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Chapter Thirty-two
HORIZONTAL ALIGNMENT

Chapter 32 presents IDOT criteria for the design of horizontal alignment elements. This
includes horizontal curvature, superelevation, sight distance around horizontal curves, and
mathematical computations. Chapter 32 presents the information on horizontal alignment that
has an application to several functional classes of highway. Where a horizontal alignment
treatment only applies to a specific highway type, Part V, Design of Highway Types, presents
this information. For example:

. Chapter 48 discusses horizontal alignment for low-speed urban streets (V < 45 mph
(70 km/hr)).

° Each of the functional classification chapters in Part V presents typical superelevated
sections.

32-1 DEFINITIONS

This Section presents definitions for basic elements of horizontal alignment. Section 32-6
presents definitions and illustrations for mathematical details for horizontal curves (e.g.,
deflection angle (A), point of curvature (PC)).

1. Axis of Rotation. The line about which the pavement is revolved to superelevate the
roadway. This line will maintain the normal highway profile throughout the curve.

2. Broken-Back Curves. Closely spaced horizontal curves with deflection angles in the
same direction with an intervening, short tangent section (less than 1500 ft (500 m)).

3. Compound Curves. A series of two or more simple curves with deflections in the same
direction immediately adjacent to each other.

4, Low-Speed Urban Streets. All streets within urbanized or small urban areas with a
design speed of 45 mph (70 km/hr) or less.

5. Maximum Side Friction (fnax). Limiting values selected by AASHTO for use in the design
of horizontal curves. The designated fnax values represent a threshold of driver
discomfort and not the point of impending skid.

6. Maximum Superelevation (emax). The maximum rate of superelevation (emax) is an
overall superelevation control used on a widespread basis. Its selection depends on
several factors including climatic conditions, terrain conditions, type of area (rural or
urban), and highway functional classification.
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10.

11.

12.

13.

14.

15.

16.

17.

Normal Crown (NC). The typical cross section on a tangent section of roadway (i.e., no
superelevation).

Open Roadway Conditions. Rural facilities for all design speeds and urban facilities with
a design speed > 50 mph (80 km/hr).

Relative Longitudinal Slope. For superelevation transition sections on two-lane facilities,
the relative gradient between the centerline profile grade and edge of traveled way.

Remove Adverse Crown (RC). A superelevated roadway section that is sloped across
the entire traveled way in the same direction and at a rate equal to the cross slope on
the tangent section (typically, 3/16"/ft or 1/4"/ft (1.5% or 2%)).

Reverse Curves. Two simple curves with deflections in opposite directions that are
joined by a relatively short tangent distance or that have no intervening tangent (i.e., the
PT and PC are coincident).

Side Friction (f). The interaction between the tire and the pavement surface to
counterbalance, in combination with the superelevation, the centrifugal force or lateral
acceleration of a vehicle traversing a horizontal curve.

Simple Curves. Continuous arcs of constant radius that achieve the necessary highway
deflection without an entering or exiting transition.

Spiral Curves. A transitional curve where the rate of curvature begins at R = « (tangent)
and gradually decreases to R, which is the curvature of a simple curve.

Superelevation (e). The amount of cross slope or “bank” provided on a horizontal curve
to counterbalance, in combination with the side friction, the centrifugal force of a vehicle
traversing the curve.

Superelevation Rollover. The algebraic difference (A) between the superelevated travel
lane slope and shoulder slope on the high side of a horizontal curve.

Superelevation Transition Length. The distance required to transition the roadway from
a normal crown section to the design superelevation rate. Superelevation transition
length is the sum of the tangent runout (TR) and superelevation runoff (L) distances:

a. Tangent Runout (TR). Tangent runout is the distance needed to change from a
normal crown section to a point where the adverse cross slope of the outside
lane or lanes is removed (i.e., the outside lane(s) is level).

b. Superelevation Runoff (L). Superelevation runoff is the distance needed to
change the cross slope from the end of the tangent runout (adverse cross slope
removed) to a section that is sloped at the design superelevation rate (e).

32-1.2
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32-2 HORIZONTAL CURVES

Horizontal curves are, in effect, transitions between two tangents. These deflectional changes
are necessary in virtually all highway alignments to avoid impacts on a variety of field conditions
(e.g., right-of-way, natural features, man-made features).

32-2.01 Types of Horizontal Curves

32-2.01(a) General

This section discusses the several types of horizontal curves that may be used to achieve the
necessary roadway deflection. For each type, the discussion briefly describes the curve and
presents the IDOT usage of the curve type. Section 32-6 presents detailed figures for the basic
curve types (simple, compound, and spiral), and it presents the necessary details and
mathematical equations for the typical applications of horizontal curves to highway alignment.

32-2.01(b) Simple Curves

Simple curves are continuous arcs of constant radius that achieve the necessary roadway
deflection without an entering or exiting taper. The radius (R) defines the circular arc that a
simple curve will transcribe. All angles and distances for simple curves are computed in a
horizontal plane.

Because of their simplicity and ease of design, survey, and construction, IDOT typically uses the
simple curve on highways.

32-2.01(c) Compound Curves

Compound curves are a series of two or more simple curves with deflections in the same
direction. IDOT uses compound curves on highway mainline only to meet field conditions (e.g.,
to avoid obstructions that cannot be relocated) where a simple curve is not applicable and a
spiral curve normally would not be used. Where a compound curve is used on a highway
mainline, the radius of the flatter circular arc (R+) should not be more than 50% greater than the
radius of the sharper circular arc (Rz2). In other words, R1 < 1.5 Ro.

Chapter 36 discusses the use of compound curves for intersections (e.g., for curb radii, for
turning roadways). Chapter 37 discusses the use of compound curves on interchange ramps.

32-2.01(d) Spiral Curves

Spiral curves provide an entering transition into a simple curve with a variable rate of curvature
along its layout. As an option to a simple curve, a restricted horizontal alignment and high-
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speed conditions may be conducive to the introduction of a spiral curve. Figure 32-2.A presents
the guidelines for the use of spiral curves under these conditions. The parts of a spiral curve
may be calculated with the use of the Department’s approved computer software.

32-2.01(e) Reverse Curves

Reverse curves are two simple curves with deflections in opposite directions that are joined by a
relatively short tangent distance. In rural areas, a minimum of 500 ft (150 m) should be
provided between the PT and PC of the two curves for appearance. Superelevation
development for reverse curves requires special attention. This is discussed in Section 32-3.

32-2.01(f) Broken-Back Curves

Broken-back curves are closely spaced horizontal curves with deflection angles in the same
direction with an intervening, short tangent section (less than 1500 ft (500 m) from PT to PC).
Avoid broken-back curves on highway mainline because of the potential for confusing a driver,
problems with superelevation development, and the unpleasant view of the roadway that is
created. Instead, use a single, flat simple curve or, if necessary, a compound curve.

US Customary Metric
Design Speed Maximum Radius Design Speed Maximum Radius
(mph) (ft) (km/hr) (m)
50 1265 80 379
55 1530 90 480
60 1820 100 592
65 2140 110 716
70 2480 120 852
75 2846
Notes:
1. Spiral curves are typically only used on new construction/reconstruction projects on
freeways, expressways, and rural principal arterials.
2. Do not use spiral curves on bridges.
3. The benefits of spiral curve transitions are likely to be negligible for larger radii.
4, Maximum radius for use of a spiral is based on a minimum lateral acceleration rate of

4.25 ft/s? (1.3 m/s?).

GUIDELINES FOR SPIRAL CURVES

Figure 32-2.A
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32-2.02 General Theory

This section summarizes the theoretical basis for the design of horizontal curves. For more
information, the designer should refer to the latest edition of AASHTO A Policy on Geometric
Design of Highways and Streets.

32-2.02(a) Ball-Bank Indicator

When a vehicle moves in a circular path, it is forced radially outward by centrifugal force. Figure
32-2.B illustrates the dynamics of a vehicle negotiating a horizontal curve, and it presents the
geometry of the ball-bank indicator. This is a device that can be mounted on a vehicle in
motion. The ball-bank reading indicates the combined effect of the body roll angle (p),
centrifugal force angle (0), and superelevation angle (¢). The centrifugal force is
counterbalanced by the vehicle weight component related to the roadway superelevation or by
the side friction developed between tires and surface or by a combination of the two.

Centrifugal
Force

Ball-bank indicator angle
Body roll angle
Centrifugal force angle
Superelevation angle

b-p

e ©T §
Il

GEOMETRY FOR BALL-BANK INDICATOR

Figure 32-2.B
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32-2.02(b) Basic Curve Equation

The point-mass formula is used to define vehicular operation around a curve. Where the curve
is expressed using its radius, the basic equation for a simple curve is:

2
R = _v' (US Customary) Equation 32-2.1
15(e +f)
V2 . .
R= — (Metric) Equation 32-2.1
127 (e +f)
where: R = Radius of curve, ft (m)
e = Superelevation rate, decimal
f = Side-friction factor, decimal
V = Vehicular speed, mph (km/hr)

32-2.02(c) Theoretical Approaches

Establishing horizontal curvature criteria requires a determination of the theoretical basis for the
various factors in the basic curvature equation (Equation 32-2.1). These include the set of side-
friction factor (f) values and the distribution method between side friction and superelevation.
The theoretical basis will be one of the following:

1. Open-Roadway Conditions. Open-roadway conditions apply to all rural facilities and to
urban facilities where the design speed (V) > 50 mph (80 km/hr). Open suburban
highways may be designed for open roadway conditions if there is a good potential for
such a highway becoming closed suburban in 10-15 years. The theoretical basis for
horizontal curvature assuming open-roadway conditions includes:

. relatively low side-friction factors (i.e., a relatively small level of driver discomfort;
see Section 32-2.02(e)); and

. the use of AASHTO Method 5 to distribute side friction and superelevation (see
Section 32-2.02(f)).

2. Low-Speed Urban Streets. Low-speed urban streets are defined as streets within an
urban or urbanized area where the design speed (V) < 45 mph (70 km/hr). Chapter 48
presents the detailed criteria for horizontal alignment design on these facilities. The
theoretical basis for horizontal curvature assuming low-speed urban street conditions
includes:

. relatively high side-friction factors to reflect a high level of driver acceptance of
discomfort (see Section (32-2.02(e)); and

. the use of AASHTO Method 2 to distribute side friction and superelevation (see
Section 32-2.02(f)).
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3. Turning Roadway Conditions. Turning roadway conditions typically apply to roadways at
intersections. See Chapter 36. The theoretical basis for horizontal curvature assuming
turning roadway conditions includes:

. relatively high side-friction factors to reflect a higher level of driver acceptance of
discomfort (see Section 32-2.02(e)); and

° a range of acceptable superelevation rates for combinations of curve radius and
design speed to reflect the need for flexibility to meet field conditions for turning
roadway design.

32-2.02(d) Superelevation

Superelevation allows a driver to negotiate a curve at a higher speed than would otherwise be
comfortable. Superelevation and side friction work together to offset the outward pull of the
vehicle as it traverses the horizontal curve. In highway design, it is necessary to establish
limiting values of superelevation (emax) based on the operational characteristics of the facility.
Section 32-3 discusses emax Vvalues for open-roadway conditions on new construction/
reconstruction projects.

32-2.02(e) Side Friction

AASHTO has established limiting side-friction factors (f) for various design speeds; see Figure
32-2.C. ltis important to realize that the f values used in design represent a threshold of driver
discomfort and not the point of impending skid. As indicated in Figure 32-2.C, different sets of f
values have been established for different operating conditions; see Section 32-2.02(c). The
basis for the distinction is that drivers will accept different levels of discomfort for different
operational conditions.

32-2.02(f) Distribution of Superelevation and Side Friction

As discussed above, the minimum radius is based on the emax and fmax that apply to the facility.
For curvature flatter than the minimum, a methodology must be applied to distribute
superelevation and side friction for a given radius and design speed. The following describes
the distribution methods:

1. Open-Roadway Conditions. Superelevation and side friction are distributed by AASHTO
Method 5, which allows e and f to gradually increase in a curvilinear manner up to emax
and fnax. This method vyields superelevation rates for which the superelevation
counteracts nearly all centrifugal force at the average running speed and, therefore,
considerable side friction is available for those drivers who are traveling near or above
the design speed. Section 32-3 presents the superelevation rates which result from the
use of Method 5.
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2. Low-Speed Urban Streets. Superelevation and side friction are distributed by AASHTO
Method 2, which allows f to increase up to fnax before any superelevation is introduced.
The practical effect of AASHTO Method 2 is that superelevation is rarely warranted on
low-speed urban streets (V < 45 mph (70 km/hr)). Chapter 48 presents the
superelevation rates which result from the use of Method 2. For this method of
distribution, the superelevation rates may be calculated directly from Equation 32-2.1
using f = fmax.

0.50

0.40
\
~ \
= T @)
\\
S I pa—
5 0.30
o
L
5 \ @
°
= 0.20
b ~——_
35 —
" I e
\
0.10
0.00
20 25 30 35 40 45 50 55 60 65 70 75
Speed (mph)
L | | | | | | | | J
30 40 50 60 70 80 90 100 110 120
Speed (km/h)
® Estimated point of impending skid assuming smooth tires and wet PCC pavement.

@ Side-friction factors for design.

COMPARISON OF SIDE-FRICTION FACTORS (f)
Figure 32-2.C
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32-2.03 Minimum Radii

The minimum radii is calculated from Equation 32-2.1 using the applicable values of emax and
fmax. In most cases, the designer should avoid the use of minimum radii because this results in
the use of maximum superelevation rates. These rates are not desirable because the highway
facility must accommodate vehicles traveling over a wide range of speeds. This is particularly
true in lllinois where the entire State is subject to ice and snow, and the rate of superelevation
should preclude vehicles that are stopped or traveling slowly from sliding down the cross slope
when the pavement is icy. Figures 32-2.D (émax = 8.0%), 32-2.E (emax = 6.0%), and
32-2.F (émax = 4.0%) present the minimum radii for open-roadway conditions.

32-2.04 Maximum Deflection Without Curve

It may be appropriate to omit a horizontal curve where very small deflection angles are present.
As a guide, the designer may retain deflection angles of about 1° or less (urban) and 0°15' or
less (rural) on the highway mainline. For these angles, the absence of a horizontal curve should
not affect aesthetics.

32-2.05 Minimum Length of Curve

For small deflection angles, horizontal curves should be sufficiently long to avoid the
appearance of a kink. For aesthetics, a minimum 550 ft (170 m) length of curve for a 5° central
angle will eliminate the sense of abruptness for speeds of 75 mph (120 km/hr). For lower
design speeds, however, a 550 ft (170 m) minimum length of curve is not required to eliminate
the sense of abruptness, and this length would impose undue requirements on the horizontal
curvature. The length of curve required to permit superelevation transition at a speed of 30 mph
(50 km/hr) is approximately 100 ft (30 m) at emax = 8.0%. Assuming 100 ft (30 m) for 30 mph
(50 km/hr) and 550 ft (170 m) for 75 mph (120 km/hr), Figure 32-2.G is produced by providing
logical increments for minimum length of curve for a 5° central angle for the intermediate design
speeds.

Where the central angle is less than 5°, the minimum length of curve may be less than the
values in Figure 32-2.G. Figure 32-2.H provides approximate adjustments for smaller deflection
angles.

For central deflection angles more than 5°, the radius should be used to calculate the length of
curve using the following equation:

_ 2nRA Equation 32-2.2
360
where: L = length of curve, ft (m)
A = deflection angle, degrees
R = radius of curve, ft (m)
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US Customary Metric
Design Speed, fmax Minimum Radii, | Design Speed, fmax Minimum Radii,
V (mph) (for comfort) Rmin* (ft) V (km/hr) (for comfort) Rmin* (M)
20 0.27 76 30 0.28 20
25 0.23 134 40 0.23 41
30 0.20 214 50 0.19 73
35 0.18 314 60 0.17 113
40 0.16 444 70 0.15 168
45 0.15 587 80 0.14 229
50 0.14 758 90 0.13 304
55 0.13 960 100 0.12 394
60 0.12 1200 110 0.11 501
65 0.11 1480 120 0.09 667
70 0.10 1810
75 0.09 2210
MINIMUM RADII
(emax = 8.0%, Open-Roadway Conditions)
Figure 32-2.D
US Customary Metric
Design Speed, fmax Minimum Radii, | Design Speed, fmax Minimum Radii,
V (mph) (for comfort) Rmin* (ft) V (km/hr) (for comfort) Rmin* (M)
20 0.27 81 30 0.28 21
25 0.23 144 40 0.23 43
30 0.20 231 50 0.19 79
35 0.18 340 60 0.17 123
40 0.16 485 70 0.15 184
45 0.15 643 80 0.14 252
50 0.14 833 90 0.13 336
55 0.13 1060 100 0.12 437
60 0.12 1330 110 0.11 560
65 0.11 1660 120 0.09 756
70 0.10 2040
75 0.09 2500
MINIMUM RADII
(emax = 6.0%, Open-Roadway Conditions)
Figure 32-2.E
*(US Customary) R = v2 ; values for design have been rounded to the nearest 1 ft.

* (Metric) R

min

V2

15(emax *+ fmax )

127(emax + Tmax )

values for design have been rounded to the nearest 1 m.

32-2.8
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US Customary Metric
Design Speed, fmax Minimum Radii, | Design Speed, fmax Minimum Radii,
V (mph) (for comfort) Rmin* (ft) V (km/hr) (for comfort) Rmin* (M)
20 0.27 86 30 0.28 22
25 0.23 154 40 0.23 47
30 0.20 250 50 0.19 86
35 0.18 371 60 0.17 135
40 0.16 533 70 0.15 203
45 0.15 711 80 0.14 280
50 0.14 926 - - -
Note:  The use of minimum radii for emax = 4% is only intended for certain conditions as described in Figure 32-3.A.

*(US Customary )

V2

Rmin =

15(emax * fmax )

;  values for design have been rounded to the nearest 1 ft.

*(Metric) Rmin = V2 values for design have been rounded to the nearest 1 m.
127(emax + fmax )
MINIMUM RADII
(emax = 4.0%, Open-Roadway Conditions)
Figure 32-2.F
US Customary Metric
Design Minimum Curve Design Minimum Curve
Speed, Length of Radius* Speed, Length of Radius*
V (mph) Curve, L (ft) (ft) V (km/hr) Curve, L (m) (m)
30 100 1145 50 30 344
35 150 1720 60 50 573
40 200 2290 70 70 802
45 250 2865 80 90 1031
50 300 3440 90 110 1260
55 350 4010 100 130 1490
60 400 4585 110 150 1719
65 450 5155 120 170 1948
70 500 5730
75 550 6300
*R = 360L
21A
Note: Calculated values have been rounded to the nearest 5 ft (1 m) increment. In all cases, the

designer must consider the length of superelevation runoff in conjunction with the minimum length
of curve. Under certain conditions, this may increase the minimum length of curve.

