches as vehicles move up in queue position or slow
down upstream of an intersection, as well as delay due to re-acceleration downstream of a
signal after stopping or slowing. It implies that control delay happens not at a point, but
actually within a certain distance. Although the time lost due to slow movement before and
after a stop, is technically part of the running time, it is also included in control delay.
Segment division in this methodology causes the problem of double-counting the
deceleration-acceleration delay.

In this proposal, a methodology for the operational performance assessment of two-
lane highways with isolated signalized intersections (Spacing of signalized intersection is 3
miles or more) will be explored, in addition to a way to combine a number of different

segments (passing lanes, basic segment, etc.).

1.3 Objectives and Tasks

The objective of this research is to develop a methodology that can be used to assess
the operational performance of an extended length of a two-lane highway facility, one which
might include an occasional signalized intersection and other control or roadway treatments.
This two-lane highway would then be comprised of multiple segments, with segment
delineations occurring with a change in either roadway or control attribute. The most
common types of two-lane highway segments are:

e Basic segment—this is a segment that consists of a simple two-lane cross section,
either level or rolling terrain

e Basic segments with a continuous specific up or down grade

e Three-lane cross section segments, with the additional lane being a passing lane

e Three-lane cross section segments, with the additional lane being a center left-turn
lane

e Three-lane cross section segments, with the additional lane being a right-turn only lane

e Segments terminating with an isolated signalized intersection

e Segments terminating with an un-signalized intersection

e Segments terminating into a multilane highway




This research focuses the efforts on developing the methodology for operational
analysis of a two-lane highway with an isolated signalized intersection at the facility level.
Nonetheless, it is intended that this research will also provide a model for the basic structure
of a facility level analysis that will be amenable to the incorporation of a variety of segment
types. The tasks required to accomplish the research study objectives are as follows.

Task 1: Perform a literature review on current analytical and simulation methods for
evaluating the performance of basic two-lane segments and signalized intersections, along
with previous research on the effects of signalized intersections on a two-lane highway.
Task 2: Define the basic conceptual framework, from a segmentation and service measure
perspective, for combining two-lane highway segments with intersections into a facility-
wide of the operational analysis.

Task 3: Investigate traffic operations at the boundary of a two-lane segment and a
signalized intersection (upstream of the signal) and develop an equation/method that can
be used to determine the effective length of the signal’s influence area upstream of the
signal.

The conceptual approach being taken is that the effective upstream length of the
signal’s influence area is a function of average queue length on the approach to the signal
and some portion of perception/reaction time and braking distance before the queue. The
combination of the stopping sight distance (SSD) equation, from the AASHTO “Green
Book”, and average queue length formulas from Chapter 16 of the HCM 2000 are
compared to simulation output from CORSIM. A comprehensive experimental design for
simulation will be utilized to fully explore the relationship between influence area and the
appropriate traffic and control variables. These results are reconciled against those from
the SSD + Average Queue Length results to arrive at an appropriate relationship.

Task 4: Investigate traffic operations downstream of a signalized intersection and develop
an equation/method that can be used to determine the effective length of the signal’s
influence area downstream of the signal.

The conceptual approach being taken is that the effective downstream length of the
signal’s influence area is a function of vehicle re-acceleration and platoon dispersion.
Thus, three areas are being investigated:

e Simple vehicle dynamics equations related to vehicle acceleration




e Platoon dispersion downstream of a signal, such as the model currently used in
the TRANSYT-7F program.

e Changes in the vehicle headway distribution due to the presence of a signal on
downstream traffic operations. Previous work performed by Dixon et al. [7]
related to this issue is investigated, with two main differences being:

0 A composite headway distribution model is used for headways instead
of a simple negative exponential model, and
0 The EPF (Entering Percent Following) measure as used by Dixon et al.
is related to downstream vehicle speeds.
Task 5: Join the components (basic two-lane segment, upstream signal influence area,
signal delay, and downstream signal influence area) into an integrated methodology for
the operational analysis of a two-lane highway facility. This methodology will be
predicated upon the use of an aggregated percent-time-delayed measure as the facility-
wide service measure. As part of this, two example problems are presented.
Task 6: Determine LOS thresholds that maintain a reasonable relationship with existing
LOS thresholds in Chapter 20 (two-lane highways) of the HCM 2000. For example, with
the use of a new service measure for the facility analysis, it should not be possible to get a
better level of service for the two-lane highway when installing a signal compared to the
previous LOS method.
Task 7: Provide a qualitative overview of how the method of analysis for multilane
highways might be modified to fit into this framework such that combinations of two-lane
highway segments, multilane highway segments, and occasional traffic signals can be

analyzed as an overall facility.




CHAPTER 2
OVERVIEW OF ANALYSIS METHODS

This chapter summarizes current methodologies for evaluating the operational
performance of basic two-lane segments, and signalized intersections. It also provides a brief
overview of the TWOPAS, TRARR, and CORSIM simulation models and their potential
ability to contribute to the performance evaluation for the two-lane highway facility. Finally
previous research on effects of signalized intersections on a two-lane highway segment is

presented.

2.1 Analytical Methods

The following sections give an overview of analytical methodologies presented in the
HCM 2000. They are for two-lane highways, signalized intersections, and urban streets.
Finally the adjustment method used in the FDOT HIGHPLAN software for the facility level
analysis is presented.

2.1.1 HCM Methodology for Two-Lane Highways

The Highway Capacity Manual (HCM) published by the Transportation Research
Board (TRB) presents the widely accepted standards for analysis of two-lane highway
capacity and quality of service.

In the 1950 HCM [1], the first version of HCM, the procedure for analysis of two-lane
highway capacity developed by O. K. Norman was presented. The capacity of a two-lane road
was determined by comparing the demand for passing with observed actual passing rates at
various flow rates. In the subsequent editions of 1965, 1985, and 2000 [1], the capacity and
quality-of-service analysis procedure of a two-lane highway and their related service
measures were revised. In the 1965 HCM, the capacity of a two-lane highway was estimated
for both directions of travel combined, regardless of the direction split of traffic, and the two
service measures for the operational analysis were: the operating speed of traffic over a

roadway section and the volume-to-capacity ratio. A great improvement in analysis of two-




lane highway capacity and quality of service was achieved in the 1985 HCM. The capacity of
a two-lane highway was determined to be a function of the directional split of traffic, ranging
from a capacity of 2800 pc/h in both directions of travel combined for a 50/50 directional split
to 2,000 pc/h for a 100/0 split. In this version, a new level of service measure named “percent
time delay” was developed. Percent time delay is measured as the percentage of vehicles
traveling at headway of 5 sec or less at one or more representative points within the section.

In Chapter 20 of the HCM 2000, an improved operational analysis procedure for two-
lane highway was presented. Key features of the improved operational analysis procedure are
revised factors for the effects of grades and heavy vehicles, separate computational
procedures for two-lane and directional segments, provision of operational analysis
procedures for passing lanes in level and rolling terrain, climbing lanes on steep upgrades, and
steep downgrades on which some trucks must use crawl speeds [1]. The combination of
average travel speed and percent time-spent-following was determined as the level of service
measure (i.e. the performance measures used to base level of service upon).

The above discussion reviews the historical development of the HCM procedure for
analysis of two-lane highway capacity and quality of service. The analysis procedure has been
limited to the segment level. The operational analysis methodologies in this chapter do not
address two-lane highways with signalized intersections.

2.1.2 HCM Methodology for Signalized Intersections

In the HCM 2000, Chapter 16 “Signalized Intersections™ contains a methodology for
analyzing the capacity and level of service of signalized intersections [1]. The methodology
addresses the capacity, LOS, and other performance measures for lane groups and intersection
approaches and the LOS for the intersection as a whole. The ratio of demand flow rate to
capacity is used as a capacity utilization measurement. The capacity analysis methodology for
signalized intersections is based on known or projected signalization plans, and traffic
characteristics. The control delay per vehicle is used as the service measure. In this
methodology, the signalized intersection is regarded as an isolated point location. It does not

take into account the potential impact of downstream congestion on intersection operation.




2.1.3 HCM Methodology for Urban Streets

In the HCM 2000, Chapter 15 “Urban Streets” contains a methodology used to access
the mobility function of the urban street [1]. Four urban street classes are defined and reflect
unique combinations of street function and street design. The degree of mobility provided is
assessed in terms of average travel speed for the through-traffic stream. Computing the urban
street or section speed requires the total time that a vehicle spends on the urban street. The
total time consists of the segment running time and the intersection control delay of the lane
group for through traffic.

The methodology may be used to analyze urban streets that have a traffic signal
spacing of 2 miles or less. To some degree, the analysis procedure is performed at the facility
level, which combines the segment running time and control delay at the signalized
intersection when determining the performance measure (average travel speed) for the entire
facility. However, the potential impacts between roadway segments and signalized
intersections are not taken into account in this methodology. For example, the running time
for a segment is considered to be from the stop line of one signalized intersection to that of
the next signalized intersection, not to the back of a queue. In addition, an assumption in this
methodology is that traffic signals are spaced 2 miles or less apart. The potential impacts

between adjacent intersections are also not taken into account.

2.1.4 FDOT HIGHPLAN Software

HIGHPLAN, designed for uninterrupted flow highway level of service analysis for
planning applications, is FDOT’s software for two-lane and multilane uninterrupted flow
highways [2]. HIGHPLAN maintains fidelity to the HCM 2000 two-lane and multilane
procedures to the extent possible. However due to some unique characteristics in the State of
Florida, HIGHPLAN incorporates a number of concepts and calculations that differ
significantly from the basic procedures in the HCM 2000.

HIGHPLAN includes an adjustment to account for whether the analysis is at the
segment level or the facility level. If a segment level analysis is performed, it is assumed that
the highway section under consideration is short enough that it does not include any capacity
reducing effects due to the presence of intersecting driveways or cross streets. If a facility




level analysis is chosen, a 10% reduction is applied to the base capacity to account for
driveway and cross street friction. This value is consistent with the capacity reducing effects
of interchanges experienced on Florida freeways [3]. Nonetheless, this is a gross adjustment

necessitated by the lack of a specific facility-level methodology.

2.2 Simulation Methods

The following section provides a brief overview of the TWOPAS, TRARR and
CORSIM simulation models and their potential ability to contribute to the performance

evaluation for the two-lane highway operations.

2.2.1 TWOPAS Software

TWOPAS (TWO-lane PASsing”) rural highway simulation software is used for
modeling traffic conditions on two-lane two-way roadways. This software was used
extensively in developing the two-lane analysis methodology in the HCM 2000.

TWOPAS was first developed in the 1970s by Mid-West Research Institute for the US
Federal Highway Administration (FHWA). TWOPAS was revised most recently in 1998, and
was contained in a graphic interface, UCBRURAL, developed by the University of
California-Berkeley. UCBRURAL provides a menu-driven interactive graphical interface
with comprehensive input checking, carefully selected default values, and user-selected
output options including graphic depictions of traffic performance, which is more convenient
for users to run TWOPAS model. Figure 2-1 shows a view of the UCBRURAL road editor.
Recently the TWOPAS traffic simulation model is built in the Traffic Analysis Module
(TAM) of the Interactive Highway Safety Design Model (IHSDM) to estimate traffic quality-
of-service measures for an existing or proposed design. The TAM facilitates use of TWOPAS
by feeding it the roadway geometry data stored by IHSDM. Figure 2-2 shows a view of TAM
input interface in IHSDM.
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Figure 2-1: Screenshot from TWOPAS Road Editor
As a microscopic, stochastically based model, TWOPAS simulates traffic operations

on a two-lane highway by reviewing the position, speed, and acceleration of each individual

vehicle along the roadway at 1-second intervals. The operation of each vehicle is also

influenced by the characteristics of the vehicle and its driver, by the geometrics of the

roadway, and by the surrounding traffic simulation in a realistic manner as it advances along

the road [4]. TWOPAS incorporates the major features:

Highway Geometry specified in terms of grades, horizontal curves, lane and shoulder
width, along with passing and climbing lanes.

Traffic control specified by users, especially passing and no-passing zones, and
reduced speed zones.

Vehicle Characteristics including vehicle length, vehicle acceleration, and speed
capabilities.

Driver Characteristics and preferences including desired speeds, preferred acceleration
levels, limitations on sustained use of maximum power, passing and pass-abort
decisions, and realistic behavior in passing and climbing lanes.

Entering Traffic streams generated in response to user-specified flow rate, vehicle

mix, immediate upstream alignment, and the percent of traffic platooned.
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e Driver speed choices in unimpeded traffic based on user-specified distribution of
desired speeds; in the impeded traffic based on a car-following model that simulates
driver preferences for following distances, relative leader/follower speeds, and desire
to pass the leader [4].

TWOPAS has the capability to simulate both conventional two-lane highways and
two-lane highways with added passing lanes. However, TWOPAS does not have the ability to
simulate traffic turning on or off the highway at driveways, un-signalized intersection, or

signalized intersections.
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Figure 2-2: Screenshot from Traffic Analysis Module of IHSDM

2.2.2 TRARR Software

TRARR (TRAffic on Rural Roads) was developed in the 1970s and 1980s by the
Australian Road Research Board. TRARR is designed for two-lane rural highways, with
occasional passing lane sections. It is a micro-simulation model; i.e. it models each vehicle
individually. Each vehicle is randomly generated, placed at one end of the road and monitored
as it travels to the other end. Various driver behaviors and vehicle performance factors

determine how the vehicle reacts to changes in alignment and other traffic. TRARR uses
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traffic flow, vehicle performance, and highway alignment data to establish, in detail, the
speeds of vehicles along rural roads. This determines the driver demand for passing and
whether or not passing maneuvers may be executed [6]. Figure 2-3 shows an interface of
TRARR road editor.

TRARR is designed for two-lane rural highways, with occasional passing lane
sections. TRARR can be used to obtain a more precise calculation of travel time, frustration
(via time spent following), and VOC benefits resulting from passing lanes or road
realignments. For strategic assessment of road links, TRARR can also be used to evaluate the
relative benefits of passing lanes at various spacing.

Similar to TWOPAS, TRARR has no ability to handle varying traffic flows down the
highway, particularly due to major side roads or signalized intersections. However, TWOPAS
was developed with U.S. data and, therefore, was thought to be better representative of U.S.
conditions than TRARR.
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Figure 2-3: Screenshot from TRARR Road Editor
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2.2.3 CORSIM Software

CORSIM (CORridor SIMulation), developed by the Federal Highway Administration,
is the core simulation engine in the TSIS (Traffic Software Integrated System) suite [5].
CORSIM is a comprehensive traffic simulation program, applicable to surface streets,
freeways, and integrated networks with a complete selection of control devices, such as
stop/yield signs, traffic signals, and ramp metering. CORSIM is a microscopic, discrete time,
stochastic, “state-of-the-practice” model used to simulate traffic operations. It integrates two
microscopic traffic simulation models: the arterial network model, NETSIM, and the freeway
model, FRESIM. CORSIM is able to simulate existing or proposed conditions on very large
networks. CORSIM has been applied by thousands of practitioners and researchers worldwide
over the past 30 years and embodies a wealth of experience and maturity [5]. Figure 2-4

shows an interface simulating traffic operations at a signalized intersection.
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Figure 2-4: Screenshot from CORSIM Simulation Animation (TRAFVU)

CORSIM has expanded the capabilities of NETSIM and FRESIM with the following
major enhancements:
e HOV lanes in FRESIM

13



e Freeway ramp metering
e Vehicle-type-specific turn percentages
e Support Larger Networks
e Path Following Capacity
CORSIM can simulate traffic and traffic control system using commonly accepted
vehicle and driver behavior models. However, it does not have the ability to simulate vehicle

passing operations on a two-lane highway using the opposing lane.

2.3 Effect of Upstream Signal on Two-Lane Highway PTSF

Dixon et al. [7] developed a methodology to estimate the effects of a simple isolated
signalized intersection on a downstream two-lane highway segment in terms of percent time-
spent-following. In their research, the potential effect of an upstream signalized intersection
on the two-lane highway segment was to modify the distribution of entering headways. The
condition with no signalized intersection is represented by assuming the negative exponential
distribution of headways for entering traffic, which is derived from the Poisson distribution
for random arrivals. However, the upstream signalized intersection will modify the headway
distribution of the traffic stream entering the downstream two-lane highway segment.

In TWOPAS, the distribution of headways is defined through the input variable,
Entering Percent Following (EPF), which is the percent of the total number of vehicles in the
direction of travel that are following in platoons, defined as headways less than 3.0 seconds,
as they enter the road being analyzed. In Dixon et al.’s research, it was assumed that as long
as the percentage of vehicles following, immediately downstream of the signalized
intersection, could be determined, it was appropriate to represent the effects of the signalized
intersection through the EPF parameter. VVehicle headways were assumed to follow a random
distribution, and EPF was calculated using a cumulative exponential distribution of headways
less than 3.0 seconds.

The analysis procedure of two-lane highway segment affected by the upstream
signalized intersection operations was broken down into four steps.

Step 1. Determine the percentage of vehicle following (EPF) downstream of the

signalized intersection.
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Step 2: Determine the PTSF for the downstream highway section without the
upstream signalized intersection.

Step 3: Estimate the PTSF for the downstream highway section with the upstream
signalized intersection. In this step, two methods can be used. One method is using
TWOPAS and another method is using the HCM 2000 two-lane highway directional
analysis procedures and deterministic adjustment factors.

Step 4: Estimate the level of service based on the criteria suggested in the HCM 2000

two-lane highway analysis procedure.
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CHAPTER 3
CONCEPTUAL OVERVIEW OF TWO-LANE HIGHWAY
FACILITY ANALYSIS METHODOLOGY

This chapter describes the development of operational analysis procedures for two-
lane highway facilities. The developed methodology would maintain some fidelity to the
Highway Capacity Manual by using the existing methodologies for two-lane highway
segments and signalized intersections. The following discussion explains the development of
these procedures.

This chapter begins with a discussion of the conceptual framework of the operational
analysis procedure for a two-lane highway facility. It then puts forward a methodology of
operational analysis for two-lane highway facilities and presents an overview of this
methodology. Finally, the chapter discusses the selection of a facility-wide service measure

and the first step of this methodology—facility segmentation.

3.1 Conceptual Framework for Facility Evaluation Methodology

To develop a methodology for the operational analysis of a two-lane highway facility,
a two-lane highway with an isolated signalized intersection will be used as a model. This
section discusses the conceptual framework of the operational analysis procedure for such a
configuration. Aspects of the conceptual framework addressed are the definition of the two-
lane highway facility, segment types, the features of operational analysis at the facility level,

and the proposed methodologies.

3.1.1 The Definition of a Two-Lane Highway with Signalized Intersections

In the HCM 2000, the primary highway system structure consists of points, segments,
facilities, corridors and areas. A facility is a length of roadway composed of points and
segments. A point is a boundary between segments, in the other words, points are where
modal users enter, leave, or cross a facility, or where roadway characteristics change. A

segment is a portion of a facility defined by two end points. Segments are the primary
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building blocks of facility analyses. In addition, a sub-segment is a further breakdown of a
segment. Although segments are the primary building blocks of facility analyses, at times it is
desirable to subdivide them into smaller units. For example, an isolated signalized intersection
on the two-lane highway produces operation effects on the upstream segment. The upstream
two-lane highway segment can be divided into the upstream sub-segment within the effective
length of the signalized intersection, and the upstream sub-segment beyond the effective
length of the signalized intersection.
The potential segment types on a two-lane highway could include the following:

e Basic segment, this is a segment that consists only of a two-lane across section. Figure

3-1 shows a typical view of this type of segment.

