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About the program (Overview) 
RaiLab is a railway aiding design application. Its main features include the optimisation of 
cant selection and detailed kinematical and geometrical analysis of transitions and circular 
curves. This application also allows the user to check if there is a risk of clearance collision 
in double tracks, calculate parameters of bent turnouts, check lateral strength of track etc. 
The program allows the user to analyse any gauge, which is one of its main advantages. 
RaiLab was not created to replace programs like InRail or MXRail but to deliver tools that 
are essential for efficient railway design and which are not available in other applications. 
Some functions can interact with AutoCAD, MicroStation and InRail. 
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Main program window 
The main window gives user access to all menu commands. A status bar displays current track gauge, 
equivalent constant, alignment transition type, cant transition type, speed unit and a shortcut to parameters. 
 

 
 
 
Menu 
 
File 
 
Settings 
Here the user can define gauge, type of rail, tilt of rail or centreline to centreline gauge. Equilibrium constant 
is calculated automatically. It is also possible to define the type of an alignment transition, an cant transition, 
as well as a length of a virtual transition. In Kinematical Parameters tab, user can decide on normal and 
exceptional values for basic kinematical parameters. These values can be eighter saved or later recalled. 
Param-default.txt file is being imported automatically during every launch of the program. If, in some 
program’s windows, kinematical parameters are exceeded, then they are shown with a different color: 
exceeding of a normal value – orange font color, exceeding of a exceptional value – red font color. 
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It is possible to choose a rail type that will be taken into consideration for some calculations. 
 

 
 
 
 
Exit 
Exits the application. 
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Cant 
 
Precise Cant Calculator 
This window is for calculating cant if a designed track is both for passenger and freight traffic. 
 

Main Parameters  
Here the user can choose appropriate speed for passenger or freight trains as well as the horizontal 
curve radius. Analysis module for freight trains can be switched off if calculation is to be done for 
one type of train only. The application checks if the chosen radius is not smaller than the minimum 
value. The value is shown by double-clicking the radius window.  
 
Acceleration  
The user can choose values of unbalanced accelerations or use values of cant deficiency instead. 
 
Optimisation  
This module allows the user to change the percentage of train types. By clicking vmax(geom) the 
program launches a window where maximum speed on a given curve can be calculated in view of 
permissible acceleration and cant.  
 
Results of Cant Calculations  
Outcomes of cant calculations for passenger and freight trains are shown here. Optimised (applied) 
cant is shown as a middle value between limits of inequality.  
 
Transition  
This module allows the user to calculate appropriate length of transition and cant transition as well as 
cant gradient (it is maximum cant gradient for non-linear cant transition).  
 
 
Quick Calc (menu) 
This option allows the user to calculate cant and transition automatically. It also routinely starts the 
module of kinematical analysis.  

 
Cant Graph (menu) 
Graph showing geometrical interpretation of selection of cant. Any change in cant in the main 
window results in graph change.  
 
Export Cant to MicroStation (menu) 
Generates *.txt file which can be used in MicroStation. Draws cell turned according to cant value 
(e.g. showing a track) and shows main geometrical and kinematical parameters for the given curve. 
 
Create report (menu) 
Saves detailed outcomes as *.txt file.  
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Cant Calculator 
Cant calculator that enables inputting speed value in miles per hour directly.  Calculations are based on cant 
deficiency or cant excess, as well as cant deficiency to cant ratio and are checked for both speeds. It is useful 
if a track should be designed for both passenger and freight trains (or for two operational speeds) and if cant 
should satisfy these both speed conditions.  
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Curve Calculator 
Simple calculator for checking deficiency, rates of change of cant and cant deficiency, cant gradient, cant 
deficiency to cant ratio, non-balanced latera acceleration and rate of change of lateral acceleration (jerk). 
Exceeding of a limiting value is shown with orange or red color. 
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Kinematic Analysis 
This module allows the user to do geometrical and kinematical analysis of curve and transition.  Analysis in 
speed function can be done for the following parameters:  

- non-compensated lateral acceleration, 
- rate of change of non-compensated lateral acceleration, 
- rate of change of cant, 
- cant deficiency, 
- cant deficiency/cant ratio, 
- rate of cant deficiency. 

