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4.1 Design of Cross-
sectional Elements
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Cross-sectional Elements

* The elements of a highway cross section consist of:
1. Travel Lanes
2. Shoulders
3. Medians

* Marginal elements
4. Sidewalks
Cross slopes
Side slopes
Curbs and gutters
Guard rails
. Roadside and median barriers
10. Right of way

© ® N oW

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 4

2023/10/30



Rounded 5. . slopes
in deep cuts

except in rock
Inslope 4:1
or flatter

Hinge point
4:1 or 6:1 fill
slopes on low fills
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4:1 or 6:1 cut slopes
in shallow cuts Rounded
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Natural ground- e ——

low fill

Natural ground- =— s——
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2:1 fill slopes on high
fills-usually with guard rail

Figure 15.4 Typical Cross Section for Two-Lane Highways

* Refer to the Multimedia CD of the course

Cross-sectional Elements
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Variable width
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2or moreI-L ft wide
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| Slope
| ffp— —
_]'_
Rcadwayiymmetncal Cut or fill
@ : slopes as
about centerline for 2-lane
roads

Figure 15.5 Typical Cross Section for Multilane Highways (half section)

* Refer to the Multimedia CD of the course
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1) Travel Lanes

— Most arterials have 3.6m travel lanes since

* The extra cost for constructing 3.6m lanes over 3.0m lanes is usually
offset by the lower maintenance cost for shoulders and pavement

surface, resulting in the reduction of wheel concentrations at the
pavement edges.

v Vv NA

Lane Laneg Lane Lanc

S N N

| Travel lane widths usually vary from 3.0m to 3.6m. (9.0 ft to 12.0 ft) I

1) Travel Lanes

— On two-lane, two-way rural roads, lane widths of 3.0m or

3.3m (10 or 11 ft) may be used. Two factors should be
considered:

e Accident rates which tend to increase

* Capacity of a highway which significantly decreases as the lane
width is reduced from 3.3m.

— Lane width of 10 ft (3.0 m) used only on low-speed facilities.

— Lane width of 9 ft (2.75 m) are used occasionally in urban
areas if:

* traffic volume is low and

* there are extreme right-of-way constraints.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 8
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— They function to:

* providing space along the highway for vehicles to stop
especially during emergencies.

* Shoulders also function to laterally support the pavement
structure.

* In some cases, bicycles are permitted to use a highway shoulder
particularly on rural and collector roads

Shoulder Shoulder Shoulder Shoulder

NN

Shoulder width is usually 1.2mto 1.8m

interchange

— Shoulder width is known as either graded or usable.
* Graded shoulder width is the whole width of the shoulder.
* Usable shoulder width is that part of the graded shoulder that
can be used to accommodate parked vehicles. .
— Dimensions of usable shoulder:

Min 2 ft

If pedestrian or bigycles are permitted 4 ft.

\ 4

6 ft to 8 ft
1.8mto24m

\ 4

Max of 10 ft
on highways with a large number of trucks
and heavy traffic volumes and high speeds. 10
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— Inner usable shoulders in four- lane two-way highways
can be min 3 ft.

« since drivers rarely use the median shoulder for stopping
— Inner usable shoulders in 6-lane two-way highways can
be min 8 ft

Since drivers in the lane next to the median find it difficult to
maneuver to the outside shoulder when there is a need to stop.

Inner-shoulder

Shoulder Shoulder Shoulder Shoulder

Shoulder width is usually 1.2mto 1.8m

1

— All shoulders should be flush with the edge of the
traveled lane and sloped to facilitate the drainage of
surface water on the traveled lanes.

* Recommended slopes are 2 to 6 percent for bituminous and
concrete-surfaced shoulders.

* 4 to 6 percent for gravel or crushed-rock shoulders
— Rumble strips may be used on paved shoulders along

arterials as a safety measure to warn motorists that
they are leaving the traffic lane.

