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1.  Introduction and Initial Situation  

1.1.  Basic Idea  

The aim of the concept  ăLow-clearance Rapid Transitò (LCRT) is urban rail transit combining optimall y 

the cost advantages of a tram and speed and reliability of a metro. Compared to existing rapid tram 

concepts, the following innovative factors contribute to this goal:  

¶ The LCRT line is running mainly on street level  (preferably divided from the surroundi ng area 

by fences or railings), instead of a track alignment continuously above or below street level, 

crossing roads are passed under via separated underpasses. 

¶ Underpasses are realised only for major crossroads (at about 25 0 ð 400 m distance between 

them), crossing minor streets are cut for motorized vehicles but equipped with protected level 

crossings for pedestrians. 

¶ LCRT-vehicles are of significantly lower overall height than conventional tram or metro 

vehicles, so underpasses can be constructed much easier. 

¶ Next to the underpasses, not only the LCRT track is lowered, but also the street surface  is 

elevated, so the underpass ramps get shorter and the construction masses are reduced.  

 

Figure 1: Illustrative representation of an LCRT underpass  

1.2.  Initial Situation: Average Speed of Different Tram and Metro 

Models  

The idea of a òfast tramó or òprioritizationó of the tram against the individual traffic isnõt new. 

Already a long time, these solutions are proposed in order to achieve quality similar to a metro at 

much lower costs. Anyway, they didnõt reach the popularity of òrealó metro lines by far. 

In order to quantify the effectiveness of these measures for public transport speed improvement, 39 

exemplary route sections in Vienna and other central European cities were compared concerning 

length, travel time and number of stops. These examples were divided into the following four groups:  

¶ Tram in mixed traffic with cars: tram lines mainly using tracks, which serve at the same time 

as driving lanes for individual traffic  

¶ Tram with own track segregated from car traffic: tram lines without longitudinal car flow on its 

track, but with crossing car traffic basically at every street crossing (distance between 

crossings according to the local b uilding structure)  

¶ Fully grade-separated rapid tram: tram lines with consequently level -free routing on tracks 

without any contact to car traffic  

¶ Metro: classical metro lines with accordingly big trainsets, train control system and mainly 

elevated or lower ed track alignment.  

In order to neutralize the effect of different average distances between stations, a time loss of 35 

seconds per stop has been assumed. This contains not only the stop itself, but also time losses for 
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deceleration and acceleration compa red to passing the deceleration and acceleration distances with 

average operational speed.  
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Figure 2: Average operational speed without time losses for stops for metro and tram of various characteristics in 

Vienna and other centra l European cities  

The calculated average operational speed values for the compared examples are shown in Figure 2 the 

average for metro lines is 53 km/h and for fully grade -separated rapid trams 48 km/h, on the con trary 

for the tram on own, segregated track 27 km/h and for the tram in mixed traffic even only 22 km/h. It 

turns out, that the time savings potential of segregated tracks (avoiding cars on the track only 

between crossings) is much smaller, than that of fu lly grade-separated lines (avoiding cars on the 

track anywhere). On some line sections, existing rapid tram solutions as for example in Praha or Brno 

achieve similar speed as metro systems. However, these lines usually do not pass historically grown 

neighbourhoods, but they either connect satellite towns that had from the start been planned 

including the rapid tram line, or follow natural barriers like the Vltava river in Prague. Once the public 

transport users approach the city centre, they have to accept either low average speed or changing 

from tram to metro. This disadvantage was probably crucial for the decision to replace the only real 

rapid tram in Vienna, the tram line 64, by an extension of the metro line U6: Despite the running time 

on the grade separated line section is the same, the metro extension provides the opportunity of a 

fast continuation of the journey throughout the city center without changing. While in newly built up 

suburban areas with generous public space, average tram speed could be increased as well by better 

priority systems or the use of railway -type level crossing protection systems, the comparison of the 

average operational speed shown above clearly indicates poor effectivity of traffic signal 

prioritization: In densely built -up areas with intense traffic, a rigorous prioritization according to the 

principle of òstopping only at stationsó could work theoretically, but in reality it is either politically 

inacceptable or tram tracks are obstructed anyway by cars which enter the cro ssing area without 

enough free space in front of it.   
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Figure 3: Average speed including time losses for stops depending on the average stop distance, deduced from the 

examples in Figure 2. 

In Figure 3 there are shown average speeds including time losses for stops, which were calculated 

according to the distance between stops and the average operational speed identified befo re.  

A similar classificat ion of mass transit systems by separation from individual traffic and achievable 

speed has been carried out by the I nternational Tunnelling Association1:  

¶ òComplete separationó, corresponding to the categories òMetroó and òfully grade-seperated 

rapid tramó as mentioned above, leading to operating speeds (including stops) of 30 -60 km/h  

¶ òSubstantial separationó, corresponding roughly to the category òtram on own track, 

segregated from car trafficó mentioned above, with priority at intersections, leading to 

operating speeds of 20-30 km/h  

¶ òpartial or no separationó corresponding roughly to the category òtram in mixed traffic with 

carsó mentioned above, with or without priority at intersections, leading to operating speeds 

of 12-15 km/h.  

Since the rolling stock d emand at given intervals is inversely proportional to average speed and 

turnaround times at terminal stations, running time savings and increased punctuality (thanks to 

avoided obstructions on tram lines) represent a significant potential for cost reductio ns: According to 

the difference in average speed displayed in  Figure 3, even in case of 40-100% higher costs per vehicle 

the rolling stock costs would still be less than those of conventional trams and driving pers onnel costs 

are cut as well.  
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1.3.  Application areas of  LCRT  

Depending on the cityõs size and existing means of public transport, LCRT can fulfil the following 

tasks:  

¶ New LCRT network in addition to an existing tram network: In medium -sized cities, which are 

according to the state of the art too small to generate demand and funding for conventional 

metro, LCRT is a fundable alternative to create a superior public transport system with higher 

speed and longer distance between stations.  

¶ Speeding up existing tram lines: If there is no demand for a new superior public transport 

system, because of inadequate city size or a sufficient existing metro network, existing tram 

lines can be converted into LCRT lines in order to reduce travel time at unchanged distances 

between stations.  

¶ New tram network in addition to a bus network: For cities which have until now only a bus or 

trolleybus network, the increased attractiveness of LCRT can lead to the decision in favour of 

an urban light rail system  

¶ Additional metro lines: In  metropoles with an existing conventional metro network, additional 

lines can be established as LCRT lines instead of conventional metro lines. The cost reduction 

can be used for realising a higher network density.  

¶ Urban express lines: A special option of higher network density is the completion of an existing 

metro network by the next speed level: further lines with even longer distance between stops, 

achieving even higher average speed. Such LCRT lines could cross the whole city or lead 

tangentially along  the suburbs and would stop only at junctions with other metro or commuter 

railway lines. These urban express lines could provide travel times which are competitive to 

urban highways even in off -peak-hours. 

¶ Tram-train -systems: For the following reasons, th e LCRT concept is particularly suitable for 

suburban light rail solutions with or without shared use of standard heavy-rail  infrastructure:  

o In contrary to existing regional railways or extra -urban trams, which usually either pass 

outside the villages or cr oss them very slowly because of many level-crossings, LCRT can 

directly reach the core of the village with higher speed at appropriate costs.  

o A common problem of many tram -train -concepts are different capacity requirements 

between the city centre and the s uburbs: If the suburban line sections are running on 

tracks, which are shared with standard railway trains, there are often no shorter 

intervals feasible than 15 -30 minutes. Because of these relatively long intervals, each 

individual vehicle would need hig her capacity, than compatible with length restrictions 

in mixed-traffic urban tram operation 2. In the opposite, if there are short intervals, but 

also short platforms on the suburban part of the line and suburban trains shall continue 

via a metro line, the y might get overcrowded a. In both cases, flexibility and cost -

efficiency of the LCRT would be helpful: Train length isnõt restricted by building 

structure and road compatibility and capacity improvement by additional lines through 

the city centre is more f undable, than in case of conventional metro lines.  

In case of a tram-train application, on suburban line sections, the maximum speed should 

be 80-100 km/h instead of 60 km/h. Whether the underpasses should also be dimensioned 

for this speed limit should b e decided individually with regard to local conditions.  

                                            
a This problem would occur e.g. in case of the (technically feasible) connection of the Vienna -Baden light rail 
with the metro line U6 . 
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Compared to various types of conventional metro lines, the application area of LCRT can be 

characterized as follows:  

¶ If it is possible to build an elevated metro, LCRT can be realized as well  

¶ LCRT is nearly always a substitute for a cut -and-cover-metro  

¶ LCRT cannot achieve the same degree of freedo m concerning track alignment, a s a bored 

metro tunnel   

 

About the suitability of different urban structures for the realisation of LCRT lines see chapter 4. 

1.4.  Task and structure of this study  

The first task of this study is to investigate, which forms of LCRT could be reasonably realized:  

¶ Parameters of vehicles and track alignment, e.g. height and width, slope, vertical and 

horizontal curve radii as well as velocity  

¶ Geometry parameters of roads and public space to be redesigned in the course of LCRT 

construction  

¶ Optimization approaches concerning vehicle technology and track guidance  

¶ Arrangement and track topology of interchange station s 

Another task of the study is a qualified estimation as a range of costs concerning construction and 

specific parts of operation of the LCRT -lines compared to conventional trams and metros.  

In the field of technical conception, there are in some cases developed several solution approaches 

simultaneously, some of them  with big uncertainties about technical feasibility and positive or 

negative influences on costs. The cost estimation is always based on  a rather conservative main 

variant where  low risk of mis judgement was assumed. The other variants represent alternative 

solutions, which might facilitate realisation at lower costs, but also might turn out to be infeasible.  

In order to keep effort and timescale for this study realistic, it does not deal with an y concrete lines 

or networks in real cities, but it refers to usual framing conditions and expectable costs per line or 

track length. Standards and regulations as well as examples of track or road parameters were taken 

mostly from Vienna and other central European cities. 

2.  Technical Feasibility and track / road geometry parameters  

2.1.  Height difference bet ween LCRT line and crossroad  

The overall height difference between the LCRT line and the intersecting road has to be reached by 

ramps elevating the crossroad and lowering the LCRT line. It is determined by the following parts 

(ranked by importance):  

1. Inner height of  the vehicle 

2. Roof thickness and height of rooftop equipment  

3. Catenary height including electrical clearance  

4. Vehicle floor height  

5. Thickness of load-bearing structure, crest and road pavement  

6. Thickness of the track structure  

In the following paragraphs, for all parts of the overall height di fference, there are deduced those 

values which will b e used for cost estimation (see section 2.10.2) as the main variant as well as there 
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are discussed alternative technical solutions, which could eventually help to achieve more favourable 

values. 

2.1.1  Inner height  
The intended internal height of the vehicle is 200 cm , as usual for double-deck railway carriages 3 and 

significantly better than double -deck buses (192 cm on the lower floor, 170 cm on the upper floor 4). 

The Austria tram regulation states a minimum inner height of 195 cm, in the seated area 170 cm 5.  

2.1.2  Roof thickness and hei ght of rooftop equipment  
A significant part of the reduction of clearance height is achieved in the roof area: Classical high -floor 

trams had various technical devices as electric converters or air conditioning placed under the floor, 

low-floor trams have them placed on the roof. In case of LCRT vehicles, all these equipment has to be 

placed on the same height range as the passengerõs compartment: Either in separate sections at the 

vehicleõs ends, or distributed into residual volumes under seats, in corners under the roof or similar. 

The remaining roof thickness is about 5 cm . In contrary to conventional trams, it does not matter, if 

the relocation of electrical devices leads to increased vehicle length, because thanks to the complete 

grade separation, there  are no such restrictions of the vehicleõs length as apply for trams in mixed 

traffic.  

