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Table 5-2. Maximum Grades for Local Rural Roads

Metric
Maximum Grade (%) for Specified Design

Type of Speed (km/h)

Terrain 20130(40 (50| 60|70 | 80 (90| 100
Level 9|1 8 7 7 7 7 6 6 5
Rolling 1217321 11| 10| 10 9 8 7 6
Mountainous | 17| 16| 15| 14| 13| 12| 10| 10 —
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Table 5-1. Minimum Design Speeds for Local Rural Roads

Metric

Design Speed (km/h) for Specified Design
Volume (veh/day)

250 | 400 | 1500 | 2000

Type of under |50to | to to to and

Terrain 50 250 | 400 | 1500 | 2000 | over
Level 50 50 60 80 80 80
Rolling 30 50 50 60 60 60
Mountainous 30 30 30 50 50 50
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Table 5-8. Maximum Grades for Recreational Roads

Metric
Maximum Grade (%) for a Specified

Type of Design Speed (km/h)

Terrain 20 30 40 50 60
Level 8 8 7 7 7
Rolling 12 11 10 10 o
Mountainous 18 16 15 14 12
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Table 6-2. Maximum Grades for Rural Collectors

Metric
Maximum Grade (%) for Specified

Type of Design Speed (km/h)

Terrain 30 (40 (50 | 60 | 70 | 80 | 90 | 100
Level 7 7 7 7 7 6 6 5
Rolling 10 |10 | 9 8 8 7 7 6
Mountainous | 12 | 11 | 10 | 10 | 10 | 9 S 8

Table 6-8. Maximum Grades for Urban Collectors

Metric
Maximum Grade (%) for Specified

Type of Design Speed (km/h)

Terrain 30(40 (50|60 (70| 80 | 90 | 100
Level 9 9 9 9 8 7 7 6
Rolling 12 112 |11 |10 | 9 8 8 7
Mountainous | 14 | 13 | 12 ( 12 | 11 | 10 | 10 9




Table 7-2. Maximum Grades for Rural Arterials

Metric

Maximum Grade (%) for
Specified Design Speed (km/h)

Type of Terrain 60| 70| 80| 90 (100|110 | 120 130
Level 5( 5| 4| 4 3 3 3 3
Rolling 6 6 4 4 4 4
Mountainous 8| 7 71 6 6 5 5 5

Table 7-4. Maximum Grades for Urban Arterials

Metric
Maximum Grade (%) for Specified
Design Speed (km/h)
Type of Terrain 50 60 70 80 90 ( 100
Level 8 ¥ 6 6 5 5
Rolling 9 8 7 7 6 6
Mountainous 11 10 9 9 8 8
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Table 8-1. \Maximum Grades for Rural and Urban Freew

Metric
Design Speeds (km/h)
Type of 80 90 | 100 | 110 | 120 | 130
Terrain Grades (%)“
Level 4 4 3 3
Rolling 5 5 4 4 4 4
Mountainous 6 6 6 5 — —
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Figure 7-1. Climbing Lane on Two-Lane Rural Arterial Source: Oregon DOT
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Figure 3-31. Climbing Lane on Freeways and Multilane Highways
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Table 3-31. Optimal Passing Lane Lengths for Traffic
Metric
One-Way Flow Rate Passing Lane Length

(veh/h) (km)

100-200 0.8

201-400 0.8-1.2

401-700 1.2=4:6

701-1200 1.6-3.2
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Table 3-32. Recommended Lengths of Turnouts Including Taper

Metric
Approach Speed
(km/h) Minimum Length (m)?
30 60
40 60
50 65
60 85
70 105
80 135
90 170
100 185
a Maximum length should be 185 m (600 ft) to avoid use of the turnout as a passing lane.
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F5 = Air resistance
Fi = Inertial resistance

Fg = Gradient resistance
Fr = Rolling resistance

Figure 3-38. Forces Acting on a Vehicle in Motion

W = Gross vehicle mass [weight]

H = Height
L = Length
a = Slope Angle
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Table 3-33. Rolling Resistance of Roadway Surfacing Materials

Metric

Rolling Resistance | Equivalent Grade
Surfacing Material | (kg/1 000 kg GVM) (%)
Portland cement 10 1.0
concrete
Asphalt concrete 12 1.2
Gravel, compacted 15 15
Earth, sandy, loose 37 3./
Crushed aggregate, 50 5.0
loose
Gravel, loose 100 10.0
Sand 150 15.0
Pea gravel 250
d Rolling resistance expressed as equivalent gradient.
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L= &
254(R-G)
where:
L = length of arrester bed, m
/. = entering velocity, km/h
R = rolling resistance, expressed as

equivalent percent gradient divided
by 100 (see Table 3-33)

G = percent grade divided by 100

.O
AASHTO
Eq. 3.39
w.
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