Lecture Thirteen

Basic Freeways and Multilane Highways

Uninterrupted Flow Facilities —ahaiial) p& gl 325 5 5

4 Pure uninterrupted facilities occur on freeways 4 ) & sl okl 8 5352 5a adallal) & el (381 0

#+ |t can also exist on some surface facilities
dabd) @) el (any b Lyl 292 ga pdaial) 8 gl (3 1

+ Long stretch of rural/suburban areas between points of fixed interruption
AL adalil) ol s Audy 1) (3hliall g A gual) B (3 k) adalia

4+ Example: A Surface facility more than 2 miles from the nearest point of fixed interruption

can be called uninterrupted. 4k @8 i ¥ (e i) dila e dadaid) (k1) (3814l 0 1Jla
@\@ﬁaﬁ)}fﬂ@&‘éﬁw

Primary Types of Uninterrupted Flow Facilities ahiiall & g all (3835 88 pal Lolald) £ 53Y)
+ Freeways = sa)) k)
e Pure uninterrupted flow "liai aliiie y& gdatl)
4+ Multilane Highways < saall samsis day (3 k1)

e Sections of multilane highways (four or six-lane) that are more than two miles
from the nearest point of fixed operation ‘ )
dilua Lo (@gaa 1 gl £) G paall Batmia day ) (§okl) aklia
Jerdall A4 Aadi G 81 e ST 5l Y aa
+ Rural Two-lane Highways  cuoeall cid 4y ) gkl

e Sections of two-lane highways (one lane in each direction) that are more than two
miles from the nearest point of fixed operation
(Y) Qlesa o (olad) JS (A aa) G yaal) cld 4y ) (3 k) adalia
el 45,0 A B (e ST ) e
Capacity 4aud
The capacity of a facility is the maximum hourly rate at which persons or vehicles reasonably can
be expected to traverse a point or a uniform section of a lane or roadway during a given time period
under prevailing roadway, traffic, and control conditions. (HCM 2000).

0alalY) 5 LS sl (e (555 5all 383 Janal 8]l & (38 pall daidl ()
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Capacity under Ideal Conditions 4t cag il il et daud)

el g 5 Free-Flow Speed | ijicuisjim is,0 cisn g dad
Type of Facility ~ (mi/h) Capacity
(Aelufdia) b a8l Ao pu

Freeways 270 2,400 pc/h/In

Ay ol 30 (3 ) 65 2,350 pc/h/In

60 2,300 pc/h/In

55 2,250 pc/b/In

Multilane =60 2,200 pc/h/In

Highways 55 2,100 pc/h/In

Sasacia day pudd) (3 ) 50 2,000 pc/h/In

Soed 50 1,900 pc/h/In
Two-Lane All 3,200 pc/h

Highways (total, both dir)
3 Ay ) (3 1,700 pc/h

i (max. one dir)

Types of Capacity (HCM 1950)  ¢SaY) daad) (s o dassd) ) 51l

V4o,

4+ Basic CapaCity 4.l dewl)

Maximum number of passenger cars that can pass a given point on a lane or
roadway during one hour under the most nearly ideal roadway and traffic
conditions which can possibly be attained

s A ses 8 sl gkl (B 5 O (S G LS el (10 220 L8]
sl s okl A Ca gkl alel il (Bas) 5 del) dgia )

4+ Possible Capacity diceal) daud)

Is the maximum number of vehicles that can pass a given point on a lane or highway during
one hour under the prevailing roadway and traffic conditions. This means that the possible

capacity of

a highway will always be lower than the basic capacity unless the prevailing

conditions of the traffic, approach the ideal conditions. Therefore the possible capacity may

vary from 0

to the maximum, i.e., Basic capacity.
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& Practical Capacity =~ “) 4

Is the maximum number of vehicle that can pass a given point on a lane or roadway during one
hour, without traffic density being so great as to cause unreasonable delay, hazard or restriction to
the driver’s freedom under the prevailing roadway and traffic conditions.

It is the practical capacity which is of primary interest to the designers who strive to provide
adequate highway facilities and hence this is also called the design capacity.

AN J a5 (3aa) 5 dele) duia 35 58 JOA Gyl el o oSy I S all (e 220 S
Cagbal Al st LS Jall A pal gy lad ¢ ilaia s e 5l s ol JlaaY) i dle dod
(8 3l S G ) pasnmall pulad Fod it G Tpanl Ll Fleall Daad) () A5l 5 55

Al Al e 13¢5

Service Flow Rate ) 38l Jaa
A service flow rate is defined as the maximum flow rate of flow that can be reasonably expected
on a lane or roadway under prevailing roadway, traffic, and control conditions while maintaining
a particular level of service. - - - -
JS 4a8 g8 Sy (3831 Jaral (adY) 2all ga el S8 Jana o jmy

I—; Aakaif 5 4y pally sl iyl il st Gaske 5l jee (B J s

(e Aadd (5 slse e Llial) g oSl

Service Flow Rate Ilustration (=) Gail) Jaa padls

Al B| C | D |E |F

r 3 y 3
Flow Rate (pc/h/In)
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il @l Jaaa
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Service Volume 23l aaal)

Service volume is described as conditions that existed over a full hour as opposed to the standard
15 minute period.

