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Geometric Design of Highways

Geometric design includes the design of geometric of cross sections
elements, sight distance consideration, vertical alignments, horizontal
alignments, intersection and various design details.
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The American Association of State Highways and Transportation Officials
(AASHTO) serves as a critical function in developing guidelines and
standards used in highway geometric design.
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Factors influencing highway design

Highway design is based on specified design standards and conflicts
which depend on the following roadway system factors:
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4- Design vehicle ST % alaM Ly (g ki
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5- Cross section element of highways c oS g8y alad Lt (il
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6- Topography . ST % alad L (g kit
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Rivers

Hills .

Lakes
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Terrain

7- Presence of heavy vehicle on steep grades
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8- Level of Service (LOS)
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9- Environmental
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Highway Functional Classification

Highways can be classified in many ways.

1- According to functions (based on speed and accessibility)
a. Freeways
b. Arterial
c. Collectors
d. Local roads

2- Classifications According to jurisdiction (responsibility)

Freeway
(Limited — Access Facility)

Local Streets

Arterial

‘ ‘ ‘ l ‘ Collector
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1- According to functions (based on speed and accessibility)
a. Freeways
b. Arterial

c. Collectors e collector or distributor
d. Local roads
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Figure 1 illustrates the traditional hierarchy of these categories. The
typical trip starts on a local street. The driver seeks closest collector,
using it to access the nearest arterial. If the trip is long enough, a freeway

or limited access is used.
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(Limited — Access Facility)
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Urban roads are functionally classified into arterial, collector and local
roads, as illustrated in figure 2.

= Town Center
B Arterial

e Collector

Legend:

Local Street
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Freeways

They are access controlled divided highways, and are divided into three
classes:

a. Very limited access

b. Partially limited

c. Free access
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Most freeways are four lanes; two lanes in each direction or more.
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Characteristics of Freeways s o ) (B skl gl ga

a. They are designed for high speeds — 120 km/hr
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b. High traffic volume
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c. Wide curves (radius is high)
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d. Wide lanes
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e. Barriers are located on both sides to prevent entering the road
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f. Deceleration & acceleration lanes are provided
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g. They are generally separated by interchanges at intersections
(grade separated)
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h. Exiting is always from the right
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i. Expensive but capacity is high
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Arterials

e They are generally divided highways with fully or partially
controlled access.
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e They are for through traffic & long distances.

e Parking, loading, and unloading are restricted.
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e Pedestrians are allowed to cross only at intersections for
pedestrian crossings.

e Design speed 80km/h
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Collectors

e These roads are intended for collecting and distributing traffic to
and from local streets and for providing access to arterial streets.
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e There are few parking restrictions except during peak hours.
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e Intermediate distances.

e |ocated in residential, business and industrial areas.
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e Full access allowed
e Design speed 50km/h
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Local

e They are intended for access to residences or businesses.

Low traffic volume.

)QSL;“\M&‘JM‘JJQ,(ﬂ&u&)d&j‘d}ﬂé&dabéjﬁﬁydd#‘

Parking is allowed.
Free movement for pedestrians.
Design speed 30km/h
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2- Classifications According to jurisdiction (responsibility)

Gladlall cua ialll
a. Urban roads: responsibility of local authorities or
municipalities
b. Rural roads: responsibility of Ministry of Public Works
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Differences between rural and urban roads:

Urban

Rural

Land is expensive

Land is cheap

Access is more important than
speed

Speed is more important than
access

Design speed is low

Design speed is high

Pedestrian Crossing is important

Pedestrian Crossing is restricted

Heavy vehicles are not allowed

Heavy vehicles are important and
allowed

Surface water Drainage is
important

Surface water Drainage is less
important

Loading and unloading allowed

No loading and unloading

Lanes are not wide

Lanes are wider

Cycling

No cycling

Level of Service (LOS) is low

LOS is high

More accidents

Fewer accidents
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e Roads can be classified based on other criteria, such as traffic
volume, land use and location.

dQ(Years). The functional classification of the street network is composed of ?

a. Freeways
b. Arterial

c. Collectors
d. Local roads
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1Q(Years). What is the difference between rural and urban roads in

terms of accessibility and speed ? How do they effect the highway

geometric design ?

Urban

Rural

Access is more important than
speed

Speed is more important than
access

Design speed is low

' Design speed is high

* Design speed is most important factor control the geometric
design elements of highway because it is a design control ,
affects the radius , SSD , Horizontal curves .




Type of lanes: G bal) g1 6l
a. Climbing Lane: Is an additional lane in the upgrade direction for

heavy trucks travelling at a low speed, to enable vehicles to
overtake the slow vehicles.
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dQ(Years). Where and when you use a climbing lane ?

Ans. : in the upgrade direction for heavy trucks travelling at a low speed, to
enable vehicles to overtake the slow vehicles also, 2-lane highway ,




b. Escaping Lane: Is an emergency escape ramp provided on the
downgrade of a Highway for use by trucks that have lost control
and cannot slow down. A lane is provided that diverges when a

vehicle enters the escape ramp.
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c. Acceleration Lane: Is a speed change lane including tapered areas
for the purpose of enabling a vehicle entering a road way to
increase its speed to a rate at which it can more safely merge with
through traffic.
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d. Deceleration lane: Is a speed change lane including tapered areas
for the purpose of enabling a vehicle exiting a road way to leave
the travel lane and slow to a safe exit.
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e. Turning lanes (Storage lanes): Is a lane set aside for slowing down
and making a turn, so as not to disturb traffic flow. By removing
turning traffic from the through lanes drivers’ safety is improved

and delay is removed
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f. Overtaking Lane (Fast Lane): It is the lane furthest from the
shoulder of a multi-lane roadway.
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g. Passing Lane: Is an additional lane provided in one or both
directions of travel on a two-lane highway to improve passing
opportunities. They may internment or continuous lanes in level or
rolling terrain and short four lane sections.
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h. Bus lane: Is a lane reserved for buses providing public
transportation on a fixed route.

i. Cycle Lane
j. Main and Secondary lanes.
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Design Speed

Design speed is defined by AASHTO as:

e the maximum safe speed that can be maintained over specified
sections of highways when conditions are so favorable that the
design features the highways govern.

OR

e Aselected speed to determine the various geometric features of

the roadway.
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Design speed depends on:

a. The functional classification of the highway
b. The topography of the area

c. The land use of the adjacent area

d. Traffic volume.
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Design speed is different from the legal speed limit which is the speed
limit imposed to curb a common tendency of drivers to travel beyond an
accepted safe speed.
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The table below illustrates the minimum design speeds for various types
of highways located in level, rolling and mountainous terrain.
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Freeways Design Speeds 4clud) @ Jaa, Silaagl)
Terrain Rural Urban
Flat 70-80 70
Rolling 60-70 60-70
Mountainous 50-60 50-60
Arterial Highways

Terrain Rural Urban
Flat 60-67 30-60
Rolling 40-60 30-50
Mountainous 30-50 30-50
Collector and Local Roads

Terrain Rural Urban
Flat 30-50 30-40
Rolling 20-40 20-40
Mountainous 20-30 20-30
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hour

*1.62 =

hour
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Design vehicle
Vehicles are classified by AASHTO into four main categories:

a. Passenger cars
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b. Buses
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c. Trucksingle unit , semi-trailer
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d. Recreational vehicles
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The design vehicle is selected to represent all vehicles on the highway.
Certain characteristics in the vehicle are important for the geometric
design, the selected design vehicle is used to determine critical design

features as described below:

The table below illustrates the relationships between vehicular and

facility characteristics
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Vehicular Characteristic

Related Facility Characteristic

LENGTH Parking stall length

Transit station platform length
WIDTH Lane width

Parking stall width

Lateral clearance
HEIGHT Vertical clearance

Minimum vertical curve length

WHEELBASE (TURNING RADIUS)

Lateral clearance on curves
Intersection edge radii

WEIGHT

Structural design of surface
Structural design of bridges
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0 AASHTO guidelines for selecting a design vehicle:

Passenger car : when a parking lot or a series of
parking lots are the main traffic generators.

Single-unit truck: for the design of intersections at
local streets and park roads (Urban intersections)

City transit bus: at intersections of state hig hwa?/s
and city streets that serve buses with relatively few

large trucks.

Large school bus (40 ft long) or conventional bus (36
ft long): at intersections of highways and low volume
county highways or township/local roads with less
than 400 ADT. (rural intersections)

WB-20 or larger size : at intersection of freeway
ramp terminals and arterial cross roads, and at
intersections of state highways and industrialized
streets that carry high volumes of traffic.




Topography WBiea oS3 ad &3&3&\ KT
Highway design topography is generally classified into three groups:

a. Level terrain: < 10% slope
b. Rolling terrain: 10% - 25% slope
c. Mountainous terrain: >25% slope
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Design hourly volume

The general unit of measuring traffic on highway is the annual average
daily traffic abbreviated as (AADT). The traffic flow keeps fluctuating with
time, from low value during off-peak hours to the highest volume during
the peak hour.
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In design, peak-hour volumes are studied from projection of the AADT.
AADT are converted to a peak-hour volume in the peak direction of flow.
This is referred to as the Directional Design Hourly Volume (DDHV).
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DDHV = AADT * K* D

Where:

K = Represents the proportion of AADT occurring during the peak
hour of the year.