MINIMUM LENGTHS OF CURVE
(A =5

Figure 32-2.G

32-2.9
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Central Deflection Angle * Adjustment Factor
(A) Applied to Figure 32-2.G
5° 1.00
4° 0.80
3° 0.60
2° 0.40
1° 0.20

* For intermediate central deflection angles, use a straight-line interpolation.

ADJUSTMENTS FOR MINIMUM LENGTHS OF CURVE
(A<59)

Figure 32-2.H
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32-3 SUPERELEVATION DEVELOPMENT (Open Roadway Conditions)

This section presents IDOT criteria for superelevation development when using open-roadway
conditions. These types of facilities generally exhibit relatively uniform traffic operations.
Therefore, for superelevation development, the flexibility normally exists to design horizontal
curves with the more conservative AASHTO Method 5 (for distribution of superelevation and
side friction) and by providing gentler superelevation transition lengths. This will maximize
driver comfort and safety. The following sections present the specific design criteria for
superelevation rates and transition lengths assuming open-roadway conditions.

32-3.01 Superelevation Rates

32-3.01(a) Maximum Superelevation Rate

As discussed in Section 32-2, the selection of a maximum rate of superelevation (emax) depends
upon several factors. These include urban/rural location, type of existing or expected roadside
development, type of traffic operations expected, and prevalent climatic conditions within lllinois.
For open-roadway conditions on new construction/reconstruction projects, Figure 32-3.A
identifies the selection of emax.

32-3.01(b) Superelevation Tables

Based on the selection of emax and the use of AASHTO Method 5 to distribute e and f, Figures
32-3.B, 32-3.C, and 32-3.D allow the designer to select the appropriate superelevation rate (e)
for any combination of curve radius (R) and design speed (V). Note that the superelevation
rates in the tables are expressed as percents, which is the accepted presentation on
construction plans. For the equations in which superelevation is included (e.g., superelevation
runoff equation, point-mass equation for curve radius), e is expressed as a decimal (i.e., (e in
%) + 100).

32-3.01(c) Minimum Radii Without Superelevation

A horizontal curve with a very large radius does not require superelevation, and the normal
crown section (NC) used on tangent can be maintained throughout the curve. On sharper
curves for the same design speed, a point is reached where a superelevation rate of 1.5%
across the total traveled way width is appropriate. Figures 32-3.B, 32-3.C, and 32-3.D provide
the threshold (or minimum) radius for a normal crown section at various design speeds.
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Type of Facility Design Speed* €max
. V > 60 mph o
Rural Highways (V > 100 km/hr) 6.0%
Rural Two-Lane Directional or Semi- V > 55 mph 6.0%
directional Roadways (V =90 km/hr) e
V < 65 mph o
Rural Frontage Roads (Type A, B, or C) (V <90 km/hr) 8.0%
: . . V =60 mph o
Rural Strategic Regional Arterials (SRAs) (V = 100 kmv/hr) 6.0%
High Speed Urban Highways and Urban
Two-Lane Directional or Semi-directional \>/>28500km32 6.0%
Roadways (V= m/hr)
Open Suburban Likely to Become Closed V =50 mph 4.0%
Suburban Within Next 10 Years 2 (V = 80 km/hr) e
Open Suburban Likely to Remain Open V =50 or 55 mph 6.0%
Suburban for Next 10 Years ' (V =80 or 90 km/hr) e
Low-Speed, Wrap-Around Frontage
Roads (Suburban Areas) and Realigned V =25, 30, 35, 40, 45 mph 4.0%
Township/County Roads Near State (V =40, 50, 60, 70 km/hr) i
Route Intersections
Ramps km/hrSee Section 37-4.04 6.0% or 8.0% 2
Last Curve on Stop/Signal Controlled Exit V <40 mph 6.0%
Ramp Tying into Crossroad (V <60 km/hr) —
Notes:
1. See Section 43-2 for definitions of suburban types.
2. For low-speed urban conditions, see Section 48-5 for values of emax.
3. With snow and ice conditions and considering stop and go traffic during rush hours, use
a maximum superelevation of 6%.
4. For more information on selection of design speeds for different highway types, see the

chapters in Part V and Chapters 36 and 37.

SELECTION OF Emax
(Open-Roadway Conditions)

Figure 32-3.A

HARD COPIES UNCONTROLLED

32-3.2



HORIZONTAL ALIGNMENT August 2018

inois

(Arewolsng sn) g'¢-z¢ 21nbi4

(s POyl OLHSVY - suonipuog Aempeoy-uadp)
%8 = "3 pue (A) s@33ds N9IS3IA (3) S31vH NOILYATTIIHIANS NDISIA 10} (W) 1AV WNININIIN

"aoe|d U ulewal 0} saAino Bulsixa oy 303yo 0) pash aq A|uo pinoys abuel siyj ul spaads Joj sajel uoleasjasedng =
%G| = UMOID [BLLION = DN

=]

BoLzz =Yy | yoigL =Wty [ posyl =YY | BoogL = UMY | yooe =My [ 3ess=UMyY |y sgs =My | B by = UMY (B pie =My |y pLe = YWY (3 pet = UMY |y o = Uty
glee oL8lL 08kl 00z k 096 852 185 add ¥LE ¥Le PEL BN 08
00Sc 0602 0zZl olrl ovlLL 106 102 £eg 08¢ 19z ¥ol 6 84
0g9c 0gze 0581 0e5 ) 0Ezl 086 59/ £85 LLp I8¢ zsl S0l 9/
0842 0%eT 061 DE9 ) 0zl 0901 zzs 829 LS zle 861 GLL ()
0062 0¥Z 002 0ZiL 00F L ozhL 8.8 zi9 S8t gee k4 szl Ay}
oLog 0852 o)1 0zsk o8l 06LL ££6 gL 816 09g L€ Gel 02
0ZLE 0692 0822 0L6 0951 0921 066 19/ €55 g8g 8 arl 29
oves 0642 08eZ oLoz 059l ogcl 050l 808 065 Ci 192 118 99
0ges (o] -4 06¥2 oLle 0Ell ookl oLLL 158 829 zhb 182 0.l ]
08re 0z0% 0092 olez 0Z8l 08¥L 08LL 606 699 Civ 80¢ ¥8L z9
02os 0slE (o] Wi 0zee 0Z61 0951 05zl 596 gLs 905 zge 661 09
09.% 082% 0¥8¢ 0Ere 0lL0e 0591 0zEl 0g0L 192 ers 85E gl 8G
0268 0zre 062 066z ozZle oLl 06£L 0601 £Lg 285 /8¢ 9¢e 96
060% 0/5¢ oLlg 0892 0g£2e 0£8L osrl 091l 08 129 oz 852 ¥G
oleretd 0vig 05zg 028T 0see 0g6l 0951 0gzl 626 9.9 L5t ¥z zs
09y olLeg oLye 0962 0¥e 00z 0591 oLEL 166 izl 86v rig 0§
0/9% 00L¥ 065% oclE olez 09lz 0S.1 06EL 0901 6.1 zHS 6¥¢ 8Y
069% olLey 0248 06ZE 05.2 08zz 058l 0irl 0gtl ¥£8 585 ¥gc 9¥
ovLS 0vSP 086¢ 0L¥E 0lL6e oLre 0961 0951 00gL £68 0£9 8L vy
OL¥S 08i¥ 00Z¥ 0/9g 080% 0952 0802 0991 08zl 556 8.9 £Gh Ty
0LLG 0505 0SkP 069E 0/zg 0ziz ozee 0241 0.gl 0g0L ez. 06¥ 0¥
009 0GES 0LZ¥ oblLE 08FE 0682 09¢2 0681 0iFL 00kl ¥8. 0g5 8¢
00F9 0895 0L0s 0]8j47 oLig 060% 0zse 0zoZ 0.5 oSkl S8 zis 9¢
0089 0509 05¢5 00/t 0/6¢ ooge 00.2 01z 0691 0.zl L6 oze ¥e
09z 09%9 0zi5 0v0s 0szy 0sse 0062 0gee 0z8l 0.€lL 586 z/9 ze
0847 0£69 orLa 0Zrs 085Y 0zs8e ogle oLsz 0961 oSkl 00l 0gl 0¢
0/£8 0¥2 0£99 0985 0g6¥ 0gLy 06g% 0cle ngle 0LoL 0ZLL 96/ 8¢C
0506 0608 08L/ yjs1ote] 0/£5 06F¥ 069¢ 0962 0zee 0971 08zl z/8 9z
0S86 (o] Be1-] 0£8/ 0s69 0/9% oLe¥ oo ovze ovse 0g6l oovlL 656 ¥z

00801 0996 0098 029/ 05+9 0obs Ot 0.5¢ 0082 ogiz 0551 0.0l zz
00021 0020} olLse Ovr8 0512 0665 0g6¥ 0.6¢ ozle 0.€2 0zl 0611 0ze
00Lal 005 1 006'C1 00s'LL 0Z/6 0sLe oL9 oL¥S 09z¥ ovze 0/€2 orol gl
0oLgl < 00SpL < 006l < 0051} < 0216 < 0518 < 0149 < oL¥S < 092k < orzg < 0/ET < ool < ON
(W (o (o [§THEY] Wy (o () [T e [T Wy [STeY (%)
ydwgz = A ydwgz = A yduwgg = A ydwpgg = A ydwgg=A | ydwos=A | ydwep=pA | ydwor=A | ydwge=p | ydwoe=A | ydwgz=p |ydwog=A| ®

32-3.3

HARD COPIES UNCONTROLLED



August 2018

HORIZONTAL ALIGNMENT

Illinois

(o) g-¢-z¢ 21nbiyg

(s POoYIRINl OLHSVYV - suonipuo) Aempeoy-uadQ)
%8 = **"a pue ‘(A) SG33dS NOIS3A ‘() STALVYH NOILYATTIHIANS NOISAA 104 (M) navy WNWINIW

"aoe|d Ul urewal o} saAno Buisxa Jop yoayo o) pasn aq Ajuo pinoys abuel siy) Ul spaads 10} Sajel uonesapladng =
%G’ = UMOID [BULION = DN

a

wygg =ttty | wigg="My | wpeg =My | wppg =ty | wezz =My | wggl =Y jwel) =Wy | wey = UMY | w iy = Uity | wog = Yty
£99 105 =3 ¥0g 62z 89l ELl €L K 0z 08
5L 615 oy 65¢ €z 2oz el 06 z5 oz 8L
€08 129 66% 68¢ 96Z (k4 0st 66 L5 62 9L
e 289 1S Siy gie LET zol 01 Z9 1€ VL
6.8 169 195 vy gee ST vl Sk 89 ¥e TL
16 veL 165 oy 85¢ 0Lz g8l 24 €L L€ 0L
8¥6 251 0ze 68% 6.E 8T 861 zel 6L o¥ g9
z86 68L 159 LS oo ¥0g b]24 Ll S8 e g
0zol €28 189 ovg zey zee g4 ] 16 o ¥'9
0901 158 1L 195 Shy ore 8ET 1ol 86 08 zo
004} 68 ovL 565 69y 09¢ 34 Ll 901 55 09
05l €26 V8L 529 6 zec 0Lt sel Sk 65 8¢
00z} 16 618 959 1zs so¥ 89z 861 sel 59 o¢
oSzl 0z0L 658 689 6vS 6cy L0¢ 24 ol 72 ¥'s
00€! 0.0L 106 Tl 6.8 St 8ze 6ec 8yl 8L A
09€l 0TLL Lb6 oL L9 o8t BrE ovT €91 8 oS
0zrl 0811 966 €08 5v9 605 Lig €9z 8Ll 96 8¥
06¥ | vzl 050l L¥8 z89 ors S6¢ 182 z61 o0l o¥
0.5} 00ek OLLL 568 zeL €18 Ly log 80C SL1 a4
059l 08El 08l 8v6 99. 809 Bvy 1ze ¥ee vzl T
ovLl sl vzl oLal cie 8r9 BLF vhe T EL 0¥
ov8l o¥SL 0zel 0401 908 069 zls 89¢ 652 L g€
0561 0v9l orl oviL 26 8eL 8¥S s6¢ 6.C 951 g€
0802 ObLL 00s! ozzl 886 06 885 sz zZoe 69l v'e
ozze 0/81 olgl OLEL 0901 6v8 £e9 85t oze €8l ze
0.£2 0002 0eLl oLpl 0541 9l8 ¥89 96+ SE 661 o€
0s52 0slT 0981 ozsl vzl 266 27 6eS s8¢ T 8c
09iT 0¥ET 0z0e 0ggl 05EL 0801 808 8 \zh L€T 9T
0l0g 0S5C ooze 0081 0Lvl 0641 588 b9 €oF LT ¥'Z
062€ 06T 0zre 086l 0zl 00gL 9.6 L zls 88z (44
0r9e 060€ 089C 0612 0621 0S¥l 0604 161 LS zee 0e
006¥ 08l 0g9e 0462 Ovbe 0461 0¥ 0604 8L 2 Sl
006¥ < 081L¥ < 0€9E < 0L6T < obe < 0461 < 06¥| < 0601 < 8L < Ebp < ON
(w)y (w)y (w)y (w)y (w)y (w)y (w)y (wy (wy (w)y (%)
WU OZL=A | WUMOLL=A | WuW00L=A | WWi0E=A | WUud08=A | WUNOL=A | WuN0g=A [ Wuwi0s=A | wuwior=A | wuoe=A | °

HARD COPIES UNCONTROLLED

32-3.4



HORIZONTAL ALIGNMENT August 2018

inois

(Arewoysng gn) 9'¢-z¢ 2inbi4

(G POYIB|] OLHSYY - suonipuo) Aempeoy-usdg)
%9 = ™3 pue ‘(A) SG33dS NOIS3A ‘(3) S3LVH NOILYATTIHIANS NOISIA 104 (H) 11avd WNIWINIA

%G| = UML) [eULON = ON

B00sz = Uy | yor0z ="My | yoog ="My | yocgL =Yy | yoool =YWy | ygee = YUWy | Bepg = UMY | yoap = UMY | Bops =Yy | 15z = YWY [ gopl = WY | 3 g = Uy
0082 0HiZ 089} 0gel 080} €8 Fa gey ove 1€2 pl I8 09
0./62 00bZ 020z 0%l 0zEl v} a8 119 Iep 967 8l a0l 85
) 002 0£22 0est 0/p} 091} £06 199 189 6ee 21z ¥4 95
00¥E 0162 0Zke 066} 0lo} 082} 566 65 0rS 1> 152 ol v's
069¢ 0zig 0Lez 091z 05/} 065} 060} £eg 565 cly YOE Gl A
0168 0egE 0082 0£€z 068} 0lst 0641 116 59 ogh 62 691 05
Oblb 056¢ 0002 lse 050¢ 0rol oogt 566 8LL 205 I3 68l (K
08gk 0Lg 0zze ke alee 08} Ll 060+ 88 665 09€ AR 9%
X 0lov Orbe 0Z6e 00Ke 0v6l o¥sl 061} 898 619 ) 82 vy
0l6k 0Ly 0995 arls 065¢ 0Lle 089t algk 096 89 st 042 i
0zes 05G¢ 0668 06ES Ql8e 00€T il Qrpl 0.0} 09/ LG 60¢ 0¥
0045 008 gk 069¢ 0r0g 062 010z 065} 061} 98 €85 88¢ 8¢
0¢85 0lzs QrSh 0v6e 0628 0lZ 0612 orll ozel /8 ¢/9 ek 9¢
0¥58 0855 06ep aszy 098¢ 0v6Z 0682 006} 0ovl 080} L9/ 86b ve
0L88 0L00 0925 009y 0088 002§ 0092 0302 0094 00z} 068 005 Z¢
0ges 06¥9 QL5 066F 00ck 088 0HeT 0422 00/} ozel b6 GE9 0¢
086! 0e0, 0029 0rbS 08%Y 008¢ OLLE 06¥C 0g6} 091 = 60 8z
0798 009/ 0449 0565 0205 0/l¥ 0Zhe 0t/2 0gle il 044 |61 9z
0zs 0858 % 7] =t 0255 009% 0L 0£0g 002 06} 0osk 88 v
00¥'0} 0+Z6 0028 0gzs LLg 0015 06Lb 0/¢8 0gez 0002 5L 166 A
00s'1} 00c'ol 0cL6 0908 0289 00.5 089% 045 0662 0¥ee 0col el | 0T
002's} 00L'pl 009zt 00L'Hh al¥6 0/8! 089 0525 oLy 0cLg 0622 0%l | Sl
002G} < 00l pl < 009l < 00LH < 016 < 0/8.< 08¥9 < 0ECS < 00H¥ < el < 06CE < 08sk< | oN
Wy (W (W () Wy hY Wy (W (W Wy Wy (¥ (%)

ydug/=p | uwdwor=p | ydwge=p | ydwoo=p | ydwes=pA | ydwps=A | ydwep=pA [ ydwgb=p | ydwgg=A | ydwog=A | ydwez=A [ydwoz=p| @

32-3.5

HARD COPIES UNCONTROLLED



HORIZONTAL ALIGNMENT August 2018

inois

(oms) 9¢-z¢ 2unbid

(5 pouls|y OLHSVY - suonipuo) Aempeoy-uadQ)
%9 = **“3 pue ‘(A) S@33dS N9IS3A (3) SALVYY NOILYATT1IYIANS NOISIA 10} () 1AV WNWINIW