12

2023/10/30



— Itiis the element of a divided highway that separates the
lanes in opposing directions.
— The functions
* Providing a recovery area for out-of-control vehicles
* Separating opposing traffic
* Providing stopping areas during emergencies
* Providing storage areas for left-turning and U-turning vehicles
* Providing refuge for pedestrians
* Reducing the effect of headlight glare

* Providing temporary lanes and cross-overs during maintenance

Median

Median width for urban collector streets
vary from 0.6m to 12.5m

13

— Medians can be

* Raised: are frequently used in urban arterial streets
because:
—they facilitate the control of left-turn traffic at intersections
by using part of the median width for left-turn-only lanes.
— Some disadvantages include

» possible loss of control of the vehicle if the median is
accidentally struck,

» they cast a shadow from oncoming headlights, which results
in drivers finding it difficult to see the curb.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 14
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— Flushed Medians
* They are commonly used in urban arterial

* They can also be used on freeways, but with a median
barrier.

* To facilitate drainage of surface water, it should be
crowned.

* The practice in urban areas of converting them into two-
way left-turn lanes is common, since:

— capacity of the urban highway is increased while
maintaining some features of a median.

2Stp, 4/ Gap

interchange 18
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Two-\Way Left Turn ﬂ_

T s T
Raised Median

interchange

— Depressed Medians

* They are generally used on freeways and are more
effective in draining surface water.

* A side slope of 6:1 is suggested for depressed medians,
although a slope of 4:1 may be adequate.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360
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interchange

— The width of a median is the distance between the
edges of the inside lanes, including the median
shoulders.

— Median widths should be as wide as possible but should be
balanced with the other elements of the cross section, and
the cost involved.

* ASSHTO recommends minimum width of 10 ft (3m) for four-lane

urban freeways

* A minimum of 22 ft, preferably 26 ft, is recommended for six or
more lanes of freeways.

* In urban collector streets, when the median is a paint-striped
separation, 2 to 4 ft medians are required.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 22

11



2023/10/30

4) Sidewalks

— Commonly used in urban area not in rural areas.

* Generally, sidewalks should be provided when pedestrian
traffic is high along main or high-speed roads in either rural or
urban areas.

* When no shoulders are provided on arterials, sidewalks are
necessary even when pedestrian traffic is low.

* A minimum clear width of 4 ft in residential areas and a range
of 4 to 8 ft in commercial areas.

* To encourage pedestrians to use sidewalks, they should have
all-weather surfaces since pedestrians will tend to use traffic
lanes rather than unpaved sidewalks.

Sidewalk Sidewalk

| D Gy, L SIS Sy,

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360
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5) Cross Slopes

— Plan and curved cross slopes.

* The curved cross section has one advantage which is that the
slope increases outward to the pavement edge, thereby
enhancing the flow of surface water away from the pavement.

— A disadvantage is they are difficult to construct.

* Plane cross slopes consist of uniform slopes at both sides of
the crown. Cross Slope

Curved Cross Slope

Plane Cross Slope 25

5) Cross Slopes

—On divided highways:

e R | —-_— = § s
-—

. s
= | M mﬂmmmm-ﬂ-mﬁﬂn-ﬂ-mnnmg

dditional drainage
facility is required

In areas with
heavy rain

(a) Each pavement slopes two ways.

S
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(b) Each pavement slopes one way.
Figure 15.9 Basic Cross Slope Arrangements for Divided Highways

SOURCE: A Policy on Geomerric Design of Highways and Streets, American Association of State Highway and
Transportation Officials, Washington, 12.C.. 2004, Used with permission.
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5) Cross Slopes

— In defining the rate of cross slope for design, two conflicting
factors should be considered:
* Steep cross slope is required for drainage purposes,
* Steep cross slopes are undesirable since vehicles will tend to drift to
the edge of the pavement, particularly under icy conditions.
— Recommended rates are:
* 1.5to 2 percent for high type pavements.
* 2 to 6 percent for low-type pavements.

— High-type pavements have wearing surfaces that can
adequately support the expected traffic load without visible
distress due to fatigue and are not susceptible to weather
conditions.

— Low-type pavements are used mainly for low-cost roads and
have wearing surfaces ranging from untreated loose material
to surface-treated earth.

27

6) Side Slopes

— Side slopes are provided on embankments and fills to
provide stability for earthworks.

— They also serve as a safety feature by providing a recovery
area for out-of-control vehicles.:
* the important sections of the cross slope are the hinge point, the
foreslope, and the toe of the slope.

