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4.1 Design of Cross-sectional Elements

4.2 Horizontal Alignments

4.3 Vertical Alignments

4.4 Parking Facilities
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4.3 Design of Vertical 
Alignments
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• The vertical alignment of a highway consists of 
straight sections of the highway known as grades, 
or tangents, connected by vertical curves.

• The design of the vertical alignment contains:
– selection of suitable grades for the tangent sections 
– and the design of the vertical curves

Topography of the area is of prime importance  
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• Maximum grades depend on: 
– design speed 
– design vehicle
(Table 15.4)

• Minimum grades depend on the requirements 
for drainage of the highway in the longitudinal 
direction.
– It is customary to use a minimum of 0.5 percent in 

such cases, 
• It may be reduced to 0.3 percent on high-type pavement 

constructed on suitably crowned firm ground. 

6
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• Vertical curves are used to provide a gradual change 
from one tangent grade to another.
– so that vehicles may run smoothly

• Main assumptions:
‒ Parabolic in shape.
‒ X is measure in the 

horizontal direction
‒ The curve is 

symmetrical 
around VPI

8

• Two conditions exist for the minimum length 
of crest vertical curves:
1. the sight distance is greater than the length 

of the curve,
2. the sight distance is less than the length of 

the curve.
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Assuming     Previously Recently
H1 = 3.75 ft  (1.15m)                    H1 = 3.5 ft (1.067m) 
H2 = 0.5 ft    (0.15m)                    H2 = 2.0 ft (0.61m)

ft



2023/11/13

6

11

12



2023/11/13

7

13

14

• The main criteria used for designing sag vertical 
curves are:
1. Provision of Minimum Stopping Sight Distance
2. Comfort Criterion
3. Pleasant Appearance Criterion
4. Adequate Drainage Criterion
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1. Provision of Minimum Stopping Sight Distance
– The headlight SSD requirement is based on the fact 

that sight distance will be restricted during periods 
of darkness 
• Whereas during daylight periods, sight distance is 

unaffected by the sag curve. 

– As a vehicle is driven on a sag vertical curve at night, 
the position of the headlight and the direction of 
the headlight beam will dictate the stretch of 
highway ahead that is lighted. 
• Therefore the distance that can be seen by the driver is 

controlled by the headlight beam.

16

AASHTO assumes H = 2 ft (0.6m) and β = 1 degree

Metric units

ft
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2. Minimum Length based on Comfort Criterion
– When a vehicle travels on a sag vertical curve, both 

the gravitational and centrifugal forces act in 
combination, resulting in a greater effect on a crest 
vertical curve
• where these forces act in opposition to each other.

– Several factors affect upon the comfort :
• weight carried
• body suspension of the vehicle
• tire flexibility

It is generally accepted that a comfortable ride will be provided if 
the radial acceleration is not greater than 1 ft/sec2 (0.3m/sec2).

18

2. Minimum Length based on Comfort Criterion
– The following expression is used for comfort 

criterion:

ft mi/hr

Minimum Length for Comfort is typically about 75% 
of that obtained from the headlight sight distance 

requirement.
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3. Minimum Length of Curve based on 
Appearance Criterion
– The following expression is used:

……. (ft)

Longer curves are frequently necessary for major 
arterials if the general appearance is to be 

considered to be satisfactory.

20

4. Minimum Length based on Drainage Criterion
– It must be considered when the road is curbed.
– Actually there is a maximum length rather than 

minimum length
– The maximum length requirement: minimum slope 

of 0.35 percent be provided within 50 ft of the 
lowest point of the curve.

– The maximum length for this criterion is usually
• greater than the minimum length for the other criteria for 

speeds up to 60 mi/h 
• usually equal for a speed of 70 mi/h.
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• Crest and Sag curves:

• For Crest curves: K values can be computed for the case 
where the sight distance is less than the length of the 
vertical curve.

• K factor is function of design speed.
• It is very convenient.

Sag

Crest
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• For Crest curves, It has been found that :
– The minimum lengths when S > L do not produce 

practical design values 
• generally are not used. 

