Freeway Traffic Analysis
Basic Section
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2,400 pcphpl (110 km/h) 2,200 pcphpl (100 km/h)

2,350 pcphpl (105 km/h) 2,100 (90 km/h)

2,300 pcphpl (100 mph) 2,000 (80 km/h)

2,250 pcphpl (90 mph) 1,900 (60 km/h)

2-lane rural — 2,800 pcph
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Procedure for

Calculating LOS

v

[(Uﬂs L kﬂ\)umww\gm‘sugas\}

!

(AR - Ao pud) ) aia (e de yud) yaas

’

3l gde pud) e ABUSY maas

l

[ iy gpalt ABACHISMERNTY o iy 300 }

*CMA N,
4 fa g clily o

5 (FFS) Liia Lulia 3 al) 5 14l de yu o
(BFFS) 4kl 5 4s )

3l e

!

\

/;Z\JM\ 31 ad) bl Qv.su\

SJJSM :\.GLUA dAlaA .
S ladl das .
Criladd) £ g5 o

clialdd) dud o
i

[ Adarall 50 4 s }

5_all de yuad) yaas
BFFS 4k

|

‘BFFS (x FFS huwal i

EJ\AJ\U'AJGO
Gjlad) das .

51N

|

\ 4 [ 5 sy Glas

L FFS 8_al




/Lﬂsﬁable

EXHIBIT 23-2. LOS CRITERIA FOR BASIC FREEWAY SEGMENTS

LOS
Criteria A B C D E
FFS =120 km/h
Maximum density (pc/km/In) 7 11 16 22 28
Minimum speed (km/h) 120.0 120.0 114.6 99.6 85.7
Maximum v/c 0.35 0.55 0.77 0.92 1.00
Maximum service flow rate (pc/h/In) 840 1320 1840 2200 2400
FFS = 110 km/h
Maximum density (pc/km/In) 7 11 16 22 28
Minimum speed (km/h) 110.0 110.0 108.5 97.2 83.9
Maximum v/c 0.33 0.51 0.74 0.91 1.00
Maximum service flow rate (pc/h/In) 770 1210 1740 2135 2350
FFS =100 km/h
Maximum density (pc/km/In) 7 11 16 22 28
Minimum speed (km/h) 100.0 100.0 100.0 93.8 82.1
Maximum v/c 0.30 0.48 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 11 16 22 28
Minimum speed (km/h) 90.0 90.0 90.0 89.1 80.4
Maximum v/c 0.28 0.44 0.64 0.87 1.00
Maximum service flow rate (pc/h/In) 630 990 1440 1955 2250
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Average Passenger-Car Speed, S (km/h)

Note;

Capacity varies by free-flow speed. Capacity is 2400, 2350, 2300, and 2250 pc/h/In at free-flow speeds of 120, 110, 100, and
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EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS

v, + 15FFS — 3100

20FFS —1300

90 km/h, respectively.

Flow Rate, v, (pc/h/In)
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FFS=BFFS—f,,—fo—fy—Tp (23-1)
where
FFS = free-flow speed (km/h);
BFFS = base free-flow speed, 110 km/h (urban) or 120 km/h (rural);
fiy = adjustment for lane width from Exhibit 23-4 (km/h);
f,c = adjustment for right-shoulder lateral clearance from Exhibit 23-5
(km/h);
fy = adjustment for number of lanes from Exhibit 23-6 (km/h); and

fi, = adjustment for interchange density from Exhibit 23-7 (km/h).
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BFFS = Speed Limit + 10 km/h
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Adjustment for Lan

Vidth
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EXHIBIT 23-4. ADJUSTMENTS FOR LANE WIDTH
Lane Width (m) Reduction in Free-Flow Speed, f,,, (km/h)
3.6 0.0
3.5 1.0
3.4 2.1
3.3 3.1
3.2 5.6
3.1 8.1
3.0 10.6
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Distance to fixed objects and it is assumed that:
e >=1.8m from right edge of travel lanes to obstruction
e >= (0.6m from left edge of travel lane to object in median

Otherwise:
EXHIBIT 23-5. ADJUSTMENTS FOR RIGHT-SHOULDER LATERAL CLEARANCE

Reduction in Free-Flow Speed, f, o (km/h)
Lanes in One Direction
Right-Shoulder 2 3 4 >5
Lateral Clearance (m)

>1.8 0.0 0.0 0.0 0.0
1.5 1.0 0.7 0.3 0.2

1.2 1.9 1.3 0.7 0.4

0.9 2.9 1.9 1.0 0.6

0.6 3.9 2.6 1.3 0.8

0.3 4.8 3.2 1.6 1.1

0.0 5.8 3.9 1.9 1.3
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~ Adjustment for S 3ue Jorbr oo

~— Number of Lanes

For Urban freeways f, is obtained from:

EXHIBIT 23-6. ADJUSTMENTS FOR NUMBER OF LANES

Number of Lanes (One Direction) Reduction in Free-Flow Speed, fy (km/h)
>95 0.0
4 2.4
3 4.8
2 7.3

For Rural freeways f is considered 0.0
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~— Adjustment
EXHIBIT 23-7. ADJUSTMENTS FOR INTERCHANGE DENSITY
Interchanges per Kilometer Reduction in Free-Flow Speed, f5 (km/h)

<0.3 0.0
0.4 1.1
0.5 2.1
0.6 3.9
0.7 5.0
0.8 6.0
0.9 8.1
1.0 9.2
1.1 10.2
1.2 12.1

gaowléyo/ Civil (gonyuamuegx 18 \' S



Cal oW ‘ &yl 54 <l

v (23-2) |

'p T PHF * N *f,, *f,

where
vV, = 15-min passenger-car equivalent flow rate (pc/lv/ln),
V' = hourly volume (veh/h),
PHF = peak-hour factor,
N = number of lanes,
f,y = heavy-vehicle adjustment factor, and
f, = driver population factor.

