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Abstract

The geometric design of highway alignment consists mainly of the design of horizontal alignment and
Vertical alignment. The more important step in horizontal alignment design is the curve radius determination.
The equation used for horizontal curve radius determination is devel oped with assumption that when vehiclerun
on curved section, there are an acting force on it. This force include the centrifugal force that try to push vehicle
out off its path , on the other hand there are resisting forces try to keep the vehicle on its path. Those include the
friction between road surface and tires and forces resulting from sloping the highway cross section. When a
vehicle on rura highway with high embankment the wind Pressure will play an important role in force system
acting on vehicle because of increasing in wind pressure intensity at these conditions (rural highway, i.e open
areas, high embankment). The purpose of this paper is to present a new equation for horizontal curve radius
determination taking in to account the wind force effect in addition to other forces acting on vehicle
The resulting equation relates vehicle length, height and weight and the wind pressure as well as the
other factors in traditional equation. Effect of each parameter on design radius was investigated for the case
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where the wind direction is acted with the same centrifugal force direction. It has been found that the required
minimum radiusincrease with the decreasing of vehicle weight or in the other words the vehicle permitted speed
decrease with the decreasing of vehicle weight. On the other hand, the required curve radius increases with
vehicle height increasing. Consequently, permitted height of bags loaded on a truck is related to the type of
loads. Derived equation can also be used for estimation of the permitted truck speed on existing roads especially
in case of bad weathers

The comparison between the traditional and suggested equation showed that maximum difference is
about 160 % which results at high wind pressure while the difference is up to 20 % for low wind pressure

I ntr oduction:

Geometric design of highway alignments consists mainly of the design of
horizontal and vertical alignments. Horizontal alignments of highway are made
of striaght sections called Tangents connected by smooth horizontal curves. In
fact, the design of horizontal curves entails the determination of minimum
raduis, determination the length of curve, and then the computations of
horizontal offsets from the tangent to the curve to facilitate the setting out of
curve (1)

Many studies were conducted to investigate the effect of horizontal
alignment design on highway safety. Raff and Smith (2) showed the relationship
between curvature and small radii to high accident rate. Raff (2) argued that a
high rate of accidents could be found on roads with a sharp horizontal curve
following long tangents. The purpose of this paper is to present the new equation
for horizontal curve radius determination for rural highways with high
embankments subjected to high percentage of large trucks. This equation
considers the effect of wind pressure as an additional force as well as the other
forces acting on the vehicle. On the other hand, present paper try to identifying
the effect of each parameter in the derived equation on the design radius.
Finally, a comparison between the new equation and the traditional design
equation is also presented.

Current Design Practice

When vehicle passing from straight sections to curved path, a vehicleis
forced radially outward by the centrifugal force. Thisforcetry to push the
vehicle out off its path and always acts in the horizontal direction (3). The

centrifugal forceisresisted by the frictional effect between thetiresand the
roadway surface. At high speed and/or bad weather, the frictional forceis
considered not sufficient to balance the centrifugal force. For thisreason, it
Is customary to superelevate or slope the highway cross-section (3).The
relationship between the superelevation rate, radius of horizontal curve,
and design speed is given by the following equation (1,3):
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Where:
v=design speed, m/sec.
g=accel eration, m/sec?

The metric units equation usually used is

2
R:V—
127(e+ f)

Where the V is the design speed in KnVh, e is the rate of superelevation, f is the
side friction factor, and R is the radius of curve in meters. Values of (f) vary
with the design speed and its values are shown in AASHTO Policy (3)

Maximum rate of superelevation are limited by the need to prevent slow-
moving vehicle from dliding to the inside of the curve and , in urban areas, by
the need to keep parking lanes relatively level and to keep the difference in slope
between the roadway streets or driveways that intersect within reasonable
bound. AASHTO Policy (3) recommends that maximum superelevation rate be
limited to 12% for rural roadways, 8% for rural highways with snow or ice , and
4% or 6% for urban streets

Suggested Equation:

When a truck of given height and length on rural highway the wind pressure
will play an important role in force system. In fact, pressure intensity in case of
open areas (rural areas) will be greater than that on urban areas as well as this
intensity increase also with elevation increasing. Moreover, the resulting wind
force acting on vehicle is primarily related to exposed area i.e., vehicle length
and height as shown in Figure (2) (since Force = Pressure x area). The
current equation is derived assuming that there is a truck vehicle on rural
highway with high embankment. It considers the effect of wind pressure (in
addition to the other forces acting on vehicle as stated earlier) that may be acting
toward the center of curve i.e., with the opposite direction of centrifugal force
(or wind in) or acting outward the center of curve i.e., with the same direction of
centrifugal force (or wind out).Actually the case in which the wind force act in
the same direction of centrifugal force is more critical than this in which wind
force act in the opposite direction of centrifugal force since the first case require
more curve radius. Figure (2) also represent the forces acting on the truck in
case of wind out
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¢. Wind force acting on Vehicle

FIGURE (3): Analysis of Wind Pressure and Wind Force Determination

From equilibrium principles

é Fx=0

Pcosg - Wsing - Nf + p,, cosg.hv.L =0....(10)
é Fy=0

N =Psng+Wcosq + p,,.sing.hv.L......... @y
Substituting equation (11) in (10) results,

