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Ideal Capacity

« Multilane
Suburban/Rural

2,200 pcphpl (100 kmph)
2,100 (90 kmph)
2,000 (85 kmph)
1,900 (45 kmph)

« 2-lane rural - 2,800
pcph
* Signal - 1,900 pcphgpl
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Base Conditions
1. 3.6m lane widths

2. A minimum of 1.8m of lateral clearance in
the direction of travel. o3l & &3 sall e AIA 45 ) ddliws
a VA e Ju YA Bl

3. No direct access points along the highway
e il 3R (e b ) bl J e ol 45Se) llla
4. A divided highway S all oalai) g JalS Juad

. Only passenger cars L il & i G bl Jeatid ) &l L)

* 6. A free-flow speed FFS > 100 kmph
« 7. Driver population consisting primarily of commuters
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ultilane Highway Methodology

{ Volume adjustmant
- Peak-hour factor
- Number of lanes
- Drver population
- Heawy vehicles

15

o
el

o
¥
—_
—_
B
e
=
)
i
E
'
=
o)
=
=

_Compute flow rate

Source: HCM, 2000




The prediction of level of service for a
multilane highway involves three steps:
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EXHEIT 21-1. MULTILANE HIGHWAY METHODOLOGY

" Input
- Geometric data
- Free-flow speed (FFS) field measured, or
base free-flow speed (BFFS) ]
- Volume

If BFFS is input

{ Volume adjustment
- Peak-hour factor
- Mumber of lanes
- Driver population
- Heavy wehicles

[:_-E:urnpute flow rate I

{ BFFS adjustment
- Lans width
- Median type
- Access point
- Lateral clearance

iz input

1
d

If figld-measured FFS

| Compute FFS

I Define speed-flow curve

Step 1: Gather data T
I,l_..____Determme speed using s pesd-flow curve

: _ I
Ste p 2 . C al C u I ate Capac I ty I::E;mpute density using flow rate and :pe;d.'

(Supply) P

Determing LOS

Source: HCM, 2000
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ESTIMATING FFS
The FES can be estimated indirectly when field data are not available.

where
BFFS = base FFS (mi/h);
estimated FES (mi/h);
adjustment for lane width, from Exhibit 21-4 (mi/h):
adjustment for lateral clearance, from Exhibit 21-5 (mi/h);
adjustment for median type, from Exhibit 216 (mi/h): and

adjustment for access points, from Exhibit 21-7 (mi/h).




Dsoall s ls e
Lane Width

* Base Conditions: 3.6m lanes

EXHIBIT 21-4. ADJUSTMENT FOR LANE WIDTH
Lane Width (m) Reduction in FFS (km/h)
i 0.0
1.0

3.6

2.1
3.1
56
8.1
10.6

Source: HCM, 2000
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Lateral Clearance
s TLC = LCy + LG o i Al 3Ll
TLC = total lateral clearance

LC, <= 1.8 m from right edge of travel lanes
to obstruction <kl e a) A sl o J8 4iad L
Bl sala s g pall cl jad Yl

LC, <= 1.8 m <= 1.8 m from left edge of travel
lane to object in median ~).A sl o Ji 4iad L
Gaobll Caaie a5 el sl el ca skl g

Source: HCM, 2000



EXHIBIT 21-5. ADJUSTMENT FOR LATERAL CLEARANCE

Four-Lane Highways Six-Lane Highways

Total Lateral Clearance® | Reduction in FFS (mi/h) | Total Lateral Clearance® | Reduction in FFS (mi/
(ft)

Note:
a. Total lateral clearance is the sum of the lateral clearances of the median (if greater than 6 ft, use 6 ft) and shoulder {if gr
than 6 i, use 6 1t). Therefore, for purposes of analysis, total lateral clearance cannot exceed 12 ft.

Calculate lateral clearance adjustment for a 4-lane
divided highway with milepost markers located 4 feet to the
right of the travel lane.