(1) Hinge Point
@ Backslope

@ Foreslope

(@ Ditch Bottom

Traffic

Shoulder i
Width \
@ Toe of Slope

Figure 15.10 Designation of Roadside Regions

SOURCE: A Policy on

Geomelric Design of
DOLLE i} Jashineto B!

Highways and Streets, American Association of State Highway and 28
. -] i s

4, L SI0N
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6) Side Slopes

— The hinge point is potentially hazardous since it may cause
vehicles to jump into air while crossing it, resulting in loss
of control by the driver.

— The foreslope is the area that serves principally as a
recovery area, where:
* vehicle speeds can be reduced and
* other recovery maneuvers taken to regain control of the vehicle.
— The gradient of the foreslope should therefore not be high.

Table 15.3 Guide for Earth Slope Design
Earth Slope, for Type of Terrain

Height of Cut or Flat or Moderately
Fil (ft) Rolling Steep Steep
0-4 6:1 6l 4:1
4-10 41 41 21
10-15 41 2.50:1 B b by
15-20 2. 1 175:1%
Over 20 . g AH 1.75:1%

29

*Slopes 2:1 or steeper should be subiect to a soil stabilitv analvsis and should be reviewed for safety.

7) Curbs and Gutters

— Curbs are raised structures mainly made of Portland cement
concrete that are used on urban highways to
* delineate pavement edges and pedestrian walkways.
* control drainage, improve aesthetics, and reduce right of way.

— Curbs are classified to Vertical and Sloping (mountable).
* Vertical curbs are designed to prevent vehicles from leaving the
highway.
— Height ranges from 6 to 8 inch (15 to 20 cm) with steep sides.
* Sloping curbs are designed so that vehicles can cross if
necessary

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 30
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7) Curbs and Gutters

— Curbs are classified to Vertical and Sloping (mountable).

L1785
i

r-—-—u—q -

3% ﬂ-1
. msw.u \ _i 15L0'!I IL_FW—AfT‘ "

(b) Sloping curbs

r— LFid

Figure 15.8 Typical Highway Curbs

SOURCE: A Policy on Geometric Design of Highways and Streets, American Association of State Highway and 33
Transportation Officials, Washington, D.C., 2004 Used with permission,

8) Guard Rails

— They are longitudinal barriers placed on the outside of sharp
curves and at sections with high fills.

— They are also used at the outside of curved highway
segments

— Their main function is to prevent vehicles from leaving the
roadway.

— They are installed at embankments higher than 8 ft and
when shoulder slopes are greater than 4:1

i.

W beam and the

box beam
Different Types of (;uard Rails

Weak Post System

RANSPORTATION SYSTEM ENGINEERING 1, 10601360 34
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9) Roadside and Median Barriers

— Median barrier is defined as a longitudinal system used to
prevent an errant vehicle from crossing to the opposing
direction .

— Itis used when

* traffic volumes are high,

* access to multilane highways and other highways is partially
controlled.

* the median of a divided highway has physical characteristics that
may create unsafe conditions
&

[ [

Blockad-out W beam Blorked-out three beam Concrete median barier

Typical Roadside and Median Barriers c 35

interchange

36
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9) Roadside and Median Barriers

— Roadside barriers protect vehicles from obstacles or slopes
on the roadside.

— They also may be used to shield pedestrians and property
from the traffic stream

— The selection of the most desirable system should provide
the required degree of shielding at the lowest cost.

[ i e R 14
= - ]

37

10) Right of Way

— The right of way is the total land area acquired for the
construction of the highway.
* |ts width should be enough to accommodate all the elements

of the highway cross section, any planned widening of the
highway, and any public utility facilities that will be installed

along the highway.

The total land area acquired for the
construction of the highway

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 38
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10) Maximum Grade

— Maximum highway grades: The maximum grades for a
highway depends on the design speed and the design vehicle.

— Grades of 4 to 5 percent have little or no effect on passenger
cars, except for those with high weight /horsepower ratios.
— Grade has a greater impact on trucks.

* Truck speed may increase up to 5 percent on downgrades and
decrease by 7 percent on upgrades, depending on the percent and
length of the grade.