Figure 3-1: Typical Basic Two-Lane, Two-Way Highway Segment

e Basic segment with continuous specific upgrade or downgrade

e Three-lane cross section segment, with the additional lane being a passing lane. Figure
3-2 shows a typical view of this type of segment.

e Segment with an un-signalized intersection. Figure 3-3 shows a typical view of this

type of segment.
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Figure 3-3: Typical Two-Lane, Two-Way Highway with an Un-signalized Intersection
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e Three-lane cross section segment, with the additional lane being a center left-turn lane
e Three-lane cross section segment, with the additional lane being a right-turn only lane
e Segment terminating into a multilane highway
e Segment with an isolated signalized intersection
A two-lane highway with signalized intersections is a kind of facility composed of
isolated signalized intersections, and the basic two-lane highway. A two-lane roadway
generally extends from one signalized intersection to the next signalized intersection. This
kind of facility is typically located in a rural area, but the signal may be present in a small
town. Figure 3-4 shows a typical view of a two-lane highway with a signalized intersection.
The main features are as follows:
= Roadside development is not intense
= Density of traffic access point is not high
= Signalized intersections are more than 2 miles apart
= These conditions result in a smaller number of traffic conflicts, smoother flow,

and dissipation of the platoon structure

Figure 3-4: Typical Two-Lane, Two-Way Highway with a Signalized Intersection
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3.1.2 Service Measure Consistency

LOS is a qualitative designation of the operational conditions within a traffic stream
based on performance measures such as speed, travel time, freedom to maneuver, traffic
interruptions, comfort, and convenience. Six levels of service are defined in the HCM, using
the letters A through F for each type of facility, where A is good, and F is bad. The
performance measure chosen to base LOS upon is referred to as a service measure. For
application in the segment LOS analysis, every type of segment has its own service measure
based on to determine its LOS.

When performing the facility-level operational analysis, occasional inconsistencies
can arise because of different service measures being applied. For example, in the two-lane
highway with an isolated intersection, the combination of average travel speed and percent
time-spent-following is used as the service measure to evaluate the level of service on the
basic two-lane highway segment, however the service measure for a signalized intersection is
based on control delay. In the HCM 2000, the measure of operational quality used for point
locations is not related to highway segment. Thus, anomalies are possible when changing
from one facility type to another.

So how to solve the conflicts of different service measures is a key issue in the
development of operational analysis for the two-lane highway at the facility level. There are
basically two methodological approaches that can be taken for an operational analysis of a
facility composed of different types of segment. They are:

1. Each segment uses the service measure(s) already specified for it in the HCM 2000.
The LOS of the entire facility is determined by combining the LOS of each segment in
some manner.

2. A common service measure is used for each segment and point. LOS of the entire
facility is determined by the aggregated service measure.

With the first methodology, no unified facility-wide service measure is applied for the
segments of the entire facility. Each segment or point uses its own service measure(s) defined
in the HCM 2000. Because of different service measures (e.g., ATS, PTSF, or control delay)
being applied, inconsistencies can arise. For example, when determining the level of service
of a two-lane highway with multiple signals, the combination of average travel speed and

percent time-spent-following is used as the service measure to evaluate the level of service on
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an uninterrupted flow two-lane highway segment; however the service measure for a
signalized intersection is based on control delay. Thus, anomalies are possible when changing
from one segment type to another.

Another drawback of this methodology is the aggregation of the point and segment
LOS grades into an estimate of the LOS grade for the entire facility. In the HCM 2000, the
measure of operational quality used for point locations is not related to highway segments. It
is very difficult to combine the LOS of points with that of segments. Equation 3-1 gives an
example method of aggregating the LOS grades of segments and points weighted by the

segment length.

D> LOS,L,
LOS =" (3-1)

>,
i1

Where:

LOS: the level of service of the entire facility,

LOS;: the level of service of segment i,

L;: the length of segment i, ft, and

n: the number of segments.

With this approach, segment LOS values are weighted by the segment length;
however, LOS is not a quantitative value. It is simply a measure of user satisfaction for that
service along the roadway. It is difficult to accurately convert the LOS grade into the
corresponding numerical value for aggregation. Even though a certain conversion method is
available, because each segment type has its own strategy to determine the LOS, every
segment type needs a unique conversion method, which makes the LOS combination method
somewhat complicated and possibly subjective.

In the HCM 2000, Chapter 15, the average travel speed is used as the service measure
on the urban street with multiple signalized intersections at a spacing of 2.0 miles or less. The
method using a common service measure for a facility consisting of multiple different
segment types is a good reference. In the second methodology, a common service measure
would be applied to every segment of the entire facility. The service measures at each
segment are aggregated to obtain an estimate of service measure for the entire facility. The
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LOS of the entire facility is determined by this aggregated service measure. The unified
facility-wide service measure not only avoids many disadvantages of the application of
multiple service measures, but also provides a Measure of Effectiveness (MOE) describing
traffic operations in terms discernible by motorists from the scope of the entire facility.

The proposed second method would also maintain some fidelity to the Highway
Capacity Manual by using the existing methodologies for two-lane highway segments and
signalized intersections. For the two-lane methodology (HCM Chapter 20), the method for
calculation of average travel speed (47S) is utilized; however, percent time-spent-following
(PTSF) is not utilized. For signalized intersections (HCM Chapter 16), the current method for
the calculation of control delay is utilized.

By using a time/delay based service measure, this method will be similar to the current
HCM methodology for urban streets. For transportation agencies looking to analyze the
impacts of adding a lane (or lanes) to a two-lane highway, along with adding some signalized
intersections, thus possibly changing the classification to a urban arterial in some sections,
this will provide for consistency in the analyses (assuming the LOS thresholds are set

accordingly). This methodology will be completely presented and explained in Section 3.2.

3.1.3 Impacts of Signalized Intersection on Adjacent Highway Segments

Another important issue in the development of an operational analysis at the facility
level is the impacts with different segment types. Continuing research has shown that
installing a signalized intersection on a two-lane highway can produce effects on traffic
operations of the upstream and downstream two-lane highway segment.

To illustrate the potential effects of an isolated signalized intersection on the two-lane
highway operation, CORSIM and TRANS-7F programs are used to simulate the operations of

a two-lane highway with an isolated signalized intersection.

3.1.3.1 Effects of Intersections on the Upstream Two-Lane Highway Operation

When vehicles approach the signalized intersection facing a red signal indication,

drivers will safely sop their vehicles with sufficient sight distance to avoid entering the
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intersection or colliding with queued vehicles. Here CORSIM is used to model the variation
of average travel speed as vehicles are near to the upstream signalized intersection.
Six CORSIM simulations are made with 30 replicate runs for each. This is a

preliminary simulation experiment. The six conditions are as follows:

Table 3-1: Traffic Simulation Conditions:

Traffic Volume (veh/h) With or Without Signal
1 600 With
2 600 Without
3 1000 With
4 1000 Without
5 1400 With
6 1400 Without

The operational effects of a signalized intersection on the two-lane highway based on
average travel speed are shown in Figure 3-5. This figure is directly derived from preliminary
simulation runs. Figure 3-5 shows a comparison of the modeled average speed as it varies
along a two-lane highway with an isolated signalized intersection and with no isolated
signalized intersection under different traffic flow levels. As seen in Figure 3-5, on the two-
lane highway segment upstream of the signalized intersection, when vehicles enter the basic
two-lane highway segment, the difference in the values of average travel speed is very small.
The average travel speeds along the two-lane highway with an isolated signalized intersection
are very much in agreement with those with no isolated signalized intersection. When near to
the signalized intersection (about 1000 ft before the stop line of signalized intersection), the
difference in average travel speed becomes very large. The average travel speed under the
condition with an isolated signalized intersection drops dramatically because of queuing in
front to the signal. After the signalized intersection, average traffic speed quickly increases
and returns to its former level.

So installing a signalized intersection on a two-lane highway significantly affects
traffic operations on the upstream two-lane highway segment based on average travel speed,
and the effective length of a signalized intersection is greater than its actual length. The
effective length of the upstream influence area of a signalized intersection is defined from the
dividing point, at which vehicles begin decelerating to the stop line of this signalized

intersection.
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3.1.3.2 Effects of Intersections on the Downstream Two-Lane Highway Operation

After passing through the signalized intersection, the vehicle platoon will go into the
downstream two-lane highway. The platoon dispersion pattern is affected not only by the
upstream signalized intersection, but also by the right-turn vehicles and left-turn vehicles from
minor streets. There are three movements that contribute to the flow profile, as follows:

e through movement from the major street
e right-turn movement from the minor street
e left-turn movement from another minor street

The start-and-stop operation of signals on the two-lane highways tends to create
platoons of vehicles that travel along a two-lane highway link. Here TRANSYT-7F is used to
model the dispersion of these platoons as they progress along the downstream two-lane
highway segment. In TRANSYT-7F, for each time interval (step), ¢, the arrival flow
downstream is found by the following recurrence equation [8]:

v(’l+ﬂT) =F-v, + [(1—F )'VEHﬁT—l)J (3-2)
Where:

Vi, gry - Predicted flow rate (in time interval of the predicted platoon);

v;. flow rate of the initial platoon during step ¢;

S an empirical factor, generally 0.8;

T the cruise travel time on the link in steps; and

F: a smoothing factor

F=Q0+a-B-T)" (3-3)

Where:

o : platoon dispersion factor (PDF)

Equation 3-3 is based on field studies by Hillier and Rothery [9]. The factor « has
been found by researchers to best represent measured dispersion on typical urban streets in the
U.S. when it was set at 0.35. This PDF will vary to consider site-specific factors such as

grades, curvature, parking, opposing flow interference and other sources of impedance.
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The diagrams below illustrate the nature of platoon dispersion on the downstream two-
lane highway of a signalized intersection. As traffic moves downstream, the initially tight
platoon formed from the departing queue tends to disperse the farther downstream it travels.
Because drivers tend to maintain safe headways, or spacing, between vehicles and often travel
at different speeds, the platoon tends to spread out - a few moving ahead and some dropping
back. The flow rate decreases with time as the platoon reaches each point of observation.
They are the “snapshots” of the traffic flow at the different observation stations of the
downstream link (the average traffic flow is 1200 veh/h).

The first diagram (Figure 3-6) illustrates a platoon after it has traveled 300 feet after
being stopped at the upstream signalized intersection. The most intense portion of the platoon
is at a rate higher than 1870 veh/h, and the lowest portion is at a rate near 0 veh/h. The
platoon has spread out extremely unevenly. At this point, the timing plan of the upstream
signal and traffic streams from the minor streets produce significant effects on the pattern of

platoon dispersion.
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Figure 3-6: Platoon Dispersion, 300 ft from the Upstream Signalized Intersection
As traffic moves downstream, the initially tight platoon formed from the departing

queue tends to disperse the farther downstream it travels. The second diagram (Figure 3-7)

illustrates the same platoon after traveling one-full mile, or 5280 feet. Notice that after a full-
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mile, the most intense portion of the platoon is a rate slightly higher than 1500 veh/h, whereas
after 300 feet the most intense portion of a platoon is approximately 1900 veh/h. At this point,
the platoon has spread out to cover the whole portion of the cycle. The effect produced by the

upstream signal on the platoon dispersion becomes smaller and smaller.
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Figure 3-7: Platoon Dispersion, 5280 ft from the Upstream Signalized Intersection
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Figure 3-8: Platoon Dispersion, 10560 ft from the Upstream Signalized Intersection
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The same phenomenon can be observed from the third diagram (Figure 3-8), which
illustrates the same platoon after traveling 2 miles, or 10560 feet. The platoon has spread out
more evenly and covered the whole portion of the cycle. The most intense portion of the
platoon is about 1400 veh/h, which is near to the average flow rate of 1200 veh/h. At this
point, the effect produced by the upstream signal on the platoon dispersion is negligible.

Based on the above analysis, it can be determined that the upstream signalized
intersection and traffic streams from the cross street alter the pattern of platoon dispersion.
The degree of platoon dispersion in turn directly affects vehicle delay, speed, queuing, and
other measures of effectiveness.

Given the potential impact of a signalized intersection on upstream two-lane highway
operations, it is necessary to investigate the effects further when performing an operational
performance assessment of two-lane highway facilities. To quantify the effect of a signalized
intersection on the upstream two-lane highway segment, a key issue is to determine this
effective length of influence area, downstream and upstream of the signalized intersection.

3.2 Methodological Approach

Based on the discussion in the former section, the methodology of using a common
service measure for the entire facility is better choice. A two-lane highway with an isolated
signalized intersection will be used as a model. This section begins with a discussion of
service measure selection, facility segmentation for a two-lane highway with isolated
intersections. Next the section presents an overview of the operational analysis procedures for
a two-lane highway with an isolated signalized intersection.

3.2.1 Service Measure Selection

In this methodology, a common service measure would be applied to every segment of
the entire facility. The LOS of the entire facility is determined by this aggregated service
measure. One of the key steps in the methodology is the selection of a service measure(s)

used to define the overall level of service for the facility. Based on the features of the two-
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lane highway and the signalized intersection, some candidate service measures are described

as follows:

Volume to Capacity Ratio (v/c)

The v/c ratio is often used as a measure of the sufficiency of existing or proposed
capacity. According to the 2000 HCM, this v/c ratio measure of capacity sufficiency of
the overall intersection is a good indication of whether the physical geometry design
features and the signal design provide sufficient capacity for the intersection. But the
ratio is not sensitive to speeds and travel time. With an acceptable LOS grade, a v/c
ratio may indicate that the same facility is operating at or near all capacity.
Conversely, road segments operating at deficient levels of service may have an
acceptable v/c ratio in cased where the adjoining intersections are not operating
efficiently.

Generally, the v/c ratio is often used as a measure of the sufficiency of existing
or proposed capacity. The ratio however, is not sensitive to speeds and travel time.
The v/c ratio is better as a measure of the capacity sufficiency, but not good as a
measure of the quality of service. The combination of v/c ratio and other performance

measures may be better.

Average Travel Speed (ATS)
[Definition:] ATS is defined as the length of the roadway segment under consideration
divided by the average total travel time for all vehicles to traverse that segment during
some designed time interval.

ATS reflects the mobility function of traffic facilities. Speed, as represented by
ATS, is a very important part of the LOS definition and is also easy for the public to
understand. And it is easily calculated using the data that is already being collected.
As a space-average measure, ATS can be estimated in the field by travel time studies
or by measure of spot speeds. One potential drawback to the use of average travel
speed as the single service measure for two-lane highways is that it is not as sensitive
as PTSF to the relative balance between passing demand and passing supply.
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Percent Time-Spent-Following (PTSF)

[Definition:] PTSF is defined as the average percentage of travel time that vehicles on
a given roadway segment must travel in platoons behind slower vehicles due to the
inability to pass during some designed time interval.

Given the platooned nature of traffic on the two-lane highway, PTSF
represents freedom to maneuver and the comfort and convenience of travel on a two-
lane highway. However, some researchers [3] think this measure is not appropriate for
application to developed, tourist-oriented sections, such as US Route 1 in the Florida
Keys, on which motorists are more concerned about the ability to maintain a
reasonable speed. PTSF is also a space-averaged measure. It is difficult to measure
directly in the field. While the HCM suggests that it be estimated as the percentage of
vehicles traveling at a headway of 3 seconds or less at a representative point, the LOS
is very sensitive to the chosen headway threshold [10].

Both ATS and PTSF are measured over a section of roadway. In the highway
structure system of the HCM, the signalized intersection is regarded as a point, or a
segment with a short length, so ATS, PTSF, or their combination is a conceptually
adequate service measure for two-lane highway segments, but a poor one for the
signalized intersection by itself. So ATS, PTSF, or their combination is not a good
facility-wide service measure for the facility consisting of two-lane highway segments

and signalized intersections.

Percent Free Flow Speed (PFFS)
[Definition] PFFS is defined as the ratio of vehicle average travel speed to free flow
speed.

Washburn, et al. [3] proposed percent free flow speed as the primary
performance measure for two-lane highways in developed areas. This measure makes
some sense for these areas due to the fact that drivers probably do not have much
expectation for passing in these areas and they are willing to tolerate following other

vehicles as long as their speed is close to the desired free-flow speed.
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Density
[Definition]: Density is used as the primary service measure for the types of
uninterrupted flow facilities, such as freeway and multilane highway.

Density is the number of vehicles occupying a given length of highway or lane
and is generally expressed as vehicles per mile per lane. Given the platooned nature of
traffic on a two-lane highway, density is much less evenly distributed on a two-lane
highway than on a freeway or multilane highway [10]. Density is not a good service
measure for the two-lane highway facility. Percent time-spent-following does a much
better job of representing density; percent time-spent-following is the percentage of
the total travel time that drivers spend traveling in local high-density conditions. An
additional difficulty with density is that direct measurement of it in the field is
difficult, requiring a vantage point for photographing, videotaping, or observing
significant lengths of highway. Furthermore, conceptually it does not work for

signalized intersections.

Control Delay
[Definition:] Control delay includes “Movements at slower speed and stops on
intersection approaches as vehicles move up in queue position or slow down upstream
of an intersection” [1].

It is the principal service measure for evaluating LOS at intersections, which
are point locations within a traffic network. However, the measure of operational
quality of effectiveness used for point locations is not related to highway segments,

such as two-lane highway segments.

Percent Time-Delayed

Percent time-delayed is defined as the percentage of the travel time that vehicles on a
given roadway segment must travel at speeds less than their desired speed due to
inability to pass or traffic control during some designated time interval. Percent time-
delayed is a good performance measure on interrupted-flow facilities, such as two-lane
highways with occasional signalized intersections. It reflects the effects of speed

reductions by motorists due to restrictive roadway geometry, traffic control, and other
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traffic, and represents the degree to which drivers are forced to travel at speeds less
than their desired speed.

Just like other delay-related performance measures, percent time-delayed also
has a direct economic interpretation and can be used in economic studies if the
monetary value of a vehicle’s delay can be established. The primary drawback of
percent time-delayed as a performance measure is the difficulty of measuring it
accurately in the field.

Table 3-2: Service Measure Evaluation

Undeveloped Developed Facility incorporating
uninterrupted uninterrupted two-lane highway
two-lane two-lane Intersection and signalized
segments segments influence area intersection
Volume/Capacity Ratio F F F F
Average Travel Speed G G P P
Percent Time-Spent-Following E F P P
PTSF and ATS E E P P
Percent Free-Flow-Speed G E P P
Density F F F F
Control Delay P P E P
Percent Time-Delayed G G G G

Note: E = excellent, G = good, F = Fair, P = poor

Table 3-2 summarizes the evaluation of potential service measures for a two-lane
highway with signalized intersections. Based on a review of the advantages and disadvantages
of candidate service measures discussed above, it is concluded that percent time-delayed is an
appropriate selection as the single service measure for the interrupted-flow facility of a two-
lane highway with signalized intersections. Percent time-delayed is a measure that directly
relates to the driver’s experience. It not only represents freedom to maneuver and the comfort
and convenience of travel on a two-lane highway, but also reflects the effects of speed
reductions due to traffic control (e.g., signalized intersection, stop sign), and due to restrictive
geometric features (e.g., vertical grade, horizontal curve, no-passing zone), and other traffic

(e.g., opposite traffic flow, heavy vehicles).
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3.2.2 Facility Segmentation

To perform an operational analysis for a facility consisting of different segment types,
and obtain the LOS of the facility, the entire facility is divided into several segments. Thus,
the analysis methodology must prescribe how to segment the facility.