2.1.3  Catenary height including electrical clearance  
A further, significant part of the reduction of clearance height is achieved between the upper end of 

the vehicle and th e ceiling of the underpass as this gap is also reduced to 5 cm . For the problem  of 

missing space for catenary and electrical clearance compared to conventional trams there are 

proposed different solutions:  

2.1.3.1  Main variant with two pantographs at the vehicleôs ends  

According to the main variant,  the vehicle isnõt equipped with one pantograph above the passenger 

compartment, but with two pantographs, which are located above the end sections, carrying technical 

units. These utility sections are lower than the pas senger sections, so the completely lowered 

pantograph does not exceed the height of the rest of the vehicle. In the area of an underpass, there is 

a neutral, permane ntly deenergised section, so there is no voltage on those parts of the overhead 

lines, whic h are too low to comply with requirements of electrical safety. If the underpasses are short 

enough resp. the vehicle long enough, one of the two pantographs is at any time in contact with an 

active overhead line. For reasons of electrical safety, the lowe r parts of the pantograph are isolated 

and diodes ensure, that there is no voltage on the second, lowered pantograph.  

If longer tunnel sections should be required, they must be equipped with conventional catenary and 

sufficient tunnel height.  

2.1.3.2  Alternative s olutions  

Apart from the main variant described above, the following alternative solutions concerning energy 

supply are imaginable:  

¶ Use of a state-of-the-art catenary -free tram system: high -capacity electric energy storage 

(chemical batteries or supercapaci tors) or ground -level power supply (APS by Alstom) 

¶ Safety extra -low voltage catenary in the underpass section: A voltage of not more than 60 V DC 

is considered as non-hazardous to humans, so no regulations apply concerning minimum height 

or other means of protection against touching. Compared to a  usual tram catenary voltage of 

600 V, the available power is reduced down to 10% if the same current limit is applied . If 
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underpasses and stations are arranged in an appropriate way, vehicles can pass the underpass 

section by momentum and the reduced voltage instead of a completely zero -voltage section 

can be used for auxiliary power users in order to save battery life. In case of an unexpected 

stop of the LCRT vehicle in the reduced voltage section, 10% of the usu al power is still enough 

to leave the underpass over an average slope of 4-5% at 10 km/h6. Indeed, a higher current 

limit and thus more available power in the underpass section is considerable, if a wider  

catenary cross-section with more contact surface be tween catenary and pantograph is applied.  

¶ Minimum variant of energy storage, based on coasting  through the neutral section by 

momentum too:  In order to avoid a blocking of the whole line because of a vehicle, which 

stopped unexpectedly in the underpass, ve hicles should be equipped with a small auxiliary 

battery, serving only for rare cases of slow movement out of the underpass.  

¶ Use of trolley poles: Trolley poles as formerly used for trams and still used for trolleybuses can 

swivel over the edge of the vehi cle, so the power lines of the two tracks can run close together 

in the highest part of the tunnel ceiling, where  it is easier to fulfil  the minimum height above 

the bottom of the unde rpass (resp. above top-of-rail). Furthermore, with trolley poles it is 

easier to bridge the big height difference between the vehicleõs roof and the catenary outside 

of underpasses. 

 

Figure 4: Deployment of trolley poles in an underpass  with 2,5 m power line height  (upper image s) and outside an 

underp ass with 5 m catenary height (lower images)  

Although trolley poles mounted on the left side of the vehicle (in case of right -hand traffic) 

would make best use of the ceiling height of underpasses, a more complex combination of 

pantograph and trolley pole o n the right side of the vehicle would allow to place the trolley 

close to the buildings on short beams. So masts in the road can be avoided, saving costs and 

maximizing the useable cross-section of the road.  Compared to a central trolley mounted on 

the adj acent buildings by wires, there is less pulling force on the wall anchors and there are 

better conditions for the use of turnable ladders by the fire brigade or landing of an emergency 

helicopter.  
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Figure 5: Combination of pantogr aph and trolley pole with trolley alignment close to the buildings.  

 

2.1.4  Floor height according to applied running gear technology  
After reducing the vehicleõs internal height to some acceptable level and elemination of the necessary 

height for catenary, pant ograph and technical devices, the floor level above top -of-rail remains as the 

crucial factor for the overall clearance height. Currently applied low -floor -technologies for tram 

vehicles can be divided in the following three groups:  

1. Constructions with cont inuous wheelset axles achieve (at least above bogies or other running 

gear) no lower floor height than about 450mm above top -of-rail. On the other hand, such 

running gear is still quite similar to that of conventional high -floor -trams and has favourable 

characteristics concerning manufacturing costs and wear 7.  

2. Most low-floor trams have, at least near entrances, a floor height of 300 -400 mm above top-of-

rail. In case of such a floor height, between the bodyõs underneath and the rails there remains 

enough space for components like the following examples:  

o Bogies or other running gear without continuous wheelset axles, but with some kind of 

bogie frame, connecting the single wheels directly (not via the car body)  

o Rods, which influence the radial positioning of b ogies or single wheels depending of the 

angle between car body sections 

o Pivot joints between adjacent sections with wheel -less sections, carried by the adjacent 

sections (the pivot joint has to transmit not only longitudinal forces, but also the weight 

of the section)  

3. A floor height of not more than about 200 -250 mm above top-of-rail along the whole vehicle is 

only possible, if there arenõt any further components between the car bodyõs bottom and the 

rails. This cr iterion is fulfilled by the  Siemens òULFó tram type, operating in Vienna and 

Oradea, using some kind of portal wheelsets consisting out of two single wheels between the 

car body sections. The fact, that this solution is rarely applied outside the Viennese home 

market of the manufacturer is an indic ation for serious disadvantages, presumably relevant 

additional costs for production and operation.  

2.1.4.1  Main variant  

As the main variant, a floor height of 350 mm  is assumed, a value which is achieved by trams of 

different manufacturers, although not compatibl e with continuous wheelset axles.  
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2.1.4.2  Alternative solution with running portal wheelsets  

The disadvantages of the portal wheelsets could be reduced if only non -driven, running axles are 

realized as portal wheelsets, so there is no space demand for motors and transmission in the area of 

the portal wheelsets and wear and tear of the small wheel is reduced as there are no driving forces, 

and less weight and braking forces on them.  

In order to achieve satisfying tractive performance, two sub -variants are possible:  

¶ If the solution with portal wheelsets shall contribute to a lower clearance height compared to 

the main variant, driven wheels can be situated only below the end segments. There, 

conventional high -floor bogies can be applied, because above them, there is no passenger 

compartment,  but  various technical devices, so a reduction of the internal height of the 

vehicle is unproblematic in this area. The share of the vehicles weight resting on driven axles 

can be improved by placing heavy components in the end seg ments and making the overhang as 

long as possible, but anyway, the maximum vehicle length is limited by the tractive force of 

the running gears below the end segments. 

¶ If the solution with portal wheelsets shall contribute to a more inner height at same cl earance 

height, as a compromise portal wheelsets and driven wheelsets with slightly higher floor can be 

alternated. As an example, significant sections of 21 0 cm inner height at a minimum inner 

height of 200 cm could be realised this way, facilitati ng the door mechanism as well.  

 

Figure 6: Vehicle version with driven high -floor bogies under the end segments, a driven four -wheel running gear in the 

middle and a total of four non driven portal wheelsets. In the area of the non -driven  portal wheelsets, floor height is 25 

cm and inner height is 210 cm, above driven wheels, floor height is 35 cm and inner height is 200 cm.  

2.1.4.3  Alternative solution with lateral aisles around running gear  

In order to make conventional wheelset axles compatible  with a very low floor height, in the area of 

the running gear, seats can be arranged in the center  of the vehicle, whereas between the seats and 

the side wall there are aisles on both sides of the seats. There are two sub -variations of this solution:  
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1. With two benches, arranged back-to-back along the vehicle, there can be generated more 

coherent space for the running gear to be arranged below it. On the other hand, because of the 

space necessary for the feet of the passengers, there remains less usable aisl e width.  

 

Figure 7: Vehicle version with lateral aisles and longitudinally arranged, central benches above the running gear at 

760mm gauge and 2,4 m vehicle width. Grey: Restrictions of the passenger compartmentõs height in the center of 

the vehicle because of running gear and pivot joints between car body sections.  

2. If above the running gear there are arranged two seat groups arranged back -to-back 

transversely to  the vehicleõs longitudinal axle, between them, in the foot area, ther e is less 

space for running gear and the wheels must be arranged exactly below the benches. On the 

other hand, the aisle width is not affected by passengersõ feet and the whole seat groups 

including the floor between them can be slightly elevated in order to provide space for bigger 

wheels. 

 

Figure 8: Vehicle version with lateral aisles and transversally arranged, central benches above the running gear at 

1000 mm gauge and 2,6 m vehicle width. Grey: Restrictions of the passenger co mpartmentõs height in the center of 

the vehicle because of running gear and pivot joints between car body sections.  
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Figure 9: Vehicle version with lateral aisles and transversally arranged, central benches above the running gear at 

1435 mm gauge and 3,1 m vehicle width. Grey: Restrictions of the passenger compartmentõs height in the center of 

the vehicle because of running gear and pivot joints between car body sections.  

In order to achieve an appropriate width of the aisles, only  certain combinations of gauge and 

vehicle width are possible (see Table 2). Furthermore, this solution is not suitable for classical 

bogies, but only for running gears, which do not significantly turn against the car body.  

In case of a construction as a mult i-articulated vehicle with wheel -less car body sections, also in the 

area of the pivot joints, there can be realised two lateral aisles, because there might be a need for 

more space for the pivot joint in the middle, which has to transmit the weight of the wheel -less 

section to the adjacent ones (a lso shown in Figure 7 until Figure 9).  

The framing conditions for the choice of the vehicle width are described in Table 1:  

Reference dimensions, vehicle versions and partial widths 
Overall 
width (m) 

Usual widths of tram vehicles (m) 2,2 - 2,65 

Width of metro vehicles and long heavy-rail cars 2,6 - 2,9 

Width of short heavy-rail cars (or multi-articulated trainsets with short sections)  2,9 - 3,15 
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Alignment 
of benches 
above 
running 
gear 

Benches above 
running gear Partial widths 

Result: 
overall 
width (m) 

Width 
(m) 

Number 
of seats  

Wall 
thick-
ness 
(mm) 

Lateral 
aisle 
(mm) 

Wall 
thickness + 
gap + wheel  
(mm) 

Max. 
gauge 
(mm) 

Wall 
thickness + 
gap + wheel  
(mm) 

Lateral 
aisle 
(mm) 

Wall 
thick-
ness 
(mm) 

longitudinal 1,3 2 50 700 170 760 170 700 50 2,6 

transversal 
narrow 1,1 2 50 600 170 760 170 600 50 2,4 

transversal 
medium 1,3 3 50 600 150 1000 150 600 50 2,6 

transversal 
wide 1,8 4 50 600 182,5 1435 182,5 600 50 3,1 

Pivot joint with 
limited height of 
the passengers 
compartment in 
the middle of the 

vehicle 

Partial widths 

Result: 
overall 
width (m) 

Folding bellows 
(mm) Aisle (mm) 

Load-bearing pivot 
joint (mm) Aisle (mm) 

Folding bellows 
(mm) 

 300 600 400 600 300 2,2 

Table 1: Possible width of the vehicle depending on framing conditions and a pplied construction  
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In principle, wider vehicles have the advantage of more capacity at given length and also less costs 

per seat, whereas more narrow vehicles are more suitable for narrow road cross -sections where there 

might not be enough space for a wi der track, segregated from car traffic. Furthermore, for the 

solution with lateral aisles, the minimum vehicle width depends on the gauge: A usual tram vehicle 

width of about 2,5m is feasible maximally up to metre gauge. If the vehicles should run on stand ard 

gauge (1435mm), their minimum width is 3,1m ð just suitable for a multi -articulated heavy -rail vehicle 

with short sections, but too wide for existing tram lines.  If there is no need for compatibility with 

existing tram or railroad sections, there are t wo arguments for a more narrow gauge compared to 

conventional tram or met ro lines: First, the lower cent re of gravity of LCRT vehicles reduces the risk 

of capsizing in curves. Second, if the track is more narrow, it becomes easier to allocate it not 

direct ly above cables, sewers and other pipes. (See also 2.4 and 2.10.2) 

2.1.5  Thickness of load - bearing structure, crest and road 

pavement  
The examples in Table 2 were used as an orientation for guide values of a realistic thickness of the 

load bearing structure of the underpass. As far as in these examples, a very low thickness would not 

be as useful as in case of the LCRT concept, a rather optimistic assumption of 30 cm  for further 

calculations was made. The intended vertical radius on the crest of 120 m (see  2.2.1) means, that the 

top of the crossing road above the middle of the LCRT line is about 3 cm higher, than the road s urface 

above the outer edge of the LCRT vehicle. Additionally, 2 cm road pavement thickness was calculated, 

leading to an overall thickness of crest and pavement of 5 cm . 

