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EXAMPLE PROBLEM1
The Freeway Existing four-lane freeway, rural area,
rolling terrain, 110-km/h speed limit.
The Question What Is the LOS during the peak hour?
The Facts

v Two lanes in each direction \ 5 percent trucks,
v 3.3-m lane width, v 0.92 PHF
v 0.6-m lateral clearance v 0.6 interchanges per
\ Commuter traffic, kilometer, and
\ 2,000-veh/h peak-hour volume , \ Rolling terrain.,
(one direction),
Comments

v Assume 0 percent buses and RVs since none are indicated.



v Assume BFFS of 120 km/h for rural areas.

v Assume that the number of lanes does not affect free-flow
speed.

freeway Is in a rural area.

v Assume fp = 1.00 for commuter traffic.
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Type of Tarrain

Factor Level Rolling Mountainous
E- (trucks and buses) 15 25 45
= (RVs) 12 20 40
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Lane Width (m) Reduction in Free-Flow Speed, T, (km/h)
36 0.0
3.0 10
3.4
33 31
3.2 56
3.1 51
30 10.6
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Reduction in Free-Flow Speed, . (km/h)

Lznes in One Diraction

Right-Shoulder 2 3 4 =5
Lateral Clearance {m)

=148 0.0 0.0 0.0 0.0

1.5 1.0 0.7 0.3 0.z

1.2 g 13 07 04

0g 25 13 1.0 0.

0.6 3.8 2.6 1.3 0.a

0.3 48 3.2 1.6 1.1

0.0 58 3.8 1.9 1.3
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Number of Lanes (One Direction)

Reduction in Free-Flow Speed, f, (km/h)
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0.0
24
48
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ntarchanges per Kilometer Reduction in Free-Flow Speed, f; (km/h)
<03 0.0
04 A
0.5 2.1
0.6 3.9
0.y 5.0
0.8 6.0
0.9 8.1
1.0 0.7
1.1 10.2
1.2 121
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LOS
Criteria A B G D E
FFS =120 km/h
Maximum density (pc/km/In) 7 1 16 22 2
Minimum spead (Km/h) 1200 120.0 1146 gog 857
Maximum w/c 0.35 0.55 077 0.92 1.00
Maximum service flow rate (pc/h/in) a40 1320 1840 2200 2400
FS =110 km/h
Maximum density (pc/km/In) 7 1 16 22 2
Minimum spead (km/h) 110.0 110.0 108.5 gr.2 8385
Maximum w/c 0.33 0.51 0.74 0.91 1.00
Maximum service flow rate (pc/h/in) vl 1210 1740 2135 2350
FFES = 100 km/h
Maximum density (pc/km/In) 7 1 16 22 2
Minimum spead (km/h) 100.0 100.0 100.0 83.8 821
Maximum v/c 0.30 .48 0.70 0.90 1.00
Maximum service flow rate (pc/h/in) 700 1100 1600 2065 2300
FFS = 90 km/h
Maximum density (pc/km/In) 7 1" 16 22 2
Minimum spead (km/h) 200 0.0 8.0 891 804
Maximum w/c 0.28 0.44 0.64 0.87 1.00
Maximum service Tlow rate (pc/h/in) 630 830 1440 1955 2250




Steps:

Convert volume (veh/h) to flow rate v — - M
(po/miin} (use Equation 23-2). o = (PHF){N) (T )(F )
o 2,000
P 0. 822 ) fyy M1 00)
2. Findfg, (use Exhibit 23-8& and fo_ 1
Equation 23-3). V1 + PrEr— 1)+ Pr(Eg — 1)
; _ 1
HY T 1 - 00525 —1)+0
f, =0.830
3. Find Vg {use BEquation &3-2). 2 000

W = 1,169 pc/hin

P~ 0.92)2)(0.930)(1.00)

4. Compute free-flow speed (use
—whibits 23-4, 23-5, 23-6, 23-7, and
cquation 23-1).

FFS=120-31-39-00-39
FFS = 1091 km/h

5. Detaerminea lavel of service (use Exhibit
23-2).

LOS B

The Results:

LOS = B,

Speed = 109 km/h, and
Density = 11 pc/km/In.
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EXAMPLE PROBLEM 2
The Freeway New suburban freeway Is being designed.
The Question How many lanes are needed to provide LOS
D during the peak hour?