In the HCM 2000, Chapter 15, Urban Streets, presents the methodology for evaluating
arterials in urban and suburban areas with multiple signalized intersections at a spacing of 2.0
miles or less. In this methodology, the urban street is divided into segments, which is the full
distance from one signalized intersection to the next. Figure 3-9 illustrates the segment
division of this methodology. Running time is computed for each segment, along with control
delay at each signalized intersection. In this methodology, the signalized intersection is
regarded as a point location within a traffic network, and control delay is regarded as a typical
point performance measure without covering any distance. In the HCM 2000 [1], by
definition, control delay includes movements at slower speeds and stops on intersections
approaches as vehicles move up in queue position or slow down upstream of an intersection,
as well as delay due to re-acceleration downstream of a signal after stopping or slowing. It
implies that control delay happens not at a point, but actually within a certain distance.
Although the time lost due to slow movement before and after a stop is technically part of the
running time, it is also included in control delay. Thus, this segment division method
introduces error due to the segment between intersections being longer than they should.

In the HCM 2000, Chapter 16, Signalized Intersections, presents the methodology for
evaluating isolated signalized intersections. In this methodology, the signalized intersection is
regarded as a single isolated traffic control installation. So the length of the signal influence
area is not a key factor in determining control delay, or in the decision of LOS based on
control delay.

When evaluating highways with multiple signalized intersections, the signalized
intersection should not be regarded as an isolated point. The impacts between signalized
intersections and highway segments should be taken into account. In Sections 3.1.3.1 and
3.1.3.2, it has been shown that the installation of a signalized intersection actually affects the
operations on the highway segments, and the signal influence area does extend a certain
length. So when evaluating a two-lane highway with signalized intersections, the signalized

intersection is not regarded as a single point, but as a segment with a certain length.
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Figure 3-10 shows the division of a two-lane highway with multiple isolated

signalized intersections. The whole facility is divided into three kinds of segments, described

as follows:

Type 1: the basic two-lane highway. This type of segment may be located in the

upstream or downstream of the signalized intersection, but beyond the signal effective

length. These segments are not affected by signalized intersections.

Type 2: the signal influence area. In the highway structure system of HCM 2000, the

signalized intersection is defined as a point; the boundary between segments. In this
operational analysis methodology, it will be regarded as a segment with a certain
length, which is composed of not only its own actual length, but also the deceleration
and acceleration lengths. The length of the signal influence area corresponds to the
three components of control delay—deceleration delay, stopped delay, and
acceleration delay.

Type 3: the affected downstream segment. This type of segment is still the two-lane

highway, but affected by the upstream signalized intersection. Potential operational
effects on this segment are produced by the upstream signalized intersection and
traffic flows coming from the cross street. Note the length of this type of segment does

not include the acceleration length of the signal influence area.

The lengths of these different segment types should add up to the total length of the

analyzed facility.
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Roadway Segments

Figure 3-9: Segment Division of a Two-lane Highway with Multiple Isolated Signalized Intersections
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Typ e 1: Basic Two-lane highway

Type 2: Signalized Inter section Influence Area

Type 3:Affected D ownstream S egment

Figure 3-10: Facility Segmentation of a Two-lane Highway with Multiple Isolated Signalized Intersections
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3.2.3 Overview of Computational Methodology

In this methodology, a common service measure would be applied to every segment of
the entire facility. The service measures at each segment are aggregated to obtain an estimate
of the overall service measure for the entire facility. The LOS of the entire facility is
determined by this aggregated service measure.

An example of analyzing a two-lane highway with signalized intersections using this
methodology is provided here. Percent time-delayed is applied as the common service
measure for the whole facility composed of two-lane highway segments and signalized
intersections. Figure 3-11 illustrates the analysis procedure for determining LOS on the two-
lane highway with signalized intersections.

The first step in this analysis is to segment the facility based on the features of
segment type. The second step is to determine the free-flow speed. The free-flow speed is
used to determine the average travel speed and delay time at each segment. The basic free-
flow speed for the two-lane highway is observed at basis conditions and range from 45 to 65
mile/h, depending on the highway’s characteristics. The speed study should be conducted at a
representative site within the study section. The best location to measure free-flow speed on
the two-lane highway is mid-block and as far as possible from the nearest signalized or stop-
controlled intersection. If field observation of free-flow speed is not practical, free-flow speed
on the two-lane highway may be estimated using the method presented in the HCM 2000.

The next step in the analysis is to perform operational analysis at the point and
segment levels. At the first type of segment, which is the basic two-lane highway sections,
and not affected by the signalized intersection, the average travel speed can be calculated
using the two-lane highway procedure presented in Chapter 20 of HCM 2000. The length of
the conventional two-lane highway segment is determined by the actual placement of the
signalized intersection within the analysis section.

At the second type of segment, which is the signalized intersection influence area, the
control delay is the portion of the total delay for a vehicle approaching and entering a
signalized intersection. Control delay concludes the delays of initial deceleration, move-up
time in the queue, stops, and reacceleration. It can be calculated using the signalized

intersection procedure presented in Chapter 16 for the through-traffic lane group. The length
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of the signal influence area includes the deceleration length, stopped length, and acceleration
length.

The third type of segment is the downstream segment, affected by the upstream
signalized intersection, and the traffic flow coming from the cross streets. The potential
impacts of the signalized intersection on this segment will be assessed further in the term of
average travel speed. The effective length of influence area downstream of the signalized
intersection is also decided. For the analysis of this type of segment, statistical methods and
TWOPAS simulation model will be used to quantify the impacts. The methodology will be
completely presented in the later chapter.

Once average travel speed on the two-lane highway segments and control delay within
the signalized intersection are determined, the delay time on the two-lane highway segments
and the signalized intersection can be calculated using the following equations.

Delay time on the two-lane highway segment:
Dy=""-7>2 (3-4)

Where:

D,, : delay on the two-lane highway segment, s/veh
L,, : length of two-lane highway segment, ft

FFS : free flow speed for the two-lane highway segment, ft/s

S,, - average travel speed for two-lane highway segment, ft/s

Control delay at the signalized intersection:
D, =d,(PF)+d, +d, (3-5)
Where:
D, : control delay per vehicle at the signalized intersection, s/veh
d, : uniform control delay, s/veh
d,: incremental delay, s/veh
d,  initial queue delay, s/veh

PF: uniform delay progression adjustment factor
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After estimates of delay time at the segment and point levels are done, segment and
point delays are then added together to obtain the entire facility estimate. Percent time-
delayed is then computed through dividing total delay time on the entire facility by the total
travel time at the free-flow speed on the entire facility. Equation 3-6 shows the aggregation of
point and segment results to obtain an estimate of percent time-delayed for the entire facility.
After the facility-wide performance measure, percent time-delayed is obtained, the facility’s
LOS grade can be determined based on the LOS table. This will have to be developed. An
initial set of thresholds will be established as part of this research, but further research on this

issue will likely be warranted.

(3-6)

Where:
PTD: percent time-delayed per vehicle for the entire facility, %
Dy delay time per vehicle for the two-lane highway segment, s/veh
Dys: delay time per vehicle for the signalized intersection influence area, s/veh
FFESy: free flow speed for the two-lane highway segment, ft/s
FFSs: free flow speed for the signalized intersection influence area, ft/s
L: length of the entire facility, ft
Ly length of the two-lane highway segment, ft and

Lg: length of the signalized intersection influence area, ft
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CHAPTER 4
DEVELOPMENT OF FACILITY SEGMENTATION
COMPUTATIONS

The methodology developed in Chapter 3 divides the entire facility into three types of
segments. They are the basic two-lane highway, the signalized intersection influence area, and
the affected downstream two-lane highway segment. In this methodology, the overall LOS for
the facility is calculated by aggregating the service measure values of the segments, as
weighted by segment length. The focus of this chapter is the determination of the length of
each of the component segments of a two-lane highway facility.

Here the relation of the signalized intersection influence area and the affected segment
downstream of the signalized intersection is clarified again. The components of the signal
influence area include deceleration distance, stopping distance, and acceleration distance,
which are consistent with those of control delay defined in the HCM 2000-deceleration delay,
stopped delay, and acceleration delay. The segment delay time for the signalized intersection
influence area is determined by the intersection control delay. The affected downstream
segment is still affected by the upstream signalized intersection. As the traffic stream
discharges from the upstream intersection into the downstream highway segment, it will take
some distance for traffic to return to the same flow condition as before the influence of the
signal. The delay time for the affected downstream segment is determined by the difference in
free-flow travel time and actual travel time.

This chapter includes two sections. Section 1 presents three methods to determine the
length of a signalized intersection influence area and their advantages and disadvantages are
evaluated. Section 2 explores the methodology to determine the length of the downstream
segment affected by the upstream signal. How to accurately define the headway distribution
and calculate the parameter of EPF (Entering Percent Following) is discussed in this section.
Finally, this methodology is verified by comprehensive comparisons with other simulation

programs.
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4.1 Effective Length of the Signal Influence Area

This section discusses the methodology of determining the effective length of the
signalized intersection influence area. Three methods are presented. The first method is to
apply the recommended length in FDOT’s 2002 Level/Quality of Service Handbook; the
second one determines the length of a signalized intersection influence area from the view

point of its components; the third one is to apply the simulation and statistical method.

4.1.1 Recommended Length in FDOT’s 2002 Level/Quality of Service Handbook

In FDOT’s 2002 Level/Quality of Service Handbook, for a preliminary engineering
analysis FDOT recommends breaking the facility into uninterrupted and interrupted flow
segments [2]. The interrupted flow intersection segments, ‘“intersection influence areas,”
extend 0.5 miles in length centered on the midpoint of the crossing facility. The LOS for this
influence area is determined by the intersection LOS. Figure 4-1 shows an example how to
determine the intersection length in the two-lane highway facility with signalized

intersections.

Two-lane Highway Segment Intersection Two-lane Highway Segment
AN AN
Q 5.75 - 3.75 g

Figure 4-1: Length of Intersection Area

In this example, a two-lane highway with a signalized intersection extends 10 miles,
and the isolated intersection is located at the 6-mile point. The first 5.75 miles would be
regarded as a two-lane highway segment, the next 0.5 miles would be regarded as the

intersection area, and the last 3.75 miles would be regarded as a two-lane highway segment.
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The recommended length in FDOT’s 2002 Level/Quality of Service Handbook is only
a simplified value. It does not take into account any actual factors such as traffic conditions
and signal timing plans in the field. A new method to determine the effective length of the
signalized intersection influence area under specific conditions is presented here from a

component-based perspective.

4.1.2 Components of the Signal Influence Area

The signalized intersection influence area is the place where control delay happens.
Control delay is defined as the total delay due to the signalized intersection and includes
deceleration delay, stopped delay, and acceleration delay. The length of the signalized
intersection influence area should be consistent with control delay, and its components
correspond to those of the control delay. That is, the components of the signalized influence
are deceleration length, stopped length, and acceleration length. The detailed distance-time
diagram shown in Figure 4-2 is useful for defining the general shape of the relationship of
control delay (Time), and the length of the signalized intersection area (Distance) associated
with a specific vehicle.

Figure 4-2 shows the main delay terms at a signalized intersection, and components of
the signal influence area. Before Point 1 on the time-distance diagram, the vehicle is moving
at a relatively uniform speed. From Point 1 to Point 2, the vehicle decelerates until it stops at
Point 2 to join the standing queue before the signalized intersection. The vehicle remains
stopped between Points 2 and 3. Between Points 3 and Point 4, the vehicle accelerates until it
reaches a uniform speed again at Point 4. Notice that Point 3 is the stop bar.

In Figure 4-2, the deceleration distance L is given by

L,=L,-1I, (4-1)
Similarly, the stopped distance Lg is given by
Ly=L,—L, (4-2)

Similarly, the acceleration distance L, is given by
L,=L,—-L, 4-3)
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To determine the overall length of the signal influence area, the lengths of each of the
three components must be determined. The method to determine the lengths of these three
components will be discussed in the following section.

Figure 4-3 illustrates several kinds of conditions for which vehicles pass through a
signalized intersection. Figure 4-3(a) shows the condition for which vehicles are near to the
intersection facing a red signal indication and a queue exists in front of intersection, so drivers
will safely stop their vehicles within sufficient sight distance to avoid entering the intersection
or colliding with queued vehicles. For this condition, the effective length is equal to the sum
of stopping sight distance (SSD) and queue length. At the end of the red period, the queue
length increases to the maximum value. Figure 4-3(b) shows the condition for which vehicles
are near to the intersection facing a green signal indication, a queue exists in front of the
intersection, and drivers do not need to stop their vehicle completely, but still need to take the
action of decelerating. For this condition, the effective length is still equal to the sum of SSD
and queue length. At the end of the green period, the queue length decreases to the minimum
value. Figure 4-3(c) shows the condition for which vehicles are near to the intersection facing
a green signal indication, and no queue exists in front of the intersection. In this case, the
effective length is equal to SSD only. When a vehicle randomly arrives at the intersection, it
may encounter any condition, where queue length is at a maximum, median, or not present.
Based on the above discussion, the upstream effective length of the signalized intersection
influence area can be calculated as the summation of stopping sight distance and average
queue length. That is,

L, =SSD+Q (4-4)
Where:
Ly effective length of influence area upstream of signalized intersection, ft

SSD: Stopping Sight Distance, ft

O : average queue length, ft
In the above equation, SSD corresponds to the distance traveled during perception/reaction
time plus the braking/deceleration distance, and O corresponds to the stopped distance (i.e.,

distance over which queued vehicles are stopped).
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Figure 4-3: Queue Length Estimation

4.1.2.1 Determining Stopping Sight Distance

The stopping sight distance can be calculated using Equation 4-5, as follows:

Where:

SSD=Vit +— -t (4-5)

SSD: Stopping Sight Distance, ft

V. initial vehicle speed, ft/s
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t,. perception-reaction time, sec

a: deceleration rate, ft/s

g: gravitational constant, ft/s

G: roadway grade (+for uphill and — for downhill), percent/100

This equation is from AASHTO’s “Green Book” [16]. In this equation, the perception-
reaction time is taken as 2.5 seconds and a deceleration rate of 11.2 ft/s* (3.4 m/s?) is

assumed.

Perception-reaction time and initial vehicle speed are two important elements in
calculating the stopping sight distance. The perception-reaction time is the time it takes to
initiate the physical response, which includes the detection, identification, and decision
elements involved in responding to a stimulus. The perception-reaction time used to calculate
the stopping sight distance, when vehicles are near to the signalized intersection should be
analyzed from the features of actions taken by drivers when near the signalized intersection.

e Vehicle deceleration when approaching an intersection is an expected event.
Perception-reaction time varies depending on whether the event is expected or
unexpected, with expected events logically requiring less time.

e Vehicle deceleration when approaching an intersection is a relatively simple task.
Perception-reaction time varies with the complexity of the task. The simpler the
task, the shorter the time required for a response.

Decelerating vehicles near to the signalized intersection is an expected event, and it is
also a fairly simple task. At the first part of perception-reaction time, vehicles still keep the
initial speed; at the ending part of perception-reaction times, drivers begin taking actions to
decelerate the vehicles. The AASHTO Green Book [16] suggests a perception-reaction time
of 2.5 seconds, which is a design recommendation, accounting for unexpected events or
obstacles in the roadway. Based on this recommended value and the characteristics of actions
taken by drivers nearing a signalized intersection, the perception-reaction time is assumed to
be in the range of 1 second (1 second is typically used for yellow interval timing calculations).

It is also assumed that the latter part of this perception-reaction time will consist of some
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vehicle deceleration as a driver will lift their foot off the accelerator in preparation for
applying the vehicle’s brakes.

Initial vehicle speed is another important element of stopping sight distance. The
travel speed is generally inversely proportional to the traffic volumes. When the traffic
volume is lower, vehicles approach the intersection at a higher speed; when the traffic volume
is higher, vehicles approach the intersection at a relatively lower speed.

4.1.2.2 Determining Average Queue Length

The HCM 2000 puts forward the concept of the average back-of-queue measure [11] at
signalized intersections. In this model the back of queue is the number of vehicles that are
queued depending on arrival patterns of vehicles and vehicles that do not clear the intersection
during a given green phase. The average back of queue is used as the average queue length,
and can be calculated using Equation 4-6:

Q = Q1 + Qz (4'6)
Where:

QO : maximum distance in vehicles over which queue extends from stop line on average
signal cycle, veh

O, : first-term queued vehicles, veh, and

0, : second-term queued vehicles, veh

The first term, Q,, represents the number of vehicles that arrive during the red phases

and during the green phase until the queue has dissipated. The first term is calculated using

Vv.C (1_gj
3600 C

1—{min(1.0,XL)§}

equation 4-7.

O, = PF, (4'7)
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Where:
PF>: adjustment factor for effects of progression
V1. lane group flow rate per lane, veh/h
C: cycle length, sec
g: effective green time, sec, and
Xy ratio of flow rate to capacity

01 represents the number of vehicles that arrive during the red phases and during the

green phase until the queue has dissipated. The adjustment factor for effects of progression is

calculated by Equation 4-8.

(1— R, i](l— "Lj
PF, = al! (4-8)

Where:
PF;: adjustment factor for effects of progression, veh
v lane group flow rate per lane , veh/h
s, lane group saturation flow rate per lane, veh/h
C: cycle length, sec
g effective green time, sec, and

R, platoon ratio

The second term, Q,, is an incremental term associated with randomness of flow and

overflow queues that may result because of temporary failures. This value can be an
approximate cycle overflow queue when there is no initial queue at the start of the analysis

period. The second term of the average back of queue can be computed using Equation 4-9.

8kp X, n 16k;0,,

c,T (CLT)Z @9

0, = O.250LT|:(XL —1)+\/(XL -1)% +
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Where:
c.: lane group capacity per lane, veh/lane
T: length of analysis period, h
kg: second-term adjustment factor related to early arrivals, and

0,,  initial queue at start of analysis period, veh

The second term adjustment factor related to early arrivals is calculated using Equation 4-10:

0.7
k, =0.121 [%j (pretimed signals)
(4-10)
s 0.6
k, =0.101 [ﬁ(‘)goj (actuated signals)

Where:
kg: second-term adjustment factor related to early arrivals
s.: lane group saturation flow rate per lane, veh/h
g effective green time, sec

I: upstream filtering factor for platoon arrivals

4.1.2.3 Determining Acceleration Length

Another component of the signal influence area, acceleration length after the
signalized intersection stop bar, can be determined using a linearly-decreasing acceleration
model. Continuing research [12] has shown that the linearly-decreasing acceleration model
better represents both maximum vehicle acceleration capacities as well as actual motorist
behavior. The linearly-decreasing acceleration model can be rewritten as a differential
equation and integrated to derive the following relationships (treating a grade as being
constant), as Equation 4-11 through 4-14. It should be noted that this is only part of the full
derivation. The full derivation can be found in most traffic flow theory textbooks, for example
[13].
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E:a—ﬂviGg (4-11)
be (a £ Gg) _(((liGgJ_ane—ﬁt (4-12)
p p
‘= ,Bd+v—v0 (4_13)
atrGg
Jo (aiGg)t_((aiGgJ_vOJ(l_e—ﬂt) 414)
p B p

Where:
v: speed at the end of the acceleration cycle, ft/s
vo: Speed at the beginning of the acceleration cycle, ft/s

a, 3. acceleration model parameters, based on the design vehicle type

g: gravitational constant, ft/s
G: roadway grade (+for uphill and — for downhill), percent/100
¢ time for vehicle to accelerate from beginning speed, vy, to ending speed, v, sec

d: distance for vehicle to accelerate from beginning speed, vy, to ending speed, v, ft

The equations presented above arising from the linearly-decreasing acceleration model
are not quite as simple or as easy to apply as their counterparts based on constant acceleration
rates, but they are processed readily by a computer.