Bridge name 
Bridge span 

(m) 
Width 
(m) 

Panel thickness 
(cm) 

Remarks 

Underpass of the A13 motorway 
feeder road next to the landfill 
α9ǳǊƻǇŀōǊǸŎƪŜά ƻŦ ǘƘŜ .ǊŜƴƴŜǊ 
base tunnel construction site  

6,5 5,5 40 

5-year temporary construction 
with edge beams of unknown 

dimensions 
 

Unteralpe bridge 6,2 4,6 40 

Steel concrete serving directly as 
pavement, edge beam about 10 cm 
above pavement level (estimation 

according to photograph) 

Griesbachbridge Telfs 
(Enlargement) 

4,96-5,27 unknown 35 
Balustrade on top, 57 cm high edge 

beam (probably downwards) 

Kinzachbach bridge 3 10,5 25-30 
Width including 0,6 m wide edge 
beams on both sides, additionally 

15 cm asphalt pavement 

Beam bridge JSK 300 Up to 9  scalable 29 Modular bridge 

Railway bridge: steel concrete / 
panel construction 

not defined ς absolute 
minimum value 

40 
High axle loads as usual for heavy 

rail Railway bridge: steel 
construction, compound panel or 

filler beam decks 
7 

not 
defined 

39 

Table 2: Examples for panel thickness of bridge structures of similar size as the LCRT -underpasses. Sources:  bmvit
8
, 

Swietelsky
9
, BH Innsbruck

10,11
, Jansons Bridging

12
, ÖBB-Infra

13,14
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2.1.6  Thickness of the track structure  
Despite the thickness of the track structure is not relevant for the level difference between the 

crossing road surface on the upper part  of the underpass and the top of rail of th e LCRT track in the 

lower part of the underpass, a reduced thickness of the track structure can contribute to lower costs 

because the whole underpass construction becomes lower and when applying variable track thickness, 

the underpass ramps can be shortened. For the main variant, a conventional tram track structure with 

about 180 mm rail height has been assumed, some alternative solutions with less track thickness are 

explained in 5.2. 

2.1.7  Summary: total height difference and cross - section of  the 

underpass  

 

Figure 10: Cross-section of the vehicle and the underpass clearance  

According to the main variant described above, the total height difference from top -of-rail to the 

peak of the crossing roadõs surface is 2,8 m . Concerning the width, rather narrow vehi cles (2,4 m ) 

were assumed. Between the vehicles and beside it, a safety margin of 0,7  m is compulsory, 

particularly in the underpass, but not necessarily along the full height of the vehicle 15. 

The whole cross-section of the underpass is shown in Figure 10. 

2.2.  Alignment parameters for the LCRT line  

2.2.1  Vertical radii on crests and in hollows  

2.2.1.1  Visibility  

In contrary to the dimensioning of vertical radii of the crossing roads, consideration of visibility 

conditions is not necessary for the LCRT line, because of the possibility to use a train control system. 

The ability to stop within sight distance is required only in the area of pedestrian level crossings (see  

2.7).  
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2.2.1.2  Vertical accelerati on and ride comfort  

The vertical acceleration which appears in the vehicle while running over crests and hollows and 

reduces the perceived weight of passengers on the crest and increases it in the hollow , represents a 

basic indicator for feasibility resp. acceptability of the geometry of the underpass ramps.  For 

magnetic levitation lines, German legislation 16 states a maximum vertical acceleration 0,6 m/s² on the 

crest and 1,2 m/s² in the hollow, probably r epresenting acceptable values in the meaning of passenger 

comfort, particularly for short travel times. For wheel -rail -systems, legal limits concerning vertical 

curves resp. accelerations depending on speed differ significantly between countries. Whilst si milar 

limits as for maglev tracks count on the crest, the vertical acceleration limit in the hollow isnõt so 

much higher in case of railway and tram lines 17,18. With regard to the fact, that the acceleration in the 

hollow does not represent a risk of derailm ent (in contrary to the acceleration on the crest), and the 

additional forces on wheel and rail are marginal compared to different axle loads or the load on the 

outer wheel and rail in case of horizontal curves, we can assume, that a vertical acceleration of 1,2 

m/s² is technically feasible in case of a newly designed rail -wheel-system. Vertical accelerations 

between 1,2 and 1,5 m/s² are also mentioned as a limit for human well -being relating to 

elevators19,20,21.  

In order to gain further orientation values ab out usual and acceptable vertical accelerations in public 

transport, the following acceleration measurements were carried out using the app ăAccelerometer 

Acceleration Logò22 and a Sony Xperia X F5121 smartphone: 

¶ 9 Measurements along the urban public bus ro ute 11 A in Vienna between the stops 

ăForsthausgasseò and ăDr.-Adolf-Schärf-Heimò (including an underpass below the 

òNordwestbahnó railway line) 

¶ 6 Measurements along the urban public bus route a A in Vienna between the stops Haltestellen 

ăLisztstraÇeò and ăAm Modenaparkò (including the short, steep ramp between 

Marokkanergasse street and Salesianergasse street ) 

¶ 2 Measurements along the urban public bus route 57 A in Vienna between the stops 

ăStiegengasseò and ăHaus des Meeresò (including the slope between Joanelligasse street  and 

Kaunitzgasse street ) 

¶ 2 Measurements along the tram route 1 in Brno between the stops ăMendlovo n§mœst²ò and 

ăVĶstaviģtœò (including the bridge over Kţ²ĥkovsk®ho street ) 

¶ 2 Measurements on an escalator (Stops ăMuseumsquartierò and ăTaborstraßeó of the Viennese 

U2 metro line, both upwards ) 
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Figure 11: Maximum measured vertical acceleration in various public transport vehicles. Several bars of the same colour 

represent several measurements on the same line  

The measured vertical acceleration values shown in Figure 11 confirm the researched range of values, 

despite the difference between crest and hollow is less than stated in the German maglev 

regulation 23. More relevant th an the directly measured values should be the moving average over 

three measurements (about half a second), which balance point loads because of uneven pavement. 

According to the authorõs perception, the vertical accelerations werenõt spectacular to feel, the 

driving style was always comfortable and careful.  

Although measurements and sources relating to elevators suggest less difference between crest and 

hollow, the main variant follows the limits of 0,6 m/s²  on the crest and 1,2 m/s²  in the hollow 

because of the following considerations:  

¶ The vertical acceleration on the crest, leading to the feeling of the stomach moving upwards, 

is more uncomfortable, than the weight increase in the hollow.  

¶ The vertical radius of the hollow is much more cost -relevant: a bi gger hollow radius makes the 

deeper part of the underpass longer, increasing excavation volume and construction efforts 

according to more depth. A bigger crest radius increases only the length of the shallow upper 

part of the ramp.  

2.2.1.3  Inclination change rate and stability for standees  

Passing a crest or a hollow leads not only to a negative or positive vertical acceleration, it also 

changes the inclination of the vehicleõs floor against the horizontal plane. The change of the this 

inclination angle per time ef fects the stability of standing passengers in a similar way as a jerk in the 

meaning of changing horizontal acceleration, leading to a change of the resultant of gravity and 



Generalized Feasibility Study LCRT (Low-Clearance Rapid Transit)   
 

 

inertia forces. A longitudinal or transverse jerk of 0,7 m/s³ as defined as a limi t value in the Austrian 

tram regulation 24 is equivalent to a n inclination angle change of 4,1 degree per second b.  

2.2.1.4  Vertical radii according to design speed  

The intended standard speed for the design of LCRT lines is 60 km/h . At this speed, the maximum 

verti cal radius on the crest following the maximum vertical acceleration is 463 m , in the hollow, the 

maximum admissible inclination change rate leads to a vertical radius of 234 m  (according to the 

maximum vertical acceleration it would be nearly the same: 231  m).  

2.2.2  Longitudinal slope  
Table 3 shows the maximum and average longitudinal slopes of the LCRT line depending on the part of 

the total height difference of 2,8 m (see 2.1), that is achieved by lowering the LCRT track (the 

residual part has to be achieved by elevation of the crossing road).  

Depth of the 
underpass (m) 

Ramp length (m) Maximum longitudinal 
slope 

Average longitudinal slope 

0,5 26 3,8% 1,9% 

1,0 37 5,4% 2,7% 

1,5 46 6,6% 3,3% 

2,0 53 7,6% 3,8% 

2,3 57 8,1% 4,1% 

2,8 62 9,0% 4,5% 
Table 3: Ramp length, maximum and average longitudinal slope depending on the depth of the underpass  

The critical factor for the feasiblity of the  proposed ramp geometry is not the maximum, but rather 

the average slope, because the length of the train is similar to the length of the whole ramp, so the 

adhesive friction and gravity forces a ffecting the whole vehicle are determined by the height 

difference, distribu ted over the whole ramp. Limit values for the longitudinal slope of tram tracks are 

e.g. in Vienna 5% as standard value and 6% for exceptional cases25, thus both steeper than the average 

longitudinal slopes of the LCRT underpasses. 

2.2.3  Horizontal c urve radii, s uperelevation and achievable speed  
In contrary to the vertical curvature of the LCRT track, which are designed to be passed through with 

full line speed, horizontal curves require speed restrictions: Similar to a metro that is realized as an 

elevated track  or a cut -and-cover-tunnel, the route cannot pass below building blocks but has to be 

aligned with such curve radii, that can be accommodated within road space.  

                                            
b Effects of the interference between the changing angle of the vehicleõs floor and vertical and horizontal 
accelerations had been neglected.  
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Figure 12: Various feasible curve radii with out and with  parallel traffic area (upper/lower row) and with out and with  

chamfering of building edges (left/right column)  

Feasible curve radii depend not only on the road width, but also on the factors, shown schematically 

in Figure 12: 

¶ Many buildings have chamfered edges, facilitating a bigger curve radius  

¶ Compared to concentric circle segments of the LCRT tracks and parallel lanes on both sides it is 

possible to realize significant bigger curve radii, if the whole road wi dth is used in such way, 

that the LCRT line gets as close to the neighbouring building s as possible in terms of safety 

margin. With regard to the accessibility of the concerned building, such a construction seems 

feasible only, if the curve is aligned as a relati vely deep underpass with building entrances 

above the track  (see also 2.5.4). 
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Figure 13: Possible curve radii of the inner track of a double -track LCRT line depending on road width and  further 

circumstances  

The effect of the two factors mentioned above as well as different road widths (according to model 

road cross-sections as described in 2.9) is shown in Figure 13: The highlighted lower extreme values 

seem to be generally infeasible as modern tram vehicles and ðnetwork s usually have a minimum curve 

radius of 18 m26,27. Minimum curve radii of existing metro networks are in a range from 27 -40 m in 

exceptional cases of historic elevated or cut -and-cover-networks with strong dependency of the road 

network over 60 m in older up to 270 m in modern networks, constructed partly by the use of boring 

technology28,29,30.  