D = proportion of peak-hour travelling in the peak directions of flow.

DDHV = AADT *K * D

\

e araaill 3y )l Al S gl aae

30th ——
30 4ol 15380 (oo oY) (8 080, 5 Bl (g8 ()55 s 038 i



Example :

If the AADT = 10,000 vehicle for both directions of traffic flow. The
percentage of the 30" hour is 20% of the AADT and the peak direction is
60%. Find the number of lanes if the lane capacity is 600 v/h.

DDHV = 60% * 20% * 10,000 = 1200 v/h

Therefore, the number of lanes = 1200/600 = 2 lanes required

The road is 2 lanes in each direction so it’s a 4-lane highway.
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AADT. Two-way Volumes.
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Cross-section elements of highway P Gkl alic

The cross section of highway consists of the following:

1. Travel lanes

a. The standard width in 3.6m (12ft) and the minimum is 2.7m
(9ft)

b. Lanes wider than 3.6m are provided at curves to account for
the rear wheel of large vehicles

c. Lanes that are 2.7m (9ft) wide are used in urban areas. If
traffic volume is low and low speed roads

d. Lanes less than 3.3m increase accidents for trucks and heavy
vehicles
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The width and number of lanes depends on:

a. Volume of traffic
b. The design speed
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Category of Highways
1. Two-lane highway (width 7.2m) with shoulders on each side
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2. Three-lane highway
e Three-Lane highway may be used in the following cases
a) 2-lane in one direction and one-lane in the other
(permanent)

b) The third lane may be used alternately
c) For climbing lanes
d) For left-turners only (urban areas) (center lane)

3 four-lane highway, it should be divided.
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2 Medians

It is the section of a divided highway with four or more lanes that Luﬂ OJS:‘ Ladie - A.Lu...njl\ B)ﬁ)’;l\
separates the lanes in opposing directions. J-\S‘ ji ‘.AJLM 4 ji g dJJL"
The function of a median includes:

e Providing a recovery area for out-of-control vehicles

e Separating opposing traffic dlvlded hlg hWCly dJJL

e Providing storage areas for left-turning and u-turning vehicles MLM} c}); = (JW

e Providing refuge for pedestrians
¢ Reducing the effect of headlight glare
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Medians can be: o
el ol

a. Raised — Raised medians are used in urban roads

b. Flush — Flush medians are used in urban roads and in
freeways with median barriers

c. Depressed — Depressed medians are used in freeways, and
are more effective in draining surface water.
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Minimum width of 10ft (3m) is recommended for 4-lane urban
freeways

A minimum of 6.6m (22ft) is recommended for six or more lanes of
freeway.

Median width for urban collector streets vary from 0.6to 12 m (2 -
40 ft) depending on the median treatment.

Median widths vary from 1.2m to 24m or more
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e Aside slope of 6:1 is common
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3  Shoulders
Are the strips provided on both sides of the carriageway?
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They are provided for safe operation of traffic.

They increase sight distance on Horizontal curves.

They provided a refuge for stalled vehicles or emergencies.

They provided structural support for the Pavement.

Improve capacity. A good shoulder will increase effective pavement
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Width should be >3m.
In mountainous areas >1.2m
Slope >3% to carry water away from the highway.

Surface should be rough compared to the main road. As a safety
measure to warn drivers that they are leaving the traffic lane.
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Kerb Stone and Gutters

e Kerbs are made of concrete

e They are mainly used in urban areas to:
a) delineate pavement edges
b) Control Drainage
c) Delineate of pedestrian side walk.
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e Kerbs should not be too high, so as to allow for the opening of
car doors, but not so low as encourage cars to drive over
pavements (15-20cm)
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150 mm (6 in)

4— 10 mm (0.5in)

T

150 to 200 mm (6-8 in)

|

_

|150 mm (6 in)
4 3
RS R=50t0 75 mm
(2-3in)
100 to 150 mm
(4-6in)
\ 4 (/

The figure above shows Vertical and Sloping Kerbs the type that are

provided for urban streets.



Gutters

ide the

| drainage facility for the highway.

principa

Are usually located on the pavement side of a Kerb to prov
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6  Guard Rails (Barriers)
They are used to minimize the severity of accidents that might occur.
Guard rails are longitudinal barriers, and are provided in the following
cases:

1. When fill is > 2.4m

2. Sudden change in alignment (sharp horizontal curves)

3. In locations where there are deep road side ditches

Guard rails should be flexible to reduce damage if there are any
accidents, and to absorb the energy due to impact.
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1. W-Beam {rail and posts) semiflexile, 2. Cables (flexible) 3. Concrete Barriers. (rigid)




6 Drainage Ditches:

- Longitudinal channels (ditches) are constructed along the sides of a
highway to collect the surface water from the pavement surface.

- Drainage ditches are in cut sections.

- Flat bottomed shaped are preferred over v-shaped.
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7 Side Slopes:
Side slopes are provided on embankment and fills to provide stability for

earthwork. They also serve as a safety feature providing a recovery area
for out of control vehicles.

Steep slopes will result in reducing earthwork, but steep slopes are also
more liable to erosion than flatter slopes
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Side slopes usually 4:1 when fill is about 3m (H:V)
And 6:1 when fill is about 1.8m
R. L

Side Slope

H:V 41

V=3soH=12




Rock cuts are usually stable at steep slopes depending on the
homogeneity of the rock.

In some cases, to avoid erosion, side slopes are built with rip-rap
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Side Slope
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Ground Level

Fill Section



Back slopes are normally 2H:1V
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8 Right of Way: aaling Al gkl (e S sl @kl o s

It is the total land area acquired along the road alignment by the
highway organization. The width should be sufficient to accommodate all
the elements of the highway cross-section

The Right of Way depends on the importance of the road. Sufficient Row
should be acquired in order to:
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1. Avoid the expense of purchasing developed properties
2. Provide drainage system

3. For side slope of embankment or cutting

4. Visibility consideration on curves

5. Width of land required for future development
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Recommended values for Row
e For 2-lane urban collector = 12-18m
e 2-lane arterial = 25m
e 4-lane arterial (undivided) = 19-33m
e 4-Lane arterial (divided) = 36-90m



Example Ground Level

Road Level 2% /

L

0+ 00 B
10 + 00
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Side Slope = 4:1 D Oe OSE G L) o slladll
Back Slope = 2: 1
4 lane — highway, each lane width 3.6

Median width 3 m
Each Shoulder 2.5m width

Road Level = 100 Ground Level = 130

Level at point L = 95 ¢ LSl g (g2 i )Y A8 a2y



Fill

22.4 Side Slope = 4:1

22.4+ 40 = 62.4

20 20

4 % 3.6 2x25 =224

/ \ \ 4l s 100 —95 =75
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Cut 20 22.4 20
: : Back Slope = 2: 1

* 1000 + 100 = 120

4 % 3.6 +2%25=224 100

/ \ \ 130 — 120 = 10
okl
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dQ(Years). Define the term “right of way “ ?

Ans. It is the total land area acquired along the road alignment by the
highway organization. The width should be sufficient to accommodate

all the elements of the highway cross-section



JQ(Years). Estimate the minimum right of way of a raised divided
highway with three lanes in each direction , the maximum height of

fill and cut is 4 m and 3 m respectively .

Use the following data :
Lane width = 3.6m
Shoulder width=1.8m
Median width=1.2m
Side slope=1:4

Back slope=1:2



9 Formation Width

e |tisthe sum of widths of a highway shoulder and median if
provided.

e |n case of embankments, it is measured as the top width

e In case of cutting, it is measured as the bottom width of the cutting
from which side drains are excluded.
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10 Side Walks

e They are provided on roads in urban areas on both sides, but are
uncommon in rural area and when pedestrian traffic is high in
urban or rural areas.

e They are also provided on arterial roads when no shoulders are
provided

e The minimum width is 4ft (1.2m) in residential areas, and range
from 4-8ft in commercial areas.
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11 Cross Slopes (Pavement crown). Gkl J eaall oDl

e Pavements on straight sections of two-lane and multi-lane
highways without medians are sloped from the middle downwards
to both sides of the highway, resulting in a traverse or cross slope,
with a cross section shape that can be curved, plane or a
combination of the two.
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e A parabolais generally used for curved cross sections, and the
highest point of the pavement (called the crown) is slightly

rounded, with the cross slope increasing toward the pavement
edge.