Pcosq - Wsing - (Psing.f +Wcosq.f + p, sinqg.h,.L.f)+ p,, cosqg.h,.L =0
Dividing by W cosy resullts,

v? v? p p
—-tanq - —.tang.f - f - —~tang.h, .L.f +—%.h .L=0
R q R q W q.h, W h,

But, tanq = e=superelevation rate, smplifying moreresults,

2
\Y, A- ef)+ p,,-hv.L
127R

@Q-ef)=e+f....(12

In Equation (12) the term ef is small as compared with one, so it can be
neglected and the above equation becomes:

V? L7
127R W

Using the same manner, the following equation represents the case where the
wind pressure acts in opposite centrifugal force direction:

2 p hil
Ve PuIVE ot 0))
127R W
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In the above equations V=design speed (Km/h), p,= the wind pressure (KN /m?),
and W= the weight of vehicle (KN), L=Length of vehicle (m), while the other
terms are as specified earlier.

Parametric study and Comparison with Current Design Equation:

In this section, we will investigate the effect of each parameter on minimum
design radius then a comparison between the current and suggested equation is
presented. Table (2) present the input parameters used for these purposes.

TABLE (2): Input Parameters Used in Parametric Study and Comparison

(1) qor p,=K V?where K=constant=0.0000473, V= design wind speed (km/h), Ref.(4)
(2) corresponds 65 km/h design wind speed

(3) corresponds 20 km/h design wind speed

(4) corresponds 160 km/h design wind speed

(5) I0KN=1Tons.

Figure (4) shows the change in minimum radius of curve with the vehicle
weight. It obvious that the required curve radius decrease with vehicle weight
increasing. This because of increasing in vehicle weight will increase the

. . Vehicle :
Design Wind® : , Vehicle ,
Parameters Weight,(W), Vehicle Superelevation
Speed, Pressure,(pw) ®) . length (L),m o
Krm/h KN/ KN Height(hv), m Rate(e),%,
Fixed Vaue 60 0.2 600 4 12-22 4
Rangevalues | 54 190 | 0018929129 | 400-1100 35 16 2-12

resisting force (keeping in mind that there are two forces try to push vehicle out
off its path which are centrifugal and wind force). Effect of vehicle height and
length on minimum curve radius is shown in Figure (5) and Figure (9). It should
be notice that the required radius will increase with increasing of vehicle height
and / or length since the more vehicle height and/or length will generate more
wind force. This because of increasing in height and/or length will increase the
exposed area which in turn increase wind force. Therefore the radius of curve
must be increase to decrease the effect of centrifugal force so the combined
effect of acting forces (wind force plus centrifugal force) will decrease. Figure
(6) illustrate the effect of wind pressure on the required minimum radius. Its
clearly shows that the required radius will increased as wind pressure increase
since the wind pressure will represent force that try to push vehicle out off
curve. It can also be notice from Figure (7) that the required radius will increase
with design speed increasing because of centrifugal force increasing. Finally, the
value of curve radius decrease with superelevation increasing as represented in
Figure (8).
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Minimum Design Radius, m

Minimum design Raduis, m

Figure (10 to 15) represents also comparison between the derived and
traditional equations. It can be conclude that the maximum difference is about
160 % which results at high wind pressure while the difference is up to 20 % for
low wind pressure; the typical wind speed distribution in Irag is shown in
Appendix 111
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FIGURE (8): Curve Radius with Various
Superelevation rates

FIGURE (9): Curve Radius with Various
Vehicle Lengths
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FIGURE (11): Difference between Derived and
Traditional equations for various vehicle heights
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FIGURE (12): Difference between Derived and FIGURE (13): Difference between Derived and
Traditional equations for various design speeds Traditional equations for various superelevation
rates
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Conclusons and Recommendations;

There are several conclusions and recommendation drawn from the present
study which are:

1. The developed equation introduces the effect of wind pressure, vehicle
weight, length and height. Therefore it can be used to compute the
minimum horizontal curve on rural highways with high embankment
subjected to high percentage of large trucks

2. Required radius increase with increasing in height and/or length of
vehicle or in the other words, increasing in vehicle height and/or length
will reduce the design speed on curve. Therefore when truck carry a light
loads such as wood or other light materials with high height the driver
must reduce the speed of vehicle to balance the forces and keep his
vehicle in its path.
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3. From previewing the derived equation ,the effect of wind force when act
in the same direction of centrifugal force is critical than the case where
wind force act in opposite direction of centrifugal force since the first
stated case will require more curve radius

4. It is recommended to study the effect of wind pressure on highway with
compound alignment considering the dynamic effect.

5. The derived equation can be used to evaluate the permitted truck vehicle
speed on highways in case of bad weather
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APPENDIX [I: NOTATIONS

V= Design speed. Knm/h

Riin. =Minimum Curve Radius, m
f = Side Friction Factor

e= Superelevation rate, m/m

h,= Height of Vehicle, m

pw= Wind pressure, KN/m?

L= Length of Vehicle, m
W=Weight of vehicle, KN

0= acceleration, m/sec®

APPENDIX [Il: Wind Speed Zonesin Iraq (Ref.5)
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Zone | Wind Speed(KPH)
A 108
B 126
C 144
D 162
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