The admissible curve speed at given curve radi us depends on the maximum permitted unbalanced 

lateral acceleration and on the superelevation, which is in case of LCRT compared to conventional 

trams facilitated by separation from road traffic. Austrian tram regulation 31 states the following limit 

values of unbalanced lateral acceleration:  

¶ 1,0 m/s² for ăon-roadò tracks 

¶ 0,654 m/s² for ăoff-roadò tracks 

 

Presuming the same stability for standing passengers in a vehicle when stopping in an elevated cur ve 

as in a vehicle passing passing the curve with maximum allowed speed, the admissible superelevation 

is equal to the inverse tangent of the permitted unbalanced lateral acceleration divided by the 

acceleration of gravity . Figure 14 shows the absolute superelevation (hei ght difference between outer 

and inner rail) when applying the higher or the lower limit value of unbalanced lateral acceleration 

and when applying the full or only the half admissible angle of superelevation.  
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Figure 14: Superelevation (height difference between outer and inner rail) depending on gauge width, permitted 

unbalanced lateral acceleration and application of the full or the half admissible superelevation  

The calculated dimensions of superelevation are realistic, for hea vy rail lines in Germany (standard 

gauge 1435 mm) the maximum permitted superelevation is 160 mm for ballast tracks and 170 mm for 

ballastless tracks32. 
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Figure 15: Admissible speed depending on curve radii, superelevation and unba lanced lateral acceleration  

The influence of curve radius, superelevation and the permitted unbalanced lateral acceleration on 

the curve speed is shown in Figure 15: The feasible speed in the worst case is slightly  more than the 

half of the best case speed, the difference caused by the two different limit values for unbalanced 

lateral acceleration is about the same as the speed difference between full vs. half superelevation or 

half vs. no superelevation.  

For furthe r dimensioning, the upper limit value for unbalanced lateral acceleration (1 m/s²) was 

applied for the following considerations:  

¶ According to the definitions in the Austrian tram regulation 33 LCRT might be classified as an 

ăoff-roadò tram, because it òruns solely on a separated trackó, but with regard to the overlap 

of safety margin and road profile in the area of truck rear view mirrors (see  2.9), the passenger 

level crossings and the restrictions in track alignm ent at street level, LCRT should be rather 

classified as an òon-roadó tram, which òadapts with its constructional and operational facilities 

to the character of road trafficó. 

¶ Furthermore, 1,0 m/s² unbalanced  lateral accelerati on isnõt unusual even in long-distance rail 

services with much longer travel times and comfort requirements 34.  

Concerning the admissible superelevation, further calculations were carried out applying an optimistic 

scenario, based on full superelevation, and a pessimistic, based on hal f superelevation. The 

pessimistic scenario takes into account potential obstacles for the realization of optimal curve 

geometry, particularly transition curves and superelevation ramps or incompatibility with the vehicle 

geometry (too long carbody segments or insufficient flexi bility of joints between them).  

For the estimation of travel time increase caused by curves, the optimistic and pes simistic 

assumptions described above are combined with various assumptions concerning road geometry as 

shown in Figure 13. Furthermore, the travel time increase was calculated for different train lengths 

(50 m, 100 m or 150 m) separately.  
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Figure 16: Calculated travel time increase due to curves at various  framing conditions, compared to travel time at a 

constant speed of 60 km/h. Calculation assumptions: 0,8 m/s² acceleration & deceleration, curve angle 90°, inner track 

of a double -track line at 2,4 m vehicle width and 0,7 m safety margin between and outsi de the tracks.  

The calculation results shown in Figure 16 concerning time losses because of curves are interpreted as 

follows:  

¶ Curves on street level with parallel traffic lanes on both sides of the track are feasi ble only 

from 20 m road width up, with a train length as usual for metros the minimum road width is 

25-30 m. In case of more narrow streets, the whole road width has to be used to accommodate 

the curved track. Probably this will be only possible with the L CRT track below street level, 

lowered by nearly the whole crossing height difference of 2,8 m (see 2.5.4). 

¶ The effect of chamfered building edges has low relevance (at least to the extent of 

chamfering, assumed for the calculation) . 

¶ As a rough guide value over all debatable combinations of input values, 15 seconds of travel 

time increase per 90° direction change is assumed.  

Time losses because auf speed restrictions in curves can be slightly reduced by placing cu rves as close 

as possible before or after a station: Although the acceleration resp. deceleration process must be 

interrupted in order to pass the curve at admissible speed, there is no time loss caused by 

deceleration before and acceleration after the cur ve. In the probably quite frequent combination of 

curve and underpass, the speed reduction facilitates even smaller vertical radii for the underpass 

ramps, particularly in the hollow.  
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2.2.3.1  Excursus: Relevance of top speed and speed restrictions for 

total trav el time  

In order to evaluate the relevance of different track alignment characteristics for achievable travel 

times, the average speed was calculated for the following variants and their combinations:  

¶ Station distance: 

o 1000 m 

o 750 m 

o 500 m 

¶ Speed restrictions because of curves: 

o No speed restrictions (straight line or sufficient curve radius thanks to suitable urban 

structures or bored tunnel sections)  

o One speed restricted 90° turn per km line  

¶ Top speed: 

o 60 km/h  

o 50 km/h  

o 40 km/h  

A top speed of 50 km/h or 40 km/ h represents a compromise solution for sensitive public spaces resp. 

unimpeded possibilities for pedestrians to cross the LCRT line (see 2.8.1). The travel ti me increase 

caused by speed restrictions in curves, calculated for a t op speed of 50 km/h and 40 km/h are shown 

in Figure 17 and Figure 18: 
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Figure 17: Calculated travel time increase due to curves at various framing  conditions, compared to travel time at a 

constant speed of 50 km/h. Calculation assumptions: 0,8 m/s² acceleration & deceleration, curve angle 90°, inner track 

of a double -track line at 2,4 m vehicle width and 0,7 m safety margin between and outside the t racks.  
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Figure 18: Calculated travel time increase due to curves at various framing conditions, compared to travel time at a 

constant speed of 60 km/h. Calculation assumptions: 0,8 m/s² acceleration & deceleration, curve angle 90° , inner track 

of a double -track line at 2,4 m vehicle width and 0,7 m safety margin between and outside the tracks.  

As rough guide values, the travel time increase caused by speed restrictions in curves was assumed as 

12 seconds at a top speed of 50 km/h a nd 10 seconds at a top speed of 40 km/h.  
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Figure 19: Influence of the station distance, the top speed to be reached between stops and the presence of speed 

restrictions in curves on the average speed of LCRT  

As shown in Figure 19, the observed factors have relevant influence on the average speed, in the 

worst case travel times are about 60% longer, than in the best case. One curve with speed reduction 

per kilometre reduces the average speed  by 6-13% and the higher the standard speed outside stations 

and curves, the more delay is caused by the speed restriction. Even in case of 40 km/h top speed 

combined with the consideration of speed restrictions, LCRT achieves average speed values 

approximately in the middle between conventional metros and conventional trams.  
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More detailed considerations about achievable average speed depending on the surrounding urban 

structures are subject of chapter 4. 

2.3.  Geometry  parameters for  crossing roads  

In contrary to the previous section, the following considerations are not related to the LCRT line 

itself, but to t hose traffic lanes or sidewalks, which either cross the LCRT line grade -free, or run 

parallel to the LCRT line and must be el evated as well as far as they are connected to the elevated 

crossing road. 

2.3.1  Longitudinal and cross  slopes  

2.3.1.1  Wheelchair accessibility  

Usually, 6% is a guide value for slopes to be overcome by wheelchair users over a relevant distance 35. 

Although this is as a li mit value legally binding only for buildings 36, it is de -facto of high importance 

for public acceptability 37. In order to avoid costs and space demand for additional elevators or detours 

for wheelchair users, at least for wheelchairs a maximum longitudinal s lope of 6% is intended. 

For wheelchair accessibility, the cross slope is relevant as well: Slopes of 2% and more (this means 

even less than the value of 2,5% recommended for proper drainage) makes it difficult for wheelchair 

or walking frame users to keep the direction of movement straight along the sidewalk 38,39,40. For short 

distanced, e.g. house or property entries, 6% cross slope is permitted anyway, on case of LCRT -

overpasses this would apply e.g. at the intersection of the sidewalks of the crossing road and that one, 

running parallel to the LCRT line.  

2.3.1.2  Current regulation for road geometry  

Existing regulations concerning road geometry allow similar or higher longitudinal slopes, than the 

wheelchair -oriented  value of 6%. The Czech standard for design of urban roads41 states 6% as a 

standard value for collector roads, only for arterial roads the regular value is 5%, but in justified 

cases, 7% may be applied too. In Austria, out of town up to 11% are admissible at a top speed of 50 

km/h 42. 

Concerning cross slope, the Czech standard mentioned above allows a maximum total incline of 9%, 

this means in case of 6% longitudinal slope also 6% cross slope. In Switzerland, for urban roads a limit 

value of 5% cross slope is applied43, for Austrian rural roads, rather highe r cross slopes are realized44.  

2.3.1.3  Considerations about safe and smooth traffic flow  

For the specification of a practicable longitudinal slope, there should be considered, that the LCRT 

line is crossed basically only by collector roads and arterial roads, becau se minor streets are cut, 

enabling only turning to or from the lane, running parallel to the LCRT line, but not crossing it. With 

this in mind, it seems not appropriate always to apply limit values, but there should be paid some 

attention to safe and smoot h traffic flow too. Also the necessity of frequent stop -and-go-situations on 

the slope should be kept in mind, particularly, if there is an intersection at the end of the slope.  

2.3.1.4  Comparative measurements  

As an example for an arterial road in Vienna, the lon gitudinal slope of Gumpendorfer Straße road at 

the intersection with Kaunitzgasse was measured as 4,9%. The maximum longitudinal slope of the 

neighbouring minor road Joanelligasse is 6,1%, that of the Berggasse, another minor road, is up to 11%. 
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Measurements of exemplary cross slopes in Vienna were 6,5% on the Mariahilfer Straße next to Otto -

Bauer-Gasse or 4,2% on the Wasagasse at itõs intersection with the Bergasse. 

2.3.1.5  Slope parameters for the LCRT concept  

For further dimensioning, a limit of 6% for both long itudinal slope and cross slope is applied: This 

value guarantees  passability for wheelchairs and represents a compromise between rather higher 

values out of road geometry standards and rather lower values from design practice concerning 

arterial roads.  

2.3.2  Vertical radii on crests and in hollows  

2.3.2.1  Visibility on the crest  

The Czech standard for design of urban roads45 defines minimum crest radii depending on design speed 

and justifies them with the necessary sight distance, depending on the speed as well.  

For the calculation of an acceptable crest radius, the basic logic of the mentioned standard was 

applied, however using the following calculation assumptions:  

¶ Height of the driverõs eye above pavement: 1,2 m (originally this value had been used in the 

standard, l ater it was reduced to 1,0 m 46)c 

¶ Not only the crest radius hat been taken into account, but also the slope of the ramps: If the 

ramps are not so steep, the vertical circle segment from the beginning to the end of the crest 

is rather short, shorter than the stopping distance. In this case, the required sight distance 

contains not only the crest (as the vertical circle segment), but also parts of the ramps with 

constant slope, so the sight distance is not predominately determined by the crest radius.  