94,G'| = UMOID [BULION = DN

wos, ="y | wogg =ty | wyep ="My [woge ="My | wigz =y | wpgl =Y | wieg) =Wy | wig =Wy [ wey = Uty | w )z = Wiy
95/ 095 i€y 9¢g 25z b8l €l 6. £r Iz 09
006 649 1€5 9Ly Slg cee 9s1 2ol 95 8C 8¢
086 LhL b6G cov 1> 0ge 9Ll Shi €9 4 9g
0901 0L8 89 905 98¢ 182 561 82l i 9¢ g
0Tkl V18 102 65 \zy SlE ¥lZ ads 6. or A
0611 €6 g6L y6g LS¥ £ve GEC 951 8¢ 14 0g
09zl 166 28 1¥9 96¢ bIE 86T 2Ll 16 05 8
0gel 0201 €18 269 825 80% £8C 06} 80) 95 9'p
Obtl ovil 86 9L p8g oty Le 0le k43 €9 44
0051 0zzl 0oL 908 g9 88y ere 1474 9l 4 A
0651 00gl 0601 0.8 069 5gg 08¢ 192 551 4 0'v
00zl 06E) 0L1L 656 6L 985 522 ¥6C Lil 96 8¢
o8l 06+1 09zl 0ok €18 09 et 62€ 90z bl 9¢
o6l 009} 09gl 004 288 169 LG ¥9¢ 62 gel >
0802 0Ll 0¥l 0611 656 192 195 zor 692 25) gE
0rze 0481 0651 062k 0501 leg 519 cry 0og 0L} 0¢
ocre 0c0e 0gLl Obbl 05H 016 9.9 88y ¥ee 08l 8T
09z oLze 0681 0¥Sl 09z} 000L b1 oS 2ig ziz 9T
0482 ozve 0802 00L 0sEl ObLL 5e8 669 Sly 9€z vz
ogle 0482 0oge 088l 0gs1 oszh 616 899 Sop 59T T
0lse 0462 095¢ 0602 0bLl 08el 00l 0L 528 66T 0T
0LLY 090% 0l6E 0882 09€2 0L6l Opbl 0504 BEL \ey gl
0LLp < 090% < 016¢ < 088C < 09€C < 016 < Ot < 0501 < BEL < 1Zp < ON
(uy (uhy (uy (uy (uy (upy (uy (w)y (u)y (u)y (%)
Yusioeh =A | WUMOLL=A | WWMO0k=A | WUN06=A | YWUNMO0B=SA | WUNOL=A | WUM09=SA | YUWNOS=A | WUWAOp=A | Yyuioe=A | ®

HARD COPIES UNCONTROLLED

32-3.6



August 2018

HORIZONTAL ALIGNMENT

Illinois

%P = **"a pue ‘(A) SA33dS NDIS3A (3) SILVH NOILYATIIHIANS NDISIA 104 (M) 11avy WNWININ

a‘e-z¢ 24nbig

(S POYP OLHSYYV - suonipuod Aempeoy-uadQ)

%G | = WAOID [BULION = DN

wogz ="y | wepz =Wy | wogp =Yy | wog=tty | wyp=Ultly |wgz =Yty
08z €0z gel 98 ¥ ze 0%
18E 8.2 181 \zh 29 X3 8¢
¥y 6C¢ et ¥l [ gc g'c
815 z8¢ 09z 0LL 96 S pE
165 £hi €0g €51 FLL ¥ ze
069 9ls 95¢ Feord €L #9 o€
208 S09 i o €8C 91 64 8¢
#¥6 oz 805 Ghe 602 66 9¢
OLLL gog a9z9 =8 ciZ cel ¥'e
o6zt 0zol 6¥. ¥ES £9€ 181 ze
5%l ogstLl L8 ceo Lkt FAYA 0¢
0L1Z orLL oLl 156 649 L2E 5l
01z < ObLL < 0LEL < 166 < 629 < g < oN
(w)y (u)y (u)y (uny (wyy (w)y (%)
y/wy 08 = A YWy 0L = A w09 = A YuwspS=A | YWuNOor=A | Wusoe=A | ®
oA
yoze =Wy | yp ="y | yeeg =My | yze="ty [ yosz=""Wy | ypgL ="y [ ygg="ly
9z6 v €ES LLE 0sz ¥G1 98 0%
09zt 0.6 0cl ZIS 8he GLZ zzl 8¢
o8yl (al=10} 598 oL9 ol 652 irl 9¢
0cLl orclL oLoL tlLL 06+ L0E GLl e
0861 0SSt 0811 see 9.5 £9€ 602 ge
0622 0081 0/EL z86 189 EEp Lsz o€
Q99 cole gzl 0LLL L8 tecs 80g 8¢
oclE 06+2 0E6l ozyl 0001 0s9 g8c 9¢
069t oeee oree 0941 0Ll g¢€8 cls +'e
08zy 08¥e 09.2 0zlZ 0851 oLLL v} ze
Qrey (8]0} 0gee 06t oegl orElL c06 0¢e
0zZL 0E6S 0Lit 0elE 0e8e 0502 oLl Gl
0Tzl < 0€66 < 0LL¥ < 0€/E< 0EST < 0S0T < oLkl < ON
Wy ¥y (W ] (W [§TORY] (1SRN (%)
ydw og = A ydwgy = A ydw gy = A ydw ge = A ydw gg = A ydwgz=n [ ydwoz=A | ®
A¥VIIOLSNO SN

32-3.7

HARD COPIES UNCONTROLLED



lllinois HORIZONTAL ALIGNMENT August 2018

32-3.02 Transition Lengths

As defined in Section 32-1, the superelevation transition length is the distance required to
transition the roadway from a normal crown section to the full design superelevation rate. The
superelevation transition length is the sum of the tangent runout distance (TR) and
superelevation runoff length (L+).

32-3.02(a) Two-Lane Highways

Superelevation Runoff

Figure 32-3.E presents the superelevation runoff lengths (L+) for two-lane highways for various
combinations of curve radii and design speed. These lengths are calculated using the following
equation:

Ly = (e)W)RS) Equation 32-3.1

where: Ly = Calculated superelevation runoff length for a two-lane highway
(assuming the axis of rotation is about the roadway centerline), ft (m)

e = Design superelevation rate, decimal
W = Width of rotation for one lane (assumed to be 12 ft (3.6 m))
RS = Reciprocal of relative longitudinal gradient between the profile grade

and outside edge of two-lane highway (see Figure 32-3.F)

Tangent Runout

To ensure that the relative longitudinal gradient for the tangent runout (TR) will equal that for the
superelevation runoff, the tangent runout distance should be calculated using the following
equation:

TR = Shomar L,) Equation 32-3.2
e

where: Spomar = Travel lane cross slope on tangent, decimal

Superelevation Transition Length

Once the tangent runout (TR) distance is calculated, this distance is added to the design
superelevation runoff length (L4). The total equals the theoretical superelevation transition
length used for design at an isolated horizontal curve.
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V=20mph | V=25mph | Vv=30mph | V=35mph | V=40mph | V=45mph
e Number of lanes rotated. Note that 1 lane rotated is typical for a 2-lane highway, 2 lanes rotated is typical for a 4-lane highway.
(%) 1 2 1 2 1 2 1 2 1 2 1 2
Lo() | L () | LoG) | Lu () | L) | L () | L) | L () | L) | Lu () | L) | Lu ()

1.5 24 37 26 39 27 41 29 44 31 47 33 50
2.0 32 49 34 51 36 55 39 58 41 62 44 67
2.2 36 53 38 57 40 60 43 64 45 68 49 73
2.4 39 58 41 62 44 66 46 70 50 74 53 80
2.6 42 63 45 67 47 71 50 75 54 80 58 87
2.8 45 68 48 72 51 77 54 81 58 87 62 93
3.0 49 73 51 77 55 82 58 87 62 93 67 100
3.2 52 78 55 82 58 88 62 93 66 99 71 107
3.4 55 83 58 88 62 93 66 99 70 105 75 113
3.6 58 87 62 93 66 98 70 104 74 111 80 120
3.8 62 92 65 98 69 104 73 110 78 118 84 127
4.0 65 97 69 103 73 109 77 116 83 124 89 133
4.2 68 102 72 108 77 115 81 122 87 130 93 140
4.4 71 107 76 113 80 120 85 128 91 136 98 147
4.6 75 112 79 118 84 126 89 133 95 142 102 153
4.8 78 117 82 124 88 131 93 139 99 149 107 160
5.0 81 122 86 129 91 137 97 145 103 155 111 167
5.2 84 126 89 134 95 142 100 151 107 161 115 173
5.4 87 131 93 139 98 148 104 156 111 167 120 180
5.6 91 136 96 144 102 153 108 162 116 173 124 186
5.8 94 141 100 149 106 159 112 168 120 180 129 193
6.0 97 146 103 154 109 164 116 174 124 186 133 200
6.2 100 151 106 160 113 170 120 180 128 192 138 206
6.4 104 156 110 165 117 175 124 185 132 198 142 213
6.6 107 160 113 170 120 181 128 191 136 204 147 220
6.8 110 165 117 175 124 186 131 197 140 211 151 226
7.0 113 170 120 180 128 192 135 203 144 217 155 233
7.2 117 175 124 185 131 197 139 209 149 223 160 240
7.4 120 180 127 190 135 202 143 214 153 229 164 246
7.6 123 185 130 196 139 208 147 220 157 235 169 253
7.8 126 190 134 201 142 213 151 226 161 241 173 260
8.0 130 194 137 206 146 219 155 232 165 248 178 266

Key:

Ly = Superelevation Runoff for Two-Lane Highways, ft

Lw = Superelevation Runoff for Four-lane Divided Highways, ft

V = Design speed, mph

e = Superelevation rate, %

SUPERELEVATION RUNOFF LENGTHS FOR HORIZONTAL CURVES
Figure 32-3.E (US Customary)
(1 of 2)
32-3.9
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V =50 mph V =55 mph V =60 mph V =65 mph V =70 mph V =75 mph
Number of lanes rotated. Note that 1 lane rotated is typical for a 2-lane highway,
(O(/e 2 lanes rotated is typical for a 4-lane highway.
) 1 2 1 2 1 2 1 2 1 2 1 2
L4 (ft) L (1) L4 (ft) L (1) L4 (ft) L (1) L4 (ft) L (ft) L4 (ft) L (ft) L4 (ft) L (ft)
15 36 54 38 58 40 60 42 63 45 68 47 71
2.0 48 72 51 77 53 80 56 84 60 90 63 95
2.2 53 79 56 84 59 88 62 92 66 99 69 104
2.4 58 86 61 92 64 96 67 101 72 108 76 114
2.6 62 94 66 100 69 104 73 109 78 117 82 123
2.8 67 101 72 107 75 112 78 117 84 126 88 133
3.0 72 108 77 115 80 120 84 126 90 135 95 142
3.2 77 115 82 123 85 128 89 134 96 144 101 152
3.4 82 122 87 130 91 136 95 143 102 153 107 161
3.6 86 130 92 138 96 144 101 151 108 162 114 171
3.8 91 137 97 146 101 152 106 159 114 171 120 180
4.0 96 144 102 153 107 160 112 168 120 180 126 189
4.2 101 151 107 161 112 168 117 176 126 189 133 199
4.4 106 158 112 169 117 176 123 185 132 198 139 208
4.6 110 166 118 176 123 184 129 193 138 207 145 218
4.8 115 173 123 184 128 192 134 201 144 216 152 227
5.0 120 180 128 192 133 200 140 210 150 225 158 237
5.2 125 187 133 199 139 208 145 218 156 234 164 246
5.4 130 194 138 207 144 216 151 226 162 243 171 256
5.6 134 202 143 215 149 224 157 235 168 252 177 265
5.8 139 209 148 222 155 232 162 243 174 261 183 275
6.0 144 216 153 230 160 240 168 252 180 270 189 284
6.2 149 223 158 238 165 248 173 260 186 279 196 294
6.4 154 230 164 245 170 256 179 268 192 288 202 303
6.6 158 238 169 253 176 264 185 277 198 297 208 313
6.8 163 245 174 261 181 272 190 285 204 306 215 322
7.0 168 252 179 268 186 280 196 294 210 315 221 332
7.2 173 259 184 276 192 288 201 302 216 324 227 341
7.4 178 266 189 284 197 296 207 310 222 333 234 351
7.6 182 274 194 291 202 304 212 319 228 342 240 360
7.8 187 281 199 299 208 312 218 327 234 351 246 369
8.0 192 288 204 307 213 320 224 336 240 360 253 379
Key:
Ly = Superelevation Runoff for Two-Lane Highways, ft
Lw = Superelevation Runoff for Four-lane Divided Highways, ft
V = Design speed, mph
e = Superelevation rate, %

SUPERELEVATION RUNOFF LENGTH FOR HORIZONTAL CURVES

Figure 32-3.E (US Customary)
(2 of 2)
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v=30kmhr | V=40kmimr | V=50kmmr | V=60kmihr | V=70km/ihr | V=80km/hr
e Number of lanes rotated. Note that 1 lane rotated is typical for a 2-lane highway, 2 lanes rotated is typical for a 4-lane highway.
(%) 1 2 1 2 1 2 1 2 1 2 1 2
Lim) | Lwe(m) | Ls(m) | Lw(m) [ Li(m) | Lwn(m) | Li(m) [ Law(m) | Li(m) | Lwe(m) | Li(m) | Lw (M)

1.5 7 11 8 12 8 13 9 14 10 15 11 16
2.0 10 14 10 15 11 16 12 18 13 20 14 22
22 11 16 11 17 12 18 13 20 14 22 16 24
24 11 17 12 19 13 19 14 22 16 24 17 26
2.6 12 19 13 20 14 21 16 23 17 26 19 28
2.8 13 20 14 22 15 23 17 25 18 28 20 30
3.0 14 22 15 23 16 24 18 27 20 29 22 32
3.2 15 23 16 25 17 26 19 29 21 31 23 35
34 16 24 18 26 18 28 20 31 22 33 24 37
3.6 17 26 19 28 19 29 22 32 24 35 26 39
3.8 18 27 20 29 21 31 23 34 25 37 27 41
4.0 19 29 21 31 22 32 24 36 26 39 29 43
4.2 20 30 22 32 23 34 25 38 28 41 30 45
4.4 21 32 23 34 24 36 26 40 29 43 32 48
4.6 22 33 24 36 25 37 28 41 30 45 33 50
4.8 23 34 25 37 26 39 29 43 31 47 35 52
5.0 24 36 26 39 27 41 30 45 33 49 36 54
5.2 25 37 27 40 28 42 31 47 34 51 37 56
5.4 26 39 28 42 29 44 32 49 35 53 39 58
5.6 27 40 29 43 30 45 34 51 37 55 40 60
5.8 28 42 30 45 31 47 35 52 38 57 42 63
6.0 29 43 31 46 32 49 36 54 39 59 43 65
6.2 30 45 32 48 33 50 37 56 41 61 45 67
6.4 31 46 33 49 35 52 38 58 42 63 46 69
6.6 32 47 34 51 36 53 40 60 43 65 48 71
6.8 33 49 35 53 37 55 41 61 45 67 49 73
7.0 34 50 36 54 38 57 42 63 46 69 50 76
7.2 34 52 37 56 39 58 43 65 47 71 52 78
7.4 35 53 38 57 40 60 44 67 48 73 53 80
7.6 36 55 39 59 41 62 46 69 50 75 55 82
7.8 37 56 40 60 42 63 47 70 51 77 56 84
8.0 38 57 41 62 43 65 48 72 52 79 58 86

Key:

Ly = Superelevation Runoff for Two-Lane Highways, m

Lm. = Superelevation Runoff for Four-lane Divided Highways, m

V = Design speed, km/hr

Superelevation rate, %

SUPERELEVATION RUNOFF LENGHTS FOR HORIZONTAL CURVES

Figure 32-3.E (Metric)
(1 0of 2)

HARD COPIES UNCONTROLLED 32311



Illinois

HORIZONTAL ALIGNMENT

August 2018

V=90kmhr | V=100km/r | V=110km/r | V=120 kmihr
Number of lanes rotated. Note that 1 lane rotated is typical for a 2-lane highway,
oe 2 lanes rotated is typical for a 4-lane highway.
(%) 1 2 1 2 1 2 1 2
Li(m) [ Lw(m) [ Li(m) | Lw(m) | Li(m) | Lw(m) | Ls(m) | L (M)
15 12 17 12 18 13 20 14 21
2.0 15 23 16 25 18 26 19 28
2.2 17 25 18 27 19 29 21 31
2.4 18 28 20 29 21 32 23 34
26 20 30 21 32 23 34 25 37
2.8 21 32 23 34 25 37 27 40
3.0 23 35 25 37 26 40 28 43
3.2 25 37 26 39 28 42 30 45
3.4 26 39 28 42 30 45 32 48
3.6 28 41 29 44 32 47 34 51
3.8 29 44 31 47 33 50 36 54
4.0 31 46 33 49 35 53 38 57
4.2 32 48 34 51 37 55 40 60
4.4 34 51 36 54 39 58 42 62
4.6 35 53 38 56 40 61 44 65
4.8 37 55 39 59 42 63 45 68
5.0 38 58 41 61 44 66 47 7
5.2 40 60 42 64 46 69 49 74
5.4 41 62 44 66 47 Al 51 77
5.6 43 64 46 69 49 74 53 80
5.8 44 67 47 71 51 76 55 82
6.0 46 69 49 74 53 79 57 85
6.2 48 7 51 76 54 82 59 88
6.4 49 74 52 78 56 84 61 91
6.6 51 76 54 81 58 87 62 94
6.8 52 78 56 83 60 90 64 97
7.0 54 81 57 86 61 92 66 99
7.2 55 83 59 88 63 95 68 102
7.4 57 85 60 91 65 98 70 105
7.6 58 87 62 93 67 100 72 108
7.8 60 90 64 96 69 103 74 111
8.0 61 92 65 98 70 105 76 114
Key:

o<
<rCr
=

Superelevation Runoff for Two-Lane Highways, m
Superelevation Runoff for Four-lane Divided Highways, m

Design speed, km/hr

Superelevation rate, %

SUPERELEVATION RUNOFF LENGTHS FOR HORIZONTAL CURVES

Figure 32-3.E (Metric)
(2 of 2)
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US Customary

. Edge of Traveled Way Slope
De5|(%:1pﬁ|;)eed 1:RS Relative to Centerline
G(%) (max.)*
20 1:135 0.74
25 1:143 0.70
30 1:152 0.66
35 1:161 0.62
40 1:172 0.58
45 1:185 0.54
50 1:200 0.50
55 1:213 0.47
60 1:222 0.45
65 1:233 0.43
70 1:250 0.40
75 1:263 0.38
Metric
. Edge of Traveled Way Slope
Des(ll?nq/ﬁf)eed 1:RS Relative to Centerline
G(%) (max.)*
30 1:133 0.75
40 1:143 0.70
50 1:150 0.65
60 1:167 0.60
70 1:182 0.55
80 1:200 0.50
90 1:213 0.47
100 1:227 0.44
110 1:244 0.41
120 1:263 0.38

Notes:

* G(%):Risxmo

Equation 32-3.3

The relative longitudinal slopes are assumed to be measured between two lines set 12 ft

(3.6 m) apart.

The gradients shown were derived from values contained in the AASHTO A Policy on
Geometric Design of Highways and Streets.

RELATIVE LONGITUDINAL GRADIENTS

Figure 32-3.F

HARD COPIES UNCONTROLLED 2813



Illinois

HORIZONTAL ALIGNMENT August 2018

32-3.02(b) Multilane Highways

There is a wide variety of potential typical cross sections for a multilane highway. The variables
include:

number of lanes in each direction;

type of median;

use of a uniform cross slope or a crowned section;
for crowned sections, location of crown point; and

use of variable cross slopes for individual travel lanes (e.g., the lanes not adjacent to the
crown point may be sloped at a steeper rate than those adjacent to the crown).