Transportation and Traffic Engineering Handbook [13] also contained one of the most
comprehensive summaries of previous research and field studies of maximum and normal
acceleration and deceleration rates. Table 4-1 summarizes acceleration rates, distances
traveled, and elapsed time for passenger vehicles on level terrain and under normal operating

conditions.
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Table 4-1: Normal Acceleration Rates, distance, and elapsed time

Initial Final Speed (mph)
Speed 15 30 40 50 60
Initial Speed  (mph) 3.3 3.3 3.3 3.1 2.9
0 Elapsed Time  (sec) 4.5 9.1 12.1 15.9 20.9
Distance Traveled (ft) 49 200 354 574 929
Initial Speed  (mph) 3.3 2.9 25
30 Elapsed Time  (sec) 3.0 6.8 11.8
Distance Traveled (ft) 154 374 729
Initial Speed  (mph) 2.6 2.3
40 Elapsed Time  (sec) 3.8 8.8
Distance Traveled (ft) 220 575
Initial Speed  (mph) 2.0
50 Elapsed Time  (sec) 5.0
Distance Traveled (ft) 355

Source: Reference 11.

After the SSD, back of queue, and acceleration length are determined, the length of the
signalized intersection influence area can be calculated as the summation of the three
components. That is,

Ly=SSD+Q +1L, (4-15)
Where:
Ls: length of a signalized intersection influence area, ft

L4 acceleration length, ft

The components of the signal influence area, SSD, back of queue, and acceleration
length, are consistent with those of control delay defined in the HCM 2000, which are
deceleration delay, stopped delay, and acceleration delay. A regression model was developed
for the control delay calculated using the methodology presented in the HCM 2000, and the
length of the signal influence area as the summation of SSD, average back of queue, and
acceleration length. The results indicated that the assumption of a linear relationship is
reasonable with an adjusted R-squared value of 0.895.

In this methodology, the length of a signal influence area is calculated as the
summation of its components. In determining the length of each component, especially the
SSD and back of queue, several significant factors are not reflected in the calculation

formulas, such as the availability of a left-turn bay, the directional distribution of traffic flow,

52



and the percentage of left-turn vehicles in the traffic flow. A new methodology is explored in
the next section to fully take into account all major contributing factors which can affect the

length of a signalized intersection influence area.

4.1.3 Simulation and Regression Analysis

To fully account for all significant contributing factors affecting the length of a
signalized intersection influence area, the method of regression analysis method is applied.
Ideally, field data would largely be used to develop the regression model. However, in many
cases, available study sites are either too limited and/or data cannot be collected without great
complication. Additionally, it is often difficult to collect enough field data to provide a
statistically valid sample size. In this study, the simulation method is applied to simulate the
operations of a two-lane highway with a signalized intersection. The overall procedure
consists of the following four major steps:

1. Select the potential contributing factors that are expected to have an impact on the
effective length.

2. Select the appropriate simulation model.

3. Develop the simulation model to simulate the effects of contributing factors on
effective length.

4. Develop the regression model.

These steps are discussed in detail in the following sections.

4.1.3.1 Contributing Factor Selection

The contributing factors considered include those that are expected to affect the
effective length. Many factors can produce effects on the effective length of a signalized
intersection. In the following section, traffic data, geometric data, and signal data are
discussed, respectively.
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Traffic Data

Traffic data include the hourly traffic volume, a Peak-Hour Factor (PHF), the
proportion of trucks and recreational vehicles in the traffic stream, and the directional
split (D-factor). Traffic flow rate can be used to represent the traffic conditions by
making adjustments to the hourly traffic demand. These adjustments are the PHF, the
heavy-vehicle adjustment factor, and the grade adjustment factor. The conversion can
be made using Equation 4-16 [1]:

V
v, =
PHFE X f % fuy

(4-16)

Where:
v,: passenger-car equivalent flow rate for peak 15-min period, pc/h
V. demand volume for the full peak hour, veh/h
PHF peak-hour factor
fc: grade adjustment factor

fuy: heavy-vehicle adjustment factor

Traffic data also include the proportion of through vehicles, left-turn vehicles
and right-turn vehicle in the traffic stream. The left-turning vehicles may have a
negative effect on the flow of the through movements, particularly when higher
percentage of left-turning vehicles may result in lane overflow or obstruction of the
through movements. The directional distribution of traffic flow is another important
characteristic of traffic stream. On two-lane highways, lane changing and passing are
possible only in the face of oncoming traffic in the opposite lane. There is a strong
interaction between the directions of travel on a two-lane highway because passing
opportunities are reduced and eventually eliminated as the opposing traffic volume
increases. At an intersection, left-turn vehicles execute their turning maneuvers
through the gaps of the opposing through traffic stream. When the opposing through
traffic volume is high, left-turn vehicles have less opportunity to execute their turning

movements.

54



Geometric Data

Geometric data include the two-lane highway geometry and intersection
geometry. The basic geometric conditions of the two-lane highway and intersection
are used to determine the effective length. The existence of exclusive left-or right-turn
lanes, along with the storage lengths of such lanes should be noted, as these are

important factors in determining the effective length.

Signal Data

The signalization conditions include control mode (i.e., pre-timed, semi-
actuated, and fully-actuated), the phase plan, cycle length, green time, and clearance
intervals. In this study, the simplest and most widely used form of signalization, the
two-phase pre-timed signal, is used. All left-turn and right-turn movements are made
on a permitted basis from shared or exclusive lanes. The cycle length and effective
green time are selected as contributing factors to determine the effective length.

Based on the above discussion on traffic, geometric, and signalization conditions,

contributing factors are selected for calibration of the upstream length of roadway affected by

the signalized intersection. They are:

peak volume

D-factor

percentage of left-turn and right-turn movements
cycle length

ratio of effective green time to cycle length

availability of a left-turn bay

4.1.3.2 Simulation Model Selection

The next step is to select a simulation model to simulate traffic operations on a two-

lane highway with a signalized intersection. As reviewed in Chapter 2, TWOPAS rural

highway simulation model has the ability to simulate traffic operations on a conventional two-

lane roadway. However, the model has no ability to simulate traffic turning on or off the
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highway at driveways and does not handle signalized intersections. Therefore, the TWOPAS
simulation model is not an appropriate selection to determine the effective length of the
influence area upstream of the signalized intersection.

CORSIM, developed by the Federal Highway Administration, is the most widely used
and accepted traffic simulation model in the U.S. It has the ability to simulate traffic
operations on a two-lane roadway and includes detailed modeling of traffic signal operations.
However, CORSIM cannot simulate passing maneuvers using the on-coming lane of traffic.

Before making a decision, TWOPAS was used to simulate the traffic operations on the
basic two-lane roadway to study the relation of passing demand, passing capacity, the
percentage of passing zones, the advancing traffic volume, and the opposing traffic volume.
CORSIM was used to determine the features of service measure variation on the upstream
two-lane highway segment of the signalized intersection. After large quantities of simulations,
the following conclusions can be drawn from the study:

e Although on the two-lane highway, passing operations can be performed using the
opposite lane in the face of oncoming traffic, the percentage of vehicles undertaking
passing maneuvers is rarely more than 6% of traffic volume under different conditions
of advancing traffic flow rate and opposing traffic flow rate.

e At the same advancing traffic volume level, the difference in average travel speed at
the different opposing traffic volume levels is very small, less than 2%; the difference
in the average travel speed between 100% no-passing zones and 0% no-passing zones
is also small. As the advancing traffic flow rate increases, the difference decreases and
gradually becomes negligible.

e The variance of travel speed due to a downstream signalized intersection is much

larger than due to following a slower leading vehicle.

As vehicles approach a signal (i.e., within the influence area of the signalized
intersection), the spacing between vehicles decreases, and following vehicles are unlikely to
pass leading vehicles. Experience has shown that as drivers approach a signal, they generally
will be more cautious; thus usually not undertaking passing maneuvers and possibly slowing
down even if the signal indication is green. The roadway is also often marked with solid

yellow dividing lines (i.e., no passing) in the vicinity of traffic signals. Under this assumption,
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it is feasible to use a program such as CORSIM to model vehicular operations on a two-lane
roadway in the vicinity of a traffic signal, and determine the effective length of the signal
influence area on the upstream two-lane highway segment. In addition, the CORSIM
simulation model typically simulates the traffic system on a vehicle-by-vehicle basis by
updating roadway position, speed, acceleration, and other state variables in discrete time
steps. The ability to calibrate, modify, and manipulate these parameters is a key characteristic
of the CORSIM simulation model amenable for use to determine the effective length of the

signal influence area.

4.1.3.3 Simulation Model Experimental Design

A two-way, two-lane roadway network with an isolated fixed-time signalized
interaction was simulated using CORSIM. It extended 3 miles, and the isolated intersection
was located at the 1-mile point. The attributes of the simulated network were set to fulfill the
basic conditions for a two-lane highway and signalized intersection according to the HCM
2000. These were defined as:

e Design speed greater than or equal to 60 mi/h
e Lane widths greater than or equal to 12 ft

e Clear shoulder wider than or equal to 6 ft

e Level terrain

e All passenger cars in traffic stream

e Two phase pre-timed signal

Two sets of CORSIM base road network were developed. One is the signalized
intersection with a 250-foot left-turn bay; the other is the signalized intersection without a
left-turn bay. Once the base road networks were developed, the values for the contributing
variables were systematically changed to model different scenarios. The values for each
contribution variable are displayed in Table 4-2 and Table 4-3. The different inputs resulted in
a combination of 243 (3x3x3x3x3=243) simulation scenarios for the base network. Multiple
simulation runs were made to account for the variability in stochastic micro-simulation

program output, a total of 10 runs were made for each scenario to get a more representative
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estimate on the effective length. A total of 2430 simulated runs were performed. The length of
simulation time for each run was 15 minutes.

Table 4-2: Variable Input Values (With a left-turn bay)

Peak Volume Cycle length Percentage of left-turn
(pc/h) (sec) g/C and right-turn vehicles
400 60 0.55 5%
800 75 0.65 10%
1200 90 0.75 15%

Table 4-3: Variable Input Values (Without a left-turn bay)

Peak Volume Cycle length Percentage of left-turn
(pc/h) D-Factor (sec) g/C and right-turn vehicles
400 0.50 60 0.55 5%
700 0.55 75 0.65 8%
1100 0.60 90 0.75 11%

4.1.3.4 Regression Model Development

After simulation, average travel speeds at the interval of 0.025 miles along the two-
lane roadway were obtained from the CORSIM output file. Figure 4-4 illustrates the
variations of average travel speed along the two-lane highway with an isolated signalized

intersection.
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Figure 4-4: Average Travel Speed along the Two-lane Highway with Signal
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Based on the variation of average travel speed, the effective length of the signalized
intersection on the upstream two-lane highway segment can be measured from the dividing
point, at which vehicles begin decelerating to the stop line of the signalized intersection, such
as the section AO in Figure 4-4. After extracting the needed data, regression analysis was
performed to establish the model of the upstream effective length with contributing factors.

The regression model for the upstream effective length of a signalized intersection

with a left-turn bay is developed as follows:

o = 43.2463+4.2688x (V /100)” +5.2178 x Cycle @17)
—57.3041x (V' /100) x %LT —5.2444 x Cyclex g _C

Len

Where:
Leng up: upstream effective length of a signalized intersection, ft
v traffic flow rate, veh/h
Cycle: cycle length, sec
g C ratio of effective green time to the cycle length, and
%LT: percentage of left-turn vehicles in the directional traffic flow

The effective length model for the signalized intersection with the left-turn bay (250
ft) is presented in Table 4-4.
Table 4-4: Regression Model (with LT bay)

| R* = 0.95743; Adj R? = 0.95519 |
| H Coefficient H t-stat |
| Intercept H 43.2463 H 4.84765 |
| V/100(Q) [ 4.2668 |  29.38653 |
| Cycle (L) [ 5.2178 | 1141796 |
| V/00(L) by %LT(L) |  -57.3041 |  -3.05196 |
| Cycle (L) by gCRatio (L) || -5.2444 | 945781 |

The regression model for the upstream effective length of a signalized intersection

without a left-turn bay is developed as follows:
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Len,, ,, =3074.49+5.89x (V/100)* —440.00 x DFactor
+1.69x Cycle—7336.59x g C +4758.52x (g _ C)? (4-18)
+1171.01x (¥ /100) x (%LT)?
Where:
Leneg p: upstream effective length of a signalized intersection, ft
V. traffic flow rate, veh/h
DFactor: percentage of traffic traveling in the peak direction
Cycle: cycle length, sec
g C the ratio of effective green time to the cycle length, and
%LT. the percentage of left-turn vehicles in the directional traffic flow

The upstream effective length model for the intersection without a left-turn bay is

presented in Table 4-5.

Table 4-5: Regression Model (without LT bay)

| R?=0.77764; Adj R?=0.77199 |
| || Coefficient H t-stat |
| Intercept | 307449 | 3.97573 |
| V/100(Q) [ 5.89 [ 20.44190 |
| Dfactor (L) | -44000 || -2.08639 |
| Cycle (L) [ 1.69 [ 240322 |
| gCRatio (L) | -733659 | -3.08700 |
| gCRatio (Q) | 475852 | 2.60546 |
| V00(L) by %LT(Q) | 1171200 | 3.98667 |

When using the above regression model to calculate the upstream effective length, the
following conditions need to be observed:

(1): The maximum g/C value for this regression model is 0.8.

(2): When the traffic flow rate is less than or equal to 300 veh/h, the upstream
effective lengths in Table 4-6 are recommended.
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Table 4-6: Upstream effective length with low traffic volume, ft

g/C
V (veh/h) 0.5 0.6 0.7 0.8
100 160 130 110 90
200 180 150 130 110
300 210 180 163 140
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4.2 Effective Length of the Influence Area Downstream of the

Signalized Intersection

After passing through the signalized intersection, the vehicle platoon will travel into
the downstream two-lane highway. The platoon dispersion pattern is affected not only by the
upstream signalized intersection, but also by the right-turn vehicles and left-turn vehicles from
minor streets.

This section begins with the discussion of Entering Percent Following (EPF) in the
TWOPAS model and headway distribution. Then the effect of the signalized intersection on
the downstream two-lane highway segment is quantified through the parameter of EPF. Next,
the methodology using TWOPAS simulation to determine the effective length of a signalized
intersection on the downstream segment is presented. Finally CORSIM simulation is used to

validate this methodology.

4.2.1 Entering Percent Following of TWOPAS

A study by Dixon et al. [7] concluded that the potential effect of a signalized
intersection on the downstream two-lane highway operations was to modify the distribution of
headways. The condition with no signalized intersection is represented by assuming randomly
distributed headways for entering traffic. However, the signalized intersection in the upstream
will modify the headway distribution of the traffic stream entering the two-lane highway.

The TWOPAS model is used to simulate the effects of a signalized intersection on the
downstream two-lane highway. In TWOPAS, the distribution of headway is defined through
the input variable, Entering Percent Following (EPF), which is the percentage of the total
vehicles in the direction of travel that are following in platoons when they enter the road
being analyzed. Figure 4-5 illustrates an interface of TWOPAS for inputting traffic data. In
this interface, EPF is identified in text, ‘% Traf in Platoons’.

In Dixon et al.’s study, it was assumed that it was appropriate to represent the effects
of a signalized intersection through the EPF parameter, the percentage of vehicles following
immediately downstream of a signalized intersection. To analyze the potential effect of a

signalized intersection on the downstream two-lane highway operation, the key point is how
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to accurately decide the EPF at the point immediately downstream of a signalized
intersection.
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Figure 4-5: TWOPAS Traffic Data Input Interface

4.2.2 Headway Distribution

The time headway distribution between vehicles is an important flow characteristic
that affects the safety, level of service, driver behavior, and capacity of a transportation
system. Previous research [14] has established that the shape of the time headway distribution
varied considerably as the traffic flow rate increased. In Dixon et al.’s study, the negative
exponential distribution is used to define the headway distribution for the different traffic flow
levels. For example, for the basic two-lane highway without signalized intersection, the EPF
parameter is calculated using a cumulative exponential distribution for headways less than or
equal to 3.0 seconds, using Equation 4-19:

% Platooned =100(1— e_q%) (4-19)
Where:
¢ hourly flow rate of traffic entering the two-lane highway, veh/h

t- headway criteria used to define when vehicles are following, (3.0 sec)
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The simple negative exponential distribution could not completely capture the features
of headway distribution. To accurately quantify the effect of an isolated signalized
intersection on the downstream two-lane highway segment, the shifted negative exponential
distribution and composite distribution are introduced into the Dixon et al. methodology to

calculate the EPF parameter.

4.2.2.1 Shifted negative exponential distribution

Under very low conditions, all the vehicles may be thought of as traveling independent
of one another. Any point in time is as likely to have a vehicle arriving as any other point in
time. This situation will be classified as the random headway state. The negative exponential
distribution can be used to define the time headway distribution for this condition. However,
drivers typically maintain a minimum time headway for safety considerations, although their
perception of the minimum safe headway is often too low. Thus, the shifted negative
exponential distribution can better define the time headway distribution under very low
volume conditions. The probability density function of the shifted negative exponential

distribution is given by equation 4-20:

ft)=2e (4-20)
Where:
/(¢): probability density function,
a . user-selected parameter greater than or equal to zero that affects the shift of the
distribution, sec, and

A : parameter that is a function of the mean time headway and « .

A can be calculated as:
ﬂ,:_i (4-21)
t—a
The percentage of wvehicles in platoon with the shifted negative exponential

distribution can be calculated using Equation 4-22:
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% platoon =1— P(h>1t)
1 - [re e ar (4-22)

_ 1 e—(x—a)/(i—a)

4.2.2.2 Composite Distribution

As the traffic flow level increases, there is increasing interaction between vehicles.
Gerlough et al. [15] proposed that the traffic flow consisted of two classes of vehicles:
constrained vehicles and free-moving vehicles. According to May [14], the random headway
state (Negative exponential distribution) was best suited for very low flow conditions, while
the nearly-constant headway state (Normal distribution) was best suited for very high flow
conditions. The intermediate headway state lies between the two boundary conditions of the
random- and constant-headway states. The composite model is a better alternative to represent
the headway distribution as the traffic flow level increases. The composite model approach
utilized the combination of a normal headway distribution for these constrained cars that are
in the car-following or platoon mode and a shifted negative exponential distribution for those
free-moving vehicles. The composite distribution represents the time headway distribution
well when the traffic flow rate is higher. The percentage of vehicles in platoon with the

composite distribution can be calculated using Equation 4-23.