¶ Reaction time: 1 second  

¶ Worst assumed friction coefficient between tyre and pavement: 0,5 (corresponding to wet 

pavement47,48,d) 

For the crossing of the LCRT line, a design speed of 30 km/h is proposed: This speed allows much more 

economical design of the overpasses and is anyway reasonable as a short speed restriction on arterial 

roads too: As an example, the Hörlgasse in Vienna has a 30 km/h speed limit although it is a three -

lane road and also the Burggasse, Neustiftgasse and Gumpendorfer Straße have this speed limit over 

their whole length, still being main roads without doubt. Also on single-lane roundabouts of rather big 

radius, which represent a popular alternative to signal -controlled crossings on arterial roads, vehicles 

usually run at about 30 km/h 49,50. 

At th e mentioned calculation assumptions and 6% slope of both ramps, the resulting crest radius is 120 

m. 

2.3.2.2  Vertical acceleration  

At 120 m radius and 30 km/h driving speed, the centrifugal acceleration is 0,57 m/s². This is by far 

less than vertical accelerations , which had been measured in real car traffic 51.  

                                            
c Extraordinary low vehicles with a lower height of the driverõs eye can pass the crest anyway, they just have to 
pass it at slightly lower speed in order to enable stopping within sight distance.  
d Even worse driving conditions (e. g. snow, ice) also require less speed  
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2.3.2.3  Ground clearance on the crest  

At 120 m vertical radius on the crest, the necessary ground clearance height is 0,9 cm at 3 m 

wheelbase (passenger car) and 3,8 cm at 6 m wheelbase (low-floor bus), thus obviousl y 

unproblematic.  

2.3.2.4  Comparative measurements  

Attempts were made to measure vertical radii of real road crests. For this purpose, over a length of 

about 5-15 m along the crest, every 0,5 m the pavement slope was measured e in order to calculate the 

crest radius out of slope difference and arc length. Unfortunately, particularly on the more relevant 

collector and arterial roads, no useful measuring results could be achieved:  

¶ Because of minor unevenness of the pavement, measured slope values did not continuously 

increase or decrease, but measured values fluctuated in both directions, so the calculated 

crest radii also varied enormous ly (often even between positive and negative values) between 

adjacent measurements.  

¶ For safety reasons, the measurements could not be carried out directly on the driving lane, but 

only on the parallel sidewalk, so the measurements were influenced by lowering of the 

sidewalk next to the crossroad (for wheelchair accessibility).  

In total, 9 crests were measured (thereof 7 minor roads), the  vertical radii, calculated as an average 

over 2 m length, were between 30 and 65 m.  

2.3.2.5  Vertical radius in the hollow  

The vertical radius in the hollow, at the beginning and the end of the overpass, is of less importance 

than that on the crest: On one hand, t here are no visibility problems in the hollow, on the other hand, 

there is little effect on the construction effort, because a big radius would enlarge only the lowest 

parts of the overpass. Therefore, the same radius as for the crest, 120 m , is applied.  

2.3.3  Elevation of traffic areas against the surrounding level  

2.3.3.1  Possible effect on cityscape and neighbouring buildings  

The elevation of traffic areas as crossing streets, but partially also driving lanes running parallel to the 

LCRT track in the area of grade-free crossings requires not only slopes and crests resp. hollows. It 

must be considered, how such elevated traffic areas in the middle of the street affect their 

surroundings: 

¶ Elevated transport infrastructure itself, but also the vehicles circulating on it c an impair the 

light conditions in neighbouring buildings  

¶ At same noise emission, i mmission can increase, when the source of noise is elevated, getting 

e.g. closer to windows.  

¶ In many buildings, rooms on the ground floor have sight protection thanks to mode rate 

elevation of the ground floor by sufficient buildingõs base below. If the sidewalk is elevated to 

that extent, that pedestrians get direct, horizontal view into the windows, this sight protection 

gets lost.  

                                            
e As a measuring device, a measuring tape for the spacing between measurements and a Bosch PLR 50 C Digital 
Laser Measure for the inclination were used  
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¶ Corners of poor illumination a nd visibility may facilitate criminal activities and vandalism or 

cause at least fear f 

¶ The aesthetic quality of public space can be affected (although hard to measure)  

2.3.3.2  Real examples of height and width in public space  

As an orientation, which building heights are usual and acceptable depending on their distance to the 

property line resp. house front, first of all examples were taken from the Viennese development plan 

(see Table 4). It turned out, that within high-density urban st ructures, elevation angles of more than 

45° are admissible in neighbourhoods built up in the 19 th century as well as in contemporary urban 

expansion areas. 

Furthermore, within Vienna were found and measuredg 25 exemplary situations of either really 

elevated roads or railroad resp. metro lines running very close to the house front, or a sidewalk or a 

lane lowered against the rest of the street surface (see  Table 5).  

As shown in Figure 20, elevated transport infrastructure is, apart from some outliers, at the same 

horizontal distance situated lower than ordinary buildings on the opposite side of the street: typical 

elevation angles for elevated road or rail lines  are in a range of 20-30°. This seems realistic, because 

elevated transport infrastructure does not only affect light conditions and privacy, but also emits 

noise.

                                            
f From the passengerõs point of view, LCRT is in terms of perceived security anyway better, than a metro with 
large underground station buildings  
gAs a measuring device, a Bosch PLR 50 C Digital Laser Measure for distance and inclination was used, the 
expected accuracy is about +/ - 10 cm. If the elevated road  or railroad was equipped with a noise barrier, only 
the height up to the base of the noise barrier had been measured.  
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Remarks 
Narrow streets in Favoriten district: Keplergasse, Raaberbahngasse, 
Ordensgasse; with building height stated in the development plan 11 18 59   

Narrow streets in Favoriten district: Keplergasse, Raaberbahngasse, 
Ordensgasse; with construction class stated in the development plan 11 14 52   

District Margareten: Gießaufgasse, Diehlgasse 15,17 19,17 52   

Aspern expansion area: Agnes-Primocic-Gasse, Schenz-Danzinger-
Gasse 12 15 51   

Aspern expansion area: Ilse-Arlt-Straße 14 17 51   

Rather wide streets in Favoriten district: Humboldtgasse, Scheugasse 15 18 50   

Nordbahnhof expansion area: new road (yet unnamed) 30 30 45 
Business quarter, 
rather no housing 

District Ottakring: Crossroads of Hasnerstraße (Fröbelgasse, 
Liebhartsgasse, Habichergasse, Haberlgasse) 15,1 14 43   

District Ottakring: Hasnerstraße 19 16 40   

Sonnwendviertel expansion area: Alfred-Adler-Straße 30 21 35   

Aspern expansion area: Sonnenallee 32 21 33   

Table 4: Examples of admissible building height in relation to the road with accordi ng to the Viennese development plan  
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Figure 20: Height and width of typical public spaces and spacing between buildings and elevated transport 

infrastructure in Vienna  
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Remarks Picture 

Stiegengasse 2,4 6,9 71 

Extreme case in the corner of 
the stairs, unknown building 
use in the corner, next to the 
corner shops 

 

Holzgasse / elevated B14 
highway 9,6 10,2 47 

Business building, no 
residential use 

 

Marokkanergasse at 
Zaunergasse 2,3 2,3 45 

Maximum value at the 
corner, unknown building use 

 

Bahndammweg 24 / U6 8,5 8,1 44 Allotment garden, intense traffic 

Marokkanergasse at 
Heumarkt 2,6 2,3 41 

Maximum value at the 
corner, restaurant; intense 
traffic 

 

Joanelligasse next to 
Luftbadgasse 1,4 1,0 36   

 

Salvatorgasse, minimum 
width 2,8 1,9 34   

 

Southern part of 
Durchlaufstraße / Metro U6 
ς Building edge next to 
Handelskai 9,0 5,8 33 

Municipality-owned pure 
residential building, intense 
traffic 
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Remarks Picture 
Salvatorgasse, maximum 
height difference 3,7 2,3 32 

  
  

untere Viaduktgasse at 
Adamsgasse 10,8 6,3 30 

Intense traffic, rather loud 
vehicles 

 

{ǳōǳǊōŀƴ ƭƛƴŜ αVorortelinieά 
/ Weinheimergasse, east 
side 14,4 8,1 30   

 

obere Viaduktgasse 
opposite to Adamsgasse 10,8 6,0 29 

Intense traffic, rather loud 
vehicles 

 

{ǳōǳǊōŀƴ ƭƛƴŜ α±ƻǊƻǊǘŜƭƛƴƛŜά 
/ Weinheimergasse, west 
side 14,3 7,2 27   

 

untere Viaduktgasse at 
Kolonitzgasse 9,1 4,2 25 

intensiver Verkehr, eher laute 
Fahrzeuge 

 

Nordbahnhofareal/S-Bahn-
Trasse next to Lasallestraße 7,0 3,2 25 

Business district, rather no residential use; intense traffic, 
rather loud vehicles; only indirect measurement of poor 
accuracy because of construction site  

Mattiellistraße 3,5 1,5 23   

 

Baumanngasse 7,3 3,1 23 
Business building, rather no 
residential use 
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Remarks Picture 

Zaunergasse at 
Salesianergasse 2,4 1,0 23 

Very short section, storage or similar use 
  

Southern part of 
Durchlaufstraße / Metro U6 
ς Building edge next to 
Vorgartenstraße 7,9 3,3 23 

Municipality-owned pure 
residential building, intense 
traffic 

 

Luntzgasse / Handelskai 14,4 4,7 18 

Municipality-owned pure 
residential building, intense 
traffic with loud vehicles 

 

Luftbadgasse next to 
Joanelligasse 3,1 0,9 17   

 

Salesianergasse at 
Ölzeltgasse 8,3 2,4 16   

 

Jägerstraße / 
Forsthausgasse 
/Nordwestbahn 11,6 3,3 16 

Few traffic but loud vehicles,  
early closure of the railway 
was known when houses 
were built 

 

Technikerstraße 5,4 1,4 15   

 

Heumarkt 9,3 2,3 14   

 

Table 5: Exemplary situations of elevated roads or railtracks, or traffic areas lowered against the rest of the street 

surface  
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2.3.3.3  Limit values of elevation angle for  the LCRT concept  

For further dimensioning of the LCRT concept, a standard elevation angle of 20°  measured from the 

base of the house front up to the edge of the elevated traffic area (lane and evtl. Sidewalk) is 

intended. In exceptional cases, up to 30°  are acceptable, if additional costs for the adaptat ions of 

the building, compensation for the owner or purchase and resale at lower price are calculated  (see 

3.2.1.6  too) . Furthermore, the sensitivity of the use of the building shall be considered  individually , 

e.g. if there are apartments on the ground floor or just storage facilities and garbage rooms.  

It was considered to evaluate the appropriateness of elevated traffic areas not only proportionally to 

the elevation angle, but also by the use of other criteria , e.g. whether the building is placed on a 

higher base. These considerations were discarded, because although in these cases a slight elevation 

does not yet cause any problems concerning the lighting situation, an adverse effect on sight 

protection is possible just in case if the distance to the house front as well as the amount of elevation 

is very small.  

2.3.3.4  Feasible elevation depending on available public space  

The elevation  angle, measured from the base of the house front up to the edge of the elevated traf fic 

area, which is affecting a building, depends on the following factors:  

¶ Height difference between LCRT line and crossing road (assumption of 2,8 according to  2.1) 

¶ Vertical radius on the crest and maximum slo pe of the elevated traffic areas ð see 

specifications in 2.3.1 and 2.3.2 

¶ Crown height of the crossing roadõs pavement on the overpass (share of the height difference,  

that is achieved by elevation of the crossroad, the remaining height difference has to be 

covered by lowering the LCRT line).  

¶ Width of the road along the LCRT line: The wider the road, the lower is the pavement of the 

crossing road at the beginning of the  buildings next to the crossing  

¶ Distance from the house corner: The most affected buildings resp. rooms are those situated 

immediately at the corner of the intersection between the road with the LCRT line and the 

crossroad. With increasing distance from th is corner, the level of the traffic areas converges to 

the level of the surrounding area resp. the previous state  

¶ Horizontal distance between the building and the elevated traffic area.  