Jsh e 3 5a Jag pall g g kall of Gl o paddll aaall Coay
882 10 Al 5 il e ™Yy AlalS dela

SV; : Service volume for LOS i (Veh/hr) (4sbu/Aus ) clas g (s (s gisal (a2il) aaal)



SF; : Service flow rate for LOS i (veh/hr)  (Abw/dus ja) s g (s (s gianal (a2dd) (3801) Jana

PHF: Peak hour factor 35,3 dsbu Jalaa

The Level of Service Concept  4esall s siwa 5 58

+ A quality 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 (HCM 2010).

Q :d;)l\ ST a"-‘,)““‘n )ﬂf‘h d‘“‘&:’ U“'tt.‘s‘“'“ 138 3ale 5 Lﬁ)j)‘n d:u...ﬁﬂ c;‘-’)" oiie & ZOXEN| s )
(Yo 0 oS! dnadl ) 380 5all 5 aaiiionall Al 5 5 pall A8 pall g U] 5 38 jal) &y pa g

<+ Rating scale A-F indicate best to worst operation.
a1 F (A D) A (e il sse B ) sy Aada) (5 e ()

Measures of Effectiveness for LOS dasil o gioal Adlaill Gulia

Uninterrupted Freeway(Basic, Weaving, ramp)  Density (pc/mile/In)
(bl adaiall) day yud) 3 all 5okl (Lae/Uae/AS ye) A5G
(Flox¥! 5 slaig¥) (3halia ¢z slaill (3halia

Multilane Highway Density (pc/mile/In)
I paall Baaia day yudl (3l (ae/Jae/AsS ya) A3
Two-Lane Highway Average Speed (mph)
Crpaall 13 Ay I 3kl (Aele/U) A pull Jass s
% time Spent Following
G kiall &l e %
Interrupted Flow Signalized Intersections Control Delay (sec./veh)
440 guall 5 LEY) I3 Cladalal) (S oAl aSail) yuals (4 )

Unsignalized Intersections

4 gum B L] O 9y Ciladalal

Urban Street Average Travel Speed (mph)
4 paall g ) sall (Aelo/dae) Jaill de yus Jaus 5ie



Basic Freeway and Multilane Highway Characteristics ~ G219 Aol S8 @kl paiad
G paall Barta dag yd)
+ Speed-Flow Characteristics (il - 4 jul) (ailad
e No heavy vehicles in the traffic stream gl (@8 8 4185 LS ja 23 5
e Adriver population domlnated by regular or familiar users of the facility
58k gf daliiia S yga (& \w.\wwu&ﬂ\u&awubu\
% Level of Service Characteristics 4saill & giwa paiad

e LOS-AthroughF 1y &, J<il) b miase LS F A 5 50

LOSF  FAasdll ¢ gia

Fig. 1 Level of Service for Freeway.



LOS Estimation: Freeways ¥ ¢ JSal) (8 gia ga LaS pul) ladials day o) 5 jad) (3l Zasil) 5 gians lbsa
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Fig. 2 Speed-Flow Relationships for Freeway.

Equations for LOS Estimation-Freeways 4x ) 5 all (@ hll dasid) ¢ gl s
ciyalaal) aladiuly

FFS Break-Point Flow Rate Range
(mi/h) (pe/h/In) = () =< Break-Point > Break-Point = Capacity
75 1,000 75 75 - 0.00001107 (v, — 1,000)*
70 1,200 70 70 - 0.00001160 (v, — 1,200)*
65 1,400 65 65 - 0.00001418 (v, - 1,400)?
60 1,600 60 60 — 0.00001816 (v, — 1.600)*
55 1.800 55 55 - 0.00002469 (v, — 1.800)*
Notes:

1. FFS = free-flow speed.
2. Maximum flow rate for the equations is capacity: 2,400 pc/h/In for 70- and 75-mph FES; 2,350 pe/h/In for
65-mph FFS: 2,300 pe/h/In for 60-mph FFS; and 2,250 pe/b/In for 55-mph FFS.



Sdﬁaaqﬂ\ﬁﬂiwhdﬁ\ 6 S Glwa

LOS Estimation: Multilane Highways =/ 33 Aaal) 32 i
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Fig. 3 Speed-Flow Relationships for Multilane highways.

Equations for LOS Estimation: Multilane Highways </sal) 82:xia dx sl 8 al) (35l Lasil) 5 giana s

¥ alaal) aladiuly
For v = 1,400

FFS pc/h/In For v > 1,400 pc/h/In
(mi/h) S (mi/h) S (mi/h)

60 S =60 r v, — 1,400 \ 131

S =60 - 5.00( ey
L 800
55 S=55

§=155—|3.78

§=50-— 1349

45 S=45

50 S=50 i ( v, — 1,400




LOS Criteria s, Jdsiall 2 g sa LS dardl) g glua slna

Table 1. Level of Service for Basic Freeway and Multilane Highways.