The Facts

\ 4,000 veh/h (one direction), v 0.85 PHF,
v Level terrain, v 0.9 interchanges per kilometer,
v 15 percent trucks, v 3 percent RVs, and
v 3.6-m lane width, v 1.8-m lateral clearance.
Comments

v Assume commuter traffic. Thus, fp = 1.00.
v Assume BFFS of 120 km/h.



v Assume that the number of lanes affects free-flow
speed, since the freeway Is being designed In a suburban
area.

Outline of Solution

All input parameters are known. Flow rate, speed,
density, and

LOS are calculated starting with a four-lane freeway and
then increasing the number of

lanes to six, eight, and so forth until LOS D is achieved.
The calculation of speed Is based

on the equation found in Exhibit 23-3.



Steps:
1. ' Convert volume (vaehfh) to flow rate
(pcMiing (use Equation 23-2).

v
Ve = TPHENMINT )

2. Find fyy (use Exhibit 23-8 and Eguation

.I

23-3). Thw =3 + Pr(Er— 1)1+ PglEg — 1)
T =3 + (015015 —-1)+003{(1.2—-1)
3. For four-lans oplion (use Equation 23-2). 4 000
Vo, = : = 2.544 pohiin
® =10 B5)(2/0.925)(1.00) .
4. The four-lane option is not acceptable
since 2544 pohdn excesds capacity of
2400 pchdin.
5. For six-lane option (usse Equation 23-2). 4 000

T — = 1826 pchiin
® = 10.85)(2)(0.925)(1.00) =op

G. Compuils free-flow speed for a six-lane
freaway (use Exhibits 23-4, 23-5, 23-6,
23-7, and Equation 23-1).

FFS=120-00-00-48-81
FFS =107.1 km/h

7. Determine level of service (use Exhibit
23-2).

LOS C

"he Results:

Six lanes are needed,
LOS =C,

Speed = 107 km/h, and
Density = 16 pc/km/In.
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EXAMPLE PROBLEM 3
The Freeway EXxisting six-lane freeway in a growing urban
area.
The Question What Is the current LOS during the peak
hour? What LOS will occur In
3 years? When should a fourth lane be added in each
direction to avolid an excess of
demand over capacity?
The Facts
v 5,000 veh/h (one direction, existing); < 6 lanes;
v Level terrain; v 10 percent trucks;
v 5,600 veh/h (one direction, in 3 years);\ 0.95 PHF; and
v Beyond 3 years, v FFS = 110 km/h
traffic grows at 4 percent per year, (measured in field).




Comments

V Since no information is given on possible changes over
time, assume that 10percent trucks, PHF, and FFS remain
constant.

v This problem deals with a variety of demand levels and
can most easily be solved by computing the maximum
volume that can be accommodated for each level of
service.

v Assume 0 percent buses and RVs.

\ Assume commuter traffic.

Outline of Solution The maximum volume (veh/h) for
each LOS is computed, the demand volumes are
compared, and a level of service Is estimated.



Steps:

I

1. Comvart thie maximum service flow W
rate (pc/hding for each LOE to vehih Yo = APHFMMNMNo, T
fu=e Equaiion 23-2). W — -"'I:-':PHF:“:N:“:TH".I':”:TPJ

=, =imd Ty (Use Equation 23-3 and f B L
Exhibit 23-8). T 1 = Pr{Er— 1) + PglEg — 1)

f B 1
=T 1 2011 S -1+ 0
fope = 0.952
2.  Find maximum v for each LOS (use LOS A, v, = 770 pchin
=xhibit 23-2). LOS B, v, = 1.210
L= C.ov, = 1.740
LOS D, v, = 2.135
LOS E, v, = 2,350
. Compuizs W ivehdh) (use equation from | LOS A, W = 2089 vahin
Step 1 with fp = 1.007. LOS B, W = 3,283
LOS O W = 4, 721
LOS DLW = 5,723
LOS E, W = 6,376

5. Compare 5 000 vehm o oand 5, 800
wveh'h with abowve, determins LOS.

3. WwWhen traffic excseds 6,375 vahih, a 5.80001.04™ = &3706
fourth lane in each direction will be n = 53 vaars
needsad. A compounding eguation is }
used.

LLOS D (existing),LOS D (in 3 years), and a fourth lane will
be needed In 3.3 years beyond the end of the first 3 years.
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EXAMPLE PROBLEM 4

"he Freeway Existing four-lane freeway in a rural area.

"he Question What is the LOS for both the upgrade and the

downgrade directions

during the peak hour?

The Facts

\ 2 lanes in each direction, v 2,300 veh/h peak-volume(one

v 15 percent trucks, direction),

v 0.90 PHF, \ Segment 1, 900 m at 3 percent grade,

v Segment 2, 800 m at 5 percent grade, and

v FFS = 115 km/h (measured in field, v FFS = 120 km/h
(measured in field,

upgrade direction) , downgrade direction).