TLC=LCr+LC, =4+6=10

E'_C = 0.4 mph Source: HCM, 2000




EXHIBIT 21-5. ADJUSTMENT FOR LATERAL CLEARANCE

Four-Lane Highways Six-Lane Highways
Total Lateral Clearance? | Reduction in FFS (km/h) | Total Lateral Clearance? | Reduction in FFS (km/h)
(m) (m)
3.6 0.0 3.6 0.0
3.0 0.6 3.0 0.6
2.4 1.5 2.4 1.5
1.8 2.1 1.8 2.1
1.2 3.0 1.2 2.0
0.6 5.6 0.6 4.5
0.0 8.7 0.0 6.3

Note:
a. Total lateral clearance is the sum of the lateral clearances of the median (if greater than 1.8 m, use 1.6 m) and shoulder (if
greater than 1.8 m, use 1.8 m). Therefore, for purposes of analysis, total lateral clearance cannot exceed 3.6 m.

Source: HCM, 2000
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Median Type

EXHIBIT 21-6. ADJUSTMENT FOR MEDIAN TYPE
Median Type Reduction in FFS (km/h)

Undivided highways 2.6
Divided highways (including TWLTLSs) 0.0

Source: HCM, 2000



LA ) e yalll 5 yhall 486
Access Point Density

EXHIBIT 21-7. ACCESS-POINT DENSITY ADJUSTMENT

Access Points/Kilometer Reduction in FFS (km/h)
0 0.0
6 4.0

12 8.0
18 12.0
16.0

Source: HCM, 2000



EXHIBIT 21-7. ACCESS-POINT DENSITY ADJUSTMENT

Access Paoints/Mile Reduction in FFS (mi/h)

F, accounts for interruption due to access points along
the facility

F,.=5.0 mph




Default Access-Point Density

_DcveIOpmem Type | Default Value | Access Points/mi (One Side)

Rural
Low-density suburban
High-density suburbun

Source: TRB. 2000,




Base Free-flow speed also can be
estimated from:
D A e Al Gloall de a8 (S
1- 85th-percentile speed
2- posted speed limits,
if it is not possible fo measure
directly in the field.

daall 83 il Leuld JlSaYL S5 6l 1)



EXHEIT 21-1. MULTILANE HIGHWAY METHODOLOGY

" Input
- Geometric data
- Free-flow speed (FFS) field measured, or
base free-flow speed (BFFS)
- Volume

If BFFS is input

{ Volume adjustment
- Peak-hour factor
- Mumber of lanes
- Driver population
- Heawy wehicles

{ BFFS adjustment
- Lans width
- Median type
- Access point
- Lateral clearance

iz input

o
fu]

ik
[
B

@

i

E
i
o
=
S

omputs flow rate I

Define spead-flow curve

: ':'_'_'_'__I:_,
. m I:l_l____Determine spead using s peed-flow curve '
Step 2: Estimate [

d e m a n d mputz density using flow rate and :peed.'

Source: HCM, 2000



Calculate Elow Rate oLl Jaxs s

V
Vv

P~ PHF *N *f, *f,

where
15-min passenger-car equivalent flow rate (pc/h/In),

hourly volume (veh/h),

peak-hour factor,

number of lanes,

heavy-vehicle adjustment factor, and
driver population factor.




Peak Hour Factor (PHF)

PHE = peak-hour volume
4(peak 15-min volume)

Flow is not uniform throughout an hour

HCM considers operating conditions
during most congested 15-minute
period of the hour to determine service
level for the hour as a whole

19



Peak Hour Factor

15 mn l;I'I Ol
Vohime

275 v
Per -

Minate all weh | hr
! =

20
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Heavy Vehicle Adjustment

* Heavy vehicles affect traffic

« Slower, larger

* 1, increases number of passenger vehicles to
account for presence of heavy frucks

1
"W = 75 P (E;—1) + Pn (Eq—1)

(2

passenger-car equivalents for trucks and buses and for recreational
vehicles (RVs), respectively;

proportion of trucks and buses, and RVs, respectively, in the traffic
stream (expressed as a decimal fraction); and

adjustment factor for heavy vehicles.