Density Range for Density Range for

Level of Basic Freeway Multilane Highways
Service Sections (pc/mi/ln) (pc/mi/In)

A =0=<11 =0=<11

B >11=18 > [1=18

C >18=26 >18=26

D >26=35 >26=35

E >35=45 > 35 = (40-45) depending on FFS

F Demand Exceeds Demand Exceeds Capacity

Capacity > 45 > (40-45) depending on FFS

Table 2. Maximum Service Flow Rate: Basic Freeway Sections & ¢33 @l Jual afl) s

Aag pudl 3 4ad) (3 kY ublady)

Level of Service

FFS
(mi/h) A B C D E
75 820 1,310 1,750 2,110 2,400
70 770 1,250 1,690 2,080 2,400
65 710 1,170 1,630 2,030 2,350
60 660 1,080 1,560 2,010 2,300
32 600 990 1,430 1,900 2,250

Note: All values rounded to the nearest 10 pc/h/In.

Table 3. Maximum Service Flow Rate: Multilane Highwaysd’m‘

1eedd) GRail) Jaral aBY) aal)
&l _paall Badnia day )

Level of Service

FFS

(mi/h) A B L D E
60 660 1,080 1,550 | 1,980 | 2,200
55 600 990 | 1,430 | 1,850 | 2,100
50 550 900 | 1,300 | 1,710 | 2,000
45 490 810 | 1,170 | 1,550 | 1,900

Note: All values rounded to the nearest 10 pc/h/In.



Factors Influencing LOS 4« s siwa Ao 55 A Jal gl
% Volume gusxdl paall
< Lane width el pae
% Lateral obstructions 4= Gl s
«» Traffic composition Lyl <lissa
« Grade J=
< Speed 4l

Types of Analysis sl g5l
<+ Operational Analysis _taua Juas)
< Service Flow Rate and Service Volume Analysis ) aaally el (38ail) Jana Julas

< Design Analysis sl sl

Operational Analysis <) dsiadl
Flow Rate: ¥ ai; Lalaal) caua 50430 Jara il

Y%
vV, = —/————
P PHF«Nxfyy+fy

[2]
Where:
Vv = 15-minute passenger-car equivalent flow rate (pc/h/In)
Al piuadS o Cilaa gy 488y Y 0 LAISa)) gatl) Jara
V = hourly volume in the given direction of flow (vph)
(Ao LA o) cilan gy (BB (o olaY Asls JIA axal)
PHF = peak-hour factor 3, i delu Jalas
N = number of lanes in the given direction of flow <l cixall ola¥) (A @i jaall 20
fyv = an adjustment factor for the presence of “heavy” vehicles A& s jall 3 sa 5l A8 Jalra

fp: an adjustment factor to account for the fact that all drivers of the facility may not be commuters
or regular users. Basis for analysis is peak 15 min flow rate.
Aaliiia gl 8805 8 ) g Gkl padiion S Gluad (AlSa Jalaa
ll (g pualil) 4383 V0 ga Juladll (B ()



Example: Graphical Solution
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Service Flow Rate and Service Volume Analysis (23l aaallg aadd) 38458 Jaa Jalas
SV; = MSF; x PHF * N * fyy * f,

Where:

SV; = service volume over a full peak hour for LOS “i”, veh/h
O dadd (5 ghesal A0S 3 g Al Aol DA adild) anall

MSF;= maximum service flow rate for level of service “i”, pc/h/In
SafAsLufb yiua LS ja a9y Gara dadd (5 glaal a0l (33N Jana bl

Design Analysis sl sl

DDHV

N;

Where:

N; = number of lanes required (in one direction) to provide LOS

DDHV = directional design hour volume, veh/h

~ MSF;*PHFxfyfyy

Ao LA ja Cilaa gy ALY asaail) (5 )9 sall anal)

(3]

[4]

dadd (5 gina aril aa) g olavi) (B 4y gllaal) < jaall 230



Basic Freeway Segment Characteristics gl sl (@bl bl gaial) gaiuad

Ideal conditions for maximum service flow rate:

Free Flow Speed: Basic Freeway Segments

Minimum interchange spacing 2 miles
Only passenger cars

Lane widths > 12 feet _
Lateral obstructions > 6 ft from roadway edge
Level terrain (grades < 2%)

Drivers typical of weekday (regular) traffic

10 or more lanes in urban areas **removed in HCM2010
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FFS = 75.4 — f — fi.c — 3.22TRD%84

Where:
FFS = estimated free flow speed in mph. *HCM2010  4clu/se cilaa g jadl (380l de yu

Al Gkl bl adia 13 all de judl- ad) gl

[5]

BFFS = estimated base free flow speed in mph (75 mph for rural freeways, 70 mph for urban based

on HCM recommendations).

A paal) okl Aebufdaa Vo Al 1 5kl dolufdse Vo) Apuld) jall 33al) ds

f,y = adjustment for lane width (if less than 12 ft), mph. &#Se Sl (p81Y) oo B saall g2l (Alsa

Aelufan

f.c = adjustment for right side lateral clearance (if less than 6 ft), mph.
dolufUan (BlSa cilan gy ¢ a8 T e BB (o) Aga (e Ailad) Adlual (l<a

TRD = total ramp density (ramps/mile). (Jaal piaia) @ jaatal) ABES Naa)




Table 4. Adjustment for Lane Width: Freeway ) (a2l ;blsa

Lane Width Reduction in Free-Flow Speed,
. AN @l de ju b Laliisy)
(ft) T (/) =
=12 0.0
11 1.9
10 6.6