— Maximum grades have been established based on the
operating characteristics of the design vehicle on the
highway.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 40
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Table 15.4 Recommended Maximum Grades

Rural Collectors*
Design Speed (mi/h)

Type of Terrain 20 25 30 35 40 45 50 55 60

10) Grade

— Maximum grades have been = . - 777 0 0
established based on the tewm BB S B_ Lt

Design Speed (mi/h)

Operatlng Characterlstlcs Of Typeof Terain 20 25 30 35 40 45 50 55 60

. . Grades (%)
h d h I h Level 9 9 9 9 7 7 6
t S eSIgn venicie on t e Rolling 17 2 5| w10 9 8 8 7
Mountainous 413 2 12 12 1m w10 9

highway.

Design Speed (mi/h)

_— Note the recommended Type of Terrain 40 45 S0 55 60 65 70 75 80

Grades (%)
maximum grades should not & ¢ & 3 3 1 1 1 1

be used frequently, L s A
partlcu|ar|y When grades are Iypeof Termin 50 55 60 65 70 75 8
long and the trafficincludes @ = =+ & &

Mountainous 6 6 o 3

a high percentage of trucks. Dt it

Types of Terrain 30 335 40 45 50 55 60

Grades (%)
3

| ew

— Minimum grades depend on

Grades (%)
6 5

vel 8 7 5 5
the drainage conditions of ~ Seew o 0 & 3 5 & &

. “Maximum grades shown for rural and urban conditions of short lengths (less than 500 ft) and on one-way down-|
t h e hiegh wa o meil b e
. FGrades that are 1% steeper than the value shown may be used for extreme cases in urban areas where develop
ment precludes the use of flatter grades and for one-way downgrades. except in mountainous terrain,
SOURCE: Adapted from A Policy on Geometric Design of Highways and Streets, American Association of State]
Highwavand 1) ion Officials, Washingion, D.C. 2004, Used with permission,

O@® OO

4.2 Horizontal Alignments

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 42
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Design of Horizontal Alighments

* Horizontal alignment consists of straight sections
of the road, known as tangents, connected by
horizontal curves.

* The design of the horizontal alignment contains
the determination of:
— Minimum radius
— Length of the curve,
— Horizontal offsets from the
tangents to the curve to

facilitate Locating the curve in
the field

43

Design of Horizontal Curves

* Types of Horizontal curves:
1. Simple
2. Compound
3. Reversed
4. Spiral (transition)

* To avoid a sudden change from a tangent with infinite radius
to a curve of finite radius, a curve with radii varying from
infinite value to the radius of the circular curve is placed
between the circular curve and the tangent. Such a curve is
known as the transition curve.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 44
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1. Simple Curves

* The curves are usually segments of circles

* The minimum radius of a horizontal curve depends
on:

— Design speed n =
— Superelevation (e), g (e +fs)
— Coefficient of side fictions (fs)

le

* The minimum radius corresponds to the maximum

recommended superelevation rate which depends
on:

— Location of the highway

— Weather conditions (e.g., the occurrence of snow),
— Distribution of slow-moving vehicles.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

45

1. Simple Curves

e Assuming that the SSD is unobstructed, then the
design of the curve is as follows.

Point of Intersection

Point of Curve s

s Point of Tangent

R = radius of circular curve PC = point of curve
T = tangent length

PT = point of tangent
A = intersection angle

PI = point of intersection

M = middle ordinate E = external distance

Figure 15.18 Layout of a Simple Horizantal Curve 46

2023/10/30
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1. Simple Curves

e Asimple circular curve is described either by its

— Radius
— Degree of the curve: the angle subtended at the center by
a circular arc of 100 ft (Highway Engineering)
* There are two ways to define degree of the curve

D, which is based on
— 100 ft (30 m) of arc length (Highway Practice)

— 100 ft (30 m) of chord length /\
@“ﬂmm% =3 | 100 | Tom

R

DDDDO o\olo

(a) Arc definition (b) Chord definition

Figure 15.19 _Arc and Chord Definitions for a Circular Curve

1. Simple Curves

* If © is the angle in radians subtended at the center by an
arc of a circle, the length of that arc is given by: L =R0O

180 % 100 - 5729.6
—i— R =
K w5 D
50
sinD7/2

(a) Arc definition (b) Chord definition

48

Figure 15,19 Arc and Chord Definitions for s Circular Curve

2023/10/30
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1. Simple Curves

* Formulas for Simple Curves

FC = Point of Curve
FT = Point of tangent
Fl = Pgint of intersection

4 = deflection angle
F = radius of circular curve

Intersection angle R
AJ2 R
where :
T=R tan 2 Equation 3.5 M=R(l- Cesd)  Equation 3.8
= 2R sin % Equatlﬂn 3.6 I= IT::::: Equatiﬂn 3_9
E=R{ | -1) Equation 3.7
L‘U;T TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 49

1. Simple Curves

* Field Location of a Simple Horizontal Curve.