%Platooned =1— P(h>1)

, o Liste 4-23
(—L2)
=1-| Pe " +PP.[ —12 e? s dt (4-23)
' s 2

Where:
P,: proportion of vehicles in platoon, %
Pyp: proportion of vehicles not in platoon, %

t,: mean headway of the vehicles in platoon, sec
1, - mean headway of the vehicles not in platoon, sec

a : the minimum time headway for vehicles not in platoon, sec
s: standard deviation of normal distribution

¢ time headway being investigated, sec
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{ : mean headway, sec/veh

In the composite distribution, there are four independent parameters that need to be
specified: mean and standard deviation of the normal distribution, the proportion of vehicles
in platoon, and the minimum time headway for vehicles not in platoon. Numerous
calculations and sensitivity analyses of a matrix of the four independent parameters need to be
conducted to find the “best” composite model distribution for each traffic flow level. An
example is given here to show how to find an appropriate composite distribution for the traffic
flow of 1636 veh/h. Detailed calculations of the theoretical time headway for this traffic flow
level are shown in Table 4-7. The theoretical shifted negative exponential headway
distribution, normal headway distribution, composite headway distribution, and the measured
time headway distribution are presented graphically in Figure 4-6. The Chi-Squared test is
used to access statistically how closely the measured distribution is similar to the theoretical
composite distribution. An example is given to compare the measured time headway
distribution for the traffic flow level of 1636 veh/h with a composite distribution. The Chi-
Squared test calculations are shown in table 4-8. The individual Chi-Squared contributions are
summed, and the calculated Chi-Squared value is found to be 13.94. The number of degrees
of freedom is determined to be 10 based on 15 time intervals and 4 parameters required for
the composite distribution. Assuming a 0.05 significance level the reference Chi-Squared
value is determined to be 18.30. Since the calculated Chi-Squared value is less than the
reference Chi-Squared value, the hypothesis is not rejected and the conclusion is that there is
no evidence of a statistical difference between the two distributions.

Although the composite distribution is the combination of a normal headway
distribution and a shifted negative exponential distribution, when the traffic flow rate is lower,
a larger difference occurs between the composite distribution and the measured distribution.
So in this study, the shifted negative exponential distribution and composite distribution are
used together to mathematically describe time headway distribution, including boundary
conditions of random headway state and nearly-constant headway state, and the intermediate

headway state.
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Table 4-7: Composite Time Headway Distribution Calculation: (Traffic Flow Rate = 1500 veh/h ~ 1740 veh/h)

Vehicles Not in Platoons

Platoon Vehicles

Composite Distribution

_-a)

t | t—a | f-a | t—-a | e ™™ 100% P z P(t<z) 100% 1-P (Prob.) (Freq.)
00| 00 1.5 | 0.0000 0.0000 | -3.000 | 0.0013 | 0.0215 | 0.0147 0.0147 24
05| 00 1.5 | 0.0000 0.0000 | -2.000 | 0.0228 | 0.1359 | 0.0927 0.0927 152
10| 00 1.5 | 0.0000 0.0000 | -1.000 | 0.1587 | 0.3413 | 0.2327 0.2327 381
15| 00 1.5 | 0.0000 | 1.0000 0 0.0000 | 0.0000 0.5 0.3413 | 0.2327 0.2327 381
20| 00 1.5 | 0.0000 | 1.0000 | 0.1813 | 0.0577 | 1.0000 | 0.8413 | 0.1359 | 0.0927 0.1503 246
25| 03 15 | 02000 | 0.8187 | 0.2321 | 0.0738 | 2.0000 | 0.9772 | 0.0215 | 0.0147 0.0885 145
30| 08 15 | 05333 | 05866 | 0.1663 | 0.0529 | 3.0000 | 0.9987 | 0.0013 | 0.0009 0.0538 88
35| 1.3 15 | 0.8667 | 0.4204 | 01192 | 0.0379 | 4.0000 1 0.0379 62
40| 1.8 1.5 | 1.2000 | 0.3012 | 0.0854 | 0.0272 0.0272 45
45| 23 15 | 15333 | 0.2158 | 0.0612 | 0.0195 0.0195 32
50| 2.8 15 | 1.8667 | 0.1546 | 0.0438 | 0.0139 0.0139 23
55| 3.3 15 | 22000 | 0.1108 | 0.0314 | 0.0100 0.0100 16
60| 38 15 | 25333 | 0.0794 | 0.0225 | 0.0072 0.0072 12
65| 4.3 15 | 2.8667 | 0.0569 | 0.0161 | 0.0051 0.0051 8
70| 48 15 | 3.2000 | 0.0408 | 0.0116 | 0.0037 0.0037 6
75| 53 15 | 35333 | 0.0292 | 0.0083 | 0.0026 0.0026 4
80| 58 15 | 3.8667 | 0.0209 | 0.0059 | 0.0019 0.0019 3
85| 6.3 1.5 | 42000 | 0.0150 | 0.0043 | 0.0014 0.0014 2
90| 6.8 15 | 45333 | 0.0107 0.003 0.0010 0.0010 2
95| 7.3 15 | 48667 | 0.0077 | 0.0077 | 0.0024 0.0024 4

1.0 1636

typ = 3.756C,a = 2.25€C, s, = 1.5sec, P, = 0.3182, E, =1.5sec,s, = 0.5sec, P, = 0.6818

67




Probability

Composite Distribution ( Mean Headway = 2.2 sec)

0.25

—&— Shifted Negative Exponential Distribution
=— Normal Distribution

0.20 == == Composite Distribution
==:am= \leasured Distribution

0.15

0.10

0.05

0.00

-0.05
Headway(Sec)

Figure 4-6: Composite Time Headway Distribution
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Table 4-8: Chi-Squared Test Calculation

Time (o= 1)’
Headway Jo fi Jo—fi (fy = 1) T

Group !
0.0-05 22 19 3 10 0.4934
05-1.0 140 122 18 310 2.5355
1.0-15 312 307 4 19 0.0616
15-20 294 307 -13 164 0.5342
20-25 209 198 10 102 0.5158
25-3.0 125 117 9 74 0.6293
3.0-35 78 71 7 47 0.6638
35-4.0 46 50 -4 15 0.2955
40-45 30 36 -5 30 0.8433
45-5.0 21 26 -5 21 0.8143
50-55 13 18 -5 27 1.4748
55-6.0 7 13 -7 43 3.2939
6.0-6.5 7 9 -3 8 0.8607
6.5-7.0 7 7 0 0 0.0044
7.0-75 3 5 -2 5
75-8.0 3 3 -1 1
8.0-85 0 2 -2 6
85-9.0 2 2 0 0 0.9136
9.0-95 1 1 0 0

> 9.5 3 1 -2 4

1320 1320 0 zéﬂc =13.9396

n=({-1-p)=(15-1)-4=10. Significance Level = 0.05, ;gzef =18.30.

Xewe < Xy 13.94 <18.30; Therefore, do not reject null hypothesis

4.2.3 Determining Entering Percent Following

Dixon et al. [7] conclude that it is appropriate to represent the effects of a signalized
intersection on the downstream two-lane highway operations through the EPF parameters, as
long as the percent following immediately downstream of a signalized intersection can be
determined. In this study, the methodology for determining Entering Percent Following is
based on Dixon et al.’s methodology. The main difference from their methodology is the
application of distributions for time headway. As discussed in Section 4.2.2, the shifted

negative exponential distribution and composite distribution are introduced into this
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methodology. Estimation of the percentage of entering traffic following is based on a flow
profile immediately downstream of the signalized intersection. A flow profile immediately
downstream of the signalized intersection at location “A” is shown in the Figure 4-7. The “A”
denotes a location immediately downstream of the signalized intersection. As shown in the
Figure 4-7, there are three movements that contribute to the flow profile:
e Movement 1: Primary contributing movement. They are through movements from
the upstream major street;
e Movement 2: Secondary contributing movement. They are right-turn movements
from the minor street; and
e Movement 3: Secondary contributing movement. They are left-turn movements from

the minor street.
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Figure 4-7: Two-lane highway traffic flow downstream of a signalized intersection
Source: Dixon, Michael P., Michael Kyte, and Satya Sai Kumar Sarepali. Effects of Upstream Signalized

Intersections on Two-Lane Highway Operations, Transportation Research Board, Washington D.C., 2004
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As shown in the Figure 4-7, the total cycle-length is divided into three states. The
above three movements are charged through the three states. They are:
e First state: Discharged from the through movement queue during the first phase
e Second state: Discharge from the through movement without a queue plus any right-
turn on red executed during the first phase

e Third state: Discharge from the right and left turn movements during the second phase

Entering percent following at location A can be estimated using equation 4-24:

epF, =L
Ve (4-24)
VF, =Y VF,

Where:
EPF,: percent of vehicles following at Point A, immediately downstream of a
signalized intersection,
VF,: total number of vehicles following per cycle at location A, veh
VF;: total number of vehicles following per cycle from movement i, veh, and

V.. total number of vehicles per cycle at location A, veh

To determine the EPF,, the key point is to decide on the value of the denominator, V7,
and numerator, VF, Because V, is the summation of the cycle-by-cycle volumes from
movements 1, 2, and 3, it can be determined if volumes for movements 1, 2 and 3 and the
cycle length are known. This leaves the estimation of VF,, the number of vehicles following
at location A, which can be estimated by each movement.

Table 4-9 summarizes the values of Entering Percent Following under different traffic
conditions and signal timing plans. Due to the complexity of the calculations, a Visual Basic

program was developed to calculate the EPF values.
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Table 4-9: Entering Percent Following

g/C=0.6
Cycle Length (sec) Without signal
60 90 120
220 0.2069 0.2978 0.3433 0.1458
Traffic 440 0.4515 0.4969 0.5197 0.2778
Volume 660 0.5988 0.6291 0.6442 0.3962
880 0.7213 0.7441 0.7554 0.5015
1100 0.8435 0.8617 0.8708 0.5941
g/C=0.7
Cycle Length (sec) Without signal
60 90 120
220 0.1192 0.2101 0.2556 0.1458
440 0.3662 0.4117 0.4344 0.2778
Traffic 660 0.5149 0.5452 0.5803 0.3962
Volume 880 0.6372 0.6599 0.6713 0.5015
1100 0.7789 0.7980 0.8071 0.5941
1320 0.8657 0.8808 0.8884 0.6745
g/C=0.8
Cycle Length (sec) Without signal
60 90 120
220 0.0324 0.1233 0.1687 0.1458
440 0.2826 0.3281 0.3508 0.2778
660 0.4334 0.4637 0.4789 0.3962
Traffic 880 0.5582 0.5789 0.5903 0.5015
Volume 1100 0.7184 0.7366 0.7475 0.5941
1320 0.8030 0.8182 0.8258 0.6745
1540 0.8915 0.9045 0.9110 0.7434

After estimating EPF,, the percent following immediately downstream of a signalized
intersection is determined and then input into the TWOPAS model. A series of runs of
TWOPAS model are performed to determine the effective length of a signalized intersection
on the downstream two-lane segment, and performance measures (average travel speed and
percent time-spent-following) of the downstream two-lane highway segment. The detailed
procedure is presented in the next section.
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4.2.4 Effective Length of a Signalized Intersection on the Downstream Segment

In the appendix section, the procedures to determine the Entering-Percent-Following
for the conditions with no signalized intersection and where the signalized intersection is
present were presented. In this section, the input variable, Entering-Percent-Following will be
entered into the TWOPAS simulation model to illustrate the potential downstream effects of a
signalized intersection on the two-lane highway operations. Two types of TWOPAS run were

made with 10 replicate runs for each. The two conditions are as follows:

e A traffic stream of 600 veh/h travels along a two-lane highway with no signalized
intersection.

e A traffic stream composed of through vehicles from the main street, left-turn vehicles
and right-turn vehicles from the minor streets disperses from the signalized
intersection into the downstream two-lane highway. The volumes of these three
movements are 400 veh/h, 100 veh/h and 100 veh/h, respectively.

A value of EPF = 36.83% was used for the condition with no signalized intersection,
assuming a volume of 600 veh/h. A higher value of EPF = 48.04% is used to represent the
situation where a signalized intersection is present and modifying the headway distribution of
a traffic stream consisting of 400 through vehicles from the main street, 100 left-turn vehicles
from one minor street, and 100 right-turn vehicles from the cross-street entering the
downstream two-lane highway segment.

A 5-mile section of two-lane highway was simulated using TWOPAS with the
following conditions:

e Through movement saturation flow rate, s; = 1800 veh/h
e PHF=10

e 100% passenger cars

e 0% no-passing zones

e 0% reduced speed zone

e Level terrain

e Lane width =12 ft
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e 50/50 directional split

e Two-phase timing plan

e Inter-green time is equal to the lost time per phase

e Desired speed and speed standard deviation using the recommended default values
presented in Table 4-10.

Table 4-10: Recommended Default VValues for Desired Speed by Vehicle Type

Passenger Car | Recreational Vehicle Truck
Mean Desired Speed (mi/h) 61.5 59.5 59.5
Standard Deviation (mi/h) 5.0 4.0 3.5

When establishing the TWOPAS model, a series of data collection stations were set
along the two-lane highway at the interval of 100 ft. After simulation, the average travel speed
at each data collection station was obtained from the TWOPAS output file. ATSsiqi denotes
the average travel speed at the /™ data collection station on the two-lane highway with a
signalized intersection. ATSye sig,i denotes the average travel speed at the i data collection
station on the two-lane highway without a signalized intersection. Figure 4-8 shows the
difference between ATSggi and ATSw sigi along the two-lane highway downstream of the
signalized intersection.

Point *‘O’ in Figure 4-8 is the location of the stop line of the signalized intersection.
Point ‘C’ is the end of the two-lane highway downstream segment. The black thick line is the
trendline of the difference between ATS;sig; and ATSwe sigi along the roadway. As observed
from Figure 4-8, when the traffic stream travels into the downstream segment from Point ‘O’,
the difference between ATSsiqi and ATSwe sigi becomes larger until it reaches the peak point
(Point “A’). During the section (‘OA”), vehicles in the tight platoon have no opportunity to
pass the slow leading vehicles and travel at the desired speed. It is mainly due to the initially
tight platoon formed from the upstream signalized intersection. As traffic moves downstream,
the initially tight platoon formed from the departing queue tends to disperse the farther
downstream it travels. The platoon tends to spread out — a few moving ahead and some
dropping back. After the peak point, it can be observed that the difference between AT Sqig;
and ATSwo sigi drops dramatically. It is mainly because the initially tight platoon formed from

74



the signalized intersection has spread out and its effect is becoming smaller and smaller. Point
‘B’ can be considered as the transition point, at which point the decreasing slope changes
from steep to fairly level. After Point ‘B’, the difference between ATSsigi and ATSwe_sig,i
becomes negligible, near to 0.2 miles per hour. It still keeps dropping, but the decreasing rate
becomes extremely small. After a certain distance, the platoon has spread out, and the impacts
produced by the upstream signal on the platoon dispersion gradually disappear.

Based on the above discussion, the effective length of a signalized intersection on the
downstream two-lane highway segment can be determined from the stop line of this
signalized intersection to the point, at which the difference between ATSsigi and ATSwo sig,i
becomes negligible, and its decreasing rate becomes smaller.

To estimate the downstream effective length of a signalized intersection, a key issue is
to measure the variation of the difference between ATSsic and ATSw sic. ldeally, the
downstream effective length of a signalized intersection can be measured from the on-site
observation. However, available study sites are often too limited. Furthermore, it is very
difficult to get the information about the difference in average travel speed between the
condition with signalized intersection and without signalized intersection at the same location.
In this study, TWOPAS is used to simulate traffic operations on the two-lane highway under
different traffic conditions, and it is assumed that it is appropriate to represent the effects of a
signalized intersection through the entering percent following parameter.

The average travel speed at the interval of 100 ft along the downstream two-lane
highway can be obtained from the TWOPAS simulation output. Figure 4-9 illustrates the
difference in the average travel speed between the condition of with a signalized intersection
and with no signalized intersection. The traffic volume is 1100 veh/h. When the signalized
intersection is present, the cycle length is 60 seconds, 90 seconds, and 120 seconds,
respectively. The ratio of effective green time to the cycle length is 0.6, 0.7, and 0.8

respectively. The similar figures for the other levels of traffic volume are plotted.
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Figure 4-8: Difference in the Average Travel Speed along the Two-Lane Highway with or without Signalized Intersection
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Figure 4-9: Difference in the Average Travel Speed with Traffic Volume = 1100 veh/h
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On observing these figures, the following conclusions can be drawn:

e The traffic volume is the decisive factor for the downstream effective length of a
signalized intersection. The larger the traffic volume into the downstream segment, the
longer the downstream effective length.

e Cycle length and the ratio of effective green time to cycle length also have some effect
on the downstream effective length of the signalized intersection influence area, but it

is much smaller.

Based on the above analysis, it is was decided to develop a simplified model for the
downstream effective length of a signalized intersection, that is, one that is just a function of
directional traffic volume being served during the analysis period, as shown in Equation 4-25:

Lenef gown = 2.218584 — 0.122942 x (V/100) (4-25)
Where:
Lenqy aown:  Downstream effective length of a signalized intersection, mi, and

V: Directional traffic flow rate, veh/h

Table 4-11: Regression model for the downstream effective length

R’ = 0.98645; Adj. R® = 0.98306
Variable Coeff. t-stat
Intercept 2.218584 38.8479
Volume/100 -0.122942 -17.0642

From the above model, it can be seen that the downstream effective length is inversely
proportional to the traffic volume. As traffic volume increases, the downstream effective
length decreases. When the traffic volume is low, the headway between vehicles is relatively
large; thus, vehicles are generally not traveling in platoons and the average travel speed is at
or very near to the free-flow speed. The presence of a controlled intersection introduces
platooning in the traffic stream in the vicinity of the intersection. As the traffic stream
discharges from upstream of the intersection into the downstream section beyond the
intersection, it will take a relatively longer distance to return to the free-flow state from the
platooned state. However, when the traffic flow rate is high, the headway between vehicles is
much smaller; thus, a high percentage of vehicles are already in the platooned state and the

average travel speed is lower than the free-flow speed. As the traffic stream discharges from
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upstream of the intersection into the downstream section beyond the intersection, it will take a
relatively shorter distance to return to a similar platoon state from the signal queued state.
This method of determining the effective length of an isolated signalized intersection
influence area on the downstream two-lane highway segment takes full advantage of
TWOPAS’s ability to simulate traffic operations on the two-lane highway. It also applies the
parameter of Entering Percent Following at the immediate downstream point of a signalized
intersection to reflect the potential effect of a signalized intersection on the downstream two-

lane highway operation. The evaluation for this methodology will be done in the next section.

4.2.5 Evaluation Based on CORSIM Simulation

TWOPAS is the only simulation software that is able to simulate the passing
maneuver operation on the two-lane highway using the opposing lane, and was developed
with U.S. data. In this study, TWOPAS was used to study the effects of the signalized
intersection on the downstream segment with the reasonable Entering Percent Following input
variables. In this section, a simulation approach is used to evaluate the methodology for
determining the downstream effective length of a signalized intersection on the two-lane
highway.

The CORSIM simulation model was selected as the traffic simulator. It can analyze a
wide range of traffic, geometric, and control conditions and produces a relatively rich set of
performance measures. CORSIM is not able to simulate the passing operation on the two-lane
highway using the opposing lane, but this drawback will be considered in the results analysis.

A two-way, two-lane roadway network with an isolated fixed-time signalized
intersection was simulated using CORSIM. It was a total of 5 miles in length, and the isolated
intersection was located at the 0.5-mile point. Once the CORSIM base road network was
developed, the values for the independent variables were systematically changed to model
different scenarios. After simulation, average travel speeds at the interval of 0.025 miles along
the two-lane roadway are obtained from the CORSIM output file. The downstream effective
length of a signalized intersection based on average travel speed can be determined from its
variation trend. Figure 4-10 shows the average travel speed variation along the downstream

two-lane highway segment of a signalized intersection and the average travel speed variation
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under the condition with no signalized intersection, assuming the traffic flow rate is 220
veh/h. The red line represents the average travel speed variation with no signalized
intersection. The other lines represent the average travel speed variation with a signalized
intersection, which have different cycle lengths and g/C (the ratio of green time to the cycle
length).