C.L or crown
o~ N

Kerb Stone



Cross slopes on divided highways are provided by either crowning the pavement in
each direction , or by sloping the entire pavement in one direction , The advantage of
sloping the pavement in each direction is that surface water is quickly drained away
from the travelled roadway during heavy storms. The disadvantage is that additional

drainage facilities, such as inlets and underground drains, are required. This method is
mainly used at areas with heavy rain and snow.
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e Recommended rates of cross slope are 1.5 to 2 percent for high-
type pavements and 2 to 6 percent for low-type pavements.
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Elevation (Mand L) = 100—-0.02 x5 =99.9
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Figure 3: Undivided Two-lane highway cross section, with ditches
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Figure 4: Divided highway cross section, depressed median with ditches.
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Q(Years). Draw a sketch showing the main elements of the highway :
median , lanes, side slope, back slope , shoulder, etc... ?



1Q(Years). Draw a cross-section of a two lane highway showing its
main elements ?



dQ(Years). What do the following terms mean ?
1- Collector roads .

2- Median

3- Width of formation

Ans.

1- These roads are intended for collecting and distributing traffic to and
from local streets and for providing access to arterial streets.

2- It is the section of a divided highway with four or more lanes that
separates the lanes in opposing directions.

3- It is the sum of widths of a highway shoulder and median if
provided.



dQ(Years). What are the design vehicle characteristics which effect

the geometric design ? Explain very briefly their effect

Vehicular Characteristic Related Facility Characteristic
LENGTH Parking stall length

Transit station platform length
WIDTH Lane width

Parking stall width

Lateral clearance
HEIGHT Vertical clearance

Minimum vertical curve length

WHEELBASE (TURNING RADIUS)

Lateral clearance on curves
Intersection edge radii

WEIGHT

Structural design of surface
Structural design of bridges
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Sight Distance

Sight distance is the length of the roadway a driver can see ahead at any
particular time. The sight distance available at each point of the highway
must be such that, when a driver is travelling at the highway’s design
speed, adequate time is given after an object is observed in the vehicle
path to make the necessary maneuvers without colliding with the object.
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There are two types of sight distance: DAyl A8l &‘)—ﬁ
a Stopping Sight Distance (SSD) il Jdy )l il 1 J oY) &j.'d\

b Passing Sight Distance (PSD
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Stopping Sight Distance

The Stopping Sight Distance (SSD) for design purposes, is usually taken as
the minimum sight distance required for a driver to stop a vehicle after
seeing an object in the vehicles path without hitting that object.

The SSD depends on:
a. Reaction time and
b. The breaking distance
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SSD =dr +db
dr = the distance traveled during reaction time
db =the breaking distance

a. Reaction time ——
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Ar = VA —— If the vin —

sec
km
If thevin o > dr=v*tr*0.278
Note : tr = 2.5 sec
s Y ) M
> 29(f £6) If the vin sec G =Slope
If th km b K f = friction coef ficient
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The table below shows the Friction Coefficient recommended by

If thevin

AASHTO
Design 30 |40 |50 |60 |70 |80 |90 100 |[110 |120
Speed km/h
Friction 0.4 10.38/0.35/0.33|0.31{0.30(0.30(0.29|0.28 |0.28
Coefficient
\ @)H\ckujsjw\d;c&gué&w
172
SSD = 0.278v = t, 4 —_—
"7 254 (f +G)

km
hr



Example 1:

Determine the minimum stopping distance on a —3.5% grade for a

design speed of 110km/h. \
0.035

88D = dr + dp 5 LS 59 g 3 el Jadh J gy a8 Al LY Jg 3
gl SAIL O 5SH Leie il 5 aa) @lylad

Reaction distance:

1,000 m/km
3,600 s/h

d: = v*t, = (110 km/h) ( )(2.5 ) = 76.4m

" Laid hlaa gl) Jysad 3 Lin
Or

dr =110 2.5%0.278 =76.4



Breaking distance:

Design 30 (40 |50 |60 |70 |80 |90
Speed km/h
Friction 04 10.38{0.35(0.33|0.31{0.30{0.30
Coefficient

=028 (from the table)
G=0.035 (given)

I ) G
P 29 (ric)  2(98m/s?)(028-0.035) m — oy
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= 110 = 194.4
 254(0.28-0.035) T T —_
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db

Total Stopping Sight distance:

SSD =dy+ dp = 76.4 + 194.4 = 270.8m
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Exit Ramp Stopping Distance

Example 2:
A motorist travelling at 105 km/h on a freeway intends to leave the

freeway using an exit ramp with a maximum speed of 56 km/h. At
what point on the freeway should the motorist apply the brakes in
order to reduce he speed to the maximum allowable on the ramp
just before entering the ramp, if this section of the freeway has a

downgrade of 3%.
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vt =y g 1054 — 562
- 254(f £ G) " 254(f +0.03)

N\
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d)

f A ——1— 3 = deceleration of the vehicle

g

- 3.41
9,81

— 0.35 g 105% — 564
® 254(0.35 — 0.03)
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/ = 97.06m
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Passing Sight Distance (PSD)

Passing Sight Distance is the minimum sight distance required on a two-
lane two-way highway, that will permit a driver to complete a passing
maneuver without colliding with an opposing vehicle and without cutting

off the passed vehicle.
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These assumptions have been used by AASHTO to develop a minimum
passing sight distance requirement for two-lane, two-way highways.
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In order to determine the minimum passing sight distance, certain
assumptions have to be made regarding the movement of the passing

vehicle during a passing maneuver:

1. The vehicle being passed (impeder) is travelling at a uniform speed.
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. The speed of the passing vehicle is reduced and is behind the
impeder as the passing section is entered.

. On arrival at a passing section, sometime elapses during which the
driver decides whether to undertake the passing maneuver.

. If the decision is made to pass, the passing vehicle is accelerated
during the passing maneuver, and the average passing speed is
about 16km/h more than the speed of the impeder.
el 0 5S5 W Helad a5 Al 3 jlud) cailay () 685 Lavie AL 5 658 ) slaiall 3 luall ey
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. A suitable clearance exists between the passing vehicle and any
opposing vehicle when the passing vehicle re-enters the right lane.
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The minimum passing sight distance is the total of four components as
shown in the figure below.
The total passing sight distance (PSD) is equal to: -

PSD =d;+d>+d3+ds fauspe Sy Glinalll S5 £ suia gall 18 puaia shus

d; = distance traversed during perception-reaction time and
during initial acceleration to the point where the passing
vehicle just enters the left lane.

Ad mia 555 ) gaaall 5 SN el Jcadi () J8 5 slaciall 3 ) Lgadads Al ddlall



d, = distance travelled during the time the passing vehicle is
travelling in the left lane.
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ds = distance between the passing vehicle and the opposing
vehicle at the end of the passing maneuver.
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d, = distance moved by the opposing vehicle during two thirds
of the time the passing vehicle is in the left lane.
(Usually taken to be 2/3 d>)
Al adali Cagu g8 ol (o)) slaill dlee i SVl g (o A8l 3Ll Ul

ol = Vo




Design 30 40 50 60 70 80 90 100 (110 (120
Speed km/h
PSD m 217 | 285 | 345 | 407 | 482 | 541 | 605 | 670 | 728 | 792
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Overtaking Zones

In some places where it is difficult to provide passing sight distance
throughout the length of the highway overtaking zones are provided for

safe passing.
The average length of the overtaking zone is four times the PSD.
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»When we are not able to provide PSD we provide some zone (extra lane for
certain distance ) for vehicles to overtake slow moving vehicles , Minimum
length of overtaking zone = 3 times PSD and the max = 5 times and the
average is 4 .
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Highway Surveys and Locations
Before a highway alignment is finalized in a highway project, the

engineering surveys are to be carried out. The highway location process
involves four phases:

1 | Office study of existing information. (Map study)
2 Reconnaissance survey.

3 Preliminary survey.

4 Final location and detailed surveys.
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Office Study of existing information.
Data of the highway location are collected from the engineering reports,
maps and the aerial photographs of the area.
The data obtained should be on the following characteristics of the area.
1 Engineering, including topography, geology and climate.
2 Social and demographic, including land use and zoning patterns.
3 Environmental, including types of wildlife, location of
recreational, historical and archeological sites.
4 Economic, including unit costs for construction.
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From this data, alternative routes can be suggested in the office. The
probable alignment can be located on the map.

Map study gives a rough guidance of the routes to be further surveyed in
the field.

Preliminary analysis will identify unsuitable sites for the highway such as
: Historical site, Ruins, Water sources and Buildings.
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Reconnaissance Survey
The object of this phase of the study is to identify several feasible routes
using aerial photographs, taking into account the following:

1 Topography and soil conditions.
2 Serviceability of route to industrial and population areas.
3 Crossing of other transportation facilities, such as rivers
railroads and highways.
4 Directness of route.
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Control points between the two endpoints are determined for each
feasible route. For example, a unique bridge site with no alternative may
be taken as a primary control point.