• The common practice for this condition is: 
– Set minimum limits, ranging from 100 ft to 325 ft.
– Use three times the design speed (L = 3 V)
– (L (ft) = 3 V (mi/hr))

26
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• Depending on the estimated curve length and the 
properties of parabola, elevations are determined.

Offset Y
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• Y = ax2 + bx + c
• a is constant and b and c are 0
• Y = ax2

• Slope (rate of change of the curve), Y’ = 2ax
• Rate of change of slope, Y’’ = 2a
• 2a = grade change (A) divided by L 
• A = |G1 – G2|
• 2a = (A / 100 L)
• a = (A / 200 L)
• Y = (A/200L) x2

30

• The length of the vertical curve is the horizontal 
projection of the curve and not the length along 
the curve.

The external distance E 
(when x = L/2)

Offset Y

The location of the high point of the crest vertical 
curve is frequently of interest to the designer 

because of drainage requirements. 
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• The elevation of any point at the curve  of the 
vertical curve is:
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• For sag curves the equations are the same as 
crest curves. 

• The offset Y is added to the appropriate tangent 
elevation to obtain the curve elevation

34

• The following steps are followed to determine the 
elevations on vertical curves:
1. Determine the minimum length of curve to satisfy sight distance 

requirements (or other requirements). 
2. Determine  the station and elevation of the PVI. 
3. Compute the elevations of the beginning of vertical curve (BVC) 

and end of vertical curve (EVC).
4. Compute offsets Y from the tangent to the curve at equal distances, 

usually 20m apart, beginning with the first whole station after BVC. 
5. Compute elevations on the curve for each station as: 

elevation of the tangent ± offset from the tangent, Y. 
For crest curves the offset is (-) and for sag curves the offset is (+).

6. Compute the location and elevation of the highest (crest) or lowest 
(sag) point on the curve.
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• Problems:
• 15-3
• 15-7
• 15-10 (15-11 fifth version)
• 15-12 (15-14 fifth version)
• 15-21 (15-22 fifth version)
• 15-22 (15-23 fifth version)
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4.4 Special Facilities and 
Parking Facilities
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• Statistics indicate a continual increase in the 
annual number of vehicle-miles of large trucks on 
highways.
– as the grade of a highway section increases, the presence of 

trucks become more pronounced

• It becomes necessary to consider the provision of 
special facilities on highways with steep grades 
where high volumes of heavy vehicles exist.
– Climbing lanes 
– Emergency escape ramps.
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• A climbing lane is an extra lane in the upgrade 
direction for use by heavy vehicles whose speeds 
are significantly reduced by the grade.

• Objective: A climbing lane eliminates the need for 
drivers of light vehicles to reduce their speed when 
encountering heavy slow-moving vehicles.

• They become important because of: 
– The increasing rate of crashes which is directly 

associated with the reduction in heavy vehicles speed 
on steep sections of two-lane highways

– The significant reduction of the capacity of these 
sections when heavy vehicles are present

46

• The need for a climbing lane is evident when a 
grade is longer than its critical length, 

• Critical length is the length that will cause a speed 
reduction of the heavy vehicle by at least 10 mi/h. 

• The amount by which a truck’s speed is reduced 
when climbing a steep grade depends on the 
length of the grade.
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• The length of the climbing lane depends on the 
physical characteristics of the grade, but 
– Climbing lane should be long enough to facilitate the heavy 

vehicle’s rejoining the main traffic stream without causing a 
hazardous condition.

• A climbing lane is provided only if (in addition to the 
critical length requirement):
– Upgrade traffic flow rate is greater than 200 veh/h
– Upgrade truck flow is higher than 20 veh/h.

• Climbing lanes are not typically used on multilane 
highways.
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• An emergency escape ramp is provided on the 
downgrade of a highway for use by a truck that has 
lost control and cannot slow down.

• When a vehicle enters the escape ramp, its speed is 
gradually reduced, and eventually it stops.

• Common designs are:
1. The sandpile

‒ It provides increased rolling resistance 
‒ It is placed with an upgrade to assist stopping 

by gravity.
‒ Not greater than 400 ft in length.

50

• Common designs are:

2. Descending grade

2. Horizontal grade

3. Ascending grade

‒ Does not employ gravity 
in stopping the vehicle

‒ It utilizes the increased 
rolling resistance of the 
ramp surface.