As observed from this figure, after the signalized intersection, vehicles travel some
distance to return to the speed at which they would have traveled under the condition of no
signalized intersection. According to the average travel speed variation under the two
conditions, the distance of OB in this figure is defined as the downstream effective length due
to the influence of the signalized intersection. In addition, it can be observed that with the
same traffic flow rate, there is not a large difference in the variation of average travel speed
when the signalized intersections have different cycle lengths and g/C ratios. These
phenomena are the same with the conclusion drawn from the methodology for determining
the downstream effective length of a signalized influence area presented in Section 4.2.4. The
similar figures are plotted for other levels of traffic volume. As observed from these figures,

the downstream effective lengths from CORSIM simulation are presented in Table 4-12.

Table 4-12: Comparison of Downstream Effective Length

Volume Effective Downstream Effective Downstream Length | Difference

(veh/h) Length from CORSIM, (mi) Equation 4-26, (mi) (mi)
200 2.05 1.972 0.078
400 1.60 1.728 -0.128
600 1.35 1.480 -0.130
800 1.05 1.234 -0.184
1000 0.65 0.988 -0.338
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As observed from Table 4-12, the downstream effective length of a signalized
intersection from CORSIM simulation is also inversely proportional to the traffic flow rate.
Through comparing the results obtained from the TWOPAS methodology with those from
CORSIM simulation, it can be seen that when the traffic flow rate is low (such as 200 veh/h,
400 veh/h), the results obtained from the CORSIM simulation is very much in agreement with
those obtained from the verified TWOPAS methodology. Although CORSIM has no ability to
simulate the passing maneuver on the two-lane highway using the opposing lane, the low
passing percentage under the low traffic demand on the two-lane highway weakens the effect
of this drawback. When the traffic flow rate increase, the effective length obtained from the
CORSIM simulation models are shorter than those obtained from the TWOPAS methodology.
As the traffic flow rate increases, the traffic passing percentage also increases. The passing
demand on the condition without any signalized intersection is larger than with a signalized
intersection. It is CORSIM’s inability of simulating passing maneuvers on the two-lane
highway using the opposing lane that makes vehicle speeds drop quickly for the condition
without any signalized intersection than for the condition with a signalized intersection.
Therefore, the downstream effective lengths obtained from the CORSIM simulation model
are shorter than these from TWOPAS when the traffic volume is higher. Based on the above
comparison, it can be concluded that the downstream effective lengths obtained from
TWOPAS essentially match those obtained from the CORSIM simulation.
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CHAPTER 5
ESTIMATION OF SERVICE MEASURE VALUES

Chapter 3 described conceptually the methodological framework for performing a
facility level analysis of a two-lane highway that includes occasional signalized intersections.
Chapter 4 described the procedures for determining component segment lengths of the
facility. This chapter describes the methods for calculating the service measure values of each
of these segment types.

This chapter begins with procedures for determining the free-flow speed on the two-
lane highway segment. Next, this chapter presents how to determine average travel speed on
three kinds of two-lane highway segments: the basic two-lane highway segment that is
unaffected by a signalized intersection, the downstream two-lane highway segment within the
effects of the installed signalized intersection, and a two-lane highway with a passing lane.

Finally, the formulas for calculating control delay at the signalized intersection are presented.

5.1 Free-Flow Speed Estimation

Free-Flow Speed (FFS) is the average speed of the traffic stream when the traffic
volume is sufficiently low such that drivers are not influenced by the presence of other
vehicles and when intersection traffic control is not present or is sufficiently distant as to have
no effect on speed choice.

In estimating expected operating conditions of a two-lane highway facility, the free-
flow speed is a significant variable. The chosen service measure for this facility analysis
methodology, percent time-delayed, is defined as the percentage of the travel time that a
vehicle on a given roadway segment must travel at speeds less than their desired speed due to
the inability to pass or traffic control during some designed time interval. There is actually no
practical method by which to measure drivers’ desired speed in the field. In practice, the
desired speed, on aggregate, is usually considered to be the free-flow speed. In addition, free-
flow speed is a necessary variable when calculating the average travel speed on the two-lane

highway segment.
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Two general methods are recommended in the HCM 2000 [1] to determine the FFS
for a two-lane highway: field measurement, and estimation of free-flow speed. They are

repeated here for convenience.

5.1.1 Field Measurement of Free-Flow Speed

The Free-flow-speed of a two-lane highway can be determined directly from a speed
study conducted in the field. The speed study should be conducted at a representative site
within the study section. The best location to measure free-flow speed on the two-lane
highway is mid-block and as far as possible from the nearest signalized or stop-controlled
intersection. The measurement should be made under low flow conditions (less than 200
veh/h). The most appropriate section for performing a field study for the free-flow speed is
the segment which is not affected by the installed signalized intersection.

Free-flow speeds may be directly measured as follows:

e A representative speed sample of 100 or more vehicle should be obtained.

e Total two-way traffic flow should be 200 pc/h or less.

e All vehicle speeds should be observed during the study period, or a systematic

sampling should be applied.

e When a two-direction analysis is considered, the speed sample should be selected

from both directions of flow; when a one-direction analysis is considered, the
speed sample should be selected only from the direction under study.

If field measurements must be made at a total flow level higher than 200 pc/h, the

free-flow speed may be estimated as:

Vf

FFS =S, +0.00776(—) (5-1)

Hv
Where:
FFS: free-flow speed for the facility, mi/h
Sn: mean speed of the measure sample (where the total flow is greater than 200 veh/h),
mi/h
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V;: observed flow rate for the period of the speed sample, veh/h

fuy : heavy vehicle adjustment factor

If field measurement of the highway is not feasible, data taken at a similar facility may

be used.

5.1.2 Estimating Free-Flow Speeds

If field observation of free-flow speed is available, the free-flow speed on a two-lane
rural highway may be estimated indirectly. Because the free-flow speed of a two-lane
highway can range from 45 to 65 mi/h, this is a greater challenge on two-lane highways than
on other types of uninterrupted-flow facilities. The free-flow speed can be estimated by

applying the adjustments to the base free-flow speed (BFFS) using Equation 5-2 [1]:

FFS=BFFS—f,s—f, (5-2)
Where:
FFS: estimated free-flow speed for the facility, mi/h
BFFS: base free-flow speed for the facility, mi/h
f1s: adjustment for lane and shoulder width, mi/h

f1: adjustment for access point density, mi/h

There are three important variables in the above estimating formula; the base free-flow
speed (BFFS), adjustment for lane and shoulder widths, and adjustment for access point
density. Note that because of the broad range of speed conditions on two-lane highways and
the importance of local and regional factors that influence drive-desired speeds, the HCM
2000 does not provide any detailed criteria for estimating the BFFS. It is limited to a range of
45-65 mi/h. The adjustment factors for lane and shoulder width are shown in Table 5-1. The

adjustment factors for access point density are shown in Table 5-2.
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Table 5-1: Adjustment (f_s) for Lane Width and Shoulder Width

Reduction in FFS (mi/h)
Shoulder Width (ft)
Lane Width (ft) >=0<?2 >=2<4 >=4<6 >=6
9<10 6.4 4.8 3.5 2.2
>=10<11 5.3 3.7 2.4 1.1
>=11<12 4.7 3.0 1.7 0.4
>=12 4.2 2.6 1.3 0.0

Source: HCM 2000, Chapter 20

Table 5-2: Adjustment (fa) for Access-point Density

Access Points per mi Reduction in FFS (mi/h)
0 0.0
10 2.5
20 5.0
30 7.5
40 10.0

Source: HCM 2000, Chapter 20

5.2 Performance Measure on the Unaffected Two-Lane Highway Segment

The HCM 2000 Chapter 16 [1] presents operational analysis methodologies for two-
way and directional segments of two-lane highways. On a two-lane highway with different
types of segments, such as a signalized intersection, an un-signalized intersection, and/or a
passing lane, two-way segments typically do not have homogeneous cross sections or
relatively constant demand volumes and vehicle mix proportions in the two directions. Thus,
a separate analysis by direction of travel is particularly appropriate. The segment directional
methodology for determining the average travel speed on the basic two-lane highway segment

is repeated here for convenience.

Determining FFS

The first step in the analysis of a directional segment is to determine FFS. FFS can be
determined by field measurement or estimation, which has been reviewed in Section 5.1. Note
that these methods should be applied on a directional basis rather than to both directions

combined.
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Determining Demand Flow Rate

This demand flow rate should be based on the PHF, the traffic composition, and the
terrain or actual grade in the specific direction of travel. The demand flow rate for the peak
15-min period in the direction analyzed is determined with Equation 5-3 [1]:

v

- 5-3
" T PHE % fy x [ &9

Where:
v4. passenger-car equivalent flow rate for the peak 15-min period in the direction
analyzed (pc/h)
V: demand volume for the full peak hour in the direction analyzed (veh/h)
fc: grade adjustment factor, and

fuy: heavy-vehicle adjustment factor

A directional analysis also requires consideration of the demand flow rate in the
opposing direction. The opposing demand flow rate is computed using Equation 5-4 [1].
V

v, = - (5-4)
PHF x f. x .,

Where:
ve. passenger-car equivalent flow rate for the peak 15-min period in the opposing

direction of travel, and
V,: demand volume for the full peak hour in the opposing direction of travel.

Determining Average Travel Speed
The average travel speed is estimated from the FFS, the demand flow rate, and an
adjustment factor for the percentage of no-passing zones. Average travel speed is then
estimated using Equation 5-5 [1].
ATS, = FFS, -0.00776(v, +v,) - f,, (5-5)
Where:

ATS, : average travel speed in the analysis direction (mi/h)

FFS, : free-flow speed in the analysis direction (mi/h)
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v4. passenger-car equivalent flow rate for the peak 15-min period in the analysis
direction (pc/h)

Ve passenger-car equivalent flow rate for the peak 15-min period in the opposing
direction (pc/h)

Jnp- adjustment for percentage of no-passing zones in the analysis direction

The detailed procedure is described in Chapter 20 (Two-lane Highways) of the HCM 2000.

5.3 Performance Measure on an Affected Two-Lane Highway Segment

The presence of a signalized intersection on a two-lane highway can significantly
affect traffic operations on the downstream two-lane highway segment, such as decreasing
travel speed, and increasing percent time-spent-following. In this section, the methodology is
described, by which the effects of an isolated signalized intersection on a downstream two-
lane highway segment can be estimated in terms of average travel speed. That is, to quantify
the decrease of average travel speed within the downstream effective length caused by the
upstream signalized intersection. The procedure can be broken down into three steps.

Step 1: Determine the average travel speed for the basic two-lane highway section

without the signalized intersection, ATS.

Step 2: Determine the adjustment factor for the effect of a signalized intersection on

average travel speed within the downstream effective length, £, .

Step 3: Determine the average travel speed within the downstream effective length,
ATS>.

Step 1: Determine ATS without signalized intersection, ATS;
Two methods can be used to estimate the directional ATS for the two-lane highway.
One is by microscopic simulation, and the other is using the HCM 2000 directional analysis

procedure. The directional analysis procedure is described in detail in the HCM 2000.
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Step 2: Determine the adjustment factor for the effect of a signalized intersection on

average travel speed, f,

This step can be broken down into three sub-steps. First, divide the downstream
effective length of a signalized intersection influence area into multiple short equal-distance
intervals, then determine the average travel speed within each interval. Second, divide the
two-lane highway segment without an intersection into multiple short equal-distance intervals.
Then determine the average travel speed within each interval. Note that the length of each
interval is equal to the one above. Third, determine the adjustment factor for the effect of a
signalized intersection on the average travel speed of its downstream two-lane highway
segment. The first two sub-steps can be performed with TWOPAS simulation. The simulation
procedure is similar to the one for deciding the downstream effective length of a signalized
intersection described in the last chapter. The characteristics of the highway section used in
the simulation are also the same as those used to determine the downstream effective length of
a signal influence area. Here the third sub-step is discussed in detail.

Figure 1 shows the difference between ATS;; and ATS,; along the facility. This figure
is from the output of TWOPAS runs. ATS;; denotes the average travel speed of the ith interval
within a two-lane highway with no signalized intersection. ATS>; denotes the average travel
speed of the ith interval within a two-lane highway segment downstream of a signalized
intersection. The line AB in this figure represents the downstream effective length of a signal
influence area, which is divided into multiple equal-distance small intervals. The adjustment
factor for ATS is calculated as the average difference between A7S;; and ATS,; along the

facility, that is

1 n
fATS :;Z(ATSLI' _ATSZ,i) (5'6)

i=1
Where”
f.rs - adjustment factor for the effect of a signalized intersection on average travel
speed within the downstream effective length of the signal influence area,

ATS; ;. average travel speed of the ith section of a two-lane highway without a

signalized intersection, mph,
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ATS, ;- average travel speed of the ith section of a two-lane highway downstream of a
signalized intersection, mph, and
n: number of sections within the downstream effective length of a signal influence

area.

The difference in average travel speed (Av) between a two-lane highway with a
signalized intersection and without a signalized intersection of ith interval, lying between the
ith observing station i and the (i+1)th observing station, can be simplified to the following
formula:

Av(i) + Av(i +1)
2

1
Av(i+—=) =
v(i 2)

And can be donated in Figure 5-1 as the line, Av(i +%) .

Note that the assumption is that the average travel speed variation curve is a straight
line over the interval between the ith observing station and the (i+1)th observing station . This
approximate solution is acceptable when the distance interval of Ax is small. The adjustment

factor for average travel speed can be calculated using Equation 5-7 or Equation 5-8,

fo = 1( (Av, +Av,) N (Av, + Av,) R N (Av, , +Av,) N (Av, +Av, ;) (5-7)
2 2 2 2
or
1 n+l
Sars = Z(ZAVI' —(Av, + AVn+1)] (5-8)
i1
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Figure 5-1: Downstream Operational Effects of a Signalized Intersection on ATS
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Step 3: Determine the average travel speed for the downstream highway section within
the downstream effective length, ATS,.

Average travel speed within the downstream effective length of a signalized
intersection is generally lower than the average travel speed without a signalized intersection.
The effect varies as a function of the directional flow rate and the timing plan of the
signalized intersection. The adjustment factors are presented in Table 5-3. Within the
downstream effective length, average travel speed is assumed to decrease evenly to the value
without the effect of the upstream signalized intersection. Thus, the average travel speed
within the downstream effective length of a signalized intersection can be computed using
Equation 5-9:

ATS, = ATS1 - furs (5-9)
Where:
ATS,: average travel speed within the downstream effective length of the upstream
signalized intersection, mi/h,
ATS,: average travel speed without the effect of a signalized intersection, mi/h, and
fars: adjustment factor for the effect of a signalized intersection on the average travel
speed within the downstream effective length, mi/h.

Table 5-3: Adjustment factor, fars, to Average Travel Speed for a Segment Downstream
of a Signalized Intersection

Average Travel Speed (mi/h)

Directional Demand 60 55 50 45
Flow Rate, (pc/h)

Cycle Length=60, g/C=0.6
<=220 0.908 0.835 0.762 0.689
440 1.051 0.978 0.905 0.832
660 1.437 1.284 1.130 0.976
880 1.824 1.589 1.354 1.119
1100 2.210 1.894 1.579 1.263

Cycle Length=60, g/C=0.7
<=220 0.676 0.599 0.522 0.445
440 0.741 0.664 0.587 0.510
660 0.921 0.806 0.691 0.575
880 1.102 0.948 0.794 0.641
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1100 1282 | 1090 |  0.898 0.706
Cycle Length=60, g/C=0.8
<=220 0.382 0.321 0.260 0.198
440 0.484 0.423 0.361 0.300
660 0.595 0.530 0.466 0.402
880 0.705 0.638 0.571 0.503
1100 0.816 0.746 0.675 0.605
Cycle Length=90, g/C=0.6
<=220 1.135 1.006 0.878 0.749
440 1.320 1.191 1.062 0.933
660 1.800 1.573 1.345 1.117
880 2.281 1.954 1.628 1.302
1100 2.761 2.336 1.911 1.486
Cycle Length=90, g/C=0.7
<=220 0.814 0.703 0.592 0.482
440 0.912 0.801 0.691 0.580
660 1.107 0.964 0.821 0.678
880 1.303 1.127 0.952 0.777
1100 1.498 1.290 1.083 0.875
Cycle Length=90, g/C=0.8
<=220 0.432 0.371 0.310 0.248
440 0.534 0.473 0.411 0.350
660 0.645 0.580 0.516 0.452
880 0.755 0.688 0.621 0.553
1100 0.866 0.796 0.725 0.655
Cycle Length=120, g/C=0.6
<=220 1.229 1.060 0.892 0.724
440 1.485 1.317 1.148 0.980
660 1.945 1.709 1.472 1.236
880 2.404 2.100 1.797 1.493
1100 2.864 2.492 2.121 1.749
Cycle Length=120, g/C=0.7
<=220 0.855 0.812 0.769 0.726
440 0.929 0.886 0.843 0.800
660 1.128 1.043 0.959 0.874
880 1.326 1.200 1.074 0.948
1100 1.525 1.357 1.190 1.022
Cycle Length=120, g/C=0.8
<=220 0.505 0.454 0.403 0.352
440 0.583 0.532 0.481 0.430
660 0.718 0.648 0.578 0.508
880 0.852 0.763 0.675 0.587
>=1100 0.986 0.879 0.772 0.665
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5.4 Service Measure on a Two-Lane Highway with a Passing Lane

When traffic operational problems occur on a two-lane highway, one method for
alleviating these problems is to provide passing lanes at regular intervals. Passing lanes
cannot increase the capacity of a two-lane highway but can improve its level of service [1]. A
passing lane is a lane added in one direction of travel on a conventional two-lane highway to
improve opportunities for passing. The addition of a passing lane to a two-lane highway
provides a three-lane cross section with two lanes in one direction of travel and one lane in the
other.

Chapter 20 in the HCM 2000 provides an operational analysis procedure for a passing
lane on a two-lane highway. Here the procedure to determine average travel speed on the two-
lane highway with a passing lane is presented.

The first step in the operation analysis of a passing lane is to apply the procedure for
directional segment to the normal cross section without the passing lane. The result is the
average travel speed, ATS,, for the normal two-lane cross section. Installation of a passing
lane provides operational benefits for some distance downstream before average travel speed
returns to its former level. Thus, the effective length of a passing lane is greater than its actual
length. The second step is to divide the analysis segment into four regions. Figure 5-2 shows
the segment division and variation in average travel speed in a two-lane highway segment
with a passing lane. These divided regions are:

1. Upstream of the passing lane

2. The passing lane

3. Downstream of the passing lane but with its effective length

4. Downstream of the passing lane but beyond its effective length

These four lengths add up to the total length of the analysis segment. The HCM 2000
provides a table on the downstream length of roadway affected by passing lanes on directional
segment, L,.. The lengths of other regions can be determined by the actual placement of the
passing lane within the analysis section. Table 5-4 shows the downstream length of two-lane

highway affected by a passing lane, based on the average travel speed.
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Figure 5-2: Effect of a Passing Lane on Average Travel Speed

Table 5-4: Downstream Length of Roadway Affected by Passing Lane

Directional Flow Rate Downstream Length of Roadway Affected, L. (mi)
(pc/h) Average Travel Speed
<=200 1.7
400 1.7
700 1.7
>=1000 1.7

Source: HCM 2000, Chapter 20

The next step is to determine the average travel speed. Average travel speed with
lengths L, and L, is assumed to equal ATS,, as predicted by the directional segment procedure.
Within the passing lane, average travel speed is generally 8 to 11 percent higher than its
upstream value. This effect varies as a function of directional flow rate, as shown in Table
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5-5. Within the downstream length, L., average travel speed is assumed to decrease linearly
with distance from the within-passing lane value to its normal upstream value. Thus, the
average travel speed with the passing lane in place can be computed using equation 5-10 [1].