The most feasible routes identified are then plotted on photographic
base map.
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Preliminary Survey:

Objectives of preliminary surveys are:
1 To survey the various alternative alignments proposed after the
reconnaissance and to collect all necessary physical information
and detail of topography, drainage & soil.
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2 To estimate quantity of earthwork materials and other
construction aspects and to work out the cost of the alternative

Proposals: 3Ll i g jal) 4S5 e Jaall s (5 A1 o) il g g iall 3 o dsaS il

3 To study the environmental impact of each alternative route
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Prepare a report on the advantages and disadvantages of different
alternative routes. As a result, a few alternative alignments may be
chosen.
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Final Location Survey

e The final location survey is a detailed layout of the selected route
(Transferring the alignment on to the ground). The horizontal and
vertical alignments are determined, and the positions of the
structures and drainage channels are located

e Set the points of the intersections (Pl) of the straight portions of
the highway and fit a suitable horizontal curve between these.

e Center line stacks are driven at suitable intervals, say 50m intervals
in plane and rolling terrain and 20m in hilly terrain.
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Right-of-way Acquisition.
One factor that significantly affects the location of highways in urban
areas is the cost of acquiring right of way. This cost is largely dependent
on the predominate land use in the right of way of the proposed
highway. Costs tend to be much higher in commercial areas, and
landowners in these areas are often unwilling to give up their property
for highway construction.
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Principles of bridge location

The basic principle for locating highway location determines bridge;
location, not the reverse. When the bridge is located first in most cases
the resulting highway alignment is not the best. The general procedure
for most highways therefore is to first determine the best highway
location and then determine the bridge site. Only in cases where bridges
need to be skewed or foundation problems exist, the location of the
bridge can be a factor in highway location due to higher costs associated
with the above-mentioned bridge conditions.
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A detailed report should be prepared for the bridge site selected to
determine whether there are any factors that make the site
unacceptable. This report should include, accurate data on soil
stratification, the engineering properties of each soil stratum at the

location, the crushing strength of bedrock, and water levels in the
channel or waterway
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Maximum highway grades........

e The selection of maximum grades for highway depends on the
design speed and the design vehicle.

e Grades of 4 to 5 percent have little or no effect on passenger cars
as the grade increases above 5%. however, speeds of passenger
cars decrease on upgrades and increase on downgrade.

e Steep grades affect not only the performance of heavy vehicles, but
also the performance of passenger cars. In order to limit the effect
of grades on vehicular operation, the maximum grade on any
highway should be selected properly.
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e Grade has a greater impact on trucks than on passenger cars.
Extensive studies have been conducted, and results have shown
that truck speed may increase by up to 5% on down grades, and
decrease by 7% on upgrades, depending on the percent and length
of the grade.
L;a\.c}d\ JJ\_\.\LJ}N&)M\ d\;@jmu5dj).d\ u\Sd\ALﬁL@_\L‘}uL}u\_\Au‘
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e Maximum grades have been established based on the operating
characteristics of the design vehicle on the highway. These vary
from 5 percent for a design speed of 112km/h to between 7 and 12
percent for a design speed of 48km, depending on the type of
highway. Table 15.4 gives recommended values of maximum
grades.
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Rural Collectors Design Speed (mi/h)

Type of Terrain 20

25

30 35 40 45 50 55 60
Grades (%)
Level 7 7 7 7 7 7 6 6 5
Rolling 10 10 9 9 8 8 7 7 6
Mountainous 12 11 10 10 10 10 9 9 8
Urban Collectors Design Speed (mi/h)
Type of Terrain 20 25 30 35 40 45 50 55 60
Grades (%)
Level 9 9 9 9 9 8 7 7 6
Rolling 12 12 11 10 10 9 8 8 7
Mountainous 14 13 12 1 o 12 11 10 10 9

Rural Arterials Design Speed (mi/h)

Type of Terrain 40

80

Level 5
Rolling 6

Mountainous 8

50 55 60 65 70 75
Grades (%)
4 3 3 3 3
5 4 4 4 4

o ol aclildl o yie 1S 169

% 16 058 skl Jaas laiall
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Rural and Urban Freeways Design Speed (mi/h) e i35aNa

Typeof Terrain 50 55 60 65 70 75 80

5 9_mall el Jaall 5 daranaill eyl

Grades (%) Coa gy Sl GLM Ja GLM ) 63 oSy Oi

Caaad Al cul g gyl
4 4 3 3 3 3 3 - JdJ)'u

5 5 4 y 1 4 Y

Mountainous 6 6 6 5 5
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Urban Arterials Design Speed (mi/h) Yolaa Jde Jdudl 6 olal¥) (any oK
TypeofTerain 30 35 40 45 50 6 80 sl J callae 45 S ladl Jaall 28 adatiail

Mountainous

Grades (%) Cut e ddl
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Minimum Highway Grades
e Minimum grades depend on the drainage conditions of the
highway. Zero percent grades may be used on uncurbed pavement

with adequate cross slopes to laterally Drain the surface water.

e When pavements are curbed, however, a longitudinal grade should
be provided to facilitate the longitudinal glow of the surface water.

e An appropriate minimum grade is typically 0.5%, but grades of 0.3%
may be used where there is a high-type pavement accurately
sloped and supported on firm grade.
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Critical Length.

For most design purposes, grades should not be longer than the “critical
length”. The critical length is generally defined as the length at which the
speed of trucks is 15 mi/h less than their speed upon entering the grade.
When trucks enter an upgrade from slower speed, a reduction of 10 mi/h
may be used to define the critical length of grade.
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A rural freeway with rolling terrain has a design speed of 60 mi/h. What
is the longest and steepest that should be included in the facility.

x1.6

* Note:*1.6 for convert from mi to km

* if you know speed reduction = 15mph



Rural and Urban Freeways Design Speed (mi/h)

Type of Terrain 50 55 ( 60 65 70 75 80
Grades (%)

Level 4 4 3 3 3 3

Rolling 5 5 @ 4 4 4 4

Mountainous 6 6 6 5 5 - -
7 Speed reduction T

7 | . \\ .‘.l)t]‘lph = 4
! \30 . !

Upgrade (%)

critical length of grade 1900ft.

S

slope

1000.0 2000.0 3000.0

I enoth of orade (ft)



Geometric Design

The Geometric Design of a highway is composed of Vertical and
Horizontal alignment, and the cross-section element.

Below are some design standards highways which must be considered
when designing highways.

e Minimum radius of horizontal curves: -
For given design speed, minimum curve radius is limited by the
maximum allowable side friction which is usually based on a comfort
standard, maximum superelevation (banking) for the curve and the
necessity to maintain stopping sight distance.

e Maximum rate of superelevation:
Maximum superelevation rate is limited by side friction, this is to prevent
slow moving vehicles from sliding to the inside of the curve under
slippery conditions.

e Maximum Grades:
Most upgrades are limited to vehicle power/weight ratio and most down
grades are limited by stopping sight distance.

e Minimum Grades:
These are limited by the need to provide drainage. A zero percent grade
maybe used on uncurbed pavement with adequate cross slopes and
lateral drainage of surface water.

e Minimum Length of vertical curve:
This is limited by stopping sight distance, passing sight distance and
appearance.

) e o Tl 3L i
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1Q(Years). Define critical curve length ?

Ans. The critical length is generally defined as the length at which the
speed of trucks is 15 mi/h less than their speed upon entering the

grade




Design of the Alignment
Vertical Alignment

The vertical alignment of a highway consists of straight sections known
as Grades, (or Tangents) connected by Vertical Curves. The design of the
vertical alignment therefore involves the selection of Suitable Grades for
the tangent sections and the appropriate length of vertical curves.
Vertical curves are used to provide a gradual change from one tangent
grade to another so that vehicles may run smoothly as they transverse
the highway. These curves are usually parabolic in shape and classified
as Crest or Sag Vertical Curves.
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dVertical curve :
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Cross section :
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Vertical Alignment
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Tangent Curve

Vertical Curve



JHorizontal Curve :
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Crest Vertical Curves

PVI A syl (e gsih

Sag Vertical Curves
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CrestVertical Curves
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Sag Vertical Curves
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<«— Available stopping Sight Distance—»
v PRPPTE 2B G1, G = Grades of Tangents (%)
or Slope
PVI A Gl S g (5 8
B - -
B i L = Length of Vertical Curve.
PVT [
T]\ 55 Al s Al Lo ddladll
Length of Vertical Curve LM\ Y PR Al dj-L u_“j

PVC = Point of Vertical Curve. |
siniall ball U ol bl e Jsaill ging (gl inial) 2, Aais

PVI = Point of Vertical Intersection.
Crprdatall pdadl) syl e 3 ple (6 L“,,_"d\j cl:\s.d\ alaay
PVT = Point of Vertical Tangent.
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<— Available stopping Sight Distance—» : PR d LSJA‘ | \ -

PVT or PT or ET

PVI
p Gy . G2 Hf PVC or PCor BC
_\\_ __________

Length of Vertical Curve
L

PVI = Point of Vertical Intersection. =————o—v—o1w» [ scation on —

Where A the algebraic difference in grades
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Length of crest vertical curves

e Use of a minimum stopping sight distance (SSD) and passing sight 4 o ..y
distance (PSD) is the only criterion used for design of a crest vertical h}j °“\J3 U:‘-U”M 522
curve. ol gaune P g ~)
Stopping Sight Distance (SSD) and Crest Vertical Curve Design.