In all cases, the first objective in superelevation development is to transition the highway from
the typical cross section to a section that slopes at a uniform rate across the traveled way in the
same direction. Regardless of the typical cross section on tangent, this transition must be
achieved to meet certain criteria and principles, including:

1.

Rate of Transition. The rate of transition (i.e., the relative longitudinal gradient) should
be the same as that for the superelevation runoff. This requires that the runoff be
calculated first and the resultant relative gradient be calculated for the runoff. Note that
Equation 32-3.4 can be used to calculate the superelevation runoff (Lu.) for all multilane
highways regardless of the typical section on tangent.

Point of Rotation. Section 32-3.03(b) discusses the axes of rotation for multilane
highways, which is in many cases the two median edges. However, an “initial” axis of
rotation (and sometimes more than one) must be selected to remove any crown and
achieve a planar section. This will often be a point other than that used for the “primary”
axes of rotation to transition from the uniform cross slope to the design superelevation
rate.

Tangent Runout. The end of the tangent runout occurs where the outside travel lane(s)
are level. Where this involves more than one travel lane, the length of the tangent
runout must be consistent with the criteria in Figure 32-3.G, which varies the length of
transition according to the number of lanes rotated. Also, note that the initial part of the
superelevation runoff is used to transition from the end of the tangent runout to a
roadway section with a uniform slope.
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Number of Lanes « ;
Rotated C" Ratio

1 1.0
1.5 1.25
2 1.5
25 1.75
3 2.0
3.5 2.25

(Adjustment Factor for Number of Lanes Rotated)

Because of the many variables in superelevation development on multilane highways, the
following discussion is predicated on the following roadway characteristics:

° a four-lane divided highway,

“C” RATIO

Figure 32-3.G

. a median type and width where Department practice is to rotate about the two median
edges (see Section 32-3.03(b)), and

. a typical section on tangent where each roadway is crowned at the centerline.

Section 48-5 discusses superelevation development for a raised median section where each

traveled way has a uniform slope away from the raised median.

Superelevation Runoff

Figure 32-3.E provides the superelevation run off lengths (Lw.) for a four-lane divided highway
for various combinations of curve radii and design speeds. The superelevation runoff length for

a multilane highway is calculated by using the following equation:

L. =Cx L, Equation 32-3.4
where: Lm. = Superelevation runoff length for multilane highway, ft (m)
L1 = Calculated superelevation runoff length for a two-lane highway
(assuming rotation about the centerline), ft (m)
C = Ratio of runoff length for a multilane highway to L1 (see Figure

32-3.G)
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Tangent Runout

For multilane highways, the relative longitudinal gradient for the tangent runout should equal
that for the superelevation runoff. This first requires the calculation of the gradient (or its
reciprocal, RS) for the runoff:

GSR — (2W )(e) — (Snormal )(W) Equation 32-3.5
I-ML
where: Gsr = relative longitudinal gradient for superelevation runoff (at the
outside edge of the traveled way), decimal
w =  width of one travel lane, ft (m)
e = design superelevation rate, decimal
Snormal = travel lane cross slope on tangent, decimal
Lme = superelevation runoff length for multilane highway, ft (m)

Now, the tangent runout (TRmL) can be calculated from the following equation:

TRw = (Snormal)(W)(RSSR) Equation 32-3.6
where: RSsr = (1/Gsr) = reciprocal of relative longitudinal for superelevation
runoff

Superelevation Transition Length

The theoretical superelevation transition length is the sum of the superelevation runoff and
tangent runout distances. This length is used for design at an isolated horizontal curve.

32-3.02(c) Application of Transition Length

Once the superelevation runoff and tangent runout have been calculated, the designer must
determine how to fit the length into the horizontal and vertical planes. The following will apply:

1. Simple Curves. Typically for new construction/reconstruction projects, 67% of the
superelevation runoff length will be placed on the tangent and 33% on the curve.
Exceptions to this practice may be necessary to meet field conditions. The generally
accepted range is 60% - 80% on tangent and 40% - 20% on curve. In extreme cases
(e.g., to avoid placing any superelevation transition on a bridge or approach slab), the
superelevation runoff may be distributed 50% - 100% on the tangent and 50% - 0% on
the curve. This will usually occur only in urban or suburban areas with highly restricted
right-of-way conditions.

When considering the tangent runout distance, the result is a distribution of the total
superelevation transition length of approximately 75% on the tangent and 25% on the
curve. IDOT also uses this approximate distribution ratio at isolated horizontal curves.
However, because the distribution of the superelevation transition length is not an exact
science, the ratio should be rounded up or down slightly (to the nearest 5 ft (1 m)
increment) to simplify design and layout in construction.
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2. Spiral Curves. The design superelevation runoff length is typically assumed to fit the
spiral curve length (TS to SC and CS to ST). Therefore, all of the tangent runout is
placed on the tangent before the TS and after the ST.

3. Field Application (Vertical Profile). At the beginning and end of the superelevation
transition length, angular breaks occur in the profile if not smoothed. Field personnel
usually smooth these abrupt angular breaks out during construction. This is usually
accomplished by visually adjusting the wire used to control the vertical and horizontal
position of the bituminous concrete paver or slip-form paver.

As a guide, the vertical curve transitions, to eliminate angular breaks, should have a
length in feet numerically equivalent to approximately the design speed in mph (in
meters approximately 20% of design speed in km/hr). In addition, designers should
graphically or numerically investigate the transition areas to identify potential flat spots
for drainage before finalizing construction plans.

4, Ultimate Development. If the proposed facility is planned for an ultimate development of
additional lanes, the designer should, where practical, reflect this length in the initial
superelevation transition application. For example, a four-lane divided facility may be
planned for an ultimate six-lane divided facility. Therefore, the superelevation transition
length for the initial four-lane facility should be consistent with the future requirements of
the six-lane facility.

5. Typical Figures/Examples. Section 32-3.08 presents typical figures for superelevation
development of tangent runout and superelevation runoff for two-lane highways and
different median types on multilane facilities. Section 32-3.09 presents two examples to
illustrate superelevation development.

32-3.03 Axis of Rotation

The following discusses the axis of rotation for two-lane, two-way highways and multilane
highways. Section 32-3.08 presents typical figures illustrating the application of the axis of
rotation in superelevation development.

32-3.03(a) Two-Lane, Two-Way Highways

The axis of rotation will typically be about the centerline of the roadway on two-lane, two-way
highways. This method will yield the least amount of elevation differential between the
pavement edges and their normal profiles. Occasionally, it may be necessary to rotate the
pavement about the inside or outside edge of the traveled way. This may be necessary to meet
field conditions (e.g., drainage on a curbed facility, roadside development). Note that, in this
case, two travel lane widths will be rotated, and the superelevation runoff should be lengthened
according to Figure 32-3.G.

On a two-lane highway with an auxiliary lane (e.g., a climbing lane), the axis of rotation will
typically be about the centerline of the two through lanes.
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32-3.03(b) Multilane Divided Highways

The axis of rotation will typically be about the two median edges for a multilane divided facility
with a concrete barrier, a raised curb median > 16 ft (5.0 m), or a depressed median > 40 ft (12
m). When the median edges are used as the axes of rotation, the median will remain in the
same horizontal plane throughout the curve.

Several highway features may significantly influence superelevation development for multilane
divided highways. These could include guardrail, median barriers, drainage, and major at-grade
intersections. If a major cross road intersection is present where the median width is 18 ft
(5.5 m), 22 ft (7.0 m), 30 ft (9.5 m), or 36 ft (10.5 m), it is recommended that the entire cross
section of the mainline be rotated about the centerline of the roadway. This method of rotation
will provide better operations for cross road traffic.

The designer should carefully consider the intended function of all highway features and ensure
that the superelevated section and selected axis of rotation does not compromise ftraffic
operations. In addition, the designer should consider the likely ultimate development of the
facility and select an axis of rotation that will lend itself to future expansion.

32-3.03(c) Multilane Highways with Narrow/Flush Medians

The following types of multilane highways should develop superelevation by rotating the
roadway about its centerline:

. existing 4 ft (1.2 m) wide median or undivided multilane highways not planned for
reconstruction;

. multilane highways with flush medians;

. proposed multilane highways with a 16 ft (5.0 m) wide traversable median;

. proposed multilane highways with a raised curb median equal to 16 ft (5 m); or

all highways with proposed flush two-way, left-turn lane (TWLTL).

The raised curb median 16 ft (5 m) wide should only be considered in the reconstruction
category where right-of-way is highly restricted.
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| Shoulder | Traveled Way Shoulder |
High Side Low Side
of Curve of Curve

Shoulder
Rollover

Superelevated

Shoulder Slope | Superelevated

Roadway

Shoulder
[SIope
TYPICAL SECTION OF TWO-LANE HIGHWAY

SHOULDER TREATMENT THROUGH SUPERELEVATED CURVE

Figure 32-3.H

32-3.04 Shoulder Superelevation

Figure

32-3.H llustrates the shoulder treatment on superelevated sections. The following

discusses specific criteria.

32-3.04(a) Shoulder (High Side of Curve)

On the high side of superelevated sections, there will be a break in the cross slopes of the travel
lane and shoulder. The following criteria will apply to this shoulder rollover:

1.

Algebraic Difference. The rollover should not exceed 8.0% for new construction or
reconstruction projects.

Minimum_Shoulder Slope. On the high side of a curve, the shoulder slope may be
designed for 0% so that maximum rollover is not exceeded. However, in this case, the
longitudinal gradient at the edge of the traveled way should not be less than 0.5% for
proper shoulder drainage.

Direction of Slope. If practical, the shoulder should slope away from the travel lane.

Shoulder as Deceleration Lane. Figure 36-2.L presents cross slope rollover criteria
between a turning roadway and a through travel lane at an intersection. Where turning
vehicles might use the shoulder, the designer may want to use the turning roadway
rollover criteria (4.0% to 5.0%) rather than the 8.0% maximum rollover.
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32-3.04(b) Shoulder (Low Side of Curve)

On the low side of a superelevated section, IDOT’s typical practice is to retain the normal
shoulder slope (4% typical) until the adjacent superelevated travel lane reaches that slope. The
shoulder is then superelevated concurrently with the travel lane until the design superelevation
rate is reached (i.e., the inside shoulder and travel lane will remain in a plane section).

32-3.05 Compound Curves

Superelevation development for compound curves requires the consideration of several factors.
For two-lane roadways, these are discussed in the following sections for two Cases:

o Case I: The distance between the PC and PCC is 300 ft (90 m) or less.
o Case II: The distance between the PC and PCC is greater than 300 ft (90 m).

32-3.05(a) Casel

For Case |, superelevation development for compound curvature on two-lane roadways should
meet the following objectives:

1. Relative Longitudinal Gradient (RS). A uniform RS should be provided throughout the
superelevation transition (from normal crown section to design superelevation rate at the
PCC).

2. Superelevation at PC. Section 32-3.02 will yield the design superelevation rate (e4) for

the first curve. At the PC, 67% e+ should be reached.

3. Superelevation at PCC. The criteria in Section 32-3.02 will yield the design
superelevation rate (e2) for the second curve; e; should be reached at the PCC.

4, Superelevation Runoff Length. Section 32-3.02 will yield the superelevation runoff (L+)
for the first curve. The superelevation should be developed such that 67% of L is
reached at the PC.

5. Tangent Runout Length. TR will be determined as described in Section 32-3.02.

To meet all or most of these objectives, the designer may need to try several combinations of
curve lengths, curve radii, and longitudinal gradients to find the most practical design. Section
32-3.08 presents a typical figure for Case | superelevation development for a compound curve.

32-3.05(b) Case Il

For Case I, the distance between the PC and PCC (> 300 ft (90 m)) is normally large enough to
allow the two curves to be evaluated individually. Therefore, the superelevation development
on two-lane roadways should meet the following objectives for Case II:
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1. First Curve. Superelevation should be developed assuming the curve is an independent
simple curve. Therefore, the criteria in Section 32-3 for superelevation rate, transition
length, and distribution between tangent and curve apply.

2. Intermediate Treatment. Superelevation for the first curve (e4) is reached a distance of
33% of the superelevation runoff length beyond the PC. e is maintained until it is
necessary to develop the needed superelevation rate (ez) for the second curve.

3. Second Curve. Assuming the second curvature has a sharper radius of curve than the
first curve, a higher rate of superelevation will be required (e2 > e1). e2 should be
reached at the PCC. The distance needed for the additional superelevation
development is not specified, except that the maximum RS for the highway design
speed should not be exceeded. One logical treatment would be to apply the same RS
used for the superelevation transition of the first curve. This would provide a uniform
change in gradient for the driver negotiating the compound curve.

Section 32-3.08 presents a typical figure for Case Il superelevation development for a
compound curve.

32-3.05(c) Multilane Highways

Superelevation development for compound curvature on multilane highways should, as
practical, be designed to:

. meet the principles of superelevation development for simple curves on multilane
highways (see applicable criteria in Section 32-3); and

o meet the objectives for Case | or Case Il as described for two-lane roadways.
The treatment for multilane highways will be determined on a case-by-case basis, reflecting

individual site conditions.

32-3.06 Reverse Curves

Reverse curves are two closely spaced simple curves with deflections in opposite directions.
For this situation, it may not be practical to achieve a normal crown section between the curves.
A plane section continuously rotating about its axis (e.g., the centerline) can be maintained
between the two curves, if they are close enough together. The designer should adhere to the
applicable superelevation development criteria for each curve. The following will apply to
reverse curves:
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1. Normal Section. The designer should not attempt to achieve a normal tangent section
between reverse curves unless the normal section can be maintained for a minimum of
two seconds of travel time, and the superelevation transition requirements can be met
for both curves. These criteria yield the following minimum tangent distance (between
PT of first curve and PC of second curve) by using the following equation:

Ltan 2 0.67La + TRA + 2(1.47V) + TRg + 0.67Ls (US Customary) Equation 32-3.7
Ltan 2 0.67La + TRA + 2(0.278V) + TRg + 0.67Ls (Metric) Equation 32-3.7

where:  Lian Tangent distance between PT and PC, ft (m)

Lo = Superelevation runoff length for first curve, ft (m)
TRa = Tangent runout length for first curve, ft (m)
V = Design speed, mph (km/hr)
TRs = Tangent runout length for second curve, ft (m)
Le = Superelevation runoff length for second curve, ft (m)
2. Continuously Rotating Plane. If a normal section is not provided, the pavement will be

continuously rotated in a plane about its axis. In this case, the minimum distance
between the PT and PC will be 67% of each superelevation runoff requirement added
together. Use the following equation:

Liyn= 0.67L,+ 0.67Lg Equation 32-3.8

tan —
where terms are as defined in No. 1 above.

Figure 32-3.1 illustrates superelevation development for reverse curves designed as a
continuously rotating plane.

32-3.07 Bridges

Superelevation transitions should be avoided on bridges and their approaches. To achieve this
in rural areas, the beginning of a horizontal curve should usually be a minimum of 400 ft (120 m)
from the back of the bridge abutment. Where a curve is necessary on a bridge, the desirable
treatment is to place the entire bridge and its approaches on a flat horizontal curve with
minimum superelevation. In this case, a uniform superelevation rate is provided throughout
(i.e., the superelevation transition is neither on the bridge nor its approaches). In some cases,
however, superelevation transitions are unavoidable on urban bridges due to right-of-way
constraints.

Where a bridge is located within a superelevated horizontal curve, the entire bridge roadway will
be sloped in the same direction and at the same rate (i.e., the shoulder and travel lanes will be
in a plane section). This also applies to the approach slab and approach slab shoulders before
and after the back of the abutment. This is illustrated in Chapter 39. However, as discussed in
Section 32-3.04, the high-side shoulder on a roadway section will slope away from the traveled
way at a rate such that the maximum rollover does not exceed 8.0%.
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Therefore, to not exceed the rollover criteria, it is necessary to transition the longitudinal
shoulder slope adjacent to the roadway travel lanes to meet the shoulder slope adjacent to the
travel lanes on the bridge. This transition should be accomplished by using a maximum relative
longitudinal gradient of 0.40% between the edge of traveled way and outside edge of shoulder.

32-3.08 Typical Superelevation Figures

Figures 32-3.J through 32-3.M present superelevation development methods that will often be
the most applicable to typical site conditions. Other superelevation methods or strategies may
need to be developed on a case-by-case basis to meet specific field conditions. The
acceptability of superelevation development methods other than those in the typical figures will
be judged individually.
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Figure 32-3.1
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See Section 32-3.02(a) for a discussion on
superelevation runoff calculations.

S
Tangent Runout = =2l (|
e

Superelevation rate (e) at any distance “X” up to full
superelevation attainment

@ The relati've gr.adient of the superelevation runoff G x Distance " X"
(Gsr, decimal) is: - 0015 + —X (US Customary)
Gsr = 12e/L4 (US Customary) . 12
. G  x Distance "X"
Gsr = 3.6e/L1 (Metric) 0015 + —R (Metric)
RS = 1/Gsr 3.6
AXIS OF ROTATION ABOUT CENTERLINE
(Two-Lane Highway)
FIGURE 32-3.J
32-3.25
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Axis of
Rotation
W = Lane Width (typically 12' (3.6 m))
e = Design Superelevation Rate

PC or PT

Edge
Breakpoint

Note: Round all edge breakpoints in field.