Table 5. Adjustment for Lateral Clearance: Freeway (il duilal) dilual) (Alsa

Right Reduction in Free-Flow Speed,
Shoulder fuc (mih) = iﬂﬁs&%ihm
Lateral Lanes in One Direction
Clearance
(ft) 2 s 4 =
=6 0.0 0.0 0.0 0.0
5 0.6 0.4 0.2 0
4 12 0.8 0.4 0.2
3 1.8 1.2 0.6 0.3
) 2.4 1.6 0.8 0.4
I 2.0 2.0 1.0 0.5
0 3.6 24 1.2 0.6

Total Ramp Density <l 43S  Jlaa)

e Total number of on-ramps and off-ramps within + 3 miles of the mid-point of the study
segment divided by 6 miles.
Jaa 1 e aguda A all adala Ciualita (pa Jaa ¥ F Gpad i) g zleaiy) Gl aada Alaal

e Ramp density is a surrogate measure that relates to the intensity of land use activity in the
vicinity of study segment.

Al Al Alaial 3 ) glavall dlhaial) B G ) Clatin) aa ABUSY) ABMe oy s ulilla g &l jaaial) ABUS o)



Multilane Highway Characteristics < aal) saaia (3 ki) (ailad

Ideal conditions for maximum service flow rate:

e Lane widths > 12 feet

i (30 Jama Y dsulidl]) o yhal)

e Total lateral clearance > 12 feet

A VY gsbua sl HS) el a e @
AEY (g sbue sl ST Al il Jleal @
e No access points _ OmlanyY) A4S 5al) Jaie 5oyl e

Jsaa 5l zsoa hlie xa sy o
Lad 3 puall LS jall (5 )5 5all B3l @
e Regular roadway users alatia 5 ) sy (5okall adiie @

e Divided highway

e Only passenger cars in the traffic stream

Free Flow Speed: Multilane Highways < saall sasia day pu (3 5k 1 jall (38043 de
FFS = BFFS — fLw — fic — fy — fa

Where:

FFS = estimated free flow speed in mph. Zelu/ju cias g all 38 de o

BFFS = estimated base free flow speed in mph (60) mph for rural or suburban based on HCM
recommendations) e Malie) Al gdall g Al Gkl Aol [ 1 Aol Cilaa gy Al jad) (380l e
' S dadl Jals lua g

fuw = adjustment for lane width (if less than 12 ft), mph.
dolufdae ¢ a2 VY e JBI S 1Y) saall il (1Sa Jalaa
fL.c = adjustment for total lateral clearance (if less than 12 ft), mph.
dolufdan ¢ a2 VY (e BB S 13 dailad) Adlacall (ALSa Jalaa
fy = adjustment for median type, mph.  delu/dsac dbaagh) 3l £ ol AlSa Jalaa

fa = adjustment for access-point density, mph.  z; a4y Jsaa biai 48U Ldse Jalaa
delufdaac

i . ] . : (b Ak g 55l £ sl (AlSa Jalas
Table 6. Adjustment for Median Type: Multilane Highways 2yl Sawie oyl 3 )

Reduction in Free-Flow

Median Type S?ﬂc'agg?{% S.sn;lm{l:\
Undivided 1.6
TWLTLs 0.0

Divided 0.0




Table 7. Adjustment for Lateral Clearance: Multilane Highways gml

o Aailal) ddluiall (A1Sa Jalaa

) yaall asatia day yuul)
4-Lane Multilane Highways 6-Lane Multilane Highways
Total Lateral Reduction in Free-Flow Total Lateral Reduction in Free-Flow
Clearance (ft) Speed, f7.¢ (mi/h) Clearance (ft) Speed, f;¢ (mi/h)
=12 0.0 =12 0.0
10 0.4 10 0.4
8 0.9 8 0.9
6 13 6 I3
4 1.8 4 159
2 3.6 2 2.8
0 54 0 39

Adjustment for Lane Width: Multilane Highways

Base condition (fiyy = 0)

 Average width of 12 ft or wider across all lanes (same as freeway)

Gkl (B saal) (2 pad (Al Jalza
Gl paall Badetia day puud)

sae S ol Gl e
e adl

S aB VY el e Jae e
L) @l el JS Jsha e S|
(ol oall Gkl

Table 8. Lane Width Adjustment Factor. sl (as (Alsa Jalza

Lane Width Reduction in Free-Flow Speed,
(&) L5 B e A
=12 0.0
11 1.9
10 6.6

& gl Jsaal) Ll (Alsa Jalaa

Table 9. Adjustment for Access Point Density: Multilane Highways = .y 5yuia day ol 5,0

Access Density
(access Points/mi)

Reduction in Free-Flow
Speed, f4 (mi/h)

0

10
20
30
=40

0.0
2.5
5.0
)
10.0




Heavy Vehicle Effects 4L cils jal) il
1

fuv = 1+Pr(Ep—1)+Pg(Er—1) [6]
Where:

Pr, Pg = proportion of trucks and buses, and RV’s  dalud) g coldlal) g ALEL) cils jal) dud

Er, Er = PCEs for trucks and buses, and RV s dgalpuadl g LAl g ALEL s jal) (Al Jalaa

Analysis is based on general extended freeway segment
e Level: heavy vehicles maintain same speed as pc (grade <2%)
e Rolling: HV travel at speeds lower than pc.

e Mountainous: HV operate at crawl speed for significant distances.

i pll pall 3 yhall alate Slia) o iy Jilail
) 3 pall LS S de jull o Lilas A8 LS jo (5 sine @
AR
8 pphal) LS el (o Ji1 et ALE LS all 1z saie @
Lipre Alsal Aplay A oy et ALEN LSl 1 din @

When conditions are very severe, we will instead base on grade and length of grade.