.
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Heavy Vehicle
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1
fin, = (23-3)
HV =1+ Pr(Er— 1)+ Pg(Eg—1)
where
Erand E, = passenger-car equivalents for trucks and buses and for recreational
vehicles (RVs), respectively;
Prand P, = proportion of trucks and buses, and RVs, respectively, in the traffic

stream (expressed as a decimal fraction); and
fr, = adjustment factor for heavy vehicles.
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~ Adjustment (2) gkl U

EXHIBIT 23-8. PASSENGER-CAR EQUIVALENTS ON EXTENDED FREEWAY SEGMENTS

Type of Terrain
Factor Level Rolling Mountainous
E; (trucks and buses) 1.5 2.5 4.5
Er (RVs) 1.2 2.0 4.0
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EXHIBIT 23-9. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON UPGRADES

E
T
Upgrade Length Percentage of Trucks and Buses
pgrades (%) (km) 2 4 5 6 8 10 | 15 | 20 | 25
<? All 1.5 1.5 1.5 15 1.5 1.5 1.5 15 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
22-3 >0.8-1.2 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
>1.2-16 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 25 2.0 2.0 2.0 2.0 2.0
>24 3.0 3.0 2.5 25 2.0 2.0 2.0 2.0 2.0

0.0-04 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
>04-0.8 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5
>34 >0.8-1.2 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0
>1.2-16 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0
>1.6-2.4 35 3.5 3.0 3.0 3.0 3.0 2.5 25 2.5
>24 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5

0.0-04 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
> 4-5 >0.8-1.2 3.5 3.0 3.0 3.0 2.5 2.5 25 2.5 2.5
>1.2-1.6 4.0 3.5 3.5 35 3.0 3.0 3.0 3.0 3.0
>16 5.0 4.0 4.0 4.0 35 3.5 3.0 3.0 3.0

0.0-04 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 25 2.0 2.0 2.0 2.0 2.0
> 5-6 >0.5-0.8 4.5 4.0 3.5 3.0 25 2.5 2.5 25 2.5
>0.8-1.2 50 4.5 4.0 35 3.0 3.0 3.0 3.0 3.0
>1.2-1.6 55 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0
>1.6 6.0 5.0 5.0 45 35 3.5 3.5 35 35

0.0-04 4.0 3.0 2.5 25 25 2.5 2.0 2.0 2.0
>0.4-05 4.5 4.0 3.5 3.5 3.5 3.0 25 2.5 2.5
> 6 >0.5-0.8 5.0 4.5 4.0 4.0 35 3.0 2.5 25 2.5
>0.8-1.2 55 5.0 4.5 4.5 4.0 3.5 3.0 3.0 3.0
>1.2-16 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 55 5.0 4.5 4.0 4.0 4.0
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EXHIBIT 23-10. PASSENGER-CAR EQUIVALENTS FOR RVs ON UPGRADES

ER

Upgrade Length Percentage of RVs
(%) (km) 2 4 5 6 8 10 15 20 25
<2 All 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
> (.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
>3-4 | >04-0.8 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 1.5
> (.8 3.0 2.5 2.5 2.5 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 | >04-0.8 4.0 3.0 3.0 3.0 2.9 2.5 2.0 2.0 2.0
> (.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 2.9 2.0 2.0 2.0 1.5
>5 >(0.4-0.8 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5 2.0
> (.8 6.0 4.5 4.0 4.5 3.5 3.0 3.0 2.9 2.0
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owngrade
EXHIBIT 23-11. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON DOWNGRADES
by

Downgrade Length Percentage of Trucks
(%) (km) 5 10 15 20
<4 All 1.5 1.9 1.5 1.9
4-5 <64 1.5 1.5 1.5 1.5
4-5 > 6.4 2.0 2.0 2.0 1.9
> 56 <64 1.5 1.5 1.5 1.9
> 56 > 6.4 5.5 4.0 4.0 3.0
> 6 <64 1.5 1.9 1.5 1.9
> 6 > 6.4 7.5 6.0 5.9 4.5

For Recreational Vehicles (RVs), downgrades may be

treated as level terrain when considering Ex value.
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EG =Zrise/ Z (length of grades).
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Speed (km/h)

Segment 1 is 1500 m long

with a 2 p‘t upgrade,
Segment 2 00 m long

— — Acceleration )
Deceleration with a 6 percent upgrade

0 Y5 10 15
Length in Hundreds of Meters
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D = density (pc/km/ln),
v, = flow rate (pc/h/In), and
S = average passenger-car speed (km/h).
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EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS
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