THREE-DIMENSIONAL VIEW OF SUPERELEVATION TRANSITION
(Two-Lane Highway)

Figure 32-3.K

92-3.20 HARD COPIES UNCONTROLLED




lllinois HORIZONTAL ALIGNMENT August 2018

Approx. 25°/4 Superelevation Transition Length

Approx. TS5/ Superelevation Transition Length)
Normal Crown Tangent R Design Super-
Section Runout (TR) | Superelevation Runoff Length (Lm) O elevation Rate (e)
PC or PT
67°% Runoff Length | 33°/Runo f f|
| | Length
f
Superelevation Gé) | e —— —I— P_ -F_II _L_-F-I: CI?:)d
Any Distance X" uwRS _ __ — < ro e e Qe
¢ Traveled Woy\ __I_ = __®-— - | __ - Left Troveled Way
N == o7 Troveiss WV 7 | oo
T T —— 1 T —— 1 _&RIght Traveleg wagy! |
—— T === T
By |
Median Edge and @ RS T — — __ |
Profile Grade Profile Right Edge Right Traveled Way - = |_ —_— -
| |
A B C D E
ETwW ) 540 a2 m ) Note: !?ourjd alledge breakpoints
¢ with Ditch in fiela.
| Axes of
e Rotation
—_— ETW
0°/o | |
— g ———=6
Pro-f-'il? Grade |
® ©
? | e 2vem 9
Traveled Way Traoveled Way
(Lef+ Roadway) Median (Right Roadway)
® Lm=Li1xC. (0.015)(12)
® TRy =—""7"— (US Customary)
See Section 32-3.02(b) for a discussion on multilane Gsr
superelevation calculations (0.015)(3.6)
TRy =—— (Metric)
SR
@ The relative gradient of the superelevation runoff (Gsg) @ Superelevation rate at any distance up to full
RS=_1 superelevation attainment =
Gsr G x Distance "X"
(24)(e) — (0.015)(12) SR
Geg = (US Customary) 0.015 + ) (US Customary)
LML
G (7.2)(e) — (0.015)(3.6) Metri G  x Distance "X"
SR = L (Metric) 0.015 + —= (Metric)
ML 72

AXIS OF ROTATION ABOUT MEDIAN EDGES OF TRAVELED WAY
(Four-Lane Divided Highways with a Depressed Median)

Figure 32-3.L
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PCC
Superelevation Transition Length - . X
Normal == Design Superelevation
Crown Tangent Runout Superelevation Runoff Length (L) Rate (ep)
Section | (TR) B

Profile Grade
as Shown

on Plons_*

PC or PT

300' (90 m) or Less

67%0 e ———==

—— —

L S
- 7 Profile Outside Edge of Traveled Way

—

J—

—

Profile Grade Line at G_Traveled Way

Provide Uniform Gradient

—_— -
Throughout Transition
Profile Inside Edge of Traveled Way
CASET
__ Superelevation Transition
Length for e; pCcC

TR for e ey

1 l-—— %

j‘ -l L for ey

PC €1
-——— . -
Normal 67% L [33% L Z
C‘Drro"’v‘vi B T /'J)_ Profile Outside Edge
—_— - - — of Traveled Way
Section 11—
- >300' (90 m)
— il
/
Profile Grade Line at ¢ Traveled Way
——
O\
~
~
~
—_— e, ——— — _Q
~
~
o —

of Traveled Way
CASE IT

X  This distance may be determined by application of RS for the first curve to the increase in superelevation for the
second curve (i.e., e2 — e1).

SUPERELEVATION DEVELOPMENT FOR COMPOUND CURVES

Figure 32-3.M

32-3.28
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32-3.09

Examples

The following examples illustrate the application of the superelevation development criteria in
Section 32-3.

Example 32-3.1

Given:

Problem:

Solution:

Facility — New four-lane divided freeway with a depressed median
Travel lane cross slope = 3/16"/ft (on tangent) = 0.015 = Syomal
Crown at centerline of each roadway

Shoulder cross slope = 1/2"/ft (on tangent) = 0.04

Lane width = 12 ft

Inside shoulder width = 8 ft

Outside shoulder width = 10 ft

Median width = 56 ft

Design speed = 70 mph

R = 2500 ft

PC = Station 65 + 50.00 (Curve to the right)

Note: Cross section A in Figure 32-3.N illustrates the typical tangent section.

With the axes of rotation about the median edges, determine the following details for
superelevation development of the above horizontal curve:

4 €max

. design superelevation rate, e

o design superelevation runoff length, Ly

. relative longitudinal gradients for superelevation runoff, Gsr

. tangent runout length, TRuL

. shoulder rollover treatment, and

. reciprocal of relative longitudinal gradients (RS) between centerline and

median edge of traveled way and between the two edges of the traveled way.

The details for the superelevated curve are determined as follows, and Figure 32-3.N
presents the completed example and shows all stationing:

1. Determine emax
Based on Figure 32-3.A, emax = 6.0% for rural highways with open-roadway
conditions (V > 70 mph).

2. Determine Design Superelevation Rate (e).
From Figure 32-3.C, for R = 2500 ft and V = 70 mph, e = 5.8%.
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213" |
Normal Crown Tangent | Desigq Super-
Section Runout (TR Superelevation Runoff Length (Ly) = 260’ elevation rate
’ ez o
39 PC 5.8%%
174° | 86’
39 " — 7 iproflle Left Edge
2% . — —
¢ Troveled Wo e L2 | Left Traveled Way
= A28 — —
— = | = | —Q?‘-—-'f—_T oveled Way I |
—— — ®&©
—— — 1  ——1251 qRi |
—_—— = _t Right Traveleg a |
—_— — | —_—— " ay x
\\\\\ ':428—r|— —_—
Median Edge and | k25— ——__ ' _ |
Profile Grade  profile Right Edge Right Traveled Way | —— - ©

A
63+37.00

Traveled Way
(Left Roadway)

10°
Outside
Shoulder

B c D
63+76.00

64+15.00

65+50.00 66 +36.00

Note: Round alledge breakpoints in field.

8 8
Inside Inside
Shoulder Shoulder

AXIS OF ROTATION ABOUT MEDIAN EDGES

(Example 32-3.1)

Figure 32-3.N

Traveled Way
(Right Roadway)

10°
Outside
Shoulder

32-3.30
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3. Determine Design Superelevation Runoff Length (Lw).

For a divided highway with a 56 ft depressed median, rotate the travel lanes
about the two median edges.

From Figure 32-3.E, for a four-lane divided highway, Lm. = 261 ft
To calculate L :
Based on Equation 32-3.4, runoff length (Lwm.) is equal to (L1) x (C).
Using Equation 32-3.1 to calculate L1 = (e)(W)(RS)
From Figure 32.3.F, RS = 250
Therefore, Ly = (0.058)(12)(250) = 174 ft

From Figure 32-3.G, the “C” ratio for rotating two lanes about the
median edge is = 1.5.

Therefore: Lm. = (L1)(C) = (174)(1.5) = 261 ft Use 260 ft
Distribution of Lu is 67%(260) = 174 ft on tangent and 33%(260) = 86 ft on
curve.
4. Determine Tangent Runout Length (TR).

Use Equation 32-3.5 to calculate the relative longitudinal gradient of the
superelevation runoff:

G.. = (2W)(e) - (Snormal)(w)
SR L
ML
(2)(12)(0. 058) — (0.015)(12)
G =
260
Gsr = 0.0046615 RSsr = (1/Gsr) = 215
Use Equation 32-3.6 to calculate the tangent runout:
TRwL = (Snormal)(W)(RSSR)
TRwL = (0.015)(12)(215)
TRwL = 38.7 ft = 39 ft

5. Determine Shoulder Rollover Treatment.

Desirably, the maximum shoulder rollover on the high side of each curve
should not exceed 8.0%. Therefore, with a shoulder cross slope of 4.0% on
tangent, begin rotating the high-side shoulder where the travel lanes reach a
superelevation rate of -4.0% (negative sign for downward slope away from
the shoulder break). To determine where e = 4.0%, use Gsr = 0.0046615 for
the superelevation runoff length.

Next, use the equation in Note ® from Figure 32-3.L and set the
superelevation rate to 4% to calculate the distance X from Section C:
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e = 0,015+ G4 x Distance "X
24
X = (24)(ey —0.015)
GSR
X = (24)(0.04 —0.015)
0.0046615
X = 128.71 ft (from Section C)
On the high-side of each roadway, the shoulder slope remains at 4% until the
superelevation rate equals 4%, which will occur at 128.71 ft beyond where the
travelways become planar (Section C). Once 4% is attained, the high-side
shoulder is rotated such that the shoulder rollover remains at 8% until reaching
the design superelevation rate and remains at this slope until the pattern is
reversed when superelevation starts transitioning again.  Where the
superelevation reaches 5.8%, the shoulder will be sloped 2.2% away from the
traveled way. See Figure 32-3.N for schematic details.
Determine Relative Longitudinal Slopes (RS).
The RS values and relative gradients can be calculated using the basic
equation:
RS - Length of Tr?n3|t|on . G(%) = 1 % 100
A Elevation RS
a. Between Two Edges of Traveled Way.
As previously calculated in Step 4:
G (%) = 0.0046615 x 100 = 0.47%
RS =215
b. Between Median Edge and Centerline.
Determine Gci, which is the longitudinal gradient of the centerline
relative to the median edge:
G. - (e x W) —(cross slope@Section Cx W)
CL Length of slopealong medianedge
_ (0.058x12)—(0.015%x12)
“ (174 +86)—39
G, =209 =018 _ 0003348 = 0.23%
221
1
RSCL = — |= 428
GCL
32-3.32
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Example 32-3.2

Given:

Problem:

Solution:

Facility — Four-lane divided highway with raised-curb median (open suburban area
likely to become closed suburban within 10 years)

Travel lane width = 12 ft

Travel lane cross slope = 1/4"/ft (on tangent) = 0.02 = Snomal

Travel lanes all slope away from median edges

Gutter width = 2 ft

Gutter cross slope = 3/4"/ft (on tangent) = 0.06

Median gutter slopes towards median

Outside gutter slopes away from traveled way

Median width = 22 ft

Design speed = 50 mph and will post at 45 mph.

R =1800 ft

PC = Station 65 + 50.00 (Curve to Right)

Superelevation runoff is distributed 67% on tangent and 33% on curve.

Note: Cross section A in Figure 32-3.0 illustrates the tangent section.

With the axes of rotation about the median edges, determine the following details for
superelevation development of the above horizontal curve:

4 €max

. design superelevation rate, e

o design superelevation runoff length, Lm.

. relative longitudinal gradient for superelevation runoff, Gsgr

. tangent runout length, TRuL

. gutter treatment, and

. reciprocal of relative longitudinal gradients (RS) between the two outside

edges of traveled way and between the centerline and median edge of
traveled way.

The details of the superelevated curve are determined as follows, and Figure 32-3.0
presents the completed example and shows all stationing:
1. Determine emax.
Based on Figure 32-3.A, emax = 4.0% for an open suburban area likely to
become closed suburban within next 10 years (V = 50 mph).
2. Determine Design Superelevation Rate (e).
From Figure 32-3.D, for R = 1800 ft and V = 50 mph, e = 3.4%.
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(Example 32-3.2)

Figure 32-3.0

32-3.34
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Determine Design Superelevation Runoff Length (Lm).

For a divided highway with a 22 ft raised-curb median, rotate the travel lanes
about the two median edges.

From Figure 32-3.E, for a four-lane divided highway, Lm.= 122 ft
To calculate Lw:
Based on Equation 32-3.4, runoff length (Lm.) is equal (L1) x (C).
Using Equation 32-3.1 to calculate L4 = (e)(W)(RS)
From Figure 32-3.F, RS = 200
Therefore, L1= (0.034)(12)(200) = 81.6 ft

From Figure 32-3.G, the “C” ratio for rotating two lanes about the
median edge is = 1.5.

Therefore, Lm. = (L1)(C) =81.6 x 1.5 =122.4 ft.  Use Lu = 122.4 ft.

Distribution of Lu. is 67% (122) = 81 ft on tangent and 33% (122) = 41 ft on
curve.

Determine Tangent Runout Length (TR).

Because the typical section includes a uniform cross slope across the
traveled way, modify Equation 32-3.2 for multi-lanes, using the runoff length
(Lm), and calculate the tangent runout (TRm):

Snorma

TRML = e ! (LML)
0.02

= 122

M 0.0034 (122)

TR, =71.6 ft ~ 72 ft

Determine Outside Gutter Treatment.

On the low side of each traveled way, the slope gutters will remain at the
standard 6% throughout the curve. On the high side of each traveled way,
the gutters will be set at 6% until an 8% breakover occurs between the gutter
pans and the adjacent pavement. From this point, the cross slope of the
gutter pans on the high side are rotated with the roadway through the
superelevation transition maintaining an 8% breakover. See Figure 48-5.E.
Therefore, with a gutter slope of 6%, keep the high side gutter slopes at 6%
up to the location where the superelevation rate is 2% downward away from
the gutters. To determine where e = 2%, first use the equation in Note @
from Figure 48-5.E to determine the relative longitudinal gradient for the
superelevation runoff length:
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24e _ (24)(0.034)
Ly, 122

Ggr =

Gsr = 0.00669 RSsr = (1/Gsr) = 149

Next, use the equation in Note @ from Figure 48-5.E and set the
superelevation rate to 2%. Calculate distance X:

_ Ggg x Distance " X"

©x 24

(24)(ey) _ (24)(0.02)
Ggr  0.00669

X =

X=7175ft

On the high side of the traveled ways, the gutter slope remains at 6% until the
superelevation rate equals 2%, which occurs 71.75 ft beyond the end of the
tangent runout. Once 2% is attained on each traveled way, the gutter is
rotated up until reaching the location of the design superelevation rate. Where
e reaches 3.4%, the gutter is sloped at 4.6% away from the traveled way and
remains at this slope until the pattern is reversed when superelevation starts
transitioning again. See Figure 32-3.0.

6. Determine Relative Longitudinal Slopes (RS).
The RS values and relative gradients can be calculated using the basic
equation:
RS - Length of Trfansmon . G(%) = 1 x 100
A Elevation RS
a. Outside Edges of the Traveled Way. Previously calculated in Step 5:
G (%) = 0.00669 x 100 = 0.669%
RS =149
b. Centerline _of Each Traveled Way. Determine Gc., which is the

longitudinal gradient of the centerline relative to the median edge:

_ (exW,)-(cross slope @Section Cx W,)
- Length of slope along median edge

_ (0034 x 12) — (0.02 x 12)
L= (81 —72) + 41

CL

0,408 — 0.24
CL — 50

1
RSCL = —_— | = 298
(GCLJ
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32-4 HORIZONTAL SIGHT DISTANCE

32-4.01 Sight Obstruction (Definition)

Sight obstructions on the inside of a horizontal curve are defined as obstacles of considerable
length which interfere with the line of sight on a continuous basis. These include walls, cut slopes,
wooded areas, buildings, and high farm crops. In general, point obstacles such as traffic signs and
utility poles are not considered sight obstructions on the inside of horizontal curves. The designer
must examine each curve individually to determine whether it is necessary to remove an
obstruction or adjust the horizontal alignment to obtain the required sight distance.

32-4.02 Length > Sight Distance

Where the length of curve (L) is greater than the sight distance (S) used for design, the needed
clearance on the inside of the horizontal curve is calculated using the following equation:

28.
HSO = R(1-Cos{ 8:5SD Equation 32-4.1

where: HSO = Middle ordinate, or horizontal sightline offset from the center of the
inside travel lane to the obstruction, ft (m)

R = Radius of curve, ft (m)

S = Sight distance, ft (m)

32-4.02(a) Stopping Sight Distance (SSD)

At a minimum, SSD will be available throughout the horizontal curve. The following discusses
the application of SSD to sight distance at horizontal curves:

1. Passenger Cars (Level Grade). Figure 32-4.A provides the horizontal clearance criteria
(i.e., horizontal sightline offset) for various combinations of stopping sight distance (see
Figure 31-3.A) and curve radii for passenger cars on level grades. For those selections
of S which fall outside of the figure (i.e., HSO > 40 ft (12 m) and/or R < 100 ft (50 m)),
the designer should use Equation 32-4.1 to calculate the needed clearance.

2. Passenger Cars (Downgrade Adjustment). Figure 31-3.B presents SSD values for
passenger cars adjusted for 3%-10% downgrades. If the downgrade on the facility is 3%
or steeper, the designer should consider providing horizontal clearances adjusted for
grade. These SSD values should be used directly in Equation 32-4.1 to calculate the
horizontal sightline offset.
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Lane Lines

Length of Curve > Sight Distance
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Figure 32-4.A
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32-4.02(b) Other Sight Distance Criteria

At some locations, it may be warranted to provide SSD for decision sight distance or passing
sight distance at the horizontal curve. Section 31-3 discusses candidate sites and provides
design values for decision sight distance. Section 47-2 discusses passing sight distance on
rural two-lane highways. These “S” values should be used in the basic equation to calculate
“‘HSO” (Equation 32-4.1).

32-4.02(c) Entering/Exiting Portions (Typical Application)

The HSO values from Figure 32-4.A apply between the PC and PT. In addition, some transition is
needed on the entering and exiting portions of the curve. The designer should typically use the
following steps:

Step 1: Locate the point which is on the outside edge of shoulder and a distance of S/2
before the PC.

Step 2: Locate the point which is a distance HSO measured laterally from the center of the
inside travel lane at the PC.

Step 3: Connect the two points located in Steps 1 and 2. The area between this line and the
roadway should be clear of all continuous obstructions.

Step 4: A symmetrical application of Steps 1 through 3 should be used beyond the PT.
The example on Figure 32-4.B illustrates the determination of clearance requirements for the

entering and exiting portions of a curve.

32-4.03 Length < Sight Distance

When the length of curve is less than the sight distance used in design, the HSO value from the
basic equation will never be reached. As an approximation, the horizontal clearance for these
curves should be determined as follows:

Step 1: For the given R and S, calculate HSO assuming L < S.

Step2:  The maximum HSO' value will be needed at a point of L/2 beyond the PC. Using
Equation 32-4.2, HSO' is calculated from the following proportion:

HSO' 1.2L

HSO S

1.2(L)(HSO)

HSO' =
S

Equation 32-4.2
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Center of Inside Travel Lane

Shaded Area Should be S
%

< Free of Sight Obstructions
S E &

K\O (4
A

Example 32-4.1

Given: Design Speed = 60 mph
R =1500 ft
Level Grade

Problem: Determine the horizontal sightline offset requirements for a horizontal curve on a
two-lane highway assuming passenger car SSD.

HSO = R(1 - cos [%D

HSO =1500|1 — cos (28.65)(570) =27 ft
1500

Solution: Figure 31-3.A yields a SSD = 570 ft. Using Equation 32-4.1 for horizontal clearance
(L>S):

This answer is verified by Figure 32-4.A.

The above figure also illustrates the horizontal clearance requirements for the entering and
exiting portion of the horizontal curve.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES
(L >S)

Figure 32-4.B
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where: HSO’' = Horizontal sightline distance for a curve where L < S, ft (m)
HSO = Horizontal sightline distance for the curve based on Equation 32-
4.1, ft (m)
L = Length of the curve, ft (m)
S = Sight distance, ft (m)

Step 3: Locate the point which is on the outside edge of shoulder and a distance of S/2
before the PC.

Step 4: Connect the two points located in Steps 2 and 3. The area between this line and the
roadway should be clear of all continuous obstructions.

Step 5: A symmetrical application of Steps 2-4 should be used on the exiting portion of
curve.

The Example on Figure 32-4.C illustrates the determination of clearance requirements for the
entering and exiting portions of a curve where L < S.

32-4.04 Application

For sight distance applications at horizontal curves, the height of eye is 3.5 ft (1080 mm) and
the height of object is 2 ft (600 mm). Both the eye and object are assumed to be in the center of
the inside travel lane. The line-of-sight intercept with the obstruction is at the midpoint of the
sightline and 2.75 ft (840 mm) above the center of the inside lane.