Restriction for use: No grade < 3% for longer ¥ mile

No grade > 3% for longer % mile

shy daall e el (o ™oy aainie g Aiges oy ) )5 Laic

A sl
Ui V5 ddlusd %Y (e Jil Jaa 22 sY @
Jie V4 aliad %Y gbse 5 5ST e ansY @




Table 10. Passenger-Car Equivalents for Trucks and Buses (Et) on Upgrades, Multilane
Highways, and Basic Freeway Sections

E';'

Percentage of Trucks and Buses

Upgrade Length

(%) {mi) 2 4 5 o 8 1o i5 20 25
<2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.50 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

=2-3 = 0.50-0.75 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
= 0.75-1.00 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5

> 1.00-1.50 2.5 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 1.50 3.0 3.0 2.5 25 2.0 2.0 2.0 2.0 2.0

= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
=0.25-0.50 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5

=3—-4 = 0.50-0.75 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0
= 0.75-1.00 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0

= 1.00-1.50 3.5 3.5 3.0 3.0 3.0 3.0 2.5 2.5 25

= 1.50 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 25

= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= (.25-0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0

=4-5 = 0.50-0.75 3.5 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5
= 0.75-1.00 4.0 35 3.5 35 3.0 3.0 3.0 3.0 3.0

= 1.00 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0

= 0.00-0.25 20 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.30 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0

=>5-6 = 0.30-0.50 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 25
= 0.50-0.75 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 3.0

= 0.75-1.00 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0

= 1.00 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 3.5

= 0.00-0.25 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0

= 0.25-0.30 4.5 4.0 3.5 3.5 3.5 3.0 25 2.5 25

=6 = 0.30-0.50 5.0 4.5 4.0 4.0 3.5 3.0 2.5 25 25
= 0.50-0.75 5.5 5.0 4.5 4.5 4.0 35 3.0 3.0 3.0

= 0.75-1.00 6.0 5.5 5.0 5.0 4.5 4.0 3.5 3.5 3.5

= 1.00 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 4.0




Table 11 Passenger-Car Equivalents for RVs (Er) on Uniform Upgrades, Multilane Highways,
and Basic Freeway Segments.

Ep
Percentage of RVs
Grade Length
(%) (mi) 2 4 5 6 8 10 15 20 25
=2 All 1.2 1.2 1.2 1.2 12 1.2 1.2 1.2 1.2

>2-3 > 0.00-0.50 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
=050 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2

> 0.00-0.25 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>3-4 > 0.25-0.50 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 1.5
=050 3.0 2.5 2.5 25 2.0 2.0 20 1.5 1.5

> 0.00-0.25 25 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5
>4-5 >025-0.50 4.0 3.0 3.0 3.0 25 2.5 2.0 2.0 2.0

=>0.50 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 2.0
> 0.00-0.25 4.0 3.0 2.5 2.5 25 2.0 2.0 2.0 1.5
>5 > 0.25-0.50 6.0 4.0 4.0 3.5 3.0 3.0 2.5 25 2.0
=050 6.0 4.5 4.0 4.5 3.5 3.0 3.0 25 2.0

Table 12. Passenger-Car Equivalents for Trucks and Buses (Et) on Downgrade, Multilane

Highways, and Basic Freeway Sections
dadall Juall 8 colilall g ALE il jall (A8

Er
Downgrade | Length Percentage Trucks
(%) (mi) and Buses (%)

5 10 15 =20

<4 All 1.5 1.5 1.5 R
=4-5 <4 1.5 1.5 1.5 1.5
>4 2.0 2.0 2.0 1.5

>5-6 <4 135 1.5 1.5 13
>4 35 4.0 4.0 3.0

>6 <4 1S 1.5 1.5 1.5
>4 75 6.0 5.5 4.5




EXAMPLE PROBLEM 1.

A segment of freeway consists of two consecutive upgrades of 3%, 2000 ft long, and 2%, 1500 ft
long. Determine the PCE of trucks/buses and recreational vehicles on this composite upgrade if
6% of the vehicles are trucks and buses and 10% are recreational vehicles.

Solution:
The average grade technique can be used since subsection grades are less than 4% and the total

length is less than 4000 ft.

Total rise = (0.03 x 2000) x (0.02 x 1500) = 90 ft
Average grade = 90/ (2000 x 1500) = 0.026, or 2.6%
Total length = 3500/5280 =0.66 mile

Enter Table 1, with 2 to 3% grade and length one-half to three-quarter mile, and obtain Et for
trucks/buses of 1.5.

Table 1. Passenger-Car Equivalents for Trucks and Buses (Et) on Upgrades, Multilane Highways,
and Basic Freeway Sections.