In providing sufficient SSD on a vertical curve, the length of curve
(L) is the critical concern. Longer lengths of curve provide more
SSD, all else being equal but are more costly to construct. Shorter
curve lengths are relatively inexpensive to construct but may not
provide adequate SSD. What is needed then is an expression for

minimum curve length given a required SSD.:



Stopping Sight Distance (SSD)

e The stopping sight distance is comprised of the distance to
perceive and react to a condition plus the distance to stop;’

V2
SSD =0.278V xtr + 5 (Metric.)
254 (m T+ )
VZ
SSD =0.278V xt,. + 254 (F £ 0) (Metric.)

Where:
SSD = Required stopping sight distance, m.

V =Speed, km/h

Ja (b5 Uisesa 43438 5 ¢ suim el 13
daalal) ALiaY) 8 4eddiud (oo

t = Perception-reaction time, sec, typically 2.5 sec. for design.
f = Coefficient of friction, typically for a poor, wet pavement.

G = Grade decimal.
a = Deceleration rate, m/sec? (3.4 m/sec?)



1.When SSD is greater than the length of the vertical curve.
SSD & e Liala’ LS 5 Legluony o 5

200(y/Hy + H;) ?
L = 255D — (VA - = (for S > L)

Where A the algebraic difference in grades
Substituting 1.08m for H:; and 0.60m for H;

\

A e arding o) Jisal) JE Al 8Y) A0 a8l s3a

658
Lin = 285D —T {for5 >.L)

S = Sight distance (m).
H; = Height of eye above roadway surface (m).
Sight Distance on Crest Vertical Curve (S 1) H2 = Height of object above roadway surface (m).




2. When SSD is less than the length of the vertical curve.

, ASSD? (Fors < D)
in — or
" 200(JH, + H;) 2

Where A the algebraic difference in grades
Substituting 1.08m for H; and 0.6m for H;

ASSD*

Linin = 658 ——— (for S <L)

""""""""
_______

LLLLL
***********

6,  S=Sightdistance (m).
Hy = Height of eye above roadway surface (m).
H, = Height of object above roadway surface (m).
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H1 = Height of eye above roadway surface (m).
H, = Height of object above roadway surface (m).
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U If the value of S = L use case 1 or case 2.

L = Lmin
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Example 15.1 Minimum Length of a Crest Curve

A crest vertical curve is to be designed to join a +3% grade with a -2% grade
at a section of a two-lane highway. Determine the minimum length of the
curve if the design speed of the highway is 96km/h, and a perception-
reaction time of 2.5 sec. The deceleration rate for braking (a) is 3.41 m/s?.

J How we Know its a crest vertical ?
b S 5 e oY) el 5S0 Of sl sl Al <Yy ol

964

254{% _ 0.03}

SSD =0.278x 96 x 2.5 +

= 66.72 + 114.24




VZ
SSD = 0278V x tr + . (Metric.)
254 (== + G)

The Worst case

Cdsste e coudl o) g sl e gads paaladl o @bl Als 6 sl




658
L. = 288D —T (for§ > L)

658
= 2 % 180.96 o= 230.32m  180.96 > 230.32 (No so use Case 2 )
Case 2 :
_ AS?
min — ccg”

5% (180.96)?
B 658

= 248.83m 180.96 < 248.83 (0Ok)
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Example 15.2 Maximum Safe Speed on a Crest Vertical Curve.

An existing vertical curve on a highway joins a +4.4% grade with a -4.4%
grade. If the length of the curve is 82m, what is the maximum safe speed on
this curve? What speed should be posted if 8km/h increments are used?
Assume a = 3.41m/sec?, perception-reaction time = 2.5sec, and that S < L

U Crest vertical curve because the grade statrts with + then —
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ASZ 4 “ 2
Linin = — (J13adl (30 Al paas o5) a7 _ 8.8%S

658 658

Determine the maximum safe speed for this sight distance using
the equation for SSD.

2

u
78.30 = 0.278 X 2.5u + W
254 {—9'81 X 0.044}
u? + 53.6u — 6038 =0 u = 55.4km/h

 Speed limit smaller than 10 km per hour .

V =48km/hr

S =78.30m
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Passing-sight Distance and Crest Vertical Curve Design.

In addition to stopping-sight distance, in some instances it may be
desirable to provide adequate passing-sight distance, which can be an
important issue in two-lane highway design (one lane in each direction).
Passing-sight distance is a factor only in crest curve design because, for
sag curves, the sight distance is unobstructed looking up or down grade,
and at night, the headlights of oncoming or opposing vehicles will be
noticed.

946
Ly =2PSD ——= ———  for PSD > L

 This equation for
crest vertical curves

~ APSD?

L
m 946

—> for PSD <L



»Now we will calculate the value of L. for SSD and PSD and
we will take larger value .

»We calculate L. for PSD only in 2 lane highway .

sl o Cm pman s ol G (e e (S (Ga okl IS 1Y) 1 daga Aladla
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»In Sag vertical curves :
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Example:

An equal-tangent crest vertical curve is 480m long and connects a +2.0%
and a -1.5% grade. If the design speed of the roadway is 80 km/h, does
this curve have adequate passing-sight distance?

Solution:
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Design 30 40 50 60 70 80 90 100 (110 (120
Speed km/h
PSD m 217 | 285 | 345 | 407 | 482 ||541)| 605 | 670 | 728 | 792




Lm = 2P5D ——= for PSD > L

946

2 * 541 3T = 811 (Not ok so use case 2 )

. A PSD?
™ 946

3.5 % 541%4
946

= 1082.9 for PSD <L
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Length of Sag Vertical Curves gy 4 2 s LA

The selection of the minimum length of a sag vertical curve is controlled by
the following four criteria:

1 SSD provided by the headlight. =——————— eA‘\J\ ddas i)

2 Comfort while driving on the curve.

3 General appearance of the curve.

4 Adequate control of drainage at the low point of the curve.

Lo lin S8 Gl g pum gl 3 Ll iniall Jsla i) Jda s ik Al Ll aa
S Gl (e agan i (V15 Grha

Length of crest vertical curves 188 pda 1 s gy Ui

o Use of a minimum stopping sight distance (SSD) and passing sight
distance (PSD) is the only criterion used for design of a crest vertical

Curve.
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Headlight
Beam

Where H= the headlights above road level.
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B = The upward inclination of the headlight beam to the horizontal

s guall jLaad ;:\,3\9[}

The headlight criterion is the one commonly used for establishing
minimum lengths of sag vertical curves.
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Minimum Length of Sag Vertical Curve based on SSD Criterion

1 The SSD is greater than the length of the vertical curve.

Lmin — 26 _ 200(H+Stanf3)

(for S>L)

The values used by AASHTO for H and B are 0.60m (2ft) and 1 degree,
respectively, so:

120+3.5S .
L:ZS—( ) (Metric) Al 028 ye ad jlaial) 8 el Callay 8
2 The SSD is less than the length of the vertical curve.
F AS” (for S <L) b (2ft) forHand 1 d for p, yield
P — or Substituting 0.60m (2ft r G, vyi :
min 200 (H +Stanﬁ) ubstituting m or H an egree fo yields

8 AS?
W~ 1904 358

(for S <L) (Metric)



Minimum Length of Sag Vertical Curve based on Comfort Criterion

The comfort criterion is based on the fact that when a vehicle travels on a sag
vertical curve, both the gravitational and centrifugal forces act in
combination, resulting in a greater effect than on a crest vertical curve where
these forces act in opposition to each other. Several factors such as weight
carried, body suspension of the vehicle, and tire flexibility affect comfort due
to change in vertical direction, making it difficult for comfort to be measured
directly. It is generally accepted that a comfortable ride will be provided if
the radical acceleration is not greater than 0.3048 m/s? (1ft/sec?).
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The following expression is used for the comfort criterion:
Av?

Lmin = E (Metric.)

Where:
v=is the design speed in km/h
L =the minimum length base on comfort in m.
A = the algebraic difference in grades.

The length obtained from the equation above is typically about 75 percent of
that obtained from the headlight sight distance requirement.

Minimum Length of Curve based on Appearance Criterion

Lpyin =30A (Metric.) & el Ja L oLy clile
— ) B8 e U S

me=60mifA <AL



AVAN

duiaodl dwaiall puwd) duouals Ul &iall




Minimum length of Curve based on Drainage Criterion.

"To satisfy the drainage criterion a minimum slope of 0.35 percent
provided within 15m of the lowest point of the curve.
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Example 15.3 Minimum Length of a Sag Vertical Curve

A sag vertical curve is to be designed to join a -5% grade to a +2% grade. If
the design speed is 64 km/h, determine the minimum length of the curve

that will satisfy all criteria.
Assume a = 3.41 m/sec and perception-reaction time = 2.5s.