Outcomes are shown as values of parameters in a table and as a graph. This tool can also calculate balanced 
speed (v0) and maximum speed (V). 
This module allows the user to do analysis for tilting train and check if length of transition, as calculated for 
standard rolling stock, is sufficient. Analysis is possible up to 350 kmph. 
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Cant Transition (Cant Ramp) 
Here the user can analyse cant values and distortion of the track (twist) along cant transition. This module 
also calculates maximum cant gradient for any kind of cant transition, i.e. linear, cubic parabola, cosine or 
7th degree polynomial. Reports for cant values are available by clicking a text file icon. To achieve a graph in 
a graphical window, the user needs to click on one of the yellow text windows. 
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Cant Ramp Without Alignment Transition 
Allows to calculate cant, cant deficiency, rate of change of cant and rate of change of cant deficiency for a 
situation where cant ramp is applied directly between straight and circular curve (without alignment 
transition). 
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Cant Regulation 
Allows to calculate minimum required value of lift for the track with redesigned cant. To import .xls file for 
the whole route, please refer to cant regulation - example.xls. 
 

 
 
Tamper – Minimum Lift Allowance 
This window allows user to calculate a minimum lift required during track tamping. The value of lift 
depends on cant change and track slue as well as on tamper constants that need to be checked by user. It is 
possible to import an excel table with data for the whole route and check it automatically. The result of 
checking is a .txt report. To import .xls file for the whole route, please refer to tamper lift allowance - 
example.xls. 
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Plan 
 
Horizontal Curve Geometry 
This module calculates many useful characteristics of a horizontal circular curve. 
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Alignment Transition 
Allows checking values of offset of transition from the tangent derived from its beginning as well as angle 
between this tangent and a tangent in any other position of alignment transition. This analysis can be done 
for the following transition types: cubic parabola, clothoid, Bloss, cosine. The program also calculates A 
parameter and offset of circular curve (n) for any kind of transition. The user can also analyse variability of 
curvature and radius along alignment transition. To achieve a graph in a graphical window, the user needs to 
click on one of the yellow text windows. 
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Transition Parameters 
This tools allows the user to check variability of many parameters typical for transitions and cant transition 
i.e. cant gradient, curvature, unbalanced lateral acceleration, rate of change of lateral acceleration, rate of 
change of cant, cant deficiency, rate of change of cant deficiency. Each parameter can be analysed in respect 
of values and graph along alignment transition. To achieve a graph in a graphical window, the user needs to 
click on one of the green text windows. 
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Other Transitions 
This tool allows the user to calculate other types of transitions such as Searles, Talbot, AREA 10-chord or 
RailCorp Cubic Parabola, Czech Parabola. 
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Parabolic Curve 
This tool is for checking an instantaneous radius between transitions required for parabolic curve 
connections (straight-transition-transition-straight) or for track widening. Both scenarios exclude circular 
curves from the element sets. 
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Straight Geometry 
A simple straight geometry calculator. The user is able to calculate delta x, delta y and a bearing for a 
straight. 
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Reverse Curves 
This window is for calculating rates of changes of cant and cant deficiency for reverse curves. If user 
chooses With Lift option then required lift “S” and gradients “g” will be calculated. The “n” value represents 
a shift between curves. 
If two opposite curves meet without transition, then second part of the window should be used. The program 
will calculate lateral non-balanced acceleration and deficiency for both curves and rate of change of cant 
deficiency and psi value for the connection point (virtual transition point). 
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Compound Curve 
Tools allowing analysis of change in cant deficiency or lateral acceleration in point contact of compound 
curves. A significant abrupt change can occur in the point of contact between curve and transition while the 
designed speeds on these two elements differ. 
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The Shortest Curve 
This module allows user to find the shortest curve set (curve + 2 transitions) for two crossing straights if a 
deflection angle is known. The program will analyze all scenarios and will show the shortest solution for 
every cant value. User can define all curve and transition parameters to be analyzed, eg. minimum curve 
length or maximum rate of change of cant that shouldn’t be exceeded in a final solution.  
For two parallel straights it is possible to find the shortest two-curve set that connects those straights.  
Parameters shown in a table: cant, radius, curve set length (curve length + 2 x transition length), tangent 
length, t value (see drawing), tracks widening (for parallel straights only), total length of two-curve set (for 
parallel straights only). 
Double click on red value of Shortest Curve Set will display kinematic parameters for the shortest set (cant 
deficiency, RCC, RCD, cant gradient). 
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Deflection Angle 
Module allowing calculation of angle of change between initial and final tangent of any 12-element system. 
Result can be shown in radians, degrees or grades.  
 