In Table 6, the height diffe rence and the elevation angle are listed for various combinations of the 

influencing factors mentioned above. In those parts of the table, which show elevation angles, 

according to the limit values defined before, values up to 20° are highlighted green , th ose between 

20°and 30° yellow  and values over 30° red . 

The most significant factor is the horizontal distance between the house front and the elevated parts 

of the road: If it consists only out of a 2 m wide sidewalk, an elevation of more than 1 m is hardl y 

possible, so the LCRT line must be lowered at least 1,8 m. If the distance is 4 m, e.g. a driving lane 

and a narrow sidewalk or a calmed traffic zone without division in driving lane and sidewalk  (shared 

space), the LRCT line must be lowered only 0,5 ð 0,8 m. In spacious conditions, which allow 6 m 

distance of the elevated traffic area to the house front, the whole required height difference can be 

achieved by elevation of the crossroad.  
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15 20 25 30

0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3

2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5

0 3,8 10,8 17,6 23,8 27,3 0 1,8 8,8 15,6 22,0 25,6 0 0,5 6,6 13,6 20,1 23,8 0 0,0 4,5 11,5 18,2 22,0

5 0,5 6,6 13,6 20,1 23,8 5 0,0 4,5 11,5 18,2 22,0 5 0,0 2,4 9,5 16,2 20,1 5 0,0 0,9 7,3 14,2 18,2

4 10 0,0 2,4 9,5 16,2 20,1 10 0,0 0,9 7,3 14,2 18,2 10 0,0 0,1 5,2 12,2 16,2 10 0,0 0,0 3,1 10,1 14,2

15 0,0 0,1 5,2 12,2 16,2 15 0,0 0,0 3,1 10,1 14,2 15 0,0 0,0 1,3 8,1 12,2 15 0,0 0,0 0,3 5,9 10,1

20 0,0 0,0 1,3 8,1 12,2 20 0,0 0,0 0,3 5,9 10,1 20 0,0 0,0 0,0 3,8 8,1 20 0,0 0,0 0,0 1,8 5,9

25 0,0 0,0 0,0 3,8 8,1 25 0,0 0,0 0,0 1,8 5,9 25 0,0 0,0 0,0 0,5 3,8 25 0,0 0,0 0,0 0,0 1,8

30 0,0 0,0 0,0 0,5 3,8 30 0,0 0,0 0,0 0,0 1,8 30 0,0 0,0 0,0 0,0 0,5 30 0,0 0,0 0,0 0,0 0,0

35 0,0 0,0 0,0 0,0 0,5 35 0,0 0,0 0,0 0,0 0,0 35 0,0 0,0 0,0 0,0 0,0 35 0,0 0,0 0,0 0,0 0,0

40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0

45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0

50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0

15 20 25 30

0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3 0,5 1 1,5 2 2,3

2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5 2,3 1,8 1,3 0,8 0,5

0 2,5 7,3 11,9 16,4 19,0 0 1,2 5,9 10,5 15,1 17,7 0 0,4 4,4 9,1 13,7 16,4 0 0,0 3,0 7,7 12,4 15,1

5 0,4 4,4 9,1 13,7 16,4 5 0,0 3,0 7,7 12,4 15,1 5 0,0 1,6 6,3 11,0 13,7 5 0,0 0,6 4,9 9,6 12,4

6 10 0,0 1,6 6,3 11,0 13,7 10 0,0 0,6 4,9 9,6 12,4 10 0,0 0,1 3,5 8,2 11,0 10 0,0 0,0 2,1 6,8 9,6

15 0,0 0,1 3,5 8,2 11,0 15 0,0 0,0 2,1 6,8 9,6 15 0,0 0,0 0,9 5,4 8,2 15 0,0 0,0 0,2 4,0 6,8

20 0,0 0,0 0,9 5,4 8,2 20 0,0 0,0 0,2 4,0 6,8 20 0,0 0,0 0,0 2,5 5,4 20 0,0 0,0 0,0 1,2 4,0

25 0,0 0,0 0,0 2,5 5,4 25 0,0 0,0 0,0 1,2 4,0 25 0,0 0,0 0,0 0,4 2,5 25 0,0 0,0 0,0 0,0 1,2

30 0,0 0,0 0,0 0,4 2,5 30 0,0 0,0 0,0 0,0 1,2 30 0,0 0,0 0,0 0,0 0,4 30 0,0 0,0 0,0 0,0 0,0

35 0,0 0,0 0,0 0,0 0,4 35 0,0 0,0 0,0 0,0 0,0 35 0,0 0,0 0,0 0,0 0,0 35 0,0 0,0 0,0 0,0 0,0

40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0 40 0,0 0,0 0,0 0,0 0,0

45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0 45 0,0 0,0 0,0 0,0 0,0

50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0 50 0,0 0,0 0,0 0,0 0,0E
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Table 6: Height difference to surrounding  level and elevation angle depending on the elevation of traffic areas, the road wi dth (along the LCRT line) and the distance between 

house front and the elevated traffic area as well as the distance to the house corner at the underpass intersection. Legen d see next page.
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Figure 21: Legend for the table on the previous page  

In extraordinary cases, it is also conceivable to realize no distance between house front and elevated 

traffic areas at all, but to elevate the road ove r its whole width. This might be possible, if all affected 

buildings have a sufficient base below their ground floor, so because of the elevation, it is not 

necessary to make new steps to the entrance, but in contrary, existing steps can be removed.  

2.4.  Trench  depth of pipes and cables below the road surface 52  

A significant potential cost factor for the construction of LCRT lines is the relocation of various cables 

and pipelines. This concerns first of all water and sewer pipes, which are usually installed in th e 

middle of the road or in the middle of a lane and partly also district heating pipes, which are rather 

installed next to the kerb. Usually, these installations are relocated when a tram line is constructed, 

in order to keep them accessible without disman tling of the tram track 53.  A possibility to avoid costly 

removal of lines and cables is the allocation of the LCRT track along the root area of avenue trees 

using root bridges (see 2.10.2), another option is  the rubber -tyred vers ion with minimized pavement 

stress (see 5.1.1).  If a rail -wheel-system is chosen, smaller gauge means better accessibility to pipes 

and cables below the pavement, because there remains a wider area between the t racks in the middle 

of the road. Regardless to the decision between a rail -wheel-solution and the rubber -tyred 

alternative, the depth of the lowered LCRT line in the underpass area is of critical importance, 

because in this area, conflicts arise not only w ith the lines and cables running below the driving lanes 

parallel to the LCRT tracks, but also with those lines, running through the crossroad below the 

pavement.   

In Vienna, for the most types of cables and pipelines, minimum depths of 0,7 ð 1 m are appli ed, only 

water and sewer pipes are installed deeper. Because of the space requirements of the track 

construction and the necessity to protect the cables and pipes against mechanical stress (in case of 

water supply and sewer also against frost), it seems no t realistic to lower the road level more than 0,5 

m. Even this value is rather optimistic and supposes that either the lines are in fact installed a little 
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deeper, or there will be found innovative solutions for extraordinary shallow crossing of the pipes or 

conduits below the track, e.g. some kind of utility corridor integrated into the track construction.  

For a cost-benefit optimized dimensioning of the LCRT line and its crossings it seems to be practically, 

either to save costs for relocation of pipes an d cables by lowering the LCRT tracks by maximally 0,5 

m, or to accept these costs and cover most of the height difference by the LCRT depth  while avoiding 

complications on the road surface and damage to the cityscape.  

2.5.  Standard dimensions of LCRT underpasse s 

Depending on detailed local conditions, there is a big variety of underpass shapes, which differ not 

only concerning the height level s of LCRT line and crossing road, but also in terms of horizontal 

arrangement of public space, traffic management etc. As  a first approximation, four standard types 

are defined and subsequently used for cost estimation (see chapter 2.10.2) as well. 



 

 

 
Figure 22: Ground plan of a section of an LCRT line wit h a shallow underpass (see also detail u, section  B-B as well as the left part of section A-A), station area  (see also detail v) 

and a deep  underpass (see also detail  w, section  C-C and the right part of section A -A) 

 

Figure 23: Longitudinal section of an LCRT -Line with a shallow underpass (left part), station area (center) and a deep underpass (right part)  
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2.5.1  Shallow underpass  
The shallow underpass is dimensioned for minimum construction effort concern ing the LCRT line: A 

track leve l only 0,5 m below the surroundings means hopefully no relocation of pipes and cables, no 

need for trench shoring but also no sight restrictions  for the LCRT driver , making pedestrian level 

crossings (see also 2.7) possible in the underpass area as well.  In order to reduce the effort for 

elevating traffic ar eas and to preserve cityscape, only the driving lanes of the crossing road are 

elevated. The lanes and sidewalks running parallel to the LCRT line remain on t heir original level and 

in the crossing road there are also established sidewalks and additional lanes on the unchanged 

surrounding level parallel to the elevated ramp. Thus, all entrances are accessible for pedestrians and 

vehicles and thanks to more dist ance between house front and overpass ramp, a smaller angle results 

from the same height difference. For pedestrians and cyclists, a passage through the overpass ramp is 

realized parallel to the LCRT tracks, but motor vehicles cannot continue straight alon g the LCRT line. 

When driving to resp. from an address in the street used for the LCRT line, motor vehicles have to 

turn from resp. into the crossing road when coming to an underpass.  

 

Figure 24: Longitudinal section through a roa d, crossing the LCRT line with a shallow underpass  

 

Figure 25: Detailed ground plan of an LCRT line with a shallow underpass  



 

 

 

Figure 26: Detailed view of a longitudinal section of an LCRT line in the are a of shallow underpass . 



 

 

 
Figure 27: Detailed view of a longitudinal section of a road, crossing the LCRT line with a shallow underpass  
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In the example shown in Figure 24 until Figure 27, the traffic areas which on their original level (in the 

crossing road as well as along the LCRT tracks) are arranged as calmed traffic zones without division 

into driving lane and sidewalk (shared space) in order to  reduce the overall road wi dth to a minimum 

while still ensuring accessibility for waste collection, fire brigade or delivery vehicles. In this case, an 

overall width of the crossing road of about 15 m would be sufficie nt. The overall length of the 

underpass including the ramps is 53 m in the direction of the LCRT line and 91 m in the direction of 

the crossing road. This value seems realistic compared to a mobile temporary construction called òFly-

Overó54,55, used by the Austrian motorway corporation ASFINAG for the repair of expansion joints, with 

a length of 106 m. The working height below it is 1,6 -1,9, thus only a little less, than the LCRT 

clearance height of 2,45 m minus 0,5 m lowering of the LCRT tracks, but the òFly-Overó is designed 

for urban motorway s with a design speed of 80 km/h instead of intra -urban arterial or collector roads 

with speed limited to 30 km/h locally in the area of the overpass.  

Shallow underpasses are particularly suitable, if the LCRT line does not follow an arterial road, but 

such a road, which is wide enough to accommodate the LCRT tracks, but anyway does not fulfil the 

function of a main road. In this case, the necessity of detours and loops for the access of the street 

sections between the underpasses is acceptable and comparable to usual traffic calming by the 

implementation of one -way streets.  

2.5.2  Deep underpass  
For a deep underpass, the relocation of pipes and cables below the pavement is necessary without 

doubt, because the LCRT line is lowered against the original road level by  2,3 m. In contrary, the 

highest point of the crossing road is elevated by only 0,5 m, so it becomes possible to elevate the 

sidewalks and the driving lanes running parallel to the LCRT line as well. The upper side of the 

underpass represents a rather conventional road intersection that can be passed parallel or 

transversely to the LCRT line and turning is possible too. 