32-4.05 Longitudinal Barriers

Longitudinal barriers (e.g., bridge rails, guardrail, concrete barrier) can cause sight distance
problems at horizontal curves because barriers are placed relatively close to the travel lane
(often, 10 ft (3 m) or less) and because their height may be greater than 2.75 ft (840 mm).

The designer should check graphically the line of sight over a barrier along a horizontal curve
and determine what height of object can actually be discerned. If this is higher than 2.75 ft (840
mm), the designer should attempt, if practical, to locate the barrier so that it does not block the
line of sight. The following should be considered:

1. Superelevation. A superelevated roadway will elevate the driver's eye and, therefore,
improve the line of sight over the barrier.

2. Barrier Height. The higher the barrier, the more obstructive it will be to the line of sight.
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L = 600"

Center of Inside Travel Lane

. HSO'=355'

Shaded Area Should be
Free of Sight Obstructions

Example 32-4.2

Given: Design Speed = 70 mph
R = 2050 ft
L =600 ft
Grade = 5.0% downgrade

Problem: Determine the horizontal sightline offset requirements for the horizontal curve on a
two-lane highway assuming passenger car SSD.

Solution: Because the downgrade is greater than 3.0%, the curve should desirably be
designed for passenger cars adjusted for grade. Figure 31-3.C yields a SSD of 810
ft for 70 mph and a 5.0% downgrade. Therefore, L < S (600 ft) < 810 ft, and the
horizontal clearance is calculated from Equation 32-4.2 as follows:

(28.65)(810)

HSO (L > S) = 2050 {1 - cost =g

} = 39.88 ft

_ 1.2(600)(39.88)
810

HSO' (L < S)

HSO" =35.51t

Therefore, a minimum clearance of 35.5 ft should be provided at a distance of L/2 = 300 ft
beyond the PC. The obstruction-free triangle around the horizontal curve would be defined by
HSO’ (35.5 ft) at L/2 and by points at the shoulder edge at S/2 = 405 ft before the PC and
beyond the PT.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES (L < S)

Figure 32-4.C
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Each barrier location adjacent to a horizontal curve will require an individual analysis to determine
its impacts on the line of sight. The designer must determine the elevation of the driver eye (3.5 ft
(1080 mm) above the pavement surface), the elevation of the object (2 ft (600 mm)) above the
pavement surface), and the elevation of the barrier where the line of sight intercepts the barrier run.
If the barrier does block the line of sight to a 2 ft (600 mm) object, the designer should consider
relocating the barrier or revising the horizontal alignment. If the barrier blocks the sight line
needed for SSD on the mainline, it will be necessary to obtain a design exception.

32-4.06 Compound Curves

When a compound curve exists or is proposed on mainline highway, the designer should check
sight distance across the inside of the curve graphically or, for a more accurate determination,
the designer can use the Department’s approved software program for cross sections and
earthwork. Once detailed cross sections are finalized using the software package, the designer
can also request 3D plots of the alignments to determine the view of the roadway ahead, which
can then be reviewed for available sight distance.
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32-5 DESIGN CONTROLS

As discussed elsewhere in Chapter 32, the design of horizontal alignment involves, to a large
extent, complying with specific limiting criteria. These include minimum radii, superelevation
rates, and sight distance around curves. In addition, the designer should adhere to certain
design principles and controls that will determine the overall safety of the facility and will
enhance the aesthetic appearance of the highway. These design principles include:

1. Consistency. Alignment should be consistent. Avoid sharp curves at the ends of long
tangents and sudden changes from gentle to sharply curving alignment.

2. Directional. Alignment should be as directional as practical and consistent with physical
and economic constraints. On divided highways, a flowing line that conforms generally
to the natural contours is preferable to one with long tangents that slash through the
terrain. Directional alignment will be achieved by using the smallest practical central
angles.

3. Use of Minimum Radii. Avoid the use of minimum radii, if practical, especially in level
terrain.

4. High Fills. Avoid sharp curves on long, high fills. Under these conditions, it is difficult for
drivers to perceive the extent of horizontal curvature.

5. Alignment Reversals. Avoid abrupt reversals in alignment (reverse curves). Provide a
sufficient tangent distance between the curves to ensure proper superelevation
transitions for both curves and to allow time for the motorist to perceive the next decision
point.

6. Broken-Back Curvature. Avoid where possible. This arrangement is not aesthetically
pleasing, violates driver expectancy, and creates undesirable superelevation
development requirements.

7. Compound Curves. Do not use compound curves on the highway mainline.

8. Coordination with Natural/Man-Made Features. The horizontal alignment should be
properly coordinated with the existing alignment at the ends of new projects, natural
topography, available right-of-way, utilities, roadside development, and natural/man-
made drainage patterns.

9. Environmental Impacts. Horizontal alignment should be properly coordinated to
minimize environmental impacts (e.g., encroachment onto wetlands).

10. Intersections. Horizontal alignment through intersections may present special problems
(e.g., intersection sight distance, superelevation development crossover crowns). See
Chapter 36 for the design of intersections.

11. Coordination with Vertical Alignment. Chapter 33 discusses general design principles
for the coordination between horizontal and vertical alignment.
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12. Bridges. Horizontal alignment must be coordinated with the location of bridges. The
need for curvature and superelevation development should be evaluated for each bridge
location. Crossing angles between the mainline and other features must also be
considered. See Chapter 39 for additional information on horizontal alignment at
bridges.
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32-6 MATHEMATICAL DETAILS FOR HORIZONTAL CURVES

This Section presents mathematical details used by IDOT for various applications to the design
of horizontal curves. The chart below summarizes the figures in Section 32-6. For ease of
solving any horizontal alignment problems, the designer should refer to the Department’s
approved software program. The part of the program entitled “Coordinate Geometry” provides
the necessary tools to solve most alignment problems.

Figure Number

Figure Title

Figure 32-6.BB
Figure 32-6.CC
Figure 32-6.DD

Figure 32-6.A Basic Trigonometric Formulas (Right Triangle Solution)

Figure 32-6.B Basic Trigonometric Formulas (Oblique Triangle Solution)
Figure 32-6.C Simple Curve Elements

Figure 32-6.D Curve Symbols, Abbreviations and Formulas

Figure 32-6.E Simple Curves (Geometric Principles)

Figure 32-6.F Simple Curves (Various Elements)

Figure 32-6.G Simple Curve Computation (Example)

Figure 32-6.H Simple Curves (Stationing)

Figure 32-6.1 Curve Computation (Different Radius, Tangent Offset & Parallel)
Figure 32-6.J Curve Computation (Compute PC & PT, Joining Parallel Tangent Offsets)
Figure 32-6.K Curve Computation (Between Two Fixed Curves)

Figure 32-6.L Curve Computation (Between a Fixed Curve and Fixed Tangent)
Figure 32-6.M Curve (Establish a Tangent Between Two Curves)

Figure 32-6.N Curve Introduction

Figure 32-6.0 Curve Introduction

Figure 32-6.P Alignment (Common Point of Tangency for Two Curves)

Figure 32-6.Q Common Point of Tangency for Two Curves (Sample Problem)
Figure 32-6.R POC Computation Using Right Triangles

Figure 32-6.S POC Computation Using Right Triangles (Sample Problem)
Figure 32-6.T POC Computation Using Right Triangles

Figure 32-6.U POC Computation Using Right Triangles (Sample Problem)
Figure 32-6.V POC Computation Using Oblique Triangle

Figure 32-6.W POC Computation Using Oblique Triangle (Sample Problem)
Figure 32-6.X POC of Line 90° to Curve Tangent

Figure 32-6.Y Reverse Curves to Parallel Tangents

Figure 32-6.Z Reverse Curves to Parallel Tangents (Sample Problem)

Figure 32-6.AA  Reverse Curves (Tangents Not Parallel)

Reverse Curves (Between Parallel Curves)
Reverse Curves (Parallel Tangents with Tangent Segment Between)
Curve Between Fixed Tangent and Fixed Curve (Case |)

Figure 32-6.EE
Figure 32-6.FF
Figure 32-6.GG
Figure 32-6.HH
Figure 32-6.11

Curve Between Fixed Tangent and Fixed Curve (Case |) (Sample Problem)
Curve Between Fixed Tangent and Fixed Curve (Case Il)
Curve Between Fixed Tangent and Fixed Curve (Case lll)
Curve Between Fixed Tangent and Fixed Curve (Case V)
Curve Between Fixed Tangent and Fixed Curve (Case V)

MATHEMATIC DETAILS FOR HORIZONTAL CURVES
Table 32-6.A
(1 0of2)
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Figure Number Figure Title

Figure 32-6.JJ Three Curves Tangent to Each Other
Figure 32-6.KK Intersection of Two Curves

Figure 32-6.LL Simple Curve with Spirals

Figure 32-6.MM  Spiral Curve Nomenclature

Figure 32-6.NN  Spiral Curve Formulas

Figure 32-6.00 Three-Centered Compound Curve
Figure 32-6.PP  Two-Centered Compound Curve

MATHEMATIC DETAILS FOR HORIZONTAL CURVES
Table 32-6.A
(2 of 2)
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B
C
a
.
A . C
1 sina=2 1 ¢
c 5 sec A= =—
b cosA b
2. cosA=E 6 ot A = 1 =B
tanA a
3. tanAz% 7 a2+p2 =2
1
4 CSCA = — A:g 8. Area—Eab
sinA- @ 9.  A+B=90°
BASIC TRIGONOMETRIC FORMULAS
(Right Triangle Solution)
Figure 32-6.A
c a
1 q_ CSINA A b C
' sinC 7 b? =a® +c¢® —2ac cosB
2 __ % dnB 8 c® =a® +b® - 2abcosC
sin A 2 2 .2
a 9 coS A — b+C—a
3. C=— y sinC 2bc
sin 2,2 2
a‘+c“-b
i 10. cosB=——+——
4, tan A = % 2ac
—acos 9 L2 o
bSinC ’]1 Cosczu
5. tanB=——— 2ab
a-bcosC
6. a’? =b%+c?-2bccosA 12. Area = \/s(s —a)(s -b)(s —c)

where: s=%(a+b+c)

BASIC TRIGONOMETRIC FORMULAS
(Oblique Triangle Solution)

Figure 32-6.B
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Any Point on Curve

L'=Arc Length to
Any Point on Curve

Note: See Figure 32-6.D for definition of terms.

SIMPLE CURVE ELEMENTS

Figure 32-6.C
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CURVE SYMBOLS

A = Deflection angle between tangents or central angle,
degrees

T = Tangent distance = distance from PC to
Pl = distance from Pl to PT

L = Length of curve = distance from PC to
PT along curve

R = Radius of curve, ft (m)

E = External distance (PI to mid-point of curve)

LC = Length of long chord: PC to PT

M = Middle ordinate (mid-point of arc to mid-point
of long chord)

C = Mid-point of long chord

CIRCULAR CURVE ABBREVIATIONS

P.C. = PC = Pointof Curvature

(Beginning of Curve)
P.T. = PT = Pointof Tangency (End of Curve)
P.l. = PI = Point of Intersection of Tangents
P.R.C. = PRC = Point of Reverse Curvature
P.C.C. = PCC = Point of Compound Curvature
P.O.T. = POT = Pointon Tangent

CURVE FORMULA

sin (A /2)

T=Rlen (A12)=R =)

L=i2nR:L, where A is in
360 57.2958

degrees (decimals) to four places.

E=Ttan(A/4)

:R(;_q
cos (A/2)

LC =2R (sin(A/2))=2T (cos(A/2))
M=R (1-cos(A/2))

M=E cos(A/2)
1=3.141592652

To find the deflection angle 6, in degrees, to any point on the curve (see Figure 32-6.C):

20 = 360° , Where L' is any arc length
L' 27R
To find the deflection angle 6 in minutes to any point:
(360")( 60 mm.J(L,)
deg
(2)(2nR)

. 21,600 L’
47 R

1718873l
R

0

CURVE SYMBOLS, ABBREVIATIONS, AND FORMULAS

Figure 32-6.D
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The radius of a circular curve drawn to the
tangent point is perpendicular to the tangent at
that point.

Tangent
Poir?t

Cé Center

From any point on a circular curve, the angle
intercepting a given arc on the same circular
curve is equal to %z the central angle (A) for that
particular arc.

Tangent

Tongent Point
Py
/ / \ ~\\<Eb
X ( .Q@
ol NG
N
P

The figure below forms an isosceles triangle.
Therefore, Angle O = Angle D. AlsoB+D + O
= 180° (sum of the interior angles of a triangle).
Also, A + B = 180°(angle around a point
forming a straight line). Therefore, A= 0 + D
and, having shown that O =D, thenA= O+ O
=(2) (O) or O = (A/2).

The figure below shows the 2 tangents and 2
radii of a simple curve. A + A =180°. Also, A
+ 90° + 90° + C = 360° (sum of the interior
angles in a 4-sided figure) or A + C = 180°.
Therefore, A = C. C is also called the central
angle but is usually designated by A.

SIMPLE CURVES
(Geometric Principles)

Figure 32-6.E
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A =DEFLECTION ANGLE

—
PI - A
— = \j
A ~
— - - ~ - ~ ~
~
A = The deflection angle from the first

tangent extended to the second
tangent. This is the same angle as
the angle between radii (central
angle). This should be known
before the other parts of the curve
are computed.

R = RADIUS /
Pl Q/ A
/1IN
a
~/ N\~
Tangent Tangent
Point 4 Point

T
AR
o
_ %
Formulas:
R-_ 1
tan (A/2)
OR
R-__LC
2sin(A/2)

Where R is in feet (meters) and A is in
degrees (decimals).

L =LENGTH OF CURVE

PID/ A
7N\

A
N\

With a constant A, L increases or decreases
in direct ratio to R. Thus:

L--2 (2mR)
360

Reducing to: L = AR/57.2958

Where L and R are in feet (meters) and A is
in degrees (decimals) to four places.

T =TANGENT LENGTH ¢

Formulas:

T =Rtan(A/2)

___ ke
2cos (A/2)

Where T, LC, & R are in feet (meters).

SIMPLE CURVES
(Various Elements)

Figure 32-6.F

(1 of 2)
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M = MIDDLE ORDINATE ,” LC = LONG CHORD

/

LC/2 \95}

N /7
ANV A
/
N
LC
I 1

Where M, LC, R, and E are in feet Formulas:
(meters).

LC = 2Rsin(A/2)
Formulas: LC = 2T cos(A/2)
M= %tan (A/4) The main chord and short chords are often

convenient to use in laying out the curve.
M=Ecos(A/2)
Figure can be applied to the whole chord or
to the chord of any part of the curve. A
would then be the central angle of the arc of
whatever part of the curve is being
considered.

M=R(1-cos(A/2))

E = EXTERNAL DISTANCE

1 Deflection
Formulas: E=R|——— -1 Angles
cos(A/2)
Also: E:% PC A _T:__ PT
cos % =Tota
\\2 Deflection

E=Ttan(A/4
( ) DEFLECTION ANGLES

In circular curves for highways, the
deflection angle to a point on a curve is
usually turned from the tangent with a set-
up on the PC (see figure above).

SIMPLE CURVES
(Various Elements)

Figure 32-6.F
(2 of 2)
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Example: Calculate:

Given: 1. T = Rtan (A/2)=(700) tan (31°05")
T = 42199t

Pl = Sta 161 + 60.36; A =62°10"; R =700 ft

To find: Sta. of PC and PT: 2. L =AR/57.2958 = 759.51ft

3. Therefore:

Pl = Sta. 161 +60.36
T = —421.99
PC= Sta.

L = + 759.51
PT = Sta. 164 +97.88

SIMPLE CURVE COMPUTATION
(Example)

Figure 32-6.G
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STATIONING

Note: Alldimensions in feet.

1. The station at the first Pl is 6 + 18.38.

2. The station at the first PC = 6 + 18.38 — 224.00 = 3 + 94.38.

3. The station at the first PT = 3 + 94.38 + 438.60 = 8 + 32.98.

4. The station at the second PC = 8 + 32.98 + (838.77 — 224.00 — 247.80) = 11+ 99.95.
5. The station at the second Pl = 11 + 99.95 + 247.80 = 14 + 47.75.

6. The station at the second PT =11 + 99.95 + 479.32 = 16 + 79.27.

7. The station at the third PC = 16 + 79.27 + (938.82 — 247.80 — 261.38) = 21 + 08.91.
8. The station at the third Pl = 21 + 08.91 + 261.38 = 23 + 70.29.

9. The station at the third PT = 21 + 08.91 + 500.07 = 26 + 08.98.

10.  The station at the final POT = 26 + 08.98 + (677.91 — 261.38) = 30 + 25.51.

11.  Check: (618.38 + 838.77 + 938.82 + 677.91) — (2 (224.00) + 2 (247.80) + 2 (261.38) —
438.60 — 479.32 — 500.07) = 30 + 25.51.

SIMPLE CURVE
(Stationing)

Figure 32-6.H
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Construction ¢ . F
Original ¢
R=3800" PC Construction STA. 94+12.38
R=2900' PC Original
STA. 94+88.65
Given: Problem:

Simple Curve

Original PI
A

Solution:

— - X <

o —

100 + 00.00
20°00’ Rt.
511.35 ft
1000 ft
2900 ft

F/sin A = 30/sin 20° = 87.71 ft
F/tan A = 30/tan 20° = 82.42 ft

(R)tan (A/2) = (3800) (tan 10°) = 670.04 ft

A 2nR /360 = 1326.45 ft

CONSTRUCTION
CURVE DATA

Pl = 100+ 8242 Orig. PI =
A = 20°00' Rt. +X =
T = 670.04 ft Const. Pl =
L = 1326.45ft -T=
R = 3800 ft Const. PC =
+L =
Const. PT =

Compute: Simple curve of different radius
where one tangent is offset a specified
distance from and parallel to the original
tangent.

R =3800 ft, F = 30 ft Rt.

STATIONING
100 + 00.0 Const. T = 670.04
82.42 +Y = +87.71
100 + 82.42 757.75
—670.04 —Orig. T = —511.35
94 +12.38 A= 246.40
+ 1326.45 Orig. PT= 104 + 88.65
107 + 38.83 Orig. POT = 107 + 35.05

Equation: Const. PT 107 + 38.83 Bk = Orig. POT 107 + 35.05 Fwd

CURVE COMPUTATION
(Different Radius, Tangent Offset & Parallel)

Figure 32-6.1
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i
[ 0
\
I —
avyes . -
S < Given: Original Curve Data:
5 2 =
= O Lr)
© 2 S Pl = 100 + 00.00
o |L [+
S I~ Im A = 58°00'Rt.
Rl N R = 2900 ft
@ (L T = 1607.50 ft
S 1S5 L = 2935.64 ft
(@]

Compute: PC, PT of given simple curve
joining tangent offset a specified distance from
original tangents. Also resulting equation:
Offset F1 = 100 ft Rt., Offset F» = 66 ft Rt.