— Simple horizontal curves are
usually set out in the field
by staking out points on the
curve using:

— Deflection angles
measured from the
tangent at the point of
curve (PC)

— Lengths of the chords

joining consecutive whole /
stations Figure 3.10 Deflection Angles on a Simple Circular Curve

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 50
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1. Simple Curves

* Field Location of a Simple Horizontal Curve.

Cp=2R sin 2.

. Do
C:=2Rsin—
2
wherg

Gy, Co and C; are the first, intermediate, and last chords,
respectively.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

nple Circular Curve

51

Stationing

In Metric Units: Each full station = 1000 m
* In US Customary Units: Each full station = 100 ft
* Notations:

= 1+000.00 (metric)
= 1+00.00 (US Units)

e Calculations:

= (24234.45) + (0+145.12) = 2+4379.57 (Metric)
= (5+25.17) + (1+28.05) = 6+53.22 (US Units)

interchange

2023/10/30
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Stations on Horizontal Curves

* Station of the PC?

e Station of the PT?

interchange

53

Stationing of Horizontal Curves

e Station of PC=2+123.50, L = 350 m, then Station of PT = 2+473.5
* First full station = 2+150.00, |, = 26.5m

* Every chord, |, is 50 m, then, the following stations are:

« 2+200.00, 2+250.00, ..., etc. j= BE
¢ Last full station before PT = 2+450.00
* [,=235m Pl

Cb=2R sin 2.

PT Ca=2R sini

= - B 2
2+123.50\\ \R / / / 2+473.50

M st AN 54

2023/10/30
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Stationing of Horizontal Curves

e Station of PC=22+12.50, L = 1000 ft, then Station of PT = 32+12.50
* First full station = 23+00.00, |, = 87.5 ft

* Every chord —full stations, |, is 100 ft, then, the following stations
are:

* 24+00.00, 25+00.00, ..., etc.
¢ Last full station before PT = 32+00.00

° |2 = 12.5 ft III

v

24+00.00

23+00.00 32+00.00
bz 3

-

4

B
/ 324125
55

2

2+12.50 -
interchangs \

The deflection angle of a 3° cruve is 50°25". Determine the length of the curve?

g 1718
SIS O CUTYE o
. 1718
Radius of curve = 3 - 572.55m
KAm
Length of curve =
151
ST2.06*5(P25%p
Length of curve = = 0358 m
150
TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 56
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Example 15.13 (Page 804)

Given a circular curve connecting 2 tangents that deflect an angle of 48°. The PI is at
station (948+67.32) and the design speed of the highway is 60 mi/h. Determine the point
of the tangent and the deflection angles to full stations for laying out the curve,

[First determmine the radius of the curve uang Equaton 16,24,
R=u"/[15(e+ )]

For u = 60 mu'h, from Table 3.4, 1,
R = (60)° / [15(008+0.12))
R= 1200 f

= {).12, e =008

he bength of the tangent, T, cian be found using Equation 16,28,
=R tan{A2) = 12000 an( 48  Z)
T=534.27 0

Ihie lemgth ol the curve, L, 18 given by
L=RAx/ 180 = 120004853, 141 326}/ |RO
L= 14dia, 30 %

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 57

Stntion of the PC can be found by sobtrcing the mogent length from the station of
Lhie P
PC = {948-+67.32) - (5=34.27) =343+33.05
Stntion ol the PT ew be Tound by addimg the length of the curve o ihe Slation of e PC,
PT = (#3+33.05) + (1045500 =353+ 3835

Farsd [l statpon o6 lossated of G -+0k

G L=k L
G F 48 = bl 85 10053
&) =311

The first chord can be found elng Bguaion 1634
Uy o= R (00 2) = 20120 mn 0.1 1)
L b0 Y

The first deflection anghe = 6,72 SR

Lnsd fidl siatpod s focmlend gt $a 3 =00
i f =141

b /48 = 38357 100530

b Fronel nsimge Equatom 16 44,
(T = 2R sy { 6w 2) = 2 1200Y sin [ 1. B3] 12}
| (T 58
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Sight Distance on Horizontal Curves

* Previously we assumed that there are no

constraints on the design of horizontal curves.
— At a horizontal curve if an object located near the inside edge of

the road, this may interface with the view of the driver, which

will result in a reduction of the driver's sight distance ahead.