Solution: dNote : All criteria mean ?
Find the stopping distance. 1- SSD
2
u
SSD = 0.278ut + W 2- Comfort
Zod (9.81 Il G) 3- Appearance
647
=0.278 X 64 X 2.5+ = 44.48 + 53.75

254(0.35 —.05)

= 98.23m



J Note : if (f) not given , we can use this table .

Design 30 (40 |50 (60 |70 |80 |90 |100 |110 |120
Speed km/h
Friction 0.4 |[0.38/0.35/0.33/0.31(/0.30({0.30/0.29(0.28 | 0.28
Coefficient

Determine whether § < L or § > L for the headlight sight
distance criterion.

For S > L,

Lmin

= 2 X 98.23 —

(120 + 3.55)

A

120 4+ 3.5 X 98.23

= 130.2m

7

(This condition is not appropriate since 98.23 < 130.20.



For S<1L, . M5
min 120 + 3.55

7 4+ (98.23F
120 + 3.5 x 98.23

— 145.63m This condition is satisfied since 98.23 < 145.63.

e Determine minimum length for the comfort criterion.

Au?
Lnin= 395

7 642
395

= 72.60m



e Determine minimum length for the general appearance criterion.

Lmin — 30A
=30x7=210m

The minimum length to satisfy all criteria is 210 m.



BC
B(PI) EC C
Stationof point A =0+ 00 Elevation Point A = 100
Stationof point B =2 + 00 Elevation Point B = 98
Stationof point C =4 + 00 Elevation Point C = 97

Q. Find the station of BC and EC ?



Elevation dif ference

2
Grad AB = = —— =
rade of Station dif ference Graaely AB = 200 1%
Crad - Elevation dif ference 1
rade of ~ Station dif ference Ypaagar BE 200 0)5%
Lypin=60mif A <2 L. = Distance between AB and BC

60
Station of BC = 200 — 5 170=1+70

60
Station of EC = 200 +7 =230=2+ 30



Minimum Length of Sag Vertical Curve based on Sight Distance under
Overhead Structure.

Overhead
Structure

Hi = Height for truck drivers eye level = 2.4m

ORI ge @l e sl )
Goml oo Gl G gl H, = Height of tail light of a vehicle = 0.6m

C = Vertical clearance between road and overhead structure
= 5.2m if not given.



S<L

3 >l
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(Table 15.5) Values of K for\Crest\Vertical Curves Based on Stopping Sight

Distance e

Metric PSD ui:; Adizgy Al Jgaa aa g
Design | Stopping Sight | Rate of Vertical Curvature A

Speed Distance

(km/h) | (m)

20 20 0.6 1

30 35 1.9 2

40 50 3.8 4 Cuny lgabua o3 Al assl) (o ja8 3
50 65 6.4 7 gﬂ‘ 3-‘:*33‘4 raaill e_\_n, Canval
60 85 11.0 11 Rl v e s

70 105 16.8 17 ey L
130 25.7

90 160 38.9 3

100 185 52.0 52 \

110 220 73.6 74 . il 4 . .

120 250 95.0 95 Jalrall 25 dapaall) de pud) JIA G4
130 285 123.4 124




Table 15.6 Values of K anerticaI Curves Based on Stopping Sight
Distance.
Table 15.6 Values of K for Sag Vertical Curves Based on Stopping Sight

Distance.
Metric

Design | Stopping Sight | Rate of Vertical Curvature A?

Speed | Distance

(km/h) | (m)

20 20 21 3

T ot s 8
50 65 12.2 13 e
60 85 173 18 paaill dad b Lgaddind g
70 105 22.6 23
130 29.4

90 160 37.6 38 \

100|185 446 45

110|220 54.4 55 Jalzal) a2 daaaill de ) JDA
120 250 62.8 63

130 285 72.7 73




L K: Rate of vertical curvature
K =— L =KA

A L: Length of curve per percent
Example: A: Algebraic dif ference in intersecting grades .

An equal-tangent crest vertical curve is 480m long and connects a +2.0%
and a -1.5% grade. If the design speed of the roadway is 80 km/h, does
this curve have adequate passing-sight distance?

» (Equal — tangent) crest vertical curve dont mean Grade 1 equal Grade 2 .
AL Jglaadl J leuds o JlaaiuY) 4y jla (Slg o ga g e Ly Gladl) 4

L = 310(3.5) = 1085m

/

Jegaadl O 2—-(—1.5)=3.5



+ aleDU Ll (i g 1) g Cllaslia) (andd Adav daa) 4

5 1
5% =—<=—=1V:20H = 0.05
& 100 20



Elevation of A is 100

Grade is 3%

Horizontal distance between A and L is 50 m

3
Elevation of B is? 100 + 100 + 150 = 104.5

Elevation of L is? 100 + *50 =101.5

100



Elevation of B is 104.5
Horizontal distance between B and M is 50 m

Grade is 2%

* 50 =103.5

Elevation of M is? 104.5 —
f 100



Overhead
Structure

Design Level = Profile Elevation

Design Level # Ground Level



o o [ ="

Y:of fset

Part from L



The equation of the curve, or tangent offset, is:

Y = ax?
T part fromL x<L

G,_G,

a = 5001 (constant)

A=Gy— Gy ——  Zallal) dedll 34

G.—G, G, —G
G=——l= el —— LSS a5
200L IR

5 G, =0.05




AL Lo ¥ adaas lef o ddady yaddl
s G Ll 555

 If G, =G,,the lowest or highest point it will be in a distance %

CeSaaldade s ol @5 Y Jealdil) 48K~ i g s Jlie Ja Cogus ()Y



Example:

A -3% grade is connected to 1% by means of 200m vertical curve. If the
elevation at the beginning of the curve is 100m, find the elevations of
curve at 20m intervals.

EC




Elevation of BC is 100

gl A ciliara

* 100 = 97

Elevati Pl i 100 —
evation of PI is 100

Elevation of EC is 97 + * 100 = 98

100

ddarenl) daa) yall dola

The equation of the curve, or tangent offset, is:

G — Gy
2L

a =

Y = ax?

3 —(+1)  —4%

= = 0. 1
2 x 200 400 0.000




tangent of fset 2 yie 20 JS J 3l Gl

Vo = ax? Jaldlf Jadl)

o =

y.0 = (0.0001)(20)% = 0.04 B \ e
Vao = (0.0001)(40)% = 0.16 . B Y,,O »

y60 = (O 0001)(60)2 — O 36 T Xeo | Yso0 )I/zzo

Y80 (O 0001)(80)2 = 0.64

200

Cuaiie 8 a5 Jualdll ball & 100 L N Jaall sy Casu 100 2 of Jaadl
Lo Ll LaS ALalS A8Lisall

V1,0 = (0.0001)(80)2 = 0.64 N
V140 = (0.0001)(60)2 = 0.36 s 80 i ,

y160 (00001)(40)2 — 016
Y180 (00001)(20)2 = 0.04

Y200 = 0



A B C D E F
Station | Distancefrom |Grade |Tangent |Offset | Profile
BVC Elevation Elevation
() (m)
BVC | 0+00 3% 100 Lero 100
20 —3%1{99.40 | 0.04 99.44
40 —3% (%880 |0.16 98.96
60 —3%|98.20 036 98.56
5 |8 —3%1(97.60 | 0.64 93.24
P 100 +1% 9700 |1 98.00
120 +1% 9720 | 0.64 97.84
140 +1%197.40 036 97.76
9 160 +1% 9760 | 0.16 97.76
180 +1% 9780 | 0.04 97.84
EVC 200 +1%98.00  |0.00 93.00

clbual) JalS alaiy &) Jsaa
baa Leana o o sai Y

caay elil e Y | Jualdl) il
Juall CidA)




Woe Lgidilia cad ill g AL Ay ) Bl8HY K5 25 Laliil) e 48 4 2 sanll

BVC &5 Al adasi e Qlilddl 48 B 3 geanll

Jrall ity Jealall Jadl) aay g Jaall 48 (Mg € LA 3 ganl
| 120 |




Tangent Elevation " dnal el Ay A" e 4358l s

s gill 5 Sl b (e Jash daidlill 5 dusal ) A0a8) peiia sin

Elevation of PT 5 is 100 — *80 =97.6

100

1
Elevation of PT 9 is 97 +m* 60 =97.6

e Jlsiall 138 e Ll L JaSi

danagildala gl aa o Vs Jlsadl Ay & JalS s 25 F 2 gendl



Profile Elevation = Tangent Elevation + of fset

PT5 is 97.60+ 0.64 =98.24

PT9 is 97.604+0.16 =97.76
o Jlsial) 13 o Jaladl 3L Jasi
Find the minimum distance from PVC to the lowest point on the curve.
Gl Jsaall &8 o g Ll aliie Y5 plall ase 5 Lulea Waalag) cany

Gy &
6. G

Xm —

_3x200_600_
BT T




Tangent Elevation @ 150 = Elev at PI — G, X 50

1
:97+mx50

=97+ 0.5 =97.5

Profile Elevation @ 150 = 97.5 + Yi5¢

=97.5 4 0.0001(50)?

