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Lecturer :



Lecture 3

The subject of the lecture:

Horizontal alignment



Based on Polish legal acts and literature:

Regulation of the Minister of Infrastructure of June 24, 2022, on technical and construction regulations for 
public roads (Journal of Laws 2022, item 1518).

Rozporządzenie Ministra Infrastruktury z dnia 24 czerwca 2022 r. w sprawie przepisów techniczno-budowlanych 
dotyczących dróg publicznych (Dz.U. 2022 poz. 1518)

WR-D-22-2 Guidelines for the Design of Rural Road Sections, Part 2: Geometric Design

WR-D-22-2 Wytyczne projektowania odcinków dróg zamiejskich Część 2: Kształtowanie geometryczne



Coordinates of vertex points of horizontal alignment of the design road:



Distance (length) between vertex points:



Deflection angle of horizontal alignment of the design road:

Source: https://www.cpp.edu/~hturner/ce220/circular_curves.pdf





Tortuosity of section of the design road:



The radius of a horizontal curve and the transverse slope can be:

1) calculated

where:

R - radius of horizontal curve[m], the calculation result can be rounded, but not more than to ±5% of 
the value calculated from the formula,

Vdp - design speed [km/h],
127 - coefficient resulting from the conversion of units,
0,925 - coefficient taking into account the reduction of the coefficient of friction in the transverse 
direction in relation to the coefficient of friction in the longitudinal direction,

q - traversive slope [%]; generates values: as for example straight (with slope ≤ -2%) and from 2 to 7%,

n -unit coefficient of the friction coefficient f, permitted for use in the direction perpendicular to the 
drive [-]; the value n is assumed due to:

f - the nominal friction coefficient [-]; the value of f is taken from



The radius of a horizontal curve and the transverse slope can be:

2) adopted according to the table

Relationship between the horizontal curve radius and the transverse slope

1) A 2% transversive slope is not permitted on a class A, S or GP road or on a class G, Z, L or D road with a single-slope road section width exceeding 10.00 m (in accordance with subchapter 4.4.2)

2) It is not recommended to use

As in a straight section



Recommended minimum horizontal curve radius:

a) due to ride time

b) due to visibility at night

where:
Vdp - design speed [m/s]
γ - deflection angle of horizontal alignment [rad]

Minimum recommended radius of horizontal curve ensuring visibility of the path lane in the light of headlights

Minimum recommended radius of horizontal
curve ensuring visibility of the path lane in the 
light of headlights [m]



a) roll-over stability condition 

Checking the requirements for the assumed radius of horizontal curves



two-side slop of the trafficway



b) slip stability condition

two-side slop of the trafficway



c) driving comfort condition

two-side slop of the trafficway







Checking the ratio of horizontal curve radius to the length of the straight section

Checking the ratio of the radius of adjacent horizontal curves

L < 500 m

where
L - length of the straight section

Recommended maximum values of the ratio of radius adjacent horizontal curves

The value of the smaller radius (R1) [m]

The largest ratio of radius adjacent horizontal curves
(R2 : R1, R2 > R1)

facultative



Widening on the horizontal curve

Formulas for calculating the amount of lane widening for typical size vehicles

typical size vehicle

type symbol

D value
Formula for calculating the 
amount of line widening p 

[m]

passenger vehicle

municipal vehicle

two-axle bus

three-axle bus

truck with trailer

* in individual analyses for vehicles with an extended rear axle, the calculation assumes the position of the rear axle halfway between the extreme real rear axles



Calculation of basic elements of a horizontal curve 

Signs:
PŁK – BC – begin of curve
KŁK – EC – end of curve
Z – E – external
T – tangent

The widening is used when its value is greater than or equal to 0.2 m 





Determination of the clothoid a-parameter 

Source: https://pwayblog.com/2016/07/03/the-clothoid/



Source: https://docplayer.pl/docs-images/64/51106521/images/11-1.jpg

The road ramp



Determination of the clothoid a-parameter 

1) dynamics condition

Maximum increase in centripetal acceleration acting on the vehicle on the transition curve

Maximum increase in centripetal acceleration acting
on the vehicle on the transition curve [m/s2]



2) aesthetics condition



3) construction of a road ramp condition

Additional slope of the road edge

Design speed
(km/h) minimal on a section with a transverse slope maximal

Additional slope of the road edge [%]

a - distance of the edge from the axis of rotation



4) widening of the roadway condition 

calculated for the horizontal curves which have widening

5) geometric condition 



6) horizontal curve offset condition

recommended condition



7) proportionality condition

recommended condition

Signs:
L – Cl – the length of the clothoid
Ł – Cu – the length of the curve





Determination of characteristic values of a colloidal transition curve 

Source: https://pwayblog.com/2016/07/03/the-clothoid/



a) clothoid length



b) tangent angle at the end of the transition curve

For all transition curve the condition                                           is fulfilled



c) coordinates of the end of the transition curve



d) coordinates of the center of horizontal curve



e) retraction of the horizontal curve

For all transition curve the condition                                                        is fulfilled



f) external



g) short tangent



h) long tangent



i) Ts section



j) integer tangent



k) central angle of the reduced horizontal curve



l) length of the reduced horizontal curve



Coordinates for staking out the transition curve 

Intermediate points for the transition curves in local coordinate systems

Transformation of the coordinate from the local system to the global system 



Mileage of the horizontal alignment

Signs:
PA – PPT – BDR – begin of the design road
W – V – vertex point 
PŁK – BC – begin of the curve
KŁK – EC – end of the curve
PKP – BTC – begin of the transition curve
KKP – ETC – end of the transition curve
ŚŁK – CC – center of the curve
PB – KPT – EDR – end of the design road
L – the length of the clothoid
Ł – L’ – the length of the reducted curve
To – the length of the integer tangent
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