Comments

v Assume 0 percent buses and RVs since none are indicated.
v The precise procedure for composite grades is used
because there Is a segment steeper than 4 percent and the
total length is greater than 1200 m.

v Assume fp = 0.95 because drivers are generally unfamiliar
with the area.

Outline of Solution The truck performance curves in
Appendix A are used to develop

an equivalent grade (i.e., a constant grade that has the same
effect on heavy vehicles as does the composite grade) .
Demand is computed in terms of passenger cars per hour per
lane, and LOS is determined from the speed-flow graph. The
calculation of speed isbased on the equation found in Exhibit
23-3.



ps:

Ste

Detarmine equivalent constant
grade {us=s Exhibit AZ23-2).

Using Appendix &, entaer 200 m. Speed at top of 2
percent grads is 68 kmh.  Intersection of horizonta
at 68 km/h and S percent curve implies trucks hawve
bean on 5 parcant for 375 m. A wvariical is drawn at
1175 m to the & percant decsleralion curves, and a
horizontal shiows a final truck spesd of 42 Kkmdh. A
horizontal line at a spaaed of 42 kdh and a veriical
lima at 1700 m intersact at a composite grads of 5

23-2).

percent. Similarly, the composite grade for tha
downgrads is computsd as —1 percent
2  Convert volume (vaehih) to flow . A
rate {poidng (use Equaftion Vip = (FHFEWMNIE )
23-2).
2. Find T, (upgrade) {Exhibit 23-9 § _ 1
and Equation 23-3). HY =1 + Pr{Er — 1) = PgiEg — 1)
.I
fww=7 o053 0—-1)-0- 2759
. Find Ty (downgrade) {use f _ 1 _ 0930
Exhibit 23-11 and Equation HY =4 + 0 185(1.5 —1)y+0" —-
23-37.
5. =ind v dupgrade) (uss Eqguation o N
. AT : = 1.749 pochsin
23-2). P = {0.80)(2)0. 7E8)(0.55) M
3. =ind v (downgrads) (usse 2 300 —
= = : =
=quation 23-2). Ve =G GoNZN0.930)0 85 e pehin
7. Detaermine LOS (uss Exhilbit LS O {upgrads and dowenigrade)

The Results:

Upgrade

LOS C,

Speed = 113 km/h, and
Density = 15 pc/km/In.

Downgrade
LOS C,

Speed = 120 km/h, and

Density = 12 pc/km/In.
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EXAMPLE PROBLEM 5

The Freeway New urban facility being planned with a
forecast opening-day AADT of 75,000 veh/day.

The Question What 1s the minimum number of lanes
needed to provide at least LOS D during the peak hour
on opening day? What are the speed and density of
traffic for the proposed number of lanes?

The Facts

v 75,000 veh/day,

vV K = 0.090,

v Directional split = 55/45, and

v Rolling terrain.




Comments

\ Several input variables (FFS, PHF, percent trucks)
are not given. Reasonable

default values are selected as FFS = 110 km/h (in lieu
of field measurement),

PHF = 0.90, 10 percent trucks, and 0 percent RVs.

v Assume commuter traffic (fp = 1.00).

Outline of Solution Flow rate, speed, density, and LOS
are calculated starting with a four-lane freeway and
then increasing the number of lanes to six, eight, and so
forth until LOS D is achieved. The calculation of speed
IS based on the equation found in Exhibit

23-3.



Steps:

23-2).

Comvert AADT to design-hour volume. | DDHY = AADT K ™D
DDOHY = 750007 0090 " 0.55
DDHY = 3,713 veh'h
2.  [Find f,, (use Exhibit 23-8 and . 1
Equation 23-3). HW 1+ PrEr—1)+ PglEg —1)
1
Tw = 7. 01025110
foog = 0870
3.  For four-lans opfion (use Equation 3713 -
23-2)- Ve = [GooNZ)N0 8oy 0D oo pevin
. Determine level of service (use Exhibit | LOS F
23-2).
5.  For six-lane option (usse Equation 3,713
23-2). Yp = {0,901 2)(0.870)(1.00)
v, = 1,581 pchiin
5. Determine level of service (use Exhibit | LOS O

T. Calculats speed and density

—
o
B

2
2
=
=
i
=

The Results:

Six lanes are needed,
LOS =C,

Speed = 110 km/h, and
Density = 14 pc/km/In.
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