Y
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Heavy: Vehicle Adjustment

EXHIBIT 21-8. PASSENGER-CAR EQUIVALENTS ON EXTENDED GENERAL HIGHWAY SEGMENTS

Type of Terrain
Factor ' Inous

E; (trucks and buses)

A

for 10% heavy trucks on rolling
terrain, what is F,,?

For rolling terrain, E; = 2.5
F, = 1
1+01(25-1) ST P (B, 1)+ PrlEg—1)




ol sl dae oiy alal) Jalall
Gkl () sendding
Driver Population Factor (f,)

* Non-familiar users affect capacity
£, = 1, familiar users Gkl §sails () serdivn
1> f,>=0.85, unfamiliar users



* Calculate Vi

V

‘o= PHE *N *fy *F,

base volume is 2,500 veh/hour
* PHE =09, N =2
* f,, from previous, f,, = 0.87
« Non-familiar users, f,=0.85

V, = 2,500 vph = 1878 pc/ph/pl
0.9x2x0.87 x0.85

Y¢
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Specific Grade
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EXHIBIT 21-9. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON UNIFORM UPGRADES
Er
Upgrade Length Percentage of Trucks and Buses

%%) (km) 2 4 5 5] 8 10 15 20 25
<2 Al 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
0.0—0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.4—0.8 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

=2-3 = 0.8-1.2 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
= 1.2—1.6 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5

= 1.6—2.4 2.5 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 2.4 3.0 2.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0

0.0—0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.4—-0.8 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5

= 3—4 = 0.8-1.2 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0
= 1.2—1.6 3.0 2.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0

= 1.6—2.4 3.5 2.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5

= 2.4 4.0 2.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5

0.0—0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.4—-0.8 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 45 = 0.8-1.2 3.5 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5
= 1.2—1.6 4.0 2.5 3.5 3.5 3.0 3.0 2.0 3.0 3.0

= 1.6 5.0 4.0 4.0 4.0 3.5 3.5 2.0 3.0 3.0

0.0—-0.4 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5

= 0.4—-0.5 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0

= 56 = 0.5-0.8 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 2.5
= 0.8—-1.2 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 3.0

= 1.2—1.6 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0

= 1.6 6.0 5.0 5.0 4.5 3.5 3.5 2.5 3.5 3.5

0.0—0.4 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0

= 0.4—-0.5 4.5 4.0 3.5 3.5 3.5 3.0 2.5 2.5 2.5

=6 = 0.5-0.8 5.0 4.5 4.0 4.0 3.5 3.0 2.5 2.5 2.5
= 0.8—-1.2 5.5 5.0 4.5 4.5 4.0 3.5 3.0 3.0 3.0

= 1.2—1.6 6.0 5.5 5.0 5.0 4.5 4.0 3.5 3.5 3.5

=1.6 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 4.0
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EXHIBIT 21-10. PASSENGER-CAR EQUIVALENTS FOR RVS ON UNIFORM UPGRADES

ER
Grade Length Percentage of RVs
(%) (km) 2 4 ) 6 8 10 15 20 20
<7 Al 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
> 72-3 0.0-0.8 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
> 0.8 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2

0.0-04 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>34 | >04-08 2.5 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5
>0.8 3.0 2.5 2.0 2.9 2.0 2.0 2.0 1.5 1.5

0.0-04 2.9 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5
>4-5 | >04-08 4.0 3.0 3.0 3.0 2.5 2.5 2.0 2.0 2.0
>0.8 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 2.0