® Itis necessary to design the curve so that the available
sight distance is at least equal to the safe SSD.

C.Linside lane C.Lhighway o, sight distance

Equation 3.2
TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 59

Sight Distance on Horizontal Curves

Sight Distance (5)

Line of Sightis | _
the chord AT\ Highway canlurhﬁ—__}\

. HMObj tatB

T T
HSO S .\
v o |

sight

Centerline inside lane

Horizontal distance
traveled by the
vehicle is the arc AT

TRANSPORTATION SYSTEM ERGINEERING 1 , 10601360 60
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Sight Distance on Horizontal Curves

m is called HSO
Horizontal Sightline Offset

C.Linside lane  C.L highway . sight distance

2Rix
180

m=R(1-cos0)

5=

m=R(1-cos 239 g

Equation 3.2

where:

m = middie ordinate

R = radius of horizontal curve
5 = sight distance

2¢ = the angle sublended at the center of the circle by the arc AT
Figure 3.7 Sight Distance on Horizontal Curves

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360
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C.Linside lana CLhighway . slgh distance

Equation 3.2

interchange 62
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t Distance on Horizontal Curves

10000

)]

e lane (1)

2 1000

5 sSin
2 s
5
z
5
=
2 100 g s
= = = 2]
Z
& Sslv=20 “v-2s
V=15 mph s-11s %
S=80ft
Min. R when
e=12%
10 L =
0 5 10 15 20 25 30 35 40 45 50

Horizontal Sightline Offset, HSO, eenterline of inside lane 1o obstruction, (It)

Figure 15.26(b) Horizontal Curves with Sight-Distance Restrictions and Range of Lower
Values for Stopping Sight Distances

SOURCE: A Palicy an Geametric Design of Highways and Streets, American Association of State Highway and 63
Transporiaion Qificials, Washineton, .C, 2001, Used with permission

Example 15.8 Location of Object Near a Horizontal Curve

A horizontal curve with a radius of 800 ft connects the tangents of a two-lane
highway that has a posted speed limit of 35 mi/h. If the highway curve is not super-
elevated, ¢ = (). determine the horizontal sightline offset (HSQO) that a large bill-
board can be placed from the centerline of the inside lane of the curve, without
reducing the required SSD. Perception-reaction time is 2.5 sec. and = (.35.

Solution:
+ Determine the required S5D.
35D = 1.47 ut + v30 (f = G)

147 X 35 % 25) + (B5Y__ 24520 ft
( ) an03s)

* Determine m using Eq. 1539,

28.65
800

m =800 1 — ms( (24:5.29)) = R00(1 — 0.988) fi

=40 ft

Check solution using Fig. 15.26{b).

For R = 800 and V = 35 mph from Figure 15.26(b) m is estimated to be 9.5 ft. o4
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2. Compound Curves

e Compound curves consist of two or more curves
in succession, turning in the same direction, with

any two successive curves having a common
Pl

tangent point.

PC

Ry, Rz = radii of simple curves forming I, Tz = tangent lengths of compuond
compound curve cunde

A, Az=deflection angles of simple curves PCC = point of compound curve

4 = deflection angle of compound curve Pl = point of intersection

' gentlengths of simple curves  PC = point of curve
PT = point of tangent 65

2. Compound Curves

* These curves are used mainly in obtaining
desirable shapes of the horizontal alignment,
particularly at:

— at-grade intersections, ramps of interchanges, and
— highway sections in difficult topographic areas.

* To avoid abrupt changes in the alignment, the
radii of any two simple curves that form a
compound curve should not be widely different.

— AASHTO recommends that the ratio of the flatter radius to the
sharper radius at intersections should not be greater than 2:1.