Ey

Percentage of Trucks and Buses

Upgrade Length

(%) (mi) 2 -4 5 (4] 8 1o i5 20 25
<2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.50 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

=2-3 = 0.50-0.75 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
= 0.75-1.00 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5

= 1.00-1.50 25 25 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 1.50 3.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.50 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5

>3-4 = 0.50-0.75 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0
= 0.75-1.00 3.0 3.0 2.5 2.5 2.5 2.5 2.0 20 2.0

= 1.00-1.50 3.5 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5

= 1.50 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5

= 0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0

=45 = 0.50-0.75 35 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5
= 0.75-1.00 4.0 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0

= 1.00 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0

= 0.00-0.25 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.25-0.30 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0

> 5-6 = 0.30-0.50 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 2.5
= 0.50-0.75 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 3.0

= 0.75-1.00 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0

= 1.00 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 3.5

= 0.00-0.25 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0

= (.25-0.30 4.5 4.0 35 3.5 3.5 3.0 2.5 2.5 25

=6 = 0.30-0.50 5.0 4.5 4.0 4.0 3.5 3.0 2.5 2.5 2.5
= 0.50-0.75 55 5.0 4.5 4.5 4.0 3.5 3.0 3.0 3.0

= 0.75-1.00 6.0 55 5.0 5.0 4.5 4.0 3.5 3.5 3.5

= 1.00 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 4.0




Enter Table 2, with 2 to 3% grade and length greater than one-half mi, and obtain Er = 1.5.

Table 2 Passenger-Car Equivalents for RVs (Er) on Uniform Upgrades, Multilane Highways, and
Basic Freeway Segments.

Ep
Percentage of RVs
Grade Length
(%) (mi) 2 4 5 0 8 10 15 20 25
=2 All 1.2 1.2 1.2 1.2 12 1.2 1.2 1.2 1.2

>2-3 > 0.00-0.50 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
> 0.50 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2

> 0.00-0.25 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>3-4 > 0.25-0.50 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 1.5
> 0.50 3.0 2.5 25 2.5 2.0 2.0 20 1.5 1.5

> 0.00-0.25 25 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5
>4-5 > 0.25-0.50 4.0 3.0 3.0 3.0 25 2.5 2.0 2.0 2.0

> 0.50 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 2.0
> 0.00-0.25 4.0 3.0 25 2.5 25 2.0 2.0 2.0 1.5
>5 > 0.25-0.50 6.0 4.0 4.0 3.5 3.0 3.0 2.5 25 2.0
> 0.50 6.0 4.5 4.0 4.5 3.5 3.0 3.0 25 2.0

EXAMPLE PROBLEM 2: Computation of PCE for a Consecutive Upgrade Using Performance
Curves.

A consecutive upgrade consists of two sections, the first of 2% grade and 5000 ft long, and the
second of 6% grade and 5000 ft long. Trucks comprise 10% of traffic, and recreational vehicles
comprise 6%. Determine:

(a) The equivalent grade and

(b) The PCEs.

The entry speed is 55 mile/hr.
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Figure 1 Performance Curve Solution for Example 2.
Solution:

(@) Since the lengths of both grades exceed 4000 ft, the average grade technique does not
apply. Instead, the performance curve for standard trucks must be used, as illustrated in
Figure 1.

1. Find the point on the 2% curve that intersects with length= 5000 ft. In this case

(point 1), that point signifies that the speed of a truck at the end of the first grade
(point 2) is 47 mi/h.

Since 47 mi/h is also the speed of the truck at the beginning of the 6% grade, draw
a line horizontally, at 47 mi/h, which intersects the 6% grade curve (point 3). The
reference distance is located on the horizontal axis (point 4).

Find the point on the horizontal axis that has a value 5000 ft greater than that at
point 4. This point (point 5) represents the distance traveled by truck on a 6% grade
whose initial speed is 47 mi/h. The final speed for this truck is found to be 23 mi/h
(point 7), which is also the crawl speed since the 6% curve is horizontal at that
point.

Finally, determine the intersection of the lines LCG = 10,000 ft and VEG = 23 mi/h
(point 8). Since this point lies on the 6% grade curve, the equivalent grade, GE, is
6%.



b) PCEs for typical trucks on specific freeway upgrades:

LCG = 10,000/5280 = 1.89 mi
Ge=6 %

Er=3.5 (From Table 1)
Er=3.5 (From Table 2)

Note: If the average grade technique had been (incorrectly) used, GA would have been calculated
as (100 + 300)/10,000, or 4%, resulting in values for Et of 3.0 and Er of 2.0, both lower than the
correct values of 3.5 and 4.5.

EXAMPLE PROBLEM 3 Using Adjustment Factors to Calculate Free-Flow Speed

Determine the free-flow speed of an urban freeway section, if the BFFS = 70 mi/h. The data are
as follows.

Number of lanes = 3 (one direction)

Lane width = 11 ft

Lateral clearance = 3 ft (right side)

Interchange density = 1.5 per mile

Solution:

Step 1. Determine the correction factors using the appropriate table.
BFFS = base free-flow speed, 70 mi/h

fw = adjustment for lane width, 1.9 mi/h (Table 3)

f1.c = adjustment for right-shoulder lateral clearance, 1.2 mi/h (Table 4)
fn = adjustment for a number of lanes, 3.0 mi/h (Table 5)

fip = adjustment for interchange density, 5.0 mi/h (Table 6)

Step 2. Substitute adjustment values into Equation:

FFS=BFFS X fiw X fic X fn X fip
=70-19-1.2-3.0-5.0=58.9 mi/hr

Table 3 Adjustment (fLw) for Lane Width.