= 97.75

150 ddbuaall (i sai () 3 2 Al




oL o il glaall clidls ledle juad 38 g QUKY s A8 5k a5 4G Ja 48y jh s g
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ds¥l ledl S J Tangent Elevation sy 1 4l 3 ghill

S 5 8 liloall msas Gl ol ae J oY) eledl WS of fset 2l o AN 5 gladl

p Azl ) B gladl)

Profile Elevation = Tangent Elevation + of fset



el J cliliall 8 aga

0+ 00 1+ 16 2+ 95

1+16 =116 m
2+95=295m
Length of BC = 295 — 116 = 179m



0+ 000 1+ 169 2 +950

1+169 =1169m
2+ 950 =2950m
Length of BC = 2950 — 1169 = 1781m



A B C
0+ 00 1+ 20 3+ 07

Every station is 30m \ \

Fe 30 sl S addie g ) 84 b
1+20=30+20=50m
3+07=3%x30+7=97m

Length of BC =97 — 50 = 47m



Every station is 30m

600

Distance 620 m -~ =20 -~ 20+ 20
30

Distance 615 m — # of stations = 20.5



Design Procedure for Crest and Sag Vertical Curves

Step 1 Determine the minimum length of curve to satisfy sight distance
requirements and other criteria for sag curves (comfort, appearance,
drainage.)

Step 2 Determine from the layout plans the station and elevation of the
point where the grades intersect. (PVI).

Step 3 Compute the elevations of the beginning of vertical curve, (BVC) and

the end of vertical curve (EVC).

Step 4 Compute the offsets, y, (Eq. 15.12) as the distance between the
tangent and the curve. Usually equal distances of 100ft (1 Station) are
used, beginning with the first whole station after the BVC.

Step 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 (+).

Step 6 Compute the location and elevation of the highest (Crest) or lowest
(Sag) point on the curve using Egs. 15.18 and 15.19.



Example 15.4
Design of Crest Vertical Curve.

A crest vertical curve joining a +3 percent and a -4 percent grade is to be
designed for 120 km/h. If the tangents intersect at station (345 + 18) at an
elevation of 76.2 determine the stations and elevations of the BVC and EVC.
Also, calculate the elevations of intermediate points on the curve at the
whole stations. A sketch of the curve is shown in figure 15.16

l &V

. . oe—— Fl 76.2
Every station is 30m T r




1 — Find Lmin

K — factor -3 4y ,hl aaa50) 13 J sl 8 L + 4aada
ob Jila Y s Jhgaad) elia alla 13) ) Lgaladind & siae 43y Hlall 4

cdall e SN peaids LY platial) A el Leallay

Metric

Design | Stopping Sight | Rate of Vertical Curvature A@ Solution: For a design speed of 120km/h, K = 93.5
Speed Distance Calculated | Design

(km/h) | (m)

20 20 0.6 1

30 35 1.9 2

40 50 3.8 4 . .
50 65 6.4 7 Ny 95 &8 o dal!
60 85 11.0 11 . .

70 105 16.8 17 93.5 Leras Jl
80 130 25.7 26 lle dall JeS8 o g g
90 160 38.9 39

100 185 52.0 52

110 220 73.6 74

120 250 95.0 95

130 285 123.4 124




L . =935%(3——4) = 654.5m

2 — Lane Highway ) S3Js 3 PSD  aaaiui ; daga dliada




654.5
Station of BVC = 345 x 30 + 18 R 10040.75

10040.75
30

= 334.69 0.69 * 30 = 20.7 ~ 21 334 + 21

654.5
Station of EVC = 345 %30 + 18 + - 10695.25

10695.25

39~ 32620 0.508+30 =15.24 ~ 16 356 4+ 16



334+ 21 =334+x30+ 21 =10041

345+ 18 =345+x30+ 18 = 10368

356 + 16 =356 « 30 + 16 = 10696

Elevation of BVC = 76.2 — 0.03 * (10368 — 10041)
= 66.39

Elevation of EVC = 76.2 — 0.04 * (10696 — 10368)
= 63.03



LJJ‘).\JSL;\MJ«;LEAY‘UA‘)JJSM‘\_\SJAJJM‘LM‘@JP}AM(J}M‘ AJ:;).A
ol ) 15 ST AL Fu 30 oSl e o8 )5 sl 20 u;ﬁél
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 Distance Tangent Offset Curve Elevation|
Station from Elewvation Ax? (Tangent
BWC (rzz ) [J" ) M] (m) | glevation-
 (x) (2= ) Offset) (m2)
| BWC 334 + 11 0 66.38 0.00 66.38
BWVC 335 + 00 10 CE T8 s 3 = HEERT P01 66.67
100
BVC 336 + 00| 40 | 67.58 0.09 67.49
BWVC 337 + 00 70 68.48 0.26 68.22
BWVC 338 + 00 100  69.38 0.53 68.85
BWVC 339 + 00 130 70.28 0.90 69.38
| BVC 340 + 00 160 71.18 1.37 69.81
| BVC 341 + 00| 190 72.08 1.93 70.15
| BVC 342 + 00| 220 | 72.98 2.59 70.39
| BVC 343 + 00 250 73.88 3.34 70.54
| BVC 344 + 00 280 74.78 4.19 70.59
| BVC 345 + 00 210 75.68 5.14 70.54
| BVC 346 + 00 340 | 76.58 6.18 70.40
| BVC 347 + 00 370 | 77.48 7.32 70.16
BWVC 348 + 00 400 78.38 8.56 659.82
BWC 349 + 00 430 79.28 9.89 69.39
BWC 350 + 00 460 80.18 11.32 68.86
BWC 351 + 00 490  81.08 12.84 69.76
BWC 352 + 00 520 81.98 14.46 67.52
BVC 353 + 00 550 82. 88 16.18 66.70
BWVC 354 + 00| 580 83.78 17.99 65.79
| BWC 355 + 00 610  84.68 19.90 64.78
BWVC 356 + 00 640 84.58 21.90 63.68
BWVC 356 + 16| 654.5 85.85 22.91 62.94




Station
BVC 334+21
BVC 335+00
BVC 336 +00
BVC 337 +00
BVC 338 +00
BVC 339 +00
BVC 340 +00
BVC 341 +00
BVC 342 +00
BVC 343 +00
BVC 344 +00
BVC 345 +00
BVC 346 +00
BVC 347 +00
BVC 348 +00
BVC 349 +00
BWVC 350 +00
BWVC 351 +00
BVWVC 352 +00
BWVC 353 +00
BVC 354 +00
BVWVC 355 +00
BVC 356 +00
BVC 356 +16

Distance from BVC

0
9
39
69
99
129
159
189
219
249
279
309
339
369
399
429
459
489
519
549
579
609
639
654.5(655)

Tangent Elevation

66.39
66.66
67.56
68.46
69.36
70.26
71.16
72.06
72.96
73.86
74.76
75.66
76.56
77.46
78.36
79.26
80.16
81.06
81.96
82.86
83.76
84.66
85.56
26.04

offset
0
0.0043254
0.0812214
0.2542374
0.5233734
0.8886294
1.3500054
1.9075014
2.5611174
3.3108534
4.1567094
5.0986854
6.1367814
7.2709974
8.5013334
0.8277894
11.2503654
12.7690614
14.3838774
16.0948134
17.9018694
19.8050454
21.8043414
22.909935

Curve elevation

66.39
66.6556746
67.4787786
68.2057626
68.8366266
69.3713706
69.8099946
70.1524986
70.3988826
70.5491466
70.6032906
70.5613146
70.4232186
70.1890026
69.8586666
69.4322106
68.9096346
68.2909386
67.5761226
66.7651866
65.8581306
64.8549546
63.7556586

63.130065



Station
BVC 334+21
BVC 335+00
BVC 336 +00
BVC 337 +00
BVC 338 +00
BVC 339 +00
BVC 340 +00
BVC 341 +00
BVC 342 +00
BVC 343 +00
BVC 344 +00
BVC 345 +H00
BVC 346 +00
BVC 347 +00
BVC 348 +00
BVC 349 +00
BVC 350 +00
BVC 351 +00
BVC 352 +00
BVC 353 +00
BVC 354 +00
BVC 355 +00
BVC 356 +00
BVC 356 +16

Distance from BVC

0
9
39
69
99
129
159
189
219
249
279
309
339
369
399
429
459
489
519
549
579
609
639
654.5(655)

Tangent Elevation
66.39
66.66
67.56
68.46
69.36
70.26
71.16
72.06
72.96
73.86
74.76
75.66
76.56
77.46
78.36
79.26
80.16
81.06
81.96
82.86
83.76
84.66
85.56
86.04

offset
0
0.0043254
0.0812214
0.2542374
0.5233734
0.8886294
1.3500054
1.9075014
2.5611174
3.3108534
4.1567094
5.0986854
6.1367814
7.2709974
8.5013334
9.8277894
11.2503654
12.7690614
14.3838774
16.0948134
17.9018694
19.8050454
21.8043414
22.909935