0.0-04 4.0 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5
> 5 >04-08 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5 2.0
>0.8 6.0 4.5 4.0 4.9 3.9 3.0 3.0 2.0 2.0




salall dla el pe S Jy sl Jule B
L suell dalaia 8 Gilalll g lialilly

EXHIBIT 21-11. PASSENGER-CAR EQUIVALENTS FOR TRUCKS ON DOWNGRADES
i
Downgrade Length Percentage of Trucks
(%) (km) 10 15
All . 1.9 1.9
<64 . 1.9 1.9
> 6.4 . 2.0 2.0
<64 . 1.5 1.5
> 6.4 . 4.0 4.0

<64 . 1.5 1.9
> 6.4 . 6.0 5.5

8 8lasall asdll Jaxivss oS VY i) 5l (5 gbony Jshas %ot (e J8 Jall cilS Jla 3 4
e % ddl Js b5 ¢ Level Terrain ddaiall ghlidly galaldl A-YY Jsasll
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Adial) halially alal) A=Y Y Jgaall 6 sUanall ail) Jeri Lizd By il duilly Laf -
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EXHEIT 21-1. MULTILANE HIGHWAY METHODOLOGY

" Input
- Geometric data
- Free-flow speed (FFS) field measured, or
base free-flow speed (BFFS)
- Volume

If BFFS is input

{ Volume adjustment
- Peak-hour factor
- Number of lanes
- Driver population

- Access point
- Heawy vehicles

L O S - Lateral clearance

Demand Vs. ( ) (Compton )
Supply

Step 3: Determine T

- Median type

iz input

o
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=
S

Source: HCM, 2000




A8 Gl
Calculate Density

density (pc/mi/ln),

flow rate (pc/h/In), and

average passenger-car travel speed (mi/h).

Example: for previous

D = 1878 vph =39.1 pc/mi/lane
48 mph




Average Passenger-Car Speed (mi/h)
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EXHIBIT 21-3. SPEED-FLOW CURVES WITH LOS CRITERIA LOS — E
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EXHIBIT 27-2. LOS CRITERIA FOR MULTILANE HIGHWAYS

LOS
Free-Flow Speed Criteria A B C D E
60 mi/h Maximum density {pc/mi/ln) 11 18 26 35 40
Average speed (mi/h) 60.0 60.0 59.4 6.7 55.0
Maximum volume to capacity ratio 0.30 0.49 0.70 0.90 1.00
(w/c)
Maximum service flow rate {pc/h/In) 660 1080 1550 1980 2200
55 mi/h Maximum density (pc/mi/in) 11 18 26 35 41
Average speed (mi/h) 55.0 55.0 54.9 52.9 51.2
Maximum w/c 0.29 0.47 (.68 (.88 1.00
Maximum service flow rate {pc/h/In) 600 990 1430 1850 2100
50 mi/h Maximum density {pc/mi/ln) 11 18 26 35 43
Average speed (mi/h) 50.0 50.0 50.0 48.9 47.5
Maximum w/c 0.28 0.45 (.65 (.86 1.00
Maximum service flow rate {pc/h/In) 550 900 1300 1710 2000
45 mifh Maximum density (pc/mi/ln) 11 18 26 35 45
Average speed (mi/h) 45.0 45.0 45.0 44 4 42.2
Maximum v/c 0.26 0.43 (.62 (.62 1.00
Maximum service flow rate (pc/h/In) | 490 810 1170 1550 1900

Note:

The exact mathematical relationship between density and volume to capacity ratio (v/c) has not always been maintained at LOS
boundaries because of the use of rounded values. Density is the primary determinant of LOS. LOS F is characterized by highly
unstable and variable traffic flow. Prediction of accurate flow rate, density, and speed at LOS F is difficult. Source: HCM. 2000




EXHIBIT 21-3. SPEED-FLOW CURVES WITH LOS CRITERIA
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EXAMPLE PROBLEM 2 (PART |)

The Highway A 3.4-km segment of an east-west five-lane highway with two travel
lanes in each direction separated by a two-way left-turn lane (TWLTL). The highway
includes a 4 percent grade, 1830-m in length, followed by level terrain of 1570 m.