 
 
 
Offset of Circular Curve from Line 
This tool calculates distance between a circular curve and a line. 
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Versine, Chord, Radius 
Here the user can calculate one unknown from the following: versine, chord, radius, when two other values 
are given. 
The bottom part of the window can calculate how long a chord can be for a particular curve radius to achieve 
an arc length longer from the chord  by delta only. 
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Rails on Circular Curve 
This window helps to calculate the length of inner and outer rails on a circular curve. 
 

 
 
 
 
Shunting Limit 
A simple clearance point position calculator. A result is a distance from a crossing to clearance point along 
one of tracks. 
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Route Geometry Calculator 
This module allows to calculate and to show in a tabular form all main kinematic parameters for several 
elements track. User inputs radius, cant and transition length and results are common kinematic parameters. 
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Whole Route Analysis 
This module automatically checks if kinematical parameters are correct along the whole alignment. To 
import .xls file for the whole route, please refer to Whole Route Analysis-example.xls. 
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Max Speed on Curve (PL) 
This module calculates maximum speed on curve with transitions. 
 

 
 
Straight to Straight Analysis (UK) 
A tool that allows to check a connection between straights without a circular curve. British and Australian 
methods are available. 
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Profile 
 
Gradient Geometry 
The first part of the window is to calculate a gradient between two points on an alignment. 
The second part is for finding kilometrege or level of second point if first point and gradient is known. 
The third part is for producing a gradient report. 
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Vertical Curve Geometry 
A tool that allows to calculate all parameters of vertical curve (circular or parabolic). User can generate a 1 
m report for kilometreage and level results. The last tab of the window allows to calculate an intersection 
point for two gradients. 
 

 
 
Curve Compensation 
This tool calculates additional resistance occurring on horizontal curve while running. This resistance should 
be taken into account as additional gradient. Two methods of calculation are possible. 
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Minimum Vertical Curve Radius 
Module allowing to calculate minimum value of radius for vertical curve. UK and Irish requirements were 
input to this window but user still has an opportunity to use a custom value. 
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Existing Track Profile 
A window where user can check existing levels information and design a new vertical alignment. In settings 
window some parameters can be decided e.g. minimum gradient length, maximum change of gradient, 
maximum lift, etc. If any value is outside desirable limits then it will be displayed with a red background. An 
existing profile as well as a proposed one will be displayed in a separate graphical window. Results can be 
exported to InRail/BRT and geometric report can be created. If user specified maximum lift possible (and 
maximum lowering), then the program will display an information about number of places where those 
values are exceeded. A profile graph can be printed directly from the program. 
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XSection 
 
Passing and Clearance Analysis 
Module allowing analysis of any possible collision of two train envelopes. The user inputs mutual position 
of track in cross-section and cant value. The program analyses position of both envelopes, searching for 
collisions. The user can also include curvature of both tracks as well as add additional structures (bridge, 
wall etc.). Results are shown as a table and a drawing in separate window and can be exported to 
MicroStation in *.txt file as a drawing of both clearances. A full version of this tool is a separate program 
Railab Clearance 2010. It allows to measure distances between envelopes and object, to check the whole 
route automatically, to import sections from ClearRoute software, to add tolerances to analysis, to export 
drawing to both MicroStation and AutoCAD (scripts, .dxf files) and much more. 
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Railway Track in XSection 
Module allowing to calculate a cross section points co-ordinates. 
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Track Formation 
Module allowing to calculate a level of formation crown (point F). Values D1-D4 mean vertical distance 
from top of rail to bottom of the ballast. For import .xls file with a whole route data refer Formation-
example.xls. 
 

 
 
Wire Tracing 
In this window user can calculate xyz co-ordinates for a wire if height and stagger is known. For import .xls 
file with a whole route data refer Wire Tracing-example.xls. 
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Track in Tunnel 
This tool allows to calculate a shift of track in a circular tunnel required to achieve the best fit of 
approximately rectangular train shape in a circular section. 
 