 

Figure 28: Longitudinal section of a road, crossing the LCRT line with a deep underpass  

 

Figure 29: Detailed ground plan of an LCRT line with a deep underpass  



 

 

 

Figure 30: Detailed view of a longitudinal section of an LCRT line in the area of a deep underpass  
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Figure 31: Detailed view of a longitudinal section of a road, crossing the LCRT line with a deep underpass  

The proportions of a deep underpass are shown in Figure 28 until  Figure 31. In this case, the  length of 

an underpass including the ramps spreads over 113 m along the LCRT line, but only over 31 m along 

the crossing road. On the LCRT tracks, the crests cause sight restrictions below stopping distance, so 

without highly reliable protecting devices, no pedestrian level crossings (see 2.7) can be established 

within 120 m on both sides of the underpass. Preceding LCRT vehicles are always visible because of 

their height, so visibility conditions in the underpa ss area do not require a train control system (which 

might be anyway useful for other reasons).  

Deep underpasses are a particularly practical solution if the LCRT line follows a road of high traffic 

import ance, requiring continuous passability and freedom of turning into or out of that road. 

Furthermore, deep underpasses are to be deployed, if the crossing roads are too narrow to 

accommodate the main driving lanes and at least 4 m wide calmed -traffic areas on both sides as 

required for the shallow underpass . 

2.5.3  Underpass with hairpin curve  
If a shallow underpass is infeasible because continuous driving lanes along the LCRT line are required 

or the crossing roads are too narrow, underpasses with hairpin curve are another option to avoid the 

construction effort f or deep underpasses: Instead of a direct crossing, the driving lane along the LCRT 

line splits up in to a lane running straight ahead on ground level, and another lane, ascending on a 

ramp up about 2,3 m, then crossing the LCRT line in a 180° turn and desc ending again down to ground 
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level. Such a solution of course requires sufficient road width in order to accommodate on both sides 

of the LCRT tracks two driving lanes and a sidewalk.  

 

Figure 32: LCRT underpass with hairpin arrange ment of the crossing route.  

2.5.4  Completely sunken underpass  
If it is completely impossible to elevate the surrounding traffic areas, the LCRT tracks mus t  be 

lowered by 2,8 m as the whole height difference necessary for the grade -free crossing. In this case, 

LCRT runs similarly to a conventional cut-&-cover metro or underground tram, though at less tunnel 

depth thanks to less vehicle height. The most probable case of these deepest underpasses are curves 

which require the use of the whole road width in order to r ealize a maximum curve radius, so there 

wouldnõt remain any space between the LCRT line and the buildings. With consideration of the 

counter -curves at the ends of the curve circle segment, the catenary -free section of such a sunken 

curve would be about twi ce the curve radius. Depending on curve radius and vehicles length, a 

solution with two pantographs might be still possible or another solution could be required (see also  

2.1.3.2  and 2.2.3).  

2.6.  Detailed considerations about traffic routing  

2.6.1  Bidirectional traffic on both sides of  the LCRT line  
If the LRCT line follows the middle of wide main road, with two driving lanes on both sides of the 

LCRT tracks, on each side of the  LCRT line could be established one driving lane for each direction.  

Compared to a two-lane one-way-road on each side of the LCRT tracks, such an arrangement would 

reduce average speed and avoid some detours as it is possible to turn into the road accommod ating 

the LCRT tracks to the right or to the left from any side road without using an overpass to get to the 

lanes on the opposite side of the LCRT line.  

2.6.2  Traffic signal cycle in case of missing turning lanes  
Despite the much higher capacity of rapid trans it compared to individual traffic, t he realization of an 

LCRT line could affect smooth traffic flow because the opportunity for crossing and turning left is 

restricted to a lower number of intersections and there might be no space available for designated 

turning lanes. So turning vehicles that have to stop because of pedestrians or oncoming traffic would 

block other vehicles too. In this case, a traffic signal cycle with an exclusive pedestrian phase and one 

green phase per direction could solve the proble m:  
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Conventional traffic sign cycle of a four -way 

intersection:  

1. Green phase in north-south direction for 
vehicles and pedestrians 

2. Green phase in west-east direction for 
vehicles and pedestrians 

(in between eventually special turn phases with 

additional cl earance periods) 

 

Optimized traffic signal for a four -way intersection 

without turning lanes:  

1. Exclusive pedestrian phase (green for 
pedestrians in any direction, red for all 
vehicles) 

2. Green phase for vehicles from the north, 
red for all other road users  

3. Green phase for vehicles from the east, red 
for all other road users  

4. Green phase for vehicles from the south, 
red for all other road users  

5. Green phase for vehicles from the west, red 
for all other road users  

Despite the new traffic control cycle has more ph ases and thus less time for each of them, each of the 

phases can be used more efficiently, because all vehicles from the respective direction can move 

freely and even for turning vehicles there is no need to give priority neither to pedestrians, nor to 

vehicles coming from the opposite direction.  Short, but well used green phases for the vehicles are in 

this case feasible, because they do not include a pedestrian clearance interval.  

2.6.3  Application of roundabouts  
Along the LCRT line there could also be applied  roundabouts. Roundabouts obviously do not require 

turning lanes, nevertheless a roundabout is no solution in case of insufficient road  width anyway, 

because an adequate roundabout size for arterial roads (from 26 -30 m outer diameter 56) requires same 

or more space, than turning lanes. Roundabouts seem to be most suitable in case of bidirectional 

driving lines on both sides of the LCRT line (see 2.6.1) which inevitable lead to a multi -leg 

intersection, which can be  handled better as a roundabout, than as an ordinary intersection.  

2.7.  Level crossings for pedestrians and cyclists  

The fact, that the LCRT line can be crossed only by main roads doesnõt represent a significant 

disadvantage for motorized traffic: For reasons o f traffic calming many destinations in the minor 

street network can be reached only via roundabout ways and one -way streets anyway. For reasons of 

safety and capacity, turn restrictions are also very common on intersections between main and minor 

roads. 

In contrary to the situation in motorized traffic, cutting connections for pedestrians would make foot 

trips significantly longer and less comfortable and would be a real step back in terms of sustainable 

transportation. Because of this, for pedestrians ther e are established level crossings in addition to the 

overpasses. The achievable speed and reliability of LCRT is not affected by these level crossings 

because pedestrians, thanks to much less space requirement and better manoeuvrability do not cause 

those unintended congestions and obstructions, which occur regularly where the routes of cars and 

tram intersect.  

There are two different types of level crossings planned:  

¶ Level crossings without active protection devices are established only next to a station. In this 

case, the platforms for the two tracks are aligned diagonally in that way, that there is a cross -

section, which is passed by the vehicles of both directions only with very low speed, 

immediately after starting from the stop.  
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Figure 33: Ground plan detail of an LCRT line in the station area (diagonally offset interruption of the fences, 

unprotected level crossing immediately in front of the stopping position of the vehicles)  

 

Figure 34: Detailed v iew of the longitudinal section of an LCRT line in the station area  

¶ Other level crossings are protected  similarly to optimally equipped railway level crossings with 

boom barriers, representing a physical barrier effective also in case of maximum inattentio n or 

irrationality. Depending on visibility conditions, two different solutions can be applied:  

a) If local visibility conditions allow stopping within sight distance before reaching the 

level crossing, there are low requirements concerning safety and reliabi lity of the 

protecting device, because the driver has the possibility to react and stop the train if 

the level crossing remains open or if there is somebody on the track. Such level 

crossings require a minimum visibility of 100  mh, the optimum distance to the next 

station should be at least 190 m i, if the dwell time at the station and the closing time of 

the level crossing shall not influence each other.   

In order to reduce the risk of inattention of the driver, a track -side element of the train 

control system can evoke a warning sound in the drivers cabin, indicating that the train 

approaches a pedestrian level crossing. If the driver doesnõt confirm within an 

admissible reaction time that the level crossing is closed and the track is free, the train 

is stopped automatically.  

b) If a level crossing shall be established close to a deep or completely sunken underpass 

or next to a curve, it has to be protected by a protection device which guarantees (at a 

reliability level as usual in the railway sector) that no r ail vehicle passes the level 

crossing if it isnõt closed. Ideally, such a protection device includes an obstacle 

                                            
h Assumptions: 

¶ Initial speed 60 km/h  

¶ Braking deceleration 2,73 m/s² (Minimum value according to Austrian tram regulation )  

¶ Average acceleration of 1,0 m/s² from 0 to 60 km/h  

¶ 3 seconds reaction time from visibility of the level crossing to the begin of deceleration  

¶ 7 m line width  

¶ 1,8 km/h (50 cm per second) walking speed for leaving the level crossing  

¶ 50 m train length  
i Level crossings, which are closer to a station, are feasible too, but in this case closure has to be started during 
the stop in the station. If the duration of the stop lasts shorter, than expected, the vehicle has to wait (under 
supervision of the train control system) befo re departure, until sufficient clearance and reaction time has been 
provided. In the opposite case, an unexpected long duration of the stop in the station, the waiting time for 
pedestrians is extended accordingly.  
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detection device, detecting people who remained on the closed level crossing. Although 

all these protection devices represent additional expens es, the following reasons lead 

to lower costs compared to heavy rail level crossings:  

Á The incomparably shorter braking distance shortens the cabling lengths 

accordingly 

Á As LCRT is an isolated System apart from interoperability requirements of heavy 

rail, s olutions based on specific vehicle equipment can be applied  

Á In urban areas, it is much easier to provide electricity supply, than along 

conventional railroads  

Á In contrary to the retrofit of existing lines, many works, necessary for the 

implementation of st ate-of-the-art level crossing protection devices have to be 

done anyway, in particular the cabling along the track  

Additional safety i s achieved by a safety margin between the vehicle and the barrier boom, wide 

enough to allow a person to stay there safely  while the vehicle passes by. Instead of usual boom 

barriers as used for conventional level crossings, the LCRT pedestrian level crossings could be 

equipped with doors or turnstiles which can be pushed open from the track side at any time, allowing 

pedestrians to leave the tracks if the level crossing is already closed.  

The maximum closure time is 22,5 seconds per track, in case of the most unfavourable sequence of 

two trains in double -track operation pedestrians have to wait 45 seconds. The waiting time fo r 

crossing pedestrians can be reduced if a waiting area of sufficient width is placed between the tracks 

and each track is protected individually with an own protection device. If waiting times shall be 

avoided or if a level crossing would be unfeasible or  too expensive because of bad visibility conditions, 

pedestrian overpasses with stairs can be established additionally .  

 

Whether the use of level crossings should also be allowed for cyclists, which represent a space 

requirement between those of pedestria ns and cars, should be decided individually depending on 

spatial conditions (possible width of a waiting area between driving lane and track) or the traffic 

intensity of car traffic parallel to the line. Basically, unprotected crossings next to stops seem to be 

more suitable for the use with bicycles, than those with barrier booms.  
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2.8.  Barrier effects on pedestrian flow  and possible special 

solutions to overcome them  

2.8.1  Barrier effect of the standard solution  

 

Figure 35: LCRT line ( violet , lowered sections dotted) with unchained pedestrian routs ( green), moderately impaired 

pedestrian routes ( orange) and significantly impaired pedestrian routes ( red ).  

If underpass ramps and fences restrict the possibility to cross the LCRT tracks to dedica ted, protected 

pedestrian level crossings or LCRT underpasses, this means reduced freedom of movement for 

pedestrians in the road space. If resp. to which extent pedestrians have are affected by longer 

walking distance depends on the specific route:  

a) Pedestrians who approach the LCRT track at a right angle following a crossroad can 

cross the track directly at a level crossing without any diversion ( see Figure 35, left)  

b) If the route of the pedestrian turns from a crossroad into the main road with the LCRT 

line, follows this road for some length and turns then again into another crossroad, 

without the obstruction of the LCRT line, pedestrians could cross the main road 

diagonally, so the restriction to the orthogonal level crossing makes  the route a bit 

longer (see Figure 35, middle) . More relevant than the longer distance might be the 

perceived time loss, as pedestrians have to choose one of the level crossings and wait 

there for a gap  in the car traffic (or the  green traffic light)  to cross instead of walking 

along the main road during the waiting time for a gap.  

c) A significant time loss and longer walking distance occurs, if somebody wants just to 

cross from one side of the road to the other between two pedestri an level crossings 
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(see Figure 35, right): Instead of the shortest route across the road, it is necessary to 

walk until the next crossroad and back.  