Z =Fq/sin A =100/sin 58° = 117.92 ft

Y = F4 /tan A = 100/tan 58° = 62.49 ft

X =F; /sin A = 66/sin 58° = 77.83 ft

W = F;, /tan A = 66/tan 58° = 41.24 ft
Const. PI = Orig. Pl +Y - X =99 + 84.66

Note: In many cases, Y > X & W > Z or offsets may be to other side of original tangents causing the
problem to look different, but the principles of the problem remain the same.

Const. PI
-T

Const. PC
+L

Const. PT
A=Z-W-=
Orig. PT
+A

99 + 84.66

—1607.50

83 +77.16

+ 2935.64

113+ 12.80
+ 76.68

113 + 89.48

+ 76.68

114 + 66.16

(Orig. POT 66 ft Lt. of PT 114 + 66.16)

Equation: Const. PT 113 + 12.80 Bk = Sta. 114 + 66.16 Fwd

CURVE COMPUTATION
(Compute PC & PT, Joining Parallel Tangent Offsets)

Figure 32-6.J
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INTRODUCE A CURVE OF SELECTED
RADIUS BETWEEN TWO FIXED
CURVES

Part A: Fixed curves of equal radii.

Given:

Ry and R, = Radii of fixed curves with
radials AO; and BO.; fixed on coordinate
system.

R = Radius selected for intermediate
curve.

Pa, Pa1 and Ps = Offset (“p” distance) to

permit insertion of selected spirals; without
spirals, P, = 0.

Problem:

To determine A, A1 and Az and the
remaining properties of each curve.

Solution:

Determine length and bearing of 0102 from
given coordinates of Oy and Oa:

A =2sin™ 0:0,
2(Ri-R-PR,)"
c=0=00°-2
2

Determine bearing OO by applying « to
bearing O10..

Determine bearing OO by applying 0 to
bearing O10..

A4 = difference in bearings of 010 and O4A.
A, = difference in bearings of 0,0 and O2B.

Determine remaining properties of each
curve through usual procedures.

* Where R is greater than Ry and/or Ra:

00,

A=2sin" ———12
2(R-R,-P,)

CURVE COMPUTATION
(Between Two Fixed Curves)

Figure 32-6.K

HARD COPIES UNCONTROLLED 52613



lllinois HORIZONTAL ALIGNMENT

September 2010

Part B: Fixed curves of unequal radii.

Given:
Ry and R, = Radii of fixed curves with

radials AO1 and BO; fixed on coordinate
system.

R = Radius selected for intermediate curve.
Pa, Pa1 and P, = Offset (“p” distance) to
permit insertion of selected spirals; without
spirals, P, = 0.

Problem:

To determine A, Ay and A, and the
remaining properties of each curve.

Solution:

Determine length and bearing of 010, from
given coordinates of O1 and O..

001 = R1_(R + Pa1)*
002 = Rz~ (R + Fy,)"

400 + 00,-010,°
2 x 00, x 00,

A = cos

100" +00;-0,03
2 X 001 X 0102
0 = 180°— (A + x)

o« = cos

Determine bearing OO by applying « to
bearing 010..

Determine bearing 02O by applying 6 to
bearing 010..

A1 = difference in bearings of 010 and O4A.
A, = difference in bearings of 0,0 and O2B.

Determine remaining properties of each
curve through usual procedures.

* Where R is greater than Ry and/or R2:

001 = R- (R1 + Pa1)
00; = R-(Rz * Pay)

CURVE COMPUTATION
(Between Two Fixed Curves)

Figure 32-6.K
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INTRODUCE A CURVE OF SELECTED
RADIUS BETWEEN A FIXED CURVE AND
A FIXED TANGENT

Part A: Selected curve of flatter radius than
the fixed curve.

R+ = Radius of fixed curve with
coordinates of radial AO1.

C = Any coordinate point on fixed
tangent of known bearing.

R = Radius of selected curve.

P & P, = Offset (“p” distance) to permit in-
sertion of selected spirals; without
spirals, P and P, = 0.

Problem:

To determine A (deflection angle of selected

curve) and remaining properties of each

curve.

Solution:

In triangle O1CB, solve for O+B, or d.

OE=0OD-ED=(R+P)-d

A=cos” OF _ost REP)=d
00, R-(Ry+P,)

Determine remaining properties of each
curve through usual procedures.

Part B: Selected curve of sharper radius
than the fixed curve.

Coordinates

Fixed
o B
C
D
/\ P
A Pa
Given:
Ry = Radius of fixed curve with
coordinates of radial AO;.
C = Any coordinate point on fixed
tangent of known bearing.
R = Radius of selected curve.

P & P, = Offset (“p” distance) to permit in-
sertion of selected spirals; without
spirals, Pand P, =0

Problem:

To determine A (deflection angle of
selected curve) and remaining properties
of each curve.

Solution:
In triangle O4CB, solve for OB, or d.

OE=d-(R+P)
, O 4 d-(R+P)

A=cos” —— =c08 ——
0,0 Ri-(R+Py,)

Determine remaining properties of each
curve through usual procedure.

CURVE COMPUTATION
(Between a Fixed Curve and Fixed Tangent)

Figure 32-6.L
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ESTABLISH A TANGENT BETWEEN TWO
CURVES

Part A: Curves in reverse direction.

A o R1 1

Ry & Rz = Radii of fixed curves with
coordinates of radials AO¢ & BO..

P, & P, = Offset (“p” distance) to permit
insertion of selected spirals; without spirals,
P1 and Pz =0.

Problem:

To determine length and bearing of tangent
MN, A1, A2 and the remaining properties of
each curve.

Solution:
Determine length and bearing of 010 from
known coordinates; then, in triangle O102C:
4 (Ri+P)"+ Ry +P)*

0,0,
CO2=MN =[(R1 + P1)* + (R2 + P2)*] tan o«

Determine angles a and b from bearings of
O4A, O2B and 020+:

AMM=a—-o; Ao=b-«

oc = COS

Determine remaining properties of each
curve through usual procedures.

Part B: Curves in same direction.

Given:

R1 & Ro = Radii of fixed curves with coordi-
nated radials AO & BO..

P, & P, = Offset (“p” distance) to permit in-
sertion of selected spirals; without spirals,
P1 and Pz = 0.

Problem:

To determine length and bearing of tangent
MN, A1, A2 and the remaining properties of
each curve.

Solution:
Determine length and bearing of 010, from

known coordinates; then, in triangle O10,C:

4 Ry +Py) " —(Ry +Py)*
0,0,

01C = MN = [(Rz + P2)* — (Rs + P1)*] / tan

oc = sin

Determine angles a and b from bearings of
O1A, OzB and 02011

A1=a—90°—OC; A2 =b—-90° + «

Determine remaining properties of each
curve through usual procedures.

*P4 and P2 = 0 when spirals are not used.

CURVE
(Establish a Tangent Between Two Curves)

Figure 32-6.M
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INTRODUCE A CURVE, AND DETERMINE
ITS RADIUS, BETWEEN A GIVEN POINT
ON A FIXED CURVE AND SOME POINT
ON A FIXED TANGENT

Fixed Curve

&E}
90
G ; . ! ya
PI(\D/Ien? 9c° : — O~ T
_L// ’FT /‘OC | T

Given:

Tangent DF, its bearing and coordinates of
D.

R4 and coordinates of O1 and A.

Problem:

To determine R and A.

Solution:

Method 1: Determine bearing and length of
DA or a from known coordinates.
Determine o from bearings DA and DF.
Determine A from bearings O+A and
O4C.

From solution for side of oblique triangle
DIA and equation for tangent, T, of simple
curve:

_ a sin o
sin (180° - A) tan (A/2)

T=Rtan(A/2)

_asina
sin (180° - A)

Method 2: Determine bearing and length of
DO4, or b, from known coordinates.
Determine 6 from bearings O/D and
O4C. Determine A from bearings O4A
and O4C. From solution of right
triangles DO4C and EO4O:

b cos 6- R, cos A
1-cos A

R =

Note: If spiral is used at B, Method 2 must
be employed; then:

_ bcos 6-R; cos A-P
1- cos A

R

Where P is offset of curve for spiral at B,
use expression for R without P first, and
find approximate R; then substitute in latter
equation, using value of P for the
approximate R and find new R. Same
formulas apply whether R < or > R1.

CURVE INTRODUCTION

Figure 32-6.N
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INTRODUCE A CURVE AND TO
DETERMINE ITS RADIUS BETWEEN A
GIVEN POINT ON A FIXED TANGENT AND
SOME POINT ON A FIXED CURVE

= (-

\\
|l N \D/‘}go
d! TSy
|
| Q_ Fixed Curve
| /
<

Given Point

Fixed Tangent

Given:

R+ and coordinates of O and C. Tangent
AE, its bearing, and coordinates of A.
Problem:

To determine R, A, and A1.

Solution:

Erect right triangles AO:D and O:OD.
Determine length and bearing of AO; or d
from known coordinates of A and O1. From
solution of triangles AO+1D and O1OD:

September 2010
R = dz_R12
2 (d cos « —-Ry)
and
d sin «
A =gin! ———
Sin R1 _R

Determine bearing BO4 by application of A
to bearing AD1, then A{ = difference in
bearings of BO1 and COx.

Note: This solution is applicable whether
R <or>Ra.

CURVE INTRODUCTION

Figure 32-6.0
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Triangles Involved:

1. GHI
2. DFG
3. ABC & CDE
Common Point
of Tangency
Given:

One of the curves already established (JF, A,
T): Radii of curves (R1 & R2). Intersection
point and angle of the two centerlines (H & ¢).

Distance JH is thereby known and HI can be
determined by subtracting JH from T for
established curve.

Distance between curve centers (BE = Ry +
R2).

Triangle No. 1, GHI

Find: G & Gl

1. y=180°-¢
2. /G=180°—-(y+A)
3. HI=T (est. curve)—JH

4. Gl = H.I sin y
sin £G

Triangle No. 2, DGF

Find: «D & DF

5. FG = T (est. curve)+ Gl
6. DF = FGtan £G

7. «.D = 90°-«G

Triangles No. 3, ABC & CDE

Find: «6 (Angles at B & E are thus
determined)

BC+CE=R/+R>

In triangle ABC:
BC = _X1
sin 0
BC + CE = R1 + DE _SmW =R1+R>
sin 6 sin @
In triangle CDE:

8. DE=R:-DF
9. W=180°-42D

DEsin W
sin 0

CE =

R¢ + DE sin W
Ri + R2

10. sin6 =

11. /B =90°-9
12. Z E = 180° — (0 + W)

Length of curves, tangent length, etc., are
determined.

ALIGNMENT
(Common Point Of Tangency For Two Curves)

Figure 32-6.P
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64° 33'10"

12177

—
2806, 195

Given
¢ = 64°33'10”
JH = 1211.77 ft
A = 37°18'22"
T = 2637441t
R, = 7813.06 ft
Ry = 2864.79 ft
1. v = 180°00'00" — 64°33'10" = 115°26'50"
2. /G = 180°00'00" — (115°26'50" + 37°18'22") = 27°14'48"
3. HI = 2637.44 —1211.77 = 1425.67 ft
4. Gl = (1425.67) (0.90298146 / (0.45782219) = 2811.907 ft
5 FG = 2637.44 + 2811.907= 5449.357 ft
6. DF = (5449.347) (0.5149602) = 2806.197 ft
7. /D = 90°00'00" — 27°14'48" = 62°45'12"
8. DE = 7813.06 —2806.197 = 5006.863 ft
9. ZW = 180°00'00" — 62°45'12" = 117°14'48"
10.sin6 = (2864.79 + (5006.863) (0.88904378)) / (2864.79 + 7813.06) = 0.68516695
0 =43°14'55.46"
11. 4B = 90°00'00” — 43°25'55.46" = 46°45'04.54"
12. Z/E = 180°00'00” — (46°45'04.54" + 117°14'48") = 16°00'07.46"
COMMON POINT OF TANGENCY FOR TWO CURVES
(Sample Problem)
Figure 32-6.Q
32-6.20
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Given:

AE, Angle E, and Curve Data

Required:

EF and Arc Dist. AF

Solution:

From triangle ABE:

1. B = 90°-E

2. BE = _AE
sin B

3. AB = BEcosB

From triangle BCD:

4. BC = Radius-AB
5. COD = BCsinB

6. BD = BCcosB

7. C4+ = 90°-B

From triangle CDF:
8. CF = Radius
9. sinF= bc
CF
10.C = 90°-F
11. Cz = C- C1
12.DF = CFcosF
13.EF = BD+BE-DF
14. Arc Dist. AF = £2 2:R
360

POC COMPUTATION USING RIGHT TRIANGLES

Figure 32-6.R
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Given: .
fov
AngleE = 41°58'54" &
AE = 173260 ft I‘\§\> PN
Radius = 7813.06 ft P N
E 234.64' AN
36°30'52.48"
4183.271"
D
4648.984"
1. B = 90°00'00" — 41°58'54" = 48°01'06"
2. BF = 1732.60/0.74335889 = 2330.771
3. AB = (2330.771)(0.66889278) = 1559.036
4. BC = 7813.06 — 1559.036 = 6254.024
5. CD = (6254.024) (0.74335889) = 4648.984 ft
6. BD = (6254.024) (0.66889278) = 4183.271 ft
7. Cq = 90°00'00" —48°01'06" = 41°58'54"
8. CF = 7813.06 ft
9. sinF = 4648.984/7813.06 = 0.59502730 F = 36°30'52.48"
10.C = 90°00'00" — 36°30'52.48" = 53°29'07.52"
11.C; = b53°29'07.52" — 41°58'54" = 11°30'13.52"
12.DF = (7813.058) (0.80370550) = 6279.399 ft
13. EF = 4183.271 + 2330.771 — 6279.399 = 234.64 ft
14. Arc AF = (11.5037556) (2r) (7813.06) / 360 = 1568.69 ft
POC COMPUTATION USING RIGHT TRIANGLES
(Sample Problem)
Figure 32-6.S
32-6.22
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Given:
AB, Angle A, and Curve Data

Required:
AE and Arc Dist. BE

Solution:
1. BC = Radius
2. AC = 4(AB)?+(BC)?
3. sinCy = AB /
AC / c
4. A1 = 90° - C3
5. Az = A- A1
6. CD = ACsin A
7. AD = AC cos Az
8. EC = Radius
9. sinE, = e
EC
10. DE = EC cos E;
11. C4 = 90°-A;
12. C4 = 90° - E1
13.C, = C3+Ci—-Cs4
14. AE = AD-DE
15. Arc Dist. BE = 22 2R
360

POC COMPUTATION USING RIGHT TRIANGLES

Figure 32-6.T
Given:
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Angle A = 80°0723" 807 07:23"
AB = 173260 ft "
Radius = 7813.06 ft e
S N
P s A 77°29'47.85"
1732.60'
87018'34.95"
/
/
/ 366.722'
1. BC = 7813.06ft
5 AC = (173260) +(781306) = 8002862t
3. sinCs = 1732.60/8002.86 = 0.2164975 Cs = 12°30'12.15"
4. Ay = 90°00'00" — 12°30'12.15" = 77°29'47.85"
5. A, = 80°07'23.00" — 77°29'47.85" = 2°37'35.15"
6. CD = (8002.862) (0.04582381) = 366.722 ft
7. AD = (8002.862) (0.99894954) = 7994.456 ft
8. EC = 7813.06ft
9. sinE; = 366.722/7813.06 = 0.04693705 Eq = 2°41'25.02"
10.DE = (7813.06) (0.99889785) = 7804.449 ft
11.Cy = 90°00'00" — 2°37'35.15" = 87°22'24.85"
12. C4 90°00'00" — 2°41'25.02" = 87°18'34.95"
13.C; = 12°30'12.15" + 87°22'24.85" — 87°18'34.98" = 12°34'02.02"
14.AE = 7994.456 — 7804.449 = 190.02 ft
15. Arc BE = (12.567228) (2r) (7813.06) / 360 = 1713.71 ft
POC COMPUTATION USING RIGHT TRIANGLES
(Sample Problem)
Figure 32-6.U
32-6.24
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Given:

AB, Angle B, and Curve Data

Required:

BC and Arc Dist. AC

Solution:

1.
2.