‒ combines the effect of 
gravity and the increased 
rolling resistance. 

‒ This ramp design is the 
shortest of all types.
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• The geometric design of parking facilities involves the 
dimensioning and arranging of parking bays to provide 
safe and easy access without restricting the flow of traffic 
on the adjacent traveling lanes.

1. Design of On-Street Parking Facilities
2. Design of Off-Street Parking Facilities—Surface Car 

Parks (Parking Lots)
3. Design of Off-Street Parking Facilities—Garages
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1. Design of On-Street Parking Facilities
– On-street parking facilities may be designed with parking 

bays parallel or inclined to the curb.
– The number of parking bays that can be fitted along a 

given length of curb increases as the angle of inclination 
increases

– Parking bays that are inclined at angles to the curb 
interfere with the movement of traffic,

– Crash rates tend to be higher
– Dimension of the design vehicle has to be considered.

54

1. Design of On-Street Parking Facilities
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1. Design of On-Street Parking Facilities

A parking space is 
called parking stall 

56
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2. Design of Off-Street Parking Facilities—Surface Car 
Parks
– The primary aim in designing off-street parking facilities is to 

obtain as many spaces as possible within the area provided.
– Important consideration: the layout should be such that 

parking a vehicle involves only one distinct maneuver, without 
the necessity to reverse.

• Parking spaces are efficiently used when the parking 
bays are inclined at 90 degrees to the direction of traffic 
flow.

58

2. Design of Off-Street Parking Facilities—Surface Car 
Parks
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2. Design of Off-Street Parking Facilities—Surface Car 
Parks

Highest Capacity

60

2. Design of Off-Street Parking 
Facilities—Surface Car Parks
– The use of the Herringbone 

layout facilities traffic circulation 
because it provides for one-way 
flow of traffic on each aisle.

Best Trade-off between 
Circulation and capacity
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3. Design of Off-Street Parking Facilities—Garages
– Parking garages consist of several platforms, supported 

by columns,
• which are placed in such a way as to facilitate an efficient 

arrangement of parking bays and aisles.

– Access ramps connect each level with the one above.
• The gradient usually is not greater than 1:10 on straight 

ramps and 1:12 on the centerline of curved ramps. 
• The radius measured to the end of the outer curve should 

not be less than 70 ft.
• maximum superelevation should be 0.15 ft /ft. 
• Lane width should not be less than 16 ft for curved ramps 

and 9 ft for straight ramps.

62

3. Design of Off-Street Parking Facilities—Garages
– Ramps can be one-way or two-way, with one-way 

ramps preferred. 
• In two-way ramps, the lanes must be clearly marked and 

where possible physically divided at curves and turning 
points to avoid head-on collisions.

– Platforms may be connected by elevators into which 
cars are driven or placed mechanically. Elevators then 
lift the car to the appropriate level for parking.
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3. Design of Off-Street Parking Facilities—Garages
– The size of the receiving area is an important factor in 

garage design and depends on whether the cars are 
owner-parked (self-parking) or attendant-parked.

– Attendant-parked: reservoir space must be provided 
that will accommodate temporary storage for entering 
vehicles.

– The size of reservoir space depends on the ratio of the 
rate of storage of vehicles to their rate of arrival. 

• Rate of storage must consider the time required to transfer 
the vehicle from its driver to the attendant.

64
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3. Design of Off-Street Parking Facilities—Garages
– Automatic Parking Garage

66

• Size of the facility
• Entrance – Exit
• Circulation
• Access
• Corners and critical places
• End spaces
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• Problem 15-25 in the 4th version (or 15-26 fifth version)
• Try at 90o

• Try it at 45o

68

• Each isle is ≈ 58 ft
• 400 / 58 = 6.89            6 isles 400 / 6 = 66.7 ft
• (500 – 24.5x2) / 8.5 = 53.05 ≈ 53 spaces
• 6 isles, each 53 x 2 spaces = 636 spaces

400 ft

500 ft
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400 ft

500 ft

66.7 ft

20 ft

26.7 ft24.5 ft 8.5 ft

Highway Geometric Design
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