A relevant barrier effect on pedestrian flow arises only in case c) and this case occurs more or less 

frequently only if first intensity and speed level of the car traffic on the respective road would allow 

free pedestrian crossing between traffic lights or a zebra crossing and second there would be enough 

shops, bars or other instituti ons in the road to generate relevant pedestrian flow between both sides 

of the road. Both preconditions apply for shopping streets in central districts , in such streets LCRT can 

be only realized if one of the special solutions described in 2.8.1 to 2.8.1 is applied.  

For the comparison of LCRT and conventional urban public transport systems it should be considered, 

that conventional metro lines often represent a mix of tunnelled and elevated sections in  order to 

reduce the expensive tunnelling to those sections, which are not suitable for elevated tracks.  In these 

cases, ramps of 300-400 m length are necessary between tunnelled and elevated sections. These 

ramps are a significant more relevant obstructio n against pedestrian flow, because they are longer 

than usual building blocks, thus even along some crossroads the metro line cannot be crossed at all or 

only by overcoming of height differences through over - or underpasses. 

In order to maximize the cost a dvantage of LCRT it is desirable to realize LCRT lines in roads with such 

low demand for crossings, that can be satisfied by the combination of underpasses as described in 2.5 

and pedestrian level crossings according to 2.7. If the desired  connection or coverage of important 

origin and destination areas can be realized only by a route alignment through a road with high 

pedestrian frequency and high quality of stay, the following special solutions come into consideration:  

2.8.1  LCRT line without fences (in at - grade sections)  
The easiest option how to reduce the barrier effect of the LCRT line is to realize it without fences in 

the at -grade sections between the underpasses, so similar to a conventional tram, the tracks can be 

crossed freely everywhere. This seems realistic only in case of lower top speed (e.g. 40 or 50 instead 

of 60 km/h) resp. with additional travel time reserve for more defensive driving and running on sight. 

(For the effect on average speed see 2.2.3.1 ). Such a solution is only considerable for rather short 

sections and in particular if a solution with fences would not comply with regulations concerning 

guaranteed access for emergency vehicles (see 2.10.1).  

2.8.2  Mechanical crossing aid (special design elevator )  
Instead of pedestrian level crossings, secured with lights and boom barriers, crossings can be 

facilitated by mechanical crossing aids that move a passe nger cab, similar to that of an elevator, from 

one side of the road to the other side within a single move:  
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Figure 36: Mechanical LCRT crossing aid in various positions .  

Using such a crossing aid, the LCRT line can be crossed while a train is passing and it can also be 

allocated at positions where a level crossing would be infeasible, e.g. at underpass ramps or in case of 

poor visibility. Within their capacity, such crossing aids can be used by cyclists too. Concerning the 

tim e requirement for crossing , there are no more waiting times caused by crossing trains, but the 

movement takes some time, including time for closing and opening the doors and possibly for calling 

the cab from the other side of the street. The chance to have  a cab on the right side of the track can 

be increased, if there are several crossing aids arranged side by side similar to two or three elevators 

next each to other in highly frequented metro stations.  

Compared to a pedestrian overpass with elevators in b oth sides, such a crossing aid means less optical 

impact to the streetscape. Time requirement for crossing is significantly reduced as calling the cab, 

opening and closing the doors as well as accelerating and decelerating must happen only once instead 

of twice. Specific cost factors of such a crossing aid might be higher mechanical load and torque, on 

the other hand, the number of cabs, doors, sensors, switches etc. is only the half and the number of 

moving parts is reduced significantly.  
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2.8.3  Retractable fence s 
The barrier effect of an LCRT line can be reduced to the minimum time requirement for the passage 

of the train by a continuous overpass in the form of a fence, that hides retracted below the street 

surface apart from the necessary time before and during the passage. This solution is suitable only if 

the two tracks for the two directions are located in two parallel streets in order to avoid an overlap of 

the closure times caused by two trains of opposite directions. At any position along the line, the 

foll owing cycle repeats continuously (see Figure 37):  

1. As long as there is no train approaching, the whole width of the street can be walked on as a 
continuous pedestrian area. Only motorized vehicles should stay left or  right to the LCRT track.  

2. As a prior warning announcing an approaching train, LEDs embedded into the street surface 
start blinking, e.g. arrow -shaped leading outside the track area.  

3. After four seconds of prior warning, the fence starts moving upwards. It t akes three seconds 
until it reaches its maximum height.  

4. After three further seconds (reaction time and safety margin) there is the last chance for the 
driver to activate the emergency brake in order to stop before reaching a person that 
remained between th e fences. 

5. After three further seconds the front of the train reaches the regarded point.  
6. The passage of the trains takes between 3 seconds (50m train length) and 9 seconds (150m). 

Meanwhile, the fence is being retracted again.  
 
The mentioned numbers refer to a speed of 60 km/h, a pedestrian speed of 1,8 resp. 3,6 km/h for 
leaving the track (from the middle to a side resp. for complete crossing) and a deceleration of 
2,73 m/s². The duration of the whole process is 16 to 22 seconds depending on the train leng th, 
thus in case of a 3 minute interval between the trains, 90% of the time the street can be crossed 
freely. If the speed is reduced from 60 to 40 km/h, the time requirement is nearly the same as it 
takes more time for passing the braking distance, but le ss time for the passage of the train itself.  
The whole distance from the warning lights until the end of the train is 270 -370 m depending on 
the train length, the necessary visibility is 100 m.  



 

 

 

  

Figure 37: Single-Track LCRT line in a pedestrian zone, protected by retractable fences  

A retractable fence can be realized without a continuous slot along the entire length of the fence: Single holes for the indi vidual posts similar to 
retractable parking bollards and a shallow groove in the street surface accommodating the longitudinal parts of the retracted fence are sufficient (see 
the functional principle shown in Figure 38).  
 



 

 

 

Figure 38: functional principle of a re tractable fence without continuous slot between the fence posts. Upper image: longitudinal section (schematic representation with 

shortened distance between the posts); Lower image: Cross -section through an individual fence post  
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2.8.4  Shallow cut - & - cover const ruction with direct platform 

access  
Even if a significant section of the LCRT line is realized as underground tracks in order not to 

compromise the quality of public space on the surface, the required depth is less than the half of a 

conventional metro: Th e oldest metro lines were located directly under the street with stairs leading 

from the platform to the middle of the street. During the automobile oriented period of urban and 

transportation planning in the 1960s and 1970s, it was common to place an inte rmediate level 

between the street surface and the platform level in order to provide at each end of the platform two 

entrances, one on each side of the driving lanes in the middle of the street , usually heavily frequented 

by cars. In case of pedestrian zones or traffic -calmed areas with an entirely walkable street surface, 

there is no more need for such an intermediate level:  

  

Figure 39: Left: conventional metro station with intermediate level, right: LCRT station in a cut & cove r section with 

direct station access in the middle of the street  

Relocation of cables, pipes and sewers will be inevitable in case of such a shallow cut & cover 

construction too, but there might be a synergy in the construction of LCRT and a parallel utili ty 

tunnel.  

2.9.  Effects  of LCRT underpasses on the cityscape  

Whether or to which extent the cityscape is adversely affected by an LCRT line and its underpasses 

cannot be measured in an objective way similar to the question of barrier effects, but rather depends  

on subjective perception. The following images are intended to support the imagination, how the view 

of public space would change after the implementation of LCRT.  

Figure 40 shows perspective views of a deep underpass, simulated i n a 3D model: 
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Figure 40: Perspective views out of a 3D model of a deep underpass  

Existing shallow underpasses for pedestrians and cyclists give a certain imagination of the optical 

effect of the lower underpass  depth of LCRT underpasses compared to conventional road or tram 

underpasses. Figure 41 shows photos of three pure pedestrian and/or bicycle underpasses with similar 

clearance height as LCRT underpasses compared to a photo of main road underpass with conventional 

clearance height:  
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Figure 41: Examples of underpasses in Vienna: Upper left: Pedestrian and bicycle underpass at Oswaldgasse 

/Donauländebahn, Upper right: Pedestrian underpass in the Vienna  Zoo (Connection between Orangerie and the rest of 

the zoo area), lower left: Pedestrian and bicycle underpass between Prater Hauptallee and Praterstern (Station area in 

the middle oft he big roundabout), lowr right: Underpass of the straight driving lanes  of Wiedner Gürtel below the 

Matzleinsdorfer Platz  



Generalized Feasibility Study LCRT (Low-Clearance Rapid Transit)  

 

 

 

2.10.  Possible division of the street cross - section depending on its 

width  

2.10.1  Street cross - sections for maximum use of the road width 

as traffic area  
The calculation of the necessary cross-section width of a road  for realizing an LCRT line is based on 

the following assumptions and dimensioning rules:  

¶ Width of the LCRT Line: 7 m incl. 3 x 0,7 m safety margin (see also  Figure 10) and fences, if 

provided 

¶ Maximum width of road  vehicles without or with retracted rear -view mirrors: 2,5 m (t rucks, 

fire brigade, waste coll ection vehicle)  

¶ Maximum width of road vehicles with rear -view mirrors: 3,5 m, rear -view mirrors may be above 

the sidewalk, a parking lane and also the safety mar ginj  

¶ Standard sidewalk width 2,2 m  

¶ In the area of level crossings (limited length): 1 m wide waiting area between crossing and 

driving lane, sidewalk width: 1,5 m  

¶ Parking lane width 2m (where it is intended to be used as for delivery, the adjacent driving 

lane or sidewalk is narrowed)  

¶ If the residual parts of the street on both sides of the LCRT tracks are wide enough for fire 

brigade or crane operations , the tracks can be realized as grass tracks, which would be 

favourable not only because of their general  advantages, but particularly in order to gain 

acceptability if trees need to be felled for LCRT.  

A street with a double -track LCRT line, which plays also in car traffic the role of a major road, 

requires at least 29,4 m total width in order to accommodate  a sidewalk, a parking lane and two 

driving lanes per direction.  

 

 

Figure 42: Minimum required street cross -section for a double -track LCRT line, two driving lanes, a parking lane or 

loading zone and a sidewalk on both sides  

If i n the street, where a double -track LCRT line should be built, parking or intense delivery should 

remain possible as well as significant through -traffic  on one driving lane per direction , the minimum 

                                            
j  According to Austrian tram legislation, the safety margin may be part of road area. 
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required width of the streetõs cross-section is 22,4 m. I n this case, the parking lane is interrupted near 

the level crossings, so there can be realized a wide  safety island.  

 

Figure 43: Minimum required street cross -section for a double -track LCRT line, a driving lane, a parking lane o r loading 

zone and a sidewalk on both sides (situation apart from level crossings)  

 

Figure 44: Minimum required street cross -section for a double -track LCRT line, a driving lane, a parking lane or loading 

zone and a sidewalk on bo th sides (situation at the level crossing with a safety island between LCRT line and driving 

lane)  

In shopping streets, which might be of minor importance for through traffic, but where intense 

delivery takes place every day, it is possible to establish a calmed-traffic zone, intended for mix -use 

by vehicles and pedestrians, which is wide enough to allow a truck to pass by another, parked truck 

(at least with retracted rear -view mirrors). If both sides of the street are designed this way, a 

minimum width of  19 m is required.  

 

Figure 45: Minimum required street cross -section for a double -track LCRT line and calmed traffic zones on both sides, 