Lane Width (ft) Reduction in FFS, fiw (mi/h)
12 0.0
11 1.9

10 6.6




Table 4 Adjustment (fic) for Right-Shoulder Lateral Clearance.

Reduction in Free-Flow Speed, [, (mi/h)

Lanes in One Direction

Right-Shoulder

Lateral Clearance (ft) 2 3 4 =35
=6 0.0 0.0 0.0 0.0
5 0.6 0.4 0.2 0.1
3 1.2 0.8 0.4 0.2
3 1.8 1.2 0.6 0.3
2 24 1.6 0.8 0.4
1 3.0 2.0 1.0 0.5
0 3.6 24 1.2 0.6
Table 5 Adjustment (fn) for Number of Lanes.
Number of Lanes Reduction in Free-Flow
(One Direction) Speed, fy (mi/h)
4 1.5
3 3.0
2 4.5
Table 6 Adjustment (fip) for Interchange Density.
Interchanges Reduction in Free-
per Mile Flow Speed fi, (mi/h)
= 0.50 0.0
0.75 1.3
1.00 2.5
1.25 3.7
1.50 5.0
1.75 6.3

2.00 7.5




EXAMPLE PROBLEM 4 Computation of Speed, Density, and Service Level for an Extended
Freeway Section.

Determine the LOS on a regular weekday on a 0.40-mi section of a six-lane freeway with a grade
of 2%, using the following data:

e Hourly volume, V = 3000 veh/h

e PHF=0.85

e Traffic Composition: Trucks = 12%

e RVs==2%

e Lane width =11 ft Terrain

e Level

e Base free-flow speed = 70 mi/h

e Shoulder width = 6 ft

e Interchange spacing = 1 mi

e Driver population adjustment factor f, = 1.0

Solution:

Step 1. Compute heavy vehicle factor using Equation.

Determine the correction factors for extended general freeway segments (section is less than 3%
grade and less than 1,2 mi long).

PCEs

Er= 1.5 1from Table 1
Er=1.2 1from Table 2

1
"~ 1+Pp(Er—1)+Pr(Eg—1)
1

fHV

= 140.12(1.5-1)40.02(1.2—1)
= 0.94

Note: Since there are five times as many trucks and buses as RVs, this problem could have been
solved assuming 14% are trucks, with the same result for fuv.

Step 2. Use the Equation to determine the peak 15-minute passenger-car equivalent flow rate.
14
vy =
PHFXNXprfHV
3000

0.85%3x0.94X1.00
= 1251 pc/hr/In

Step 3. Compute the free-flow speed and density.
FFS =BFFS -fiw - fic - fv - fip
=70=19-0-3.0-25

= 62.6 mile/hr



D =V/S=1251/62.6 = 19.98 pc/mi/In

Step 4. Use Figure 1 or Table 7 to determine the level of service.
LOS = C (Since 20 lies between 18 and 26 pc/mi/lIn).

Table 7. Level-of-Service Criteria for Basic Freeway Segments.

LOS
Criteria A B C D E
FFS = 75 mi/h
Maximum density (pc/mi/In) 11 18 26 35 45
Maximum speed (mi/h) 75.0 74.8 70.6 62.2 533
Maximum v/c 0.34 0.56 0.76 0.90 1.00
Maximum service flow rate (pc/h/In) 820 1350 1830 2170 2400
FFS =70 mi/h
Maximum density (pc/mi/In) 11 18 20 35 45
Maximum speed (mi/h) 70.0 70.0 68.2 61.5 533
Maximum v/c 0.32 0.53 0.74 0.90 1.00
Maximum service flow rate (pc/h/In) 770 1260 1770 2150 2400
FFS = 65 mi/h
Maximum density (pc/mi/ln) 11 18 26 35 45
Maximum speed (mi/h) 65.0 65.0 64.6 59.7 522
Maximum v/c 0.30 0.50 0.71 0.89 1.00
Maximum service flow rate (pc/h/In) 710 1170 1680 2090 2350
FFS = 60 mi/h
Maximum density (pc/mi/ln) 11 18 26 35 45
Maximum speed (mi/h) 60.0 60.0 60.0 57.6 51.1
Maximum v/c 0.29 (.47 0.68 0.88 1.00
Maximum service flow rate (pc/h/In) 660 1080 1560 2020 2300
FFS = 55 mi/h
Maximum density (pc/mi/ln) 11 18 26 35 45
Maximum speed (mi/h) 55.0 55.0 55.0 54.7 50.0
Maximum v/c 0.27 0.44 0.64 0.85 1.00
Maximum service flow rate (pc/h/In) 600 990 1430 1910 2250

EXAMPLE PROBLEM 5 Required Number of Lanes for a Given Level of Service.
Determine the number of lanes required for a freeway section 0.35-mi long and a 4.5% grade, if
the section is to operate at LOS C. The following design features apply to this section:

V = 3000 veh/h (weekly commuter traffic)
PHF =0.95

Trucks and Buses = 10%

RVs =2%



e Base Free Flow Speed (BFFS) = 70 mi/h

e Lane width =12 ft

e Lateral obstruction = none

e Interchange spacing = 3 miles (no interchanges within the section)
Solution:

Step 1. Determine PCE equivalents

Er=2.0(Table 1)
Er = 4.0 (Table 2)

Step 2. Compute heavy-vehicle adjustment factor
1

fuv = 1+P7(Ep—1)+Pr(Er—1)
1

= 1+0.10(2-1)+0.02(4—1)
= 0.86

Step 3. Convert vehicle/hour to peak 15-minute passenger-car equivalent flow rate for two, three,

and four lanes.