 
 
XSection Modeller.exe 
Launches separate application for the generation of cross-section drawings on the basis of terrain data. This 
program is compatible with MicroStation. For more information see XSection Modeller user guide.  



 36 

Turnouts 
 
Bending Turnout 
It is a useful tool for designing standard bending turnouts with the use of two possible methods of 
calculation. Outcomes are shown as similar or contra flexure turnouts. The user can also define any other 
kind of turnout, when its dimensions are known. The user can export *.txt file that imported to MicroStation 
or AutoCAD is shown as a diagrammatically bent turnout. User can analyse a turnout with a cant added 
positively or negatively.  
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Turnout on Transition 
This window helps with analysing values of curvature for a main and a diverging track when a turnout is 
located on a transition. The program calculates the lengths for short and long tangents, a distance from a 
point of their intersection to a track centreline (m) and generates a report of distances of track centrelince 
measured from a tangent line. 
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Turnout on Gradient 
This module enables calculation of gradient of turnout lying on a curve with cant. Results of the calculation 
are: gradients of switch track after which last shared bearer and adequate height of rails. 
 

 
 
Crossover on Curved Tracks 
A simple calculator of crossover centreline radius. Tool designed for UK based turnout geometries. 
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CEN56E1 Vertical Circular Turnouts (UK) 
This tool allows to calculate the parameters for the S&C placed on the curved track. It is possible to change 
cant and radius of curvature of a main line. Maximum speed allowed for both directions is calculated 
automatically. This tool supports CEN56E1 Vertical Circular Turnouts library used by Network Rail (UK). 
 

 
 
NR60 Inclined Circular Turnouts (UK) 
A similar tool to CEN56E1 Vertical Circular Turnouts. This one supports a library for NR60 Inclined 
Circular Turnouts used by Network Rail (UK). 
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AREMA Turnouts Bending 
This window helps in analysing the US turnouts located on a circular curve. 
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 Geotechnics 
 
Strengthening of Formation 
With this tool the user can calculate required thickness of strengthening layers, depending on modulus of 
elasticity of soil, modulus of elasticity of strengthening layers and minimal required modulus of elasticity 
measured on top of formation. The user can also design single or double-layer strengthening or even more, 
simply by repeating calculations. DORNII nomogram is shown in the window.  
It is also possible to check values of modulus for various aggregates and soil. Thanks to this program the 
user can calculate modulus of elasticity on the basis of given CBR value. 
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Zimmerman’s Theory 
This window allows the user to calculate deflection of rail, bending moment, shearing force and stress in rail 
according to Zimmerman's theory. The graphs of the mathematical functions are also available.  
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Boussinesq Theory 
This tool is for calculating horizontal and vertical stress in a track formation according to Boussinesq 
Theory. 
 

 
 



 44 

Forces in Formation 
In this window user can calculate stress in railway formation by using different formulas and methodologies. 
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Other Tools 
 
Units Converter 
A tool for converting most common units. With this tool the user can convert for example gradient values 
from one format to another. Furthermore, the user can check how fast gradient increases on its length, while 
speed value is given. 
 

 
 
Sleepers Arrangement 
A tool for calculating a number of sleepers with specific spacing. 
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Overhead Wiring 
In the first tab user can calculate a distance between to masts placed along a curved track to not exceed 
stagger values a and b. 
In the second tab user can calculate a level of a wire if three points are known on this wire. 
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Train Dynamics 
A useful tool for estimating a time and a distance needed for changing  speed from one value to another. 
User can simulate acceleration and braking. If exact data about train tractive effort and drag in known, then 
user can input it in a bottom part of the window that is shown after expanding it. It is possible to generate a 
report from calculations. 
 

 
 
Run Time 
A simple calculator that allows user to calculate a difference in time between two trains passing the same 
distance with different speeds. 
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Existing Track Analysis 
In this window user can analyse xy data of an existing track. Distance, cumulative distance and radius will 
be calculated. User can generate a report, display a curvature diagram in a graph window and copy a part of 
data to regression analysis. Selected data will be highlighted in the graph window. Max R, in Settings frame, 
means maximum radius that is considered as a curve, all bigger radii will be displayed as straight. 
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Regression 
It is a tool for regressing existing xy data. User can input 20 points and decide about theirs weight. The 
program will calculate radius based on 3 points, point offset from best fit straight and point offset from best 
fit circle. It is possible to display some statistical information, to change type of analysis or to export results 
as a key-in script.  
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Lateral Strength of Track 
Allows the user to calculate maximum speed with which lateral strength of track is not exceeded. It is also 
possible to determine Prud’homme limit, depending on type of train and sleeper used.  
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Influence of Carriage Springing 
Allows precise calculation of lateral accelerations for various systems of tilting when springing coefficients 
are given.  
 