Curve elevation

66.39
66.6556746
67.4787786
68.2057626
68.8366266
69.3713706
69.8099946
70.1524986
70.3983826
70.5491466
70.6032906
70.5613146
70.4232186
70.1890026
69.8586666
69.4322106
68.9096346
68.2909386
67.5761226
66.7651866
65.8581306
64.8549546
63.7556586

63.130065

334 + 21 to 335 + 00

30 15 ¢ (s e 9 Hibesdl
1 Glla Jhed) Y yia

Tangent Elevation

66.39 + 0.03 * 9 = 66.66
o e aBl) 1388

of fset
7 * 9%

200 * 655

= 0.00432
o e adl) 1388

Curve Elevation
66.66 — 0.00432 = 66.65




Station
BVC 334+21
BVC 335+00
BVC 336 +00
BVC 337 +00
BVC 338 +00
BVC 339 +00
BVC 340 +00
BVC 341 +00
BVC 342 +00
BVC 343 +00
BVC 344 +00
BVC 345 +00
BVC 346 +00
BVC 347 +00
BVC 348 +00
BVC 349 +00
BVC 350 +00
BVC 351 +00
BVC 352 +00
BVC 353 +00
BVC 354 +00
BVC 355 +00
BVC 356 +00
BVC 356 +16

Distance from BVC
0
9
39
69
99

129
159
189
219
249
279
309
339
369
399
429
459
489
519
549
579
609
639
654.5(655)

Tangent Elevation
66.39
66.66
67.56
68.46
69.36
70.26
71.16
72.06
72.96
73.86
74.76
75.66
76.56
71.46
78.36
79.26
80.16
81.06
81.96
82.86
83.76
84.66
85.56
86.04

offset
0
0.0043254
0.0812214
0.2542374
0.5233734
0.8886294
1.3500054
1.9075014
2.5611174
3.3108534
4,1567094
5.0986854
6.1367814
7.2709974
8.5013334
9.8277894
11.2503654
12.7690614
14.3838774
16.0948134
17.9018694
19.8050454
21.8043414
22.909935

Curve elevation

66.39
66.6556746
67.4787786
68.2057626
68.8366266
69.3713706
69.8099946
70.1524986
703983826
70.5491466
70.6032906
705613146
704232186
70.1890026
69.8586666
69.4322106
68.9096346
68.2909386
67.5761226
66.7651866
65.8581306
64.8549546
63.7556586

63.130065

Dsanall #l e o ST S Al
of fset
das) i) cilBlocal) 24l (i Lola aic

335+ 00to 336 + 00
represent 30m

A9 Adaadll 29 csihaall sa 13a
30 ol ABlusall (445 8 AN g

334 + 21 to 335+ 00 equal 9m
356 + 00 to 356 + 16 equal 16 m



Station
BVC 334+21
BVC 335+00
BVC 336 +00
BVC 337 +00
BVC 338 +00
BVC 339 +00
BVC 340 +00
BVC 341 +00
BVC 342 +00
BVC 343 +00
BVC 344 +00
BVC 345 +00
BVC 346 +00
BVC 347 +00
BVC 348 +00
BVC 349 +00
BVC 350 +00
BVC 351 +00
BVC 352 +00
BVC 353 +00
BVC 354 +00
BVC 355 +00
BVC 356 +00
BVC 356 +16

Distance from BVC
0
9
39
69
99

129
159
189
219
249
279
309
339
369
399
429
459
489
519
549
579
609
639
654.5(655)

Tangent Elevation
66.39
66.66
67.56
68.46
69.36
70.26
71.16
72.06
72.96
73.86
74.76
75.66
76.56
71.46
78.36
79.26
80.16
81.06
81.96
82.86
83.76
84.66
85.56
86.04

offset
0
0.0043254
0.0812214
0.2542374
0.5233734
0.8886294
1.3500054
1.9075014
2.5611174
3.3108534
4,1567094
5.0986854
6.1367814
7.2709974
8.5013334
9.8277894
11.2503654
12.7690614
14.3838774
16.0948134
17.9018694
19.8050454
21.8043414
22.909935

Curve elevation

66.39
66.6556746
67.4787786
68.2057626
68.8366266
69.3713706
69.8099946
70.1524986
703983826
70.5491466
70.6032906
705613146
704232186
70.1890026
69.8586666
69.4322106
68.9096346
68.2909386
67.5761226
66.7651866
65.8581306
64.8549546
63.7556586

63.130065

Curve Elevation

Crest Jic 4y 7 hll o L

Tangent Elevation

352 + 00
81.06 + 0.03 * 30 = 81.96

gl ¥l aea ol plal 1384
S OY) aSle Loy o<1 i i 8
mlc_JA\ J) g 32 64 9 A jlaall
I 3 Ll Jaadl) i




Q. Find the Distance and the Elevation for the highest point ?

v __100L G _ LGy 655 * 3
high — (GL _ G‘g} 100 (Cyee &) 7 — 280714‘

Tangent Elevation

66.39 + 280.714 % 0.03 = 74.811

of fset
7 * (280.714)2

= 4.210
200 * 655

Curve Elevation
74.811 — 4.210 = 70.601



Example 15.15
Design of Sag Vertical Curve

A sag vertical curve joins a -3 percent grade and a +3 percent grade. If the PVI
of the grades is at station (435+15) and has an elevation of 70m, determine
the station and elevation of the BVC and EVC for a design speed of 112km/h.
Also compute the elevation on the curve at 30 m intervals.

Figure 15.17 shows a layout of the curve.

430 + 02 435+ 15 440+ 28

-3% +3%
BVC >~ % EVC

T Jp K EL=70m




1 — Find Lmin lariea Laliales Laolay) 4088

o2a 44 Hlall aadiil 138 Jlsull 8 L 1 d3adla
ob Jlai Y 5 Jhigaad) elia alla 13) ) Lgaladind & giaa 43y lall 24
cdall e D paids LY latal) A Lealla
L. = 54.3% (-3 —3) = 325.8m

|

Joaadl o

555 Gatayl Ula i g Jsiadl b 5 pn T L) ud 112 Raperall Gyl
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_ 325.8
Station of BVC = 435 x 30 + 15 SRS 12902.1

12902.1
30 430.07 0.07x30=2.1=2 430 + 2

325.8
Station of EVC = 43530 + 15 + B 13227.9

13227.9

30 +40.93 0.93 * 30 = 27.9 ~ 28 440 + 28



430+ 2 =430+x30+ 2 = 12902

435+ 15=435+30+ 15 =13065

440 + 28 = 440 « 30 + 28 = 13228

Elevation of BVC =70+ 0.03 « (13065 — 12902 )
= 74.89

Elevation of EVC =70+ 0.03 * (13228 — 13065 )
= 74.89



+ 4 giilt 43aa

2 — Lane Highway G bl oL &l J gy o113
4 — Lane Highway Gkl i PSD \gwsi ¥
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Distance | Tangent Offset | Curve Elevation
Station from Elevation Ax (Tangent
BVC (m) [y ~ 200L (M) | Elevation-
(x)(m) Offset) (m)
BVC430+02 |0 74.89 0.00 74.89
BVC431+00 | 28 74.05 0.08 74.13
BVC432+00 |58 73.15 0.32 73.47
BVC433 +00 | 88 14.29 0.73 72.98
BVC434+00| 118 71.35 1.19 72.54
BVC435+00 | 148 70.45 2.02 72.47
BVC436+00 | 178 69.55 2.92 72.47
BVC 437 + 00 | 208 68.65 3.99 72.54
BVC 438 + 00 | 238 6775 5.23 72.98
BVC 439 + 00 | 268 66.85 6.62 73.47
BVC 440 + 00 | 298 65.95 8.18 74.13
BVC 440 + 28 | 325.8 baill 9.79 74.90




Station
BVC 430+02
BVC 431+00
BVC 432 +00
BVC 433 +00
BVC 434 +00
BVC 435 +00
BVC 436 +00
BVC 437 +00
BVC 438 +00
BVC 439 +00
BVC 440 +00
BVC 440 +28

Distance from BVC
0
28
58
88
118
148
178
208
238
268
298
326

Tangent Elevation

74.89
74.05
713.15
72.25
71.35
70.45
69.55
68.65
67.75
66.85
65.95
65.05

offset
0
0.07219072
0.30975712
0.71306752
1.28212192
2.01692032
2.91746272
3.98374912
5.21577952
6.61355392
8.17707232
9.78589408

Curve elevation

74.89
74.12219072
713.45975712
72.96306752
712,63212192
72.46692032
71246746272
71263374912
712.96577952
713.46355392
7412707232
74.83589408



435 + 00

Tangent Elevation

71.35 - 0.03 * 30 = 70.45

of fset
6 * (148)2

= 2.01
200 = 325.8

Curve Elevation
70.45 + 2.01 = 72.46
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