* To provide smooth transition from a flat curve to a sharp
curve, the length of each curve should not be too short.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 66
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* Reverse curves usually consist of two simple curves with:
— equal radii

— turning in opposite directions

— with a common tangent.

* They are generally used to change
the alignment of a highway.

¢ Reverse curves are seldom
recommended because

— sudden changes to the alignment
make it difficult for drivers to keep

in their lanes. R= radius of simple curves
41,42 = deflaction angles of simple curves
d = distance between parallel tangants
D = distance between langenl paints

4, Transition (Spiral) Curves

* Transition curves are placed between tangents and
circular curves or between two adjacent circular curves
having substantially different radii.

* |f the transition curve is a spiral, the degree of curve
between the tangent and the circular curve varies from 0
at the tangent end to the degree of the circular curve D,
at the curve end.

68
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4, Transition (Spiral) Curves

* The minimum length of a spiral transition curve should
be the larger of the these two values :

3.151°
L= —— 15.37
£.min RC ( )
Limin = V24(Prin) R (15.38)

where

L, = minimum length of curve (ft) indicates the level of comfort
4 = fpeed (/) / and safety involved.
R = radius of curve (ft)
C = rate of increase of radial acceleration (ft/sec’/sec). Values range from
1to3
P, = minimum lateral offset between the tangent and the circular curve
(0.66 ft)

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 69

interchange 70
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4, Transition (Spiral) Curves

Important

* In fact, many highway agencies do not use transition
curves, since drivers will usually guide their vehicles into
circular curves gradually.

* A practical alternative for determining the minimum
length of a spiral is to use the length required for
superelevation runoff.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 7

ngth of Superelevation Runoff

when piral Curves Are Not Used.

* The tangent is joined directly with the main circular curve
called “tangent-to-curve transition”.

* If the curve is superelevated at a rate of e ft /ft., an
appropriate transition length must be provided.

* This superelevation transition length is composed of:
— superelevation runoff
- tangent runout.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 72
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Length of S%erelevation Runoff

when Spiral Curves Are Not Used.

* Superelevation runoff : is defined as the distance over
which the pavement cross slope on the outside lane
changes from zero (flat) to full superelevation of the
curve (e)

* For highways where :
— rotation is about any pavement reference line
— the rotated width has a common superelevation,

* The superelevation can be calculated by:

L, = minimum length of superelevation ranoff

&y = desipn superclevation rate (%)

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

A = maximum relative gradient (%) (0.78% @ 13 mph to 0.353% @ 50 mph)
(Wnl)ed ny = number of lanes rotated
r = T " b, = adjustment factor for number of lanes rotated (1 = L.00.2 = 0.75,3 = (L.6T)
w = width of one traffic lane (f1) {typically 12 fL.)

73
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Length of S%erelevation Runoff

when e Not Used.

piral Curves

* Minimum recommended superelevation runoff length:

Table 15.12 Superelevation Runoff L, (m) for Horizontal Curves

2 (%) Multilane Desipn Speed (km/h)
Multilane
Two-lane 32 l 48 o4 80 96 112 128
Two-lane )
~ 2 1 2 1 2 1 2 1 2 i ) 1 2
15 0 0 0 00 0 0 0 0 0 0 0 0 0

20 96 147 108 165 123 1R6 144 216 159 240 IR0 270 207 309
30 147 219 165 246 186 279 216 324 240 360 27.0 405 309 462
40 195 291 219 327 249 372 288 432 321 480 360 540 411 618
50 243 366 273 408 309 465 360 540 399 600 450 675 513 771
60 291 438 327 492 372 558 432 648 480 720 540 810 621 927
7.0 342 510 381 573 435 651 504 756 561 B40D 630 945 720 1080
80 390 585 435 654 498 744 576 864 639 960 720 1080 822 1233
90 438 657 492 735 558 837 648 972 720 1080 8LO0 1215 927 1389
100 486 729 546 819 621 930 72.0 1080 RO.1 1200 900 2250 1029 1542
110 534 B804 o60.0 90.0 684 1023 792 1188 RB7.9 1320 990 1485 1131 169.8
120 585 876 654 981 744 1116 B64 1296 96.0 1440 1080 1620 1233 1851

Note: (1) Two-lane - 3.6 m 2% cross slope
(2) Multilane — 3.6 m each direction rotated separately '5

Length of S%erelevation Runoff

when Spiral Curves Are Not Used.