 
 
Tension Stressing (UK) 
This tool  allows to calculate parameters of tension stressing: pull force, psi, rail extension and stress free 
temperature. 
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End and Centre Throw 
This window helps to calculate the end and centre horizontal space taken by the train on the curved track. 
User can import data for Network Rail (UK), RailCorp (Australia) wagons or check dimensions for a custom 
wagon. 
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Buffer Locking  
Tools for estimating if buffer locking will occur on reverse horizontal curve. User can import data for 
Network Rail (UK), RailCorp (Australia) wagons or check dimensions for a custom wagon. 
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Flow in Ditch 
Tools for calculating parameters of water flow in various open ditches. Average flow speed and discharge of 
water are shown as outcomes. They can also be printed. 
 

 
 
Pipe Drainage 
A table showing discharge and speed of water in a pipe laid with a specific gradient. Based on UK best 
practise. 
 

 
 



 55 

Mathematics 
A tool for calculating a simple quadratic parabola and to solve a set of three equations. 
 

 
 

 
 
XML Viewer 
This window is for displaying existing landxml reports with different stylesheets. 
In the first text window user chooses a report generated by eg. InRail, then user specifies a stylesheet in the 
second window, and finally a saving path needs to be specified. A report will be displayed with a correct 
stylesheet. 
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Script Generator 
In this window user can generate a script file for MicroStation or AutoCAD that will draw graphical data in 
2D or 3D. User specifies an excel file that contains data and chooses a way for displaying it (lines, texts, 
points, etc.). In the first three text windows user can add some custom commands. 
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Help 
 
User Guide 
Opens a program manual. 
 
www.railabstudio.com 
Opens program’s homepage. 
 
Requirements>Network Rail 
Opens a table with Network Rail requirements for track geometry. 
 
Requirements >RailCorp 
Opens a table with RailCorp requirements for track geometry. 
 
Notes 
Launches an external notepad. 
 
Licence Agreement 
Launches a window with licence agreement text. 
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Legend 
Shows most of symbols used in the program. 
 

 
 
About 
General information about the program. 
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Sample of Precise Cant Calculator Report: 
 
GEOMETRIC-KINEMATIC REPORT FOR CIRCULAR CURVE 
 
Input data: 
Standard gauge 1435 mm 
R=1400 m 
vmax=160 km/h 
vt=100 km/h 
adop=0.6 m/s2 
at=0.4 m/s2 
Distrubution f/p=50/50 
 
Calculations for circular arc: 
Cmin=124 mm 
Cmax=146 mm 
Cp(opt)=216 mm 
Cf(opt)=85 mm 
Possible range of cant: 124-146 mm 
Copt=135 mm 
Capp=135 mm 
Stiffness criterion satisfied: h(torss)=(R-50)/1.5=900 mm. 
Curve compensation: 0.049286% 
 
Calculations for alignment transition and cant transition: 
f perm=28 mm/s 
psi perm=0.5 m/s3 
Type of transition: clothoid 
ksi=4.40687 deg 
A=549.909 m 
n=1.389 m 
Type of ramp: linear 
Gradient h=1:1600.0 
w(B=5m)=0.31 mm/m 
 
Lmin(f)=214.3 m 
Lmin(rp)=216 m 
Lmin(psi)=47.0 m 
L app=216 m 
Cant Gradient=1:1600 
 
a(100)=-0.33 m/s2 
psi(100)=0.04 m/s3 
f(100)=17.4 mm/s  (RCC) 
D(100)=-51 mm 
D/C(100)=-37.78% 
d(100)=6.6 mm/s (RCD) 
 
a(160)=0.53 m/s2 
psi(160)=0.11 m/s3 
f(160)=27.8 mm/s (RCC) 
D(160)=81 mm 
D/C(160)=60.00% 
d(160)=16.7 mm/s (RCD) 
 
v0=126 km/h 
Vmax=163 km/h 
  