ATS , x L,

ATS ) = (5-10)

L 2L
L +L,+——+—*
fp[ 1+fpl

Where
ATS,: average travel speed for the entire segment including the passing lane (mi/h)
ATS,: average travel speed for the entire segment without the passing lane

Joi: factor for the effect of a passing lane on average travel speed

Table 5-5: Factors for Estimation of Average Travel Speed within a Passing Lane

Directional Flow Rate (pc/h) Average Travel Speed
0-300 1.08
> 300 - 600 1.10
> 600 1.11

Source: HCM 2000, Chapter 20

5.5 Service Measure at a Signalized Intersection

The HCM 2000 uses control delay as the service measure for a signalized intersection.
Control delay includes “movements at slower speed and stops on intersection approaches as
vehicles move up in queue position or slow down upstream of an intersection”.

The delay model incorporated in the HCM 2000 includes the uniform delay, a version
of Akcelik’s [1] overflow delay model, and a term covering delay from an existing or residual
queue at the beginning of the analysis period. The control delay per vehicle for a given lane
group is given by the following formulas, directly from the HCM 2000. Equation 5-12 gives
an estimate of control delay assuming uniform arrivals and stable flow. It is based on the first
term of Webster’s delay formulation. Equation 5-13 gives an estimate of the incremental
delay due to non-uniform arrivals and individual cycle failures, as well as delay caused by
sustained periods of over-saturation. Equation 5-14 gives an estimate of the initial queue

delay from the previous period at the start of the analysis.
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d=d,(PF)+d, +d, (5-11)

05C(L-&)?
d, = ¢ (5-12)
1-[min(L, X)%]

d, = QOOT[(X—l) +\/(X—1)2 +g} (5-13)
C
d, = 18000, (1+u)t (5-14)
cT

Where:
d: control delay per vehicle, s/veh
d;: uniform control delay, s/veh
d>: incremental delay, s/veh
ds: initial queue delay, s/veh
PF progression adjustment factor
T: analysis period, h
X: v/c ratio
C: cycle length, s
k: incremental delay factor for actuated controller settings
I: upstream filtering/metering adjustment factor
c: capacity, veh/h
Op: initial queue at the start of analysis period
u. delay parameter

t: duration of unmet demand in analysis period

The progression adjustment factor is an important factor in calculating the control
delay. It is an empirically calibrated adjustment to uniform delay that accounts for the effect
of platooned arrival patterns or signal coordination. Progression primarily affects uniform
delay, so the progression adjustment factor is applied only to d;. The value of PF can be

determined by Equation 5-15.
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pp=L=De (5-15)

Where:
PF: progression adjustment factor
P: proportion of all vehicles arriving during green
g/C: effective green to cycle length ratio

fra: supplemental adjustment factor for platoon arrival during the green

The procedure of calculating control delay at a signalized intersection is described in
detail in the HCM 2000, Chapter 16, Signalized Intersections.

5.6 Level of Service Thresholds

To complete a level of service (LOS) methodology, it is necessary to define values of
the service measure that serve to delineate between the various levels of service, A-F. The
selected values, or thresholds, should be chosen such that they correspond to drivers’ level of
satisfaction with the operating conditions for the given level of the service measure.

However, without the benefit of research that directly investigates driver satisfaction
on these facilities under varying levels of the service measure, there is no way to be sure that
the chosen thresholds correlate with driver expectations. Nonetheless, threshold values must
still be chosen such that a level of service value can be assigned to the analysis results.

Although the selection of these threshold values is somewhat arbitrary without the
benefit of driver perception-based research, there is some existing information that can be
used to guide the threshold value selection. This information is the existing LOS thresholds
for basic two-lane highway segments. It is important to recognize that adding a signalized
intersection along a two-lane highway should not result in an improvement to the LOS that
would be estimated for an equivalent two-lane highway with no signalized intersection(s)
present.

Preliminary LOS threshold values have been selected and are shown in Table 5-6.
The application of these thresholds is demonstrated in the example problems of Chapter 6.
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Table 5-6: LOS Criteria for Two-Lane Highway Facilities
Level of Service Percent Time-Delayed

<7.5%
7.5%-15%
15%-25%
25%-35%
35%-45%

> 45%

TMOO®@>

5.7 Application of Methodology to Multilane Highways

Multilane highway segments and freeway segments currently share the same service
measure, density. Given the similarity in operational features of these segments, this makes
some sense. However, in some respects, multilane highways that include the presence of
signalized intersections have more in common with signalized arterials or two-lane highways
(with occasional signals) than freeways. Since freeways, by definition, are always
uninterrupted, it becomes more difficult to make comparisons between an interrupted facility
and one that includes occasional interruptions.

Combining multilane highway segments, that use density for the service measure, with
signalized intersections, that use delay as the service measure, poses the same challenge as
that for two-lane highways and signalized intersections. That is, the service measures for
each facility type are somewhat disparate, but even more so in the case of multilane highways
and signals, as the density measure has no time component to it, whereas the signal delay
measure is strictly time-based.

As was done for this two-lane facility analysis methodology, a speed/delay measure
can be implemented for multilane highways. However, as indicated by current empirical
evidence, average speeds on multilane highways (as well as freeways) are relatively constant
up to fairly high flow rates, and thus LOS based upon speed does not reflect the likely
discomfort experienced by travelers for increasing flow rates. Density, on the other hand,
always increases with increasing flow rate (for under-saturated conditions) and thus reflects
traveler discomfort more adequately. To some extent, the use of speed for two-lane highways
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has the same limitations (compared to percent time-spent-following); however, speed is more
readily impacted by flow rate on two-lane highways due to the need to use the oncoming lane
for passing maneuvers.

Percent time-spent-following may be more applicable than speed on multilane
highways, as it correlates better with increasing density (decreasing headways) at lower
volumes. Although this measure has a time component to it, it would still require some
manipulation to be compatible with the delay measure of signalized intersections.
Alternatively, the signal delay measure might be manipulated to be yield a comparable PTSF
value. While these manipulations may also have been possible for the two-lane highway
facility methodology, it should be noted again that one of the recognized drawbacks of the
PTSF measure was its potential lack of applicability to certain types of two-lane highways.
Furthermore, these manipulations of either the PTSF measure or the signal delay measure

would potentially lead to a less intuitive level of service methodology.
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CHAPTER 6
APPLICATION EXAMPLES

The methodologies developed in this research can be used to assess the operational
performance of an extended length of a two-lane highway facility, comprised of multiple
segments, with segment delineations occurring with a change in either roadway or control
attributes. A common application of the methodologies is to compute the LOS of a current or
a changed facility in the near term or in the future. The primary outputs are the performance
measure values of delay time and percent time-delayed, as well as a level of service ranking.

This report focuses the efforts on developing the methodology for operational analysis
of a two-lane highway with an isolated signalized intersection at the facility level.
Nonetheless, it is intended that this research will also provide a model for the basic structure
of a facility level analysis that will be amenable to the incorporation of a variety of segment
types. In this chapter, two examples are provided to illustrate the application of the developed

methodology.

6.1 Example 1
The Facility: A rural two-lane highway facility extends 7 miles with an isolated signalized

intersection at the 3-mile point. Figure 6.1(a) illustrates the components of the

facility.

The Question: What is the percent time-delayed and level of service of this two-lane

highway facility for the peak hour?

The Facts:
e Roadway Data
> Level terrain » 60 mi/h base FFS
» 6-ft shoulder width » 12-ft lane width
» 5 access points/mi » 50% no-passing zones
» Downstream with 4-mile length » Upstream with 3-mile length
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Traffic Data

» 1000 veh/h (two-way volume) » 60/40 split
» 3 percent trucks and buses » 2 percent RVs
> 0.95PHF
e Control Data
» EB and WB HV=5 percent » NB and SB HV=5 percent
» 0.95 PHF » Two-phase signal
> EB-WB green=54 s, NB-SB » Yellow=4s
green=26s » Main street has one lane and a left-
» Cross street has one lane in each turn bay in each direction.
direction » Movement lost time=5s
» 6-ft shoulder width » 12-ft lane width
» No parking at intersection » Level terrain

Outline of Solution:

1.

2
3.
4

O e N S W

Divide the facility into segments.
Determine segment lengths.

Calculate the free-flow speed.

Calculate the average travel speed on the two-lane highway segment upstream of the

signal influence area.

Calculate control delay at the signalized intersection influence area.

Determine average travel speed on the affected downstream segment.

Determine average travel speed on the unaffected downstream segment.

Determine the delay of every segment.

Determine the percent time-delayed of the entire facility.
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INPUT WORKSHEET

Analyst . Intersection
Date Performed . Area Type
Analysis Time Period Analysis Year

I

Grade = _0% ‘g
»
7]
(724
<4
o
Grade = _ 0%
Grade = 0% 3 Mile JL JL JL 4Mile  Main Street J
e e Rd
Segment 1 Segment 2 Segment 3 Segment 4
Grade = _ 0%

Class Il highway

Two-way hourly volume 1000 veh/h Directional split 60/40
Peak-hour factor, PHF 0.95 Access points/mi _ 5 /mi
% Trucks 3 % Base FFS 60 mi/h
% Recreational vehicles 2 % Shoulder width 6 ft
% No-passing zone 50 % Lane width 12 ft
Upstream segment length 3 mi Downstream segment length _4 mi
Terrain Level

T

A Through
y 7

5 Left
'/

Through-+right

V Through+right+Left

I
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EB WB NB SB
LT|TH|RT|LT|TH|RT | LT |TH| RT | LT | TH | RT
Volume, V (veh/h) 50 | 500 [ 50 | 50 [ 300 ) 50 [ 50 | 100 | 50 | 50 | 100 | 50
% heavy vehicle, %HV 5 5 5 5 5 5 5 5 5 5 5 5
Peak-hour factor, PHF 0.95 0.95 0.95 0.95
Pretimed(P), Actuated (A) P P P P
Start-up Lost time, | (s) 2 2 2 2
Arrival type, AT 3 3 3 3
Parking (Y or N) N N N N
Parking maneuvers, 0 0 0 0
Bus stoppin 0 0 0 0
Diagram v
4_’:’_ 7|\
v A > |«
_4:_’ A/
A
Phase 1 Phase 2
Time G=54.0 G=26.0 Cycle Length, C= 90.0s
Y+R=5.0 Y+R=5.0
Grade=0% I Cross Street
I Grade=0%
I Main Street
Grade=0% I
Grade=0%
I : | 4 |
’- 3Mi T 4 M ,‘
(A)
I
I
I
I
I | J | |
| S | S | S | S |
(B)

Figure 6-1: A Two-lane Highway with an Isolated Signalized Intersection
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Step 1: Divide the facility into segments

The first step is to divide the facility into uninterrupted and interrupted flow segments.
Each segment has homogenous characteristics. Figure 6-1 (B) shows the segmentation of a
two-lane highway with an isolated signalized intersection. The whole two-lane highway

facility is divided into four segments. These segments are:

e Segment 1: the basic two-lane highway segment. It is located upstream of the
signalized intersection. This segment is not affected by the downstream signalized
intersection.

e Segment 2: the influence area of the signalized intersection. It is composed of not only
its own actual length, but also the deceleration distance, stopped distance and
acceleration distance.

e Segment 3. the affected downstream two-lane highway segment. It is located
downstream of the signalized intersection, and affected by the upstream signalized
intersection. Note that this segment length does not include the acceleration distance
of the signal influence area.

e Segment 4. the basic two-lane highway segment, it is located downstream of the
signalized intersection. Just like Segment 1, this segment is not affected by the
upstream signalized intersection.

These four lengths add up to the total length of the analysis facility.

Step 2: Determine segment lengths
The length of the signalized intersection influence area, L,, is calculated as the sum of
upstream effective length and acceleration length.
The upstream effective length is calculated using Equation 4-17.
= 43.2463 + 4.2688 x (V' /100)* +5.2178 x Cycle
—57.3041x (V' /1100) x % LT —5.2444x Cyclex g _C

=43.2463 + 4.2688 x (600/100) +5.2178 x 90
—57.3041x (600/100) x 8.3% — 5.2444 x 90 x 0.6
=355 ft

Len o up
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The acceleration length can be determined using the linearly-decreasing acceleration
model, or obtained from the reference table in Transportation and Traffic Engineering
Handbook, which is presented in Chapter 4, Table 4-2. Here the acceleration distance uses the
value from this reference table.

L,=574ft

The length of Segment 2, L,, is:

L2 = Lefff_up
=355+574 =929 ft =0.18 mi

+L,

The length of the conventional two-lane highway segment upstream of the signalized
intersection, L,, is calculated by subtracting the upstream part of the signalized intersection
influence area from the length of the two-lane highway upstream of the signalized
intersection. That is,

Li=L,-L,

=3.0-355/5280 =2.93mi

The length of the affected downstream segment of the signalized intersection, L;, is
calculated by subtracting the acceleration length of the signal influence area from the
downstream effective length. The downstream effective length is calculated using Equation 4-
25.

Lenefy down = 2.218584 — 0.122942 x (11100)

= 2.218584 — 0.122942 x (600/100)
=1.48 mi

The length of Segment 3, L; is,

L, = Leneﬁ._ down — L4

L, =1.48—(574/5280) =1.37 mi

Segment 4 is located downstream of the signalized intersection. The length of
Segment 4 can be calculated by subtracting the total length of Segment 1, 2 and 3 from the
total length of the facility. The length of Segment 4, L, is,
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L,=L—(L+L,+L,)

L, =(3.0+4.0)—(2.93+0.18+1.37) = 2.52 mi

Step 3: Calculate the free-flow speed

FFS = BFFS— f,s — f,
=60-0-1.3
=58.7mi/h
The above equation is Equation 20-2 in the HCM 2000. The f;5 and £ values are from

Exhibits 20-5 and 20-6, respectively, in Chapter 20 of the HCM 2000.

Step 4: Calculate the average travel speed on the unaffected upstream segment.
Use the HCM 2000 methodology to calculate the ATS (Chapter 20)
ATS; = 48.4 mi/h

Step 5: Calculate control delay at the signalized intersection influence area.
Use the HCM 2000 methodology to calculate the control delay (Chapter 16)
Control Delay = 12.8 sec/veh

Step 6: Determine average travel speed on the unaffected downstream segment
Use the 2000 HCM methodology to calculate the average travel speed.
ATS;=48.4 mi/h

Step 7: Determine average travel speed on the affected downstream segment.

For the affected downstream segment of the signalized intersection, an adjustment factor for
the effect of a signalized intersection on average travel speed will be applied to the average
travel speed without a signalized intersection to compute the average travel speed on the
affected downstream segment of the signalized intersection. The adjustment factors can be
obtained from Table 5-3 based on the traffic flow rate. The adjustment factor for Segment 4
can be interpolated as

1.800 -1.320
=1.32 + (600 — 440) x === — 1,669 mi/h
S ( ) 660— 440
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So the average travel speed of Segment 4 is

ATS, = ATS, — f 4rs
=48.4-1.669 = 46.73mi/h

Step 8: Determine the delay of every segment.
The delay at Segment 1, D, is
L, =2.93mi
S, =48.4mi/h
FFS, =58.7 mi/h
L L 293 2.93
©S, FFS, (484 587

)(3600) = 38.24 sec/veh

1

The delay at segment 2, D,, is

L,=0.18mi
D, =12.8sec/veh

The delay at Segment 3, D3, is

L,=137mi
S, = 46.73mi/h
FFS, =58.7 mi/h
L, L, ,137 137

3 T o = (

S, FFS, '46.73 587

)(3600) = 21.52 sec/veh

The delay at Segment 4, Dy, is

L, =2.52mi
S, =48.4mi/h
FFS, =58.7mi/h
L, L, 252 252
4= o - = ( -

)(3600) = 32.89 sec/veh
S, FFS, 484 587
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Step 9: Determine the percent time-delayed of the entire facility.
1. The total length of the facility

Length of Segment 1, L, | 2.93miles

Length of Segment 2, L, | 0.18miles

Length of Segment 3, L, | 1.37 miles

Length of Segment 4, L, | 2.52miles

Total Length, L, L =L+L,+L,+L,
L, =293+0.18+1.37+2.52 =7 miles

2. The total delay of the facility

Delay of Segment 1 D, 38.24 sec

Delay of Segment 2, D, 12.80sec

Delay of Segment 3, D, 21.52 sec

Delay of Segment 4, D, 32.89sec

Total Delay, D, D, =D +D,+D;+D,
=38.24+12.8+21.52 + 32.89 = 105.45 sec/veh

3. Calculate the total travel time of the facility based on the free flow speed

T = L L(%OO) =429 sec/veh

FFS 58.7

4. Calculate the percent time-delayed of the facility

Z(DH+DS)
PTD =—"2 _ D
(Lo Ly L
f< FFS, FFS;' FFS
15 o4 58%
429
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From Table 5-6, this value of percent time-delayed gives an LOS value of ‘C’, albeit
barely, as the value of 24.6% is just under the ‘C/D’ threshold of 25.0%. By comparison, an
average travel speed of 48.4 mph, for a two-lane highway with no signalized intersection,
would also yield an LOS of “‘C’ using the criteria in Exhibit 20-2 of the HCM 2000 (for ATS
only). The LOS “C’ range in this table is 45-50 mph. Although the level of service is the
same in this situation, as opposed to being made worse due to the presence of the signal, it is
still reasonable given that the average signal delay is only 12.8 seconds over a 7-mile length
of highway. Thus, the relatively good signal conditions in this case are probably having a

very minor impact on the overall trip quality over this length of highway.

110



6.2 Example 2

The Facility:

A rural two-lane highway facility extends 20 miles with two isolated signalized intersections,
and a passing lane. The first isolated signalized intersection is installed at a location 3 miles
downstream from the beginning of the 20-mile two-lane highway in the analysis direction; the
second one is at the 16-mile point. A 1.5-mile passing lane is also added at the 7-mile point.

Figure 6.2-(a) illustrates the components of the facility.

The Question:
What is the percent time-delayed and level of service for this two-lane highway facility for the
peak hour?
The Facts:
e Two-lane highway segments
» 1200 veh/h (two-way volume) » 60/40 split
» 5 percent trucks and buses » 3 percent RVs
> 0.90 PHF » 60 mi/h base FFS
> Level terrain » 12-ft lane width
» 6-ft shoulder width » 40% no-passing zones
» 5 access points/mi » 20-mile roadway Length
» The first signalized intersection at a location 3 miles downstream
» A 1.5-mile length of passing lane including tapers at a location 7 mi downstream

from the beginning of the 20-mile two-lane highway in the analysis direction

» The second signalized intersection at a location 16 miles downstream

e The First Signalized intersection:

» EB and WB HV = 8 percent » NB and SB HV = 8 percent
» 0.90 PHF » Two-phase signal
> EB-WB green=54s > Yellow=4s
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> NB-SBgreen=26s » Main street has one lane in each

» Cross street has one lane in each direction
direction » Movement losttime =5s

» 6-ft shoulder width » 12-ft lane width

» No parking at intersection » Level terrain

The Second Signalized Intersection:

» EBand WB HV = 8 percent » NB and SB HV = 8 percent

> 0.90 PHF » Two-phase signal

> EB-WB green =63s » Yellow=14s

> NB-SBgreen=17s » Main street has one lane and a left-

» Cross street has one lane in each turn bay in each direction
direction » Movement losttime =5s

» 6-ft shoulder width » 12-ft lane width

» No parking at intersection » Level terrain

Outline of Solution:

1.