* Theoretically, superelevation runoff should be placed
entirely on the tangent section thus providing full
superelevation between the PC and PT.

* In practice, sharing the runoff between tangent and
curve:
— Reduces peak lateral acceleration and its effect on side friction.
— Motorists tend to adjust their driving path by steering a
“natural spiral” thus supporting the observation that some of
the runoff length should be on the curve.
— In practice, 2/3 of the superelevation runoff on tangent
and 1/3 on curve.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 76
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ngth of Su A?erelevatlon Runoff

when piral Curves Are Not Used.

e Tangent runout : consists of the length of roadway
needed to accomplish a change on the outside-lane cross
slope from normal (i.e., 2 percent) to zero, or vice versa

* The minimum length of tangent runout:

Table 15.12  Superelevation Runoff L, (m) for Horizontal Curves

€(%) Design Speed (km/h)
32 48 64 &0 Y6 2 128
1 1 2 1 i 1 2 2
5 0 0 0 0 0 0 o 0
30 147 21 46.2
e 0 195 291 2 61.8
3 243 . .5 36 540 39 771
= JMC 0 2 2 372 558 432 648 480 720 544 92.
t e o 7 3 435 651 504 756 561 840 1084 0
e 80 3 4 498 744 576 864 639 960 23
d 20 35 558 837 648 972 720 1080 138.9
10.0 X 2. 621 930 720 1080 801 1200 29 1542
110 534 B804 m 0 90.0 684 1023 792 1188 879 1320 1 169.8
120 585 876 654 981 744 1116 B64 1296 960 1440 .3 1851
o . Nate: (1) Two-lane ~3.6m 2% cross s lp
L; = minimum length of tangent ronowt (ft) @) Molisne-36m each dircetion rotated separately
ey = normal cross slope rate (%)
£; = design superelevation rate (%)
L., = minimum length of superelevation runoff {ft)
77

ngth of Superelevation Runoff

wrth piral Curves.

* AASHTO recommends that when spiral curves are used in

transition design,
— Superelevation runoff should be achieved over the length of the
spiral curve.

Length of spiral curve = Length of superelevation runoff

78
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Length of Superelevation Runoff

with Spiral Curves.

Table 15.13 Tangent Runout Length for Spiral Curve Transition Design
Tangent Runout Length ( ft)
Superelevation Rate (%)
Desipn Speed (mi/fh) 2 4 4] & 10
15 44 — — — —
2 59 30 - - -
25 74 37 25 — —
88 44 29 — —
35 103 52 3 26 —
40 117 59 39 29 —
45 132 66 44 33 -
50 147 74 49 37 —
35 161 21 54 40 —
60 176 B8 59 44 —
65 19 96 64 48 38
T0 205 103 68 51 41
75 220 110 73 55 LL]
80 235 118 78 59 47
Note: (1) Values for ¢ = 2% represent the desirable lengths of the spiral curve transition.
(2) Values shown for tangent runout should also be used as the minimum length of the spiral transition
curve.
SOURCE: Adapted from A Policy on Geometric Design of Highways and Streets, American Association of State
Highway and Transportation Officials, Washington, D.C., 2M. Used with permission. 79
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Attainment of Superelevation

* The change from a crowned cross section to a
superelevated one be achieved without causing any
discomfort to motorists or creating unsafe conditions.

* There are four methods:
1. Crowned pavement is rotated about the centerline.
2. Crowned pavement is rotated about the inside edge.

3. Crowned pavement is rotated about the outside
edge.

4. A straight cross-slope pavement is rotated about the
outside edge.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 81
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Attainment of Superelevation

* Superelevation on divided highways can be achieved
through one of the following methods :

— Method 1 involves superelevating the whole cross section,
including the median, as a plane section.
* Rotation is done about the centerline of the median.

* Only for narrow medians and moderate superelevation rates
— Method 2 involves rotating each pavement separately around
the median edges, while keeping the median in a horizontal
plane.
* When median width is 30 ft or less,
— Method 3 treats the two pavements separately, resulting in
variable elevation differences between the median edges
* When median width is 40 ft or greater.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360 87
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Highway Geometric Design

Thank You Very Much
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