9.
10. Arc Dist. AC =
360

AD
BD
sinD

B
B-

sin C
D

BC

Radius
(AB)? + (AD)?
AB
BD
90°00' - D
180°00' — (B + B»)
BDsinB,
Radius
180° - (B2 + C)
Rsin D1
sin 82
D + D4

27R

POC COMPUTATION USING OBLIQUE TRIANGLE

Figure 32-6.V
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Given: X

/ _“Jcb
AB = 1732.60 ft s
AngleB = 99°52'37" oV
Radius = 8000 ft

99°52'37"
1732.60'

Solution:
1. AD = 8000.00 ft
5 BD = 1(173260) +(8000.00)° = 8185469ft
3. sinD = 1732.60/8185.469 = 0.211667773 D = 12°13'12.38"
4. Bi = 90°00' —12°13'12.38" = 77°46'47.62"
5. B = 180°00' —(99°52'37" + 77°46'47.62") = 2°20'35.38"
6. sinC = (8185.469)(0.04088448)/8000.00 = 0.041832334 C = 177°36'08.94"
7. D = 180°00' - (2°20'35.38" + 177°36'08.94") = 0°03'15.67"
8. BC = (8000.00)(0.00094866)/ (0.040884478) = 185.627 ft
9. | = 12°13'12.38" + 0°03'15.67" = 12°16'28.05"
10. Arc AC = (12.2744583) (2r) (8000.00) / 360 = 1713.838 ft

POC COMPUTATION USING OBLIQUE TRIANGLE
(Sample Problem)

Figure 32-6.W
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227.08'
EXAMPLE
Given: Given:
AB and Curve Data. AB = 1892.54 ft
Radius = 8000.00 ft
Required:
Solution:
BC and Arc Dist. AC.
1. CD = 8000.00 ft
. 2. sin® = 1892.54 ft / 8000.00 = 0.2365675
Solution: 0 = 13°41'02.54"
1. CD = Radius 3. BC = 8000.00—\/(8000.00)2—(189254)2
2 sing = AB = 227.08 ft
) CD 4. Arc AC = (13.68403956) (2r) (8000.00) / 360
3. BC = CD —(CDY - (ABY. = 1910651t
4. AcAC= -2 omR
360

POC OF LINE 90° TO CURVE TANGENT

Figure 32-6.X

HARD COPIES UNCONTROLLED s2-b.21



lllinois HORIZONTAL ALIGNMENT September 2010

EQUAL RADII UNEQUAL RADII
Given: Radius & BG Given: Ry, AG, & P
1. Ry = Ry 1. Aq = A
2.6 = A 2. AB = |AG*+P?
- 2
3. BG =P 1 3 R, _ (AB) R,
4 _ Ri-4P 2P
. COSAq = R, AG
! 4. sinA = — =
- _p2 1T R2
5. AG = 4PR,-P ; _ R+R,_P
, N AG . COSA1 = ———=—
6. sinA = ———2 R, +R,
Ri+ R, AG
AG 6. tanAy = ———
7. tanA = ———— R+ R,-P
R, +R,-P

REVERSE CURVES TO PARALLEL TANGENTS
Figure 32-6.Y
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EQUAL RADII
Given:
Ry = Rz = 2000.00 ft
P = 121t
Required:
Find Ay and Az
Solution:
1. cos A1 = (2000 - 6) /2000 = 0.997
A1=Ar= 4°26'21.20"
2. AG = \/(4)(1 2)(2000) - (12)2 = 309.606ft
3. sinAy = 309.606/(2) (2000) = 0.07740155
A1 =4°26'21.20"
4. tan A1 = 309.606/((2) (2000) —12) = 0.077634403
A1 =4°26'21.20"
UNEQUAL RADII
Given:
R = 2000.00 ft
P = 12 ft
AG = 300 ft
Required:
Find As and Az
Solution:
1. AB = (3007 + (12> = 30024 ft
2. R = (300.24)?/(2) (12) — 2000 = 1756.00 ft
3. sinA1 = (300)/(2000.00 + 1756.00) = 0.079872204
A=A = 4°34'52.39"
4. cos Ay = (2000.00 +1756.00 — 12.00) / (2000.00 + 1756.00) = 0.99680511
A1 =Ar= 4°34'52.39"”
5. tanAs = 300/ (2000.00 + 1756.00 — 12.00) = 0.080128205
A1 =A>= 4°34'52.39"

REVERSE CURVES TO PARALLEL TANGENTS
(Sample Problem)

Figure 32-6.Z
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T
o
EXAMPLE
Given:
0, AD, R4, and R, 0 = 2°13'16"
AD = 54.00 ft
Required: R+ = 17,200.00 ft
A1 and Az R2 = 21,500.00 ft
AD
1. AC sin0 Solution:
2. BG = DF=R.cos0-AD 1. AC = 54.00/0.038755993 = 1393.33 ft
_ R4+BG 2. BG = (21500.00) (0.99924874) — 54.00
3. COsSA = R,*R, = 21,429.85 ft
4 Ar=A—0 3. cos A= (17,220.00 + 21,429.85) / (17,200.00
. A= Aq +21,500.00) = 0.998187261
A4 = 3°27'01.48"
4. A, = 3°27'01.48" — 2°13'16"
= 1°13'45.48"
REVERSE CURVES
(Tangents Not Parallel)
Figure 32-6.AA
32-6.30
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_ e
EQUATIONS: EXAMPLE:
. sinag _ [G-b)s-0) Rz = 10,700.00 ft, Rs = 10,800.00 f,
Where: a = Ri-R a =10,800.00 — 2000.00 = 8800.00 ft
b = R:+R b =10,700.00 + 2000.00 = 12,700.00 ft
c = 2R ¢ = (2) (2000.00) = 4000.00 ft
s = Y(a+tb+c) s =12,750.00 ft
2sing = 2RsinaA 1 sinA; _ [(12,750-12,700)(12,750 — 4000)
R,-R 2 (12,700)(4000)
3. Ao = A+0
= 0.092801965
Given
A4 = 10°41'46.84"
R2 = Inside Curve Radius
R1 = Outside Curve Radius 2. sin® = (2)(2000.00) (0.18560393) /
R = Equal Radii of Reverse Curve (10,800.00 — 2000.00)
. = 0.084365422
Required: 0 = 4°5022.33"
&4 3. A 10°41'46.84" + 4°50'22.33"

REVERSE CURVES
(Between Parallel Curves)

Figure 32-6.BB

15°32'09.17"
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Given: Radius of Reverse Curve
CE = Length of tangent between curves
P = Distance between parallel tangents

Required: A of reverse curves

Note: Length CE is governed by superelevation runoff
design criteria for each curve.

EXAMPLE:

EQUATIONS:
Given: R = 5800.00 ft
1. OC = OA = Radius Tangent Length = CE =200.00 ft
P = 130.00 ft
2. cp = CE
2 Solution:
= P
3. OH = OA -7 1. OA = 5800.00 ft
2. CD = 200.00/2=100.00 ft
4. oD = {(CDP + (OC} 3. OH = 5800.00-130.00/2 =5735.00 ft
5 sns= CD 4. OD = \/(100.00)2+(5800.00)2
' oD = 5800.86 ft
5. sinS = 100.00/5800.86 = 0.017238817
6. HD = 4(ODf - (OHf S = 0°59'15.94"
7. sinT = % 6. HD = (580000’ (573500)? = 86590ft
8 A =TS 7. sinT = 865.90/5800.00 = 0.149292325
T =  8°37'01.23"
8. A = 8°35'09.30" — 0°59'15.94"
= 7°35'53.37"

REVERSE CURVES
(Parallel Tangents with Tangent Segment Between

Figure 32-6.CC
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QV parallel to BD &
OB parallel to SD
0=0¢
HE = Fixed Curve Tangent
Length
M E
N
A
0
Given: /
Fixed Curve Data, HE, HC, 6, Ry,
and Ry
Note:
0 must be less than 90° for this solution.
WE = fixed curve
5. sinK = SV
Ri+ Ry
Equations: 6. Ao = 90°-K
7. M = 0+K
1. CE= HE-HC 8. N = 90°-M
2. OA= CEtan06-R; N
3. OB= DV =0Acos ¢ 9.  ArcLengthET = %Zn&
4. SV= R,-DV
CURVE BETWEEN FIXED TANGENT AND FIXED CURVE

(Case 1)

Figure 32-6.DD
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Pl Sta. 116 + 82.47

A1 = 88°04'00"
Ri = 3500.00 ft
T = 3383.85ft
L = 5000.00 ft
HE = 3058.37 ft
HC = 615.01ft
= ¢ = 60°13'14"
R: = 1090.83 ft
88°04'00"
. ! ’
60013'14")\/@
{g?.
1. CE = 3383.85-615.01 /7 6. A = 90°-5°1925.39"
= 2768.84 ft A = 84°40'34.61"
2. OA = (2768.84) (1.74755192) 7. M = 60°1314.00" + 5°19'25.39"
—3500.00 = 65°32'39.39"
= 1338.69 ft 8. N = 90°-65°32'39.39"
3. OB = DV =(1338.69) (0.49666261) = 24°97120 61"
= 664.88 ft
4. SV = 1090.83-664.88 ft Arc Length ET = (24.45572531) (2) (x) (3500) / 360
5. sinK = (425.95)/(3500.00 + 1090.83)
= 0.092782786

K = 5°1925.39"

CURVE BETWEEN FIXED TANGENT AND FIXED CURVE (CASE 1)
(Sample Problem)

Figure 32-6.EE
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QV parallel to BD &
OB parallel to SD

0=0¢
HE = Fixed Curve Tangent Length

Given: Equations:
Fixed Curve Data, HE, HC, 0, R1 & R> 1 CE = HE—HC
2. OA = Ri-CEtan®6
Note: 3. OB = DV =0Acos ¢
4. SV = Rx+DV
0 must be less than 90° for this solution . sV
WE = Fixed Curve 5. sinK = R, iR,
6. A2 = 90°-K
7. N = 90°—(K+¢)

8. Arc Length ET = N 2nR,
360
CURVE BETWEEN FIXED TANGENT AND FIXED CURVE
(Case ll)

Figure 32-6.FF
Given:
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Fixed Curve Data, HC, 0, Ry, & Ra.

Note: \

0 must be less than 90°
WE = Fixed Curve

QV parallel to BC &
OB parallel to SD

0=9¢
HE = Fixed Curve Tangent
Length
Equations:
1. CE = HE-HC
2. OA = CEtan6-R; \3
3. OB = DV =0Acos ¢ \.MJ
4. SV = Rx-DV W
5 snk = SV \
R, -R, Al
6. Dy = 90°+K \
7. M = 90°-¢
8. N = M-K
9. ArcLength ET = N 27R,
360

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(Case lll)
Figure 32-6.GG
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Given:

Fixed Curve Data, HC, 0, R4, and R:

Note:

0 must be less than 90° for this solution
WE = Fixed Curve

QV parallel to BC &

OB parallel to SD

0=¢

HE = Fixed Curve Tangent Length

Equations:
1. CE = HE-HC
2. OA = Ri{—-CEtan®b
3. OB = DV=0Acos ¢
4. SV = Ry,+DV
5 snkK = Y
R1 - R2
6. A = 90°+K
7. N = 90°—(K+¢)

N
8. Arc Length ET = —— 2xR,
360

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(Case IV)

Figure 32-6.HH
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Given:

“WE” Curve Data, HC, 0, R4, and Rz

WE = Fixed Curve
OF parallel to VD
VF parallel to AD

Equations: 8 OF = OJ-R:
. _ OF

1. « = 180°— (0 + ¢) 9. sinS= RR,

HC sin©6
2. HA = _ AE

Sin o 10. tan B = R_1

3. AE = HA-HE 11.A2 = 900°+S
4. BE = AE tan « 12. M = 900 _ G
5. OB = Ri-BE 13.N = 90°-S
6. G = 90—« 14.P = A-M-N
7. OJ = OBsinG

15. ArcLength WT = P 21R,
360

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(Case V)

Figure 32-6.11
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Given:

“WE” Curve Data, HC, 0, R¢, Ry, and Rs /

Note:

0 must be less than 90°

AD = Fixed Tangent
WE-= Fixed Curve

A2 & N computed according
to example in Case |

A 0
Equations:
1. SinAz _ j(s-b)s—c) 6. Arc Length DK = —>— 2R,
2 bc 360

2 sinp = RetRs)sina, 7. Arc Length KJ = 23 onR,
R,+R, 360

3. sinF = RitR)sina, where: a = OS=Ri+R:
Ry + R, b = NS=R;+Rs3

(N +P) c = ON=Ri+Rs3
4. Arclength EJ = 27R, s = Y(a+tb+o)

5. GZAZ—F

THREE CURVES TANGENT TO EACH OTHER
Figure 32-6.JJ
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o

s = Y(atb+c)

tangents, DE, DF, & o. 6 sin 0 (s—-b)(s-c)
T2 TV e

Curve data, azimuth, or bearing of curve

Required: 7 s = R, sin 0
Arc EC and Arc FC Rz

8. Determine bearings of AC & BC

1. Coordinates at D either given or
assume grid system 9. Determine N & M from bearings

) ) 10. ArcEC:ﬂZTcR2
2. Determine coordinates at centers of 360

curves (A & B) 11, ArcFC = N 27R
360

3. Determine length and bearing AB
4. BC=R2=a, AC=R;=b,
AB =c
INTERSECTION OF TWO CURVES

Figure 32-6.KK
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Master PI

n
W C
o
& AL
/V C’ Qe
Q 7
(J SC CS @!
+0 <
¢ /.// Q
. ee N <A
4 vc')\ Ac e

] . 92 &
TS O Q ST

Notes:

1.

2.

All highway spirals to be computed with Department’s approved software.

Pl. to circular curve must be set on External (Es) and not from spiral Pl (Pls) and spiral end
point (SC or CS).

A simple method for locating the points on a spiral transition is to divide the length of spiral
into 10 or 20 equal parts, set up on the TS or SC, and locate the points by calculating
deflection angles and using equal chord lengths.

See Figure 32-6.MM for definition of terms.

SIMPLE CURVE WITH SPIRALS

Figure 32-6.LL
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SPIRAL TRANSITION CURVE NOMENCLATURE

Master Pl = Point of intersection of the main LT = Long tangent of spiral only.
tangents.
ST = Short tangent of spiral only.
Plc Point of intersection of circular curve
tangents. LC = Long chord of spiral.
Pls Point of intersection of the main tangent p = Offset distance from the main tangent to
and tangent of circular curve. the PC or PT of the circular curve
extended.
TS Tangent to spiral, common point of
spiral and near transition. k = Distance from TS to point on main tangent
opposite the PC of the circular curve
SC Spiral to curve, common point of spiral produced.
and circular curve of near transition.
A = Intersection angle between main tangents
CS Curve to spiral, common point of of the entire curve.
circular curve and spiral of far transition.
Ac = Intersection angle between tangents at the
ST Spiral to tangent, common point of SC and the CS or the central angle of the
spiral and tangent of far transition. circular curve.
Re Radius of the circular curve. fs = Intersection angle between the tangent of
the complete curve and the tangent at the
Ls Length of spiral. SC, the spiral tangents intersection angle.
Le Length of circular curve. ¢ = Deflection angle from main tangent at TS
to SC along the line of the long chord.
Ts Tangent distance from Master Pl to TS
or ST, or tangent distance of completed Xye = Coordinates of SC from the TS.
combination of curves.
) L’ = Length of spiral arc from the TS to any
Te Tangent distance from SC or CS to Ple. point on the spiral.
Es External distance from Master PI to ® = The central angle of spiral arc L'. 6 equals
midpoint of circular curve portion 0s when L’ equals Ls. Note: The 0 referred
to in Table Il of Transition Curves for
Highways is actually 6s.
SPIRAL CURVE NOMENCLATURE
Figure 32-6.MM
32-6.42
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CURVE FUNCTIONS

1. 8= (Ls/ Rc) (90/)

2. Ac = A - 295
L, = e onR_
360

4, Ts=(R¢+p)tan (A/2) + k

5. Es=(Rc+p)(1/cos (A/12)—1)+p =
Re+p)
Los(A/Z) R+ p)} P

Where A, Rc, and Ls are givens. To find p and k, calculate 6s and use Table Il from Transition
Curves for Highways or use tables in the Department’s approved software.

SPIRAL FUNCTIONS

0
Corrections for C in Formula ¢ = 3 C

0s in Degrees 15 | 20

25

30 | 35 | 40 | 45 50

C in Minutes 02| 04

0.8

14| 22| 34| 48 | 6.6

C]
6. ¢ = E’if 8, <15°00' (approx. value)

0
7. ¢ = 3" C, ifesz15°00’ (approx. value)

8. Deflection angle from TS or ST to any point
“n” on spiral curve:

o.[L']°
o= %]

9. The exact values of ¢ can be
determined by coordinates:
tan¢ = Yo

Xe

10. sT = Yo
sin g
11.LT =XC_( Yo J
tan 64
12.LC = ¢
Cos ¢
13.xc = LCcos ¢
14.yc = LCsin¢
2
L!
15. 0 = %es

S

Note: These equations are based on Transition Curves for Highways by Joseph Barnett.

SPIRAL CURVE FORMULAS

Figure 32-6.NN

HARD COPIES UNCONTROLLED

32-6.43



lllinois HORIZONTAL ALIGNMENT September 2010

Given: Ry, Rg, A, and p

5. - R2*P

A
= 2 - —2*P g

1. TI=Ry+ p)tan2 SNIVE) )

2. A= cos!|PizRa= P 6. M =R:—[Rzcos (A/2 - A)]
! R,- R,

3. T =Ti+(Ri—Ry)sin A 7.y =(Ra+p)—Recos A

4. T2=T1—R2 sin A1

Note: “p” is the offset location between the interior curve (extended) to a point where it
becomes parallel with the tangent line.

THREE-CENTERED COMPOUND CURVE

Figure 32-6.00

52044 HARD COPIES UNCONTROLLED



lllinois HORIZONTAL ALIGNMENT September 2010
Given: Ry, Ry, A

Equations:

A = Total Deflection Angle = Aq + Az

Xz = R1 sin A — (R1 - R2) sin A2

Y, = R»—Ri1cosA+ (R1 - Rz) CoS A2

Ta = AV =Y2/sinA

To = BV=Xy—Tacos A

tan (A, /2) - R,(1-cosA)-T, sinA

R, (sin A)— T, cosA-T,

TWO-CENTERED COMPOUND CURVE

Figure 32-6.PP
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32-7 CURVE DATA

32-7.01 Rounding

The following will apply to rounding the radii of horizontal curves:

1. New Horizontal Curve. Radii will be expressed in multiples of 5 ft (1 m) increments.

2. Existing Horizontal Curve. Alignments that incorporate a previously defined horizontal
curve should continue to use the same existing radius, and the radius will be re-defined
to the nearest 0.01 ft (0.001 m). For example, a 3-degree curve which is a re-creation of
a previously established curve will be assigned a 1909.86 ft (582.125 m) radius.

* k k k k k k k k%

Example 32-7.1

Shown below are three possible cases defining horizontal curvature. In all three cases, it is
assumed the curve starts at PC Sta 300 + 59.41 (English units) or the equivalent PC station in
metric units of kilometer Sta 9 + 162.126.

Case A: English curve definition.

Case B: Metric definition assuming that Case A curve data defines the roadway centerline
from a previous survey and will be retained. All curve data is a direct or soft
conversion from English to metric units.

Case C: Metric definition of a paper relocation on mapping. The PC location will start at
metric Sta 9 + 162.125 and have approximately the same curvature as the Case
A curve. Therefore, R will be set at 580 m.

The following table illustrates the curve data for all three Cases.

Case A Case B Case C

Pl Sta = 302 + 68.57

Pl Sta =9 + 225.879

Pl Sta 9 + 225.646

A =12°30’ A =12°30’ A =12°30’

D = 3°00’ R=582.125m R =580.000 m
T=209.16 ft T=63.753m T=63.520m
L =416.67 ft L =127.000 m L =126.536 m

* k k k k k k *k % %

HARD COPIES UNCONTROLLED

32-7.1



lllinois HORIZONTAL ALIGNMENT September 2010

32-7.02 Chord Distances

When laying out a horizontal curve, the following guidelines are recommended for measuring
chord distances around a curve. Where the radius is greater than 2000 ft (600 m), use 100 ft
(25 m) chords. For radii between 2000 ft (600 m) and 800 ft (250 m), use 50 ft (15 m) chords.
For radii between 800 ft (250 m) and 400 ft (125 m), use 25 ft (10 m) chords.
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32-8

1.
2.

REFERENCES

A Policy on Geometric Design of Highways and Streets, AASHTO, 2011.

Bureau of Engineering Manual, Part E - Street Design Manual, City of Los Angeles, July
1986.

Transition Curves for Highways, Public Roads Administration, 1940.
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