%4

v, =
p PHFXNXprfHV
3000

T 0.95x2%1.00%0.86

= 1834 pc/hr/In

For N =3 v, = 1223 pc/h/In
For N =4 v, =917 pc/h/In

Step 4. Compute free-flow speed

FFS =BFFS -fiw - fic - fv - fip

N=2 FFS=70—-0-0—4.5—-0 = 65.5mile/hr
N=3 FFS=70—-0—-0-3.0—0 = 67.0 mile/hr
N=3 FFS=70—-0-0—-1.5—-0 = 68.5 mile/hr

Step 5. Compute speed. The following equation is used (for
70 mi/h) to determine average speed (S).

_ ! _ vp+30FFS—3400. , ¢
S = FFS [9 (7FFS)(65.5) — 340( 2= ]

_ e _ 1834+30(65.5)—3400
S = FFS [9(7)(65.5) 340(

)26 =64.0 mile/hr

FFS



Step 6. Compute density

D=2

S
N=2 D= % = 28.0 pc/hr/In
N=3 D= % = 18.3 pc/hr/In
N=4 D= &75 = 13.4 pc/hr/In

68.

Step 7. Determine LOS for each lane/density combination from Table 8

N=2LOS=D
N=3LOS=C
N=4LOS=B

Table 8. Level-of-Service Criteria for Multilane Highways.

LOS
Free-Flow
Speed Criteria A B /54 D E
60 mi/h Maximum density 11 18 26 35 40
(pc/mi/ln)
Average speed 60.0 60.0 594 56.7 55.0
(mi/h)
Maximum volume- 0.30 0.49 0.70 0.90 1.00
to-capacity ratio (v/c)
Maximum service 660 1080 1550 1980 2200
flow rate (pc/h/In)
55mi/h Maximum density 11 18 26 35 41
(pc/mi/ln)
Average speed (mi/h 55.0 55.0 549 529 51.2
Maximum v/c 0.29 0.47 0.68 0.88 1.00
Maximum service 600 990 1430 1850 2100
flow rate (pc/h/In)
50 mi/h Maximum density 11 18 26 35 43
(pc/mi/In)
Average speed 50.0 50.0 50.0 48.9 47.5
(mi/h)
Maximum v/c 0.28 0.45 0.65 0.86 1.00
Maximum service 550 900 1300 1710 2000
flow rate (pc/h/In)
45 mi/h Maximum density 11 18 26 35 45
(pc/mi/In)
Average speed 45.0 45.0 45.0 44.4 422
(mi/h)
Maximum v/c 0.26 0.43 0.62 0.82 1.00
Maximum service 480 810 1170 1550 1900

flow rate (pc/h/In)




EXAMPLE PROBLEM 6 Determining the LOS of a Multilane Highway Segment of Uniform
Grade.

A 3200 ft segment of 3.25-mi four-lane undivided multilane highway in a suburban area is at a
1.5% grade. The highway is in level terrain, and lane widths are 11 ft. The measured free-flow
speed is 46.0 mi/h. The peak-hour volume is 1900 veh/h, PHF is 0.90, and there are 13% trucks
and 2% RVs.

Determine the LOS, speed, and density for upgrade and downgrade.

Solution:

» Compute vpInput data:

V=1900 veh/h

PHF =0.90

N =2

fp=1.00

fuv =0.935

Er= 1.5, Er = 1.2 (Table 9) since 1.5 percent grade is considered level terrain
Pr=0.13,

Pr=0.02

Table 9. Passenger-Car Equivalents for Trucks and Buses (ET) and RVs (ER) on General Highway
Segments: Multilane Highways and Basic Freeway Sections.

Type of Terrain

Factor Level Rolling Mountainous
E 4 (trucks and buses) 1.5 2.5 4.5
Er (RVs) 1.2 2.0 4.0

1
fuv = 1+P7(Ep—1)+Pr(Er—1)
1

= 140.13(1.5-1)40.02(1.2—1)
= 0.935

_ %4

Up =
PHFXNXprfHV
1900

T 0.90x2x1.00X0.935

= 1129 pc/hr/In

Compute density
D=2=22_745 pc/mile/In
S 46

LOS C (Table 8)



Compute v, for the upgrade direction. Input data:

V= 1900 veh/h
PHF =0.90

N =2

fp=1.00

fuv =0.905

Er=1.5, (Table 1)

Er = 1.2 (Table 2) since 1.5 percent grade is considered level terrain
Pr=0.13,

Pr=0.02

1
- 1+PT(ET—1)+PR(ER—1)
1

fHV

140.13(1.5—-1)+0.02(3.0-1)

= 0.905
%4
vp:=
PHFXNXprfHV
1900

0.90x2x%1.00x0.905

= 1166 pc/hr/In

Compute density
D = %” = % = 25.3 pc/mile/ln

LOS C (Table 8)