2
3.
4

Divide the facility into segments.

Determine segment lengths.

Calculate the free-flow speed.

Determine the average travel speed on the unaffected basic two-lane segments (Segment
1, Segment 4, Segment 7, and Segment 10).

Determine the average travel speed on the affected downstream two-lane segments of the
signalized intersection (Segment 3, Segment 9).

Determine the average travel speed within the passing lane and its affected downstream
segment (Segment 5 and Segment 6).

Determine the control delay of the signalized intersection influence areas (Segment 2,
and Segment 8).

Determine the delay of every segment.

Determine the percent time-delayed of the entire facility.
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INPUT WORKSHEET

Analyst . Intersection
Date Performed . Area Type
Analysis Time Period Analysis Year

I

Grade=0% Grade=0%
‘ Grade=0%
Grade=0% ‘ Grade =0 % ‘ Grade=0%
‘ 3.0 Mi | 40M | 1.5 Mi—-‘ai7.5 Ml | 4.0 Mi |
) ! T T "
(A)

Class | highway

Two-way hourly volume 1200 veh/h Directional split 60/40
Peak-hour factor, PHF 0.90 Access points/mi _ 5 /mi
% Trucks 5 % Base FFS _60 mi/h
% Recreational vehicles 3 % Shoulder width 6 ft
% No-passing zone 40 % Lane width 12 ft
segment length 20 mi Terrain Level

T

A Through
y - A

o Lot
SN\

Through+right

V Through+right+Left

I\
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EB WB NB SB
LT| TH|RT | LT |TH | RT | LT |TH | RT | LT | TH| RT
Volume, V (veh/h) 50 | 620 [ 50 | 50 [ 400 | 50 | 50 | 50 | 115 | 50 | 90 | 115
% heavy vehicle, %HV 8 8 8 8 8 8 8 8 8 8 8 8
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Pretimed(P), Actuated (A) P P P P
Start-up Lost time, | (s) 2 2 2 2
Arrival type, AT 3 3 3 3
Parking (Y or N) N N N N
Parking maneuvers, 0 0 0 0
Bus stoppin 0 0 0 0

Diagram v
< ’:’ II \\
4 A >« » |
A
Phase 1 Phase 2
Time G=54.0 G=126.0 Cycle Length, C =
Y+R=5.0 Y+R=5.0 90.0s

AR
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EB WB NB SB
LT(TH|RT|LT|TH|RT | LT | TH | RT | LT | TH | RT
Volume, V (veh/h) 100 | 700 | 50 | 60 [ 360 | 60 | 60 | 100 | 60 | 60 | 120 | 60
% heavy vehicle, %HV 8 8 8 8 8 8 8 8
Peak-hour factor, PHF 0.90 0.90 0.90 0.90

8

9
Pretimed(P), Actuated (A) P
Start-up Lost time, | (s) 2
Arrival type, AT 3
N

0

0

Parking (Y or N)
Parking maneuvers,

olo|Z|w|d|Tlwo|e
olo|Z|w|rd|Tlwo|e
olo|Zz|w|d|olwo]|e

Bus stopping

Diagram v
«— N
v A ¥la x|
_q\_’ |7
A
Phase 1 Phase 2
Time G=63.0 G=26.0 Cycle Length,
Y+R=5.0 Y+R=5.0 C=900s
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Grade=0% Grade=0%
Grade=0%

Grade=0% Grade=0% Grade=0%

«——3IOMi——>e—4.0 MI4+—1.5 Mi—+77.5 MI

4.0 Mi >

A

Y

(A)

T IS

B)

Figure 6-2: Segmentation for a two-lane highway facility
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Signalized Intersection A Passing Lane
50 90 115
50 N AN 50
620 ——» ' - 400
50 T .~ 50
50 50 115

Signalized Intersection A

Signalized Intersection B

60 120 85

00 " AN 60

700 — » ' -« 360

50 T S » 60
60 100 85

Signalized Intersection B

Figure 6-3: Traffic flow rates at two intersections




Step 1: Divide the facility into segments

To a two-lane highway with two isolated signalized intersections, and a passing lane,
the signalized intersections affect the operations of the upstream and downstream two-lane
highway segments; the added passing lane also has effects on the downstream two-lane
highway segment. The first step is to divide the facility into uninterrupted and interrupted
flow segments. Each segment has homogenous characteristics. Figure 6-2 (B) shows the
division of a two-lane highway with two isolated signalized intersections, and one passing

lane. The whole two-lane highway facility is divided into ten segments. These segments are:

e Segment 1: the unaffected two-lane highway segment. It is located upstream of the
first signalized intersection. This segment is not affected by the downstream signalized
intersection.

e Segment 2: the influence area of the first signalized intersection. It is composed of not
only its own actual length, but also the deceleration distance, stopped distance and
acceleration distance, which is needed for the vehicles through the first signalized
intersection.

e Segment 3: the affected downstream two-lane highway segment. It is located
downstream of the first signalized intersection, and affected by the upstream
signalized intersection. Potential operational effects on this segment are produced by
the first signalized intersection and traffic flows coming from the cross street at the
first signalized intersection. Note this segment length does not include the acceleration
length of the first signal influence area.

e Segment 4: the unaffected two-lane highway segment, it is located downstream of the
first signalized intersection. This segment is not affected by the upstream signalized
intersection, and the downstream passing lane.

e Segment 5: the passing lane. The passing lane length should include the length of the
lane addition and lane drop tapers.

e Segment 6: the affected downstream segment. It is the downstream segment of the
passing lane but within its effective length.
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Segment 7: the unaffected two-lane highway segment. It is located upstream of the
second signalized intersection, and downstream of the passing lane. This segment is
not affected by the upstream passing lane or the downstream signalized intersection.
Segment 8: the influence area of the second signalized intersection. It is composed of
not only its own actual length, but also the deceleration lengths, stopped lengths and
acceleration lengths, which is needed for the vehicles through the second signalized
intersection.

Segment 9: the affected downstream segment. It is located downstream of the second
signalized intersection, and affected by the upstream signalized intersection. Note this
segment length does not include the acceleration length of the second signal influence
area.

Segment 10: the unaffected two-lane highway segment. It is located downstream of
the second signalized intersection. This segment is not affected by the upstream

signalized intersection.

The lengths of these ten segments add up to the total length of the analysis facility.

Step 2: Determine segment lengths

The length of the signalized intersection influence area, L,, is calculated as the sum of

upstream effective length, and acceleration length.

upstream effective length of the first signalized intersection, Len

Because there is not a left-turn bay present at the first signalized intersection, the

o w1 18 Calculated using

Equation 4-18.

=3074.49 + 5.89 x (V /100)? — 440.00 x DFactor

+1.69xC—7336.59xg C+4758.52x(g_C)*
+1171.01x (V' /100) x (%LT)?

=3074.49 +5.89 % (720/100)* — 440.00 x 0.6
+1.69%90 —7336.59 % 0.6 + 4758.52 x (0.6)*

+1171.01x (720/100) x (50/720)?
=620 ft

Len off _upl
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The acceleration length can be determined using the linearly-decreasing acceleration
model, or obtained from the reference table in Transportation and Traffic Engineering
Handbook, which is presented in Chapter 4, Table 4-2. Here the acceleration distance uses the
value from this reference table.

L,s=574ft

The length of Segment 2, L,, is:

L,=Ly; at+L,

=620+574 =1194ft =0.23mi

The length of the unaffected two-lane highway segment upstream of the first
signalized intersection, L, is calculated by subtracting the upstream part of the first signalized
intersection influence area from length of the two-lane highway upstream of the first
signalized intersection.

Ly =Ly — Le/f_upl
=3.0-620/5280 = 2.88 mi

The length of the affected downstream segment of the first signalized intersection, L3,
is calculated by subtracting the acceleration length of the first signal influence area from the
downstream effective length of the first signalized intersection. The downstream effective
length, Lency aowns 1S calculated using Equation 4-25.

Lenefy downs = 2.218584 — 0.122942 x (1/100)

=2.218584 — 0.122942 x (820/100)
=117 mi

The length of Segment 3, L3 is:

L, = Leneﬁ._ downt — L 4

L, =1.17 —(574/5280) =1.06 mi

Segment 4 is located in the downstream of the first signalized intersection, and the
upstream of the passing lane. The length of Segment 4 can be calculated by subtracting the
total length of Segment 1, 2 and 3 from the total upstream length of the passing lane as shown
in Equation 6-1.
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Ly=(Lysg +Lyp)—(Li+L,+Ly) (6-1)
Where:
Luyrs: upstream length of the first signalized intersection, mi, and

Lyp: the length between the stop line of the first signalized intersection and the
beginning point of the passing lane, mi

So the length of Segment 4, L, is:

L, =(3.0+4.0)— (2.88+0.23+1.06)
= 2.83mi

The length of the passing lane, Ls, includes the lengths of the lane addition and lane
drop tapers. A typical passing lane is shown in Figure 6-4.

R

Lane additional Passing lane Lane drop
taper taper

Figure 6-4: A view of a typical passing lane

In this analysis, the passing lane length, Ls, is:
Ls=15 mi

The length of the downstream highway segment within the effective length of the
passing lane, Lg, is determined from Table 5-4. From this table, the downstream length of
roadway affected by the upstream passing lane, L, is:

Le=1.7mi
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The length of the second signalized intersection influence area, Ls, is also calculated as
the sum of upstream effective length and acceleration length. Because there is a left-turn bay
present at the second signalized intersection, the upstream effective length of the second

signalized intersection, Len is calculated using Equation 4-17.

eff _up2?
Len, ,, =43.2463+4.2688x (V /100)? +5.2178 x Cycle
—57.3041x (V' /100) x LT —5.2444 x Cyclex g _C
=43.2463 + 4.2688 x (850/100)* +5.2178 x 90

—57.3041x (850/100) x (100/850) — 5.2444 x 90x 0.7
= 434ft

L,=574ft
The length of Segment 8, Lg, is:
Ly=L, ,.+L,

=434 +574 =1008ft =0.19 mi

Segment 7 is an unaffected two-lane highway segment, located downstream of the passing
lane and upstream of the second signalized intersection. The length of Segment 7 can be
calculated by subtracting the upstream effective length of the second signal influence area
from the upstream length of the second signalized intersection, the distance from the ending
point of the passing lane to the stop line of the second signalized intersection. The length of
Segment 7 can be calculated using Equation 6-2.
L, =Ly —Lg—Len, ., (6-2)

Where:

L, the upstream length of the second signalized intersection from the ending point

of the passing lane to the stop line of the second signalized intersection, mi
The length of Segment 7, L is:
L, =L, —Ls—Len
434

=75-17———
5280

=5.72mi
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The length of the affected downstream segment of the signalized intersection, Lo, is
calculated by subtracting the acceleration length of the second signal influence area from the
downstream effective length. The downstream effective length, Lengs sown2, 1S Calculated using
Equation 4-25.

Lenef gown2 = 2.218584 — 0.122942 x (1/100)

=2.218584 — 0.122942 x (870/100)
=1.15 mi

The length of Segment 9, Ly is:
Ly = Leneﬁ"_downZ -L,
Ly =1.15—-(574/5280) =1.04 mi

Segment 10 is located downstream of the second signalized intersection. The length of
Segment 10 can be calculated by subtracting the downstream effective length of the second
signalized intersection from the distance between the stop line of the second signalized
intersection and the ending point of the analyzed facility. The length of Segment 10 can be
calculated using Equation 6-3.

Ly = Lpgs — Leneﬁ"_downz (6-3)

Where:
L, the downstream length of the second signalized intersection from the stop line

of the second signalized to the ending point of the facility, mi

The length of Segment 10, L is:

Ly = Lpgs — Lene/f’_downz

=4.0-1.15=2.85mi

Step 3: Calculate the free-flow speed
FFS =BFFS —f,; — f,
=60-0-1.3

=58.7mi/h
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The above equation is Equation 20-2 in the HCM 2000. The f;s and £ values are from
Exhibits 20-5 and 20-6, respectively, in Chapter 20 of the HCM 2000.

Step 4: Determine the average travel speed on the unaffected two-lane segments
(Segment 1, Segment 4, Segment 7, and Segment 10)

Use the HCM 2000 methodology to calculate the average travel speeds on the
unaffected two-lane segments. The average travel speeds of these basic two-lane segments are
summarized in the Table 6-1.

Table 6-1: Average Travel Speed for the Unaffected Two-lane Segments.

Average Travel Speed (mi/h)
Segment 1 ATS; = 46.9 mi/h
Segment 4 ATS,; =45.7 mi/h
Segment 7 ATS; =45.7 mi/h
Segment 10 ATSyp = 45.6 mi/h

Step 5: Determine the average travel speed of the affected downstream segments of the
signalized intersection (Segment 3 and Segment 9)

For the affected downstream segment of the signalized intersection, an adjustment factor for
the effect of a signalized intersection on average travel speed will be applied to the average
travel speed without a signalized intersection to compute the average travel speed on the
affected downstream segment of the signalized intersection. The adjustment factors can be
obtained from Table 5-3 based on the traffic flow rate. The adjustment factor for Segment 3
can be interpolated as

2.281-1.800 ]
=1.8+(850-660)x —————— =2.215mi/h
S azs ( ) X 880— 660

So the average travel speed of Segment 3 is
ATS, = ATS, — f 17
=45.7-2.215=43.5mi/h
The adjustment factor for Segment 9 can be interpolated as

2.281-1.800 .
=1.8+(870-660) x ——————— = 2.259 mi/h
fATS ( ) 880—660

So the average travel speed of Segment 9 is
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ATS = ATS o — f 4z
=45.6—2.259 = 43.3mi/h

The average travel speeds of these affected downstream segments of the signalized

intersection are summarized in Table 6-2.

Table 6-2: Average Travel Speed for the Affected Downstream Two-lane Segments

Segment No. Average Travel Speed (mi/h)
Segment 3 ATS; = 43.5mi/h
Segment 9 ATSg = 43.3 mi/h

Step 6: Determine the average travel speed within the passing lane and its affected
downstream segment (Segment 5 and Segment 6)

Equation 20-21 in the HCM 2000 is used to compute the average travel speed with the
passing lane and its affected downstream two-lane highway. The average travel speeds of
Segment 5 and Segment 6 are summarized in Table 6-3.

Table 6-3: Average Travel Speed for the Affected Passing Lane Segments

Segment No. Average Travel Speed (mi/h)
Segment 5 ATSs = 49.4mi/h
Segment 6 ATSg = 49.4 mi/h

Step 7: Determine the control delay of the signal influence areas (Segment 2 and
Segment 8)

Use the HCM 2000 methodology to calculate the control delay (Chapter 16). The
control delays of the signalized intersection influence areas are summarized in Table 6-4.

Table 6-4: Control Delays at Signalized Intersection

Segment No. Control Delay (sec/veh)
Segment 2 D, =22.0 sec/veh
Segment 8 Dg = 19.0 sec/veh

Step 8: Determine the delay of every segment.
The delay at Segment 1, Dy, is:
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L, =2.88mi

S, = 46.9 mi/h

FFS, =58.7 mi/h

L, L, 288 288
"~ S, FFS, (469 587

)(3600) = 44.44 sec/veh

1

The delay at Segment 2, Dy, is:

L, =0.23mi
D, =22.0sec/veh

The delay at Segment 3, Ds, is:
L, =1.06 mi
S, =43.5mi/h
FFS, =58.7 mi/h
L, L, 1.06 1.06

DSI—— :( —
S, FFS, ‘435 587

)(3600) = 22.72 sec/veh

The delay at Segment 4, Dy, is:

L, =2.83mi
S, = 45.7 mi/h
FFS, =58.7 mi/h
I, I, 28 283
‘7S, FFS, (457 587

)(3600) = 49.37 sec/veh

The delay at Segment 5 and Segment 6 is:

L, =1.50 mi

Ly =1.70 mi

S, =49.4mi/h

S, = 49.4 mi/h

FFS, =58.7 mi/h

FFS, =58.7 mi/h

CLg+Lg Lo+Lg  15+17 15+17
~ S,,  FFSs, VTR

D )(3600) = 36.96 sec/veh
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The delay at Segment 7 is:

L, =5.72 mi

S, =45.7mi/h

FFS,; =58.7mi/h
_L_ L, _ 572 572

7 )(3600) = 99.79 sec/veh
S, FFS, 457 58.7

The delay at segment 8 is:

Ly =0.19mi
D, =19.0sec/veh

The delay at Segment 9 is:

L, =1.04mi
S, = 43.3mi/h
FFS, =58.7 mi/h
Ly Ly _ 104 104
= -

)(3600) = 22.68 sec/veh
S, FFS, 433 587

The delay at segment 10 is:

Ly, = 2.85mi
S,, = 45.6 mi/h

FFS,, =58.7 mi/h
D, b Lo _ 285 285

)(3600) = 50.21sec/veh
S, FFS, 456 587
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Step 9: Determine the percent time-delayed of the entire facility.
1. The total length of the facility

Length of Segment 1, L, 2.88 miles
Length of Segment 2, L, 0.23 miles
Length of Segment 3, L; 1.06 miles
Length of Segment 4, L, 2.83 miles
Length of Segment 5, L; 1.50 miles
Length of Segment 6, L 1.70 miles
Length of Segment 7, L, 5.72 miles
Length of Segment 8, Lg 0.19 miles
Length of Segment 9, Loy 1.04 miles
Length of Segment 10, L,y | 2.85 miles

Total Length

L =L +L,+L,+L,+L.+Lg+L,+Lg+Ly+ L,
L, =2.88+0.23+1.06+2.83+1.50+1.70+5.72+
0.19+1.04 +2.85 = 20 miles

2. The total delay of the facility

Delay of Segment 1, D, 44.44 sec
Delay of Segment 2, D, 22.00 sec
Delay of Segment 3, D; 22.72 sec
Delay of Segment 4, D, 49.37 sec
Delay of Segment 5, Ds 36.96 sec
Delay of Segment 6, Ds

Delay of Segment 7, D, 99.79 sec
Delay of Segment 8, Dy 19.00 sec
Delay of Segment 9, Dy 22.68 sec
Delay of Segment 10, D,y | 50.21 sec

Total Delay

D, =D +D,+D;+D,+Dg+ D,

+ D, + Dy + Dy + D,
D, =44.44+22.00+22.2 + 49.37 + 36.96 + 99.79 +19.00 +
22.68 + 50.21 = 366 sec/veh

3. Calculate the total travel time of the facility based on the free flow speed

L

Tipg =——= ﬂ(3600) =1226 sec/veh

FFS 58.7
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4. Calculate the percent time-delayed of the facility

Z(DH+DS)
PTD =—"12 =—L
(Lo Ly L
44 FFS, FFS;’ FFS
= 3% 29.85%
1226

From Table 5-6, this value of percent time-delayed gives an LOS value of ‘D’. By
comparison, if the two signalized intersections were removed, an average travel speed of 46.9
mph would be estimated with the HCM 2000 Chapter 20 methodology, which would result in
an LOS of “C’, again using the criteria in Exhibit 20-2 of the HCM 2000 (for A7S only). So
in this case, the LOS is one grade worse due to the presence of the signals. Even though the
operations of the signals are still relatively good, with borderline LOS B/C (from LOS criteria
in HCM 2000 Exhibit 16-2), they are adding just enough of a penalizing effect to reduce the
LOS over the length of the facility.
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