The Question What is the LOS of the highway on level terrain during the peak hour?

The Facts
\ Level terrain, \ 83.0-km/h 85th-percentile speed,
\ 3.6-m lane width, V' 1,500-veh/h peak-hour volume,
\ 6 percent trucks and buses, v 8 access points/km (westbound), and
\ 6 access points/km (eastbound), v 0.90 PHF.

\ 3.6-m and greater lateral clearance for
westbound and eastbound,

Comments
\ Assume base FFS to be 3.0 km/h less than 85th-percentile speed.
BFFS =83.0- 3.0 =80.0 km/h
\ Assume no RVs, since none is indicated.




Steps

1. Find f,;, (EB and WB) (use Exhibit 21-8). | . 1

HY =1 + P(E;— 1) + PR (Eg — 1)
¢ 1

HV =1 +0.06(1.5-1)+0

2. Find Vp (EB and WB) (use Equation \/
21-3). P TPHF "N " fiyy, " f
1,500

A —
P 0.90"270.971"1.00
Vv, = 858 pc/h/in

P

3. Compute EB and WB free-flow speeds FFS=BFFS—f - flc—Ta—Tfm
(use Exhibits 21-4, 21-5, 21-6, 21-7,and | FFS =80-00-00—-40-=0.0
Equation 21-1). FFS = 76.0 km/h (EB)

FFS=80-00-0.0-53-0.0

FFS =74.7 km/h (WB)

4. Determine LOS (use Exhibit 21-3). LOS C (EB and WB)
The Results

Eastbound: Westbound:

- LOS C, - LOS C,

- Speed =76.0 km/h, and - Speed =74.7 km/h, and

« Density = 11.3 pc/km/in. - Density = 11.5 pc/km/In.
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EXAMPLE PROBLEM 2 (PART I}

The Highway A 3.4-km segment of an east-west five-lane highway with two travel
lanes in each direction separated by a TWLTL. The highway characteristics include a 4
percent grade, 1830 m in length, followed by level terrain of 1570 m.

The Question  What is the LOS of the 4 percent grade segment during the peak hour?

Additional Facts
\' 4.0 percent grade (EB downgrade, WB upgrade),
\ 87.0-km/h eastbound 85th-percentile speed,
\' 77.0-km/h westbound 85th-percentile speed,
v 3.6-m lane width,
\' 6 access points/km (EB), and
\ 0 access points (WB).

Comments
\ Assume base FFS to be 3.0 km/h less than 85th-percentile speed.
BFFS (EB) =87.0-3.0 = 84.0 km/h
\ BFFS (WB)=77.0-3.0 =74.0 km/h
\ Assume no RVs, since none indicated.




Steps

1. Find f,,,, (EB and WB) (use Exhibits
21-9 and 21-11).

>

v =773 Pr(Er—1) + P (Eg— 1)
e 1

HV =1 + 0.06(1.5 — 1)
1

—5=0.971 (EB)

2. Find v, (EB and WB).

v =71 1 0.06(3.0—1) + 0~ 0-393 (WB)
- v
P =PHF "N Ty "
vp=— 299 _ 858 pe//in (EB)
0.90°270.971" 1.00
1,500

Vp = = 933 pc/h/in (WB)
0.90*2*0.893"1.00

3. Compute EB and WB FFS (use

Exhibits 21-4, 21-5, 21-6, and 21-7).

FFS = BFFS — iy — fLc — fa —
FFS=84.0-0.0-0.0-4.0-0.0 = 80.0 km/h
(EB)

FFS=74.0-0.0-0.0-0.0-0.0 = 74.0 km/h
(WB)

4. Determine LOS (use Exhibit 21-3). LOS B (EB)
LOS C (WB)

The Results

Eastbound: Westbound:

- LOS B, - LOS C,

- Speed = 80.0 km/h, and
+ Density = 10.7 pc/km/In.

- Speed =74.0 km/h, and
- Density = 12.6 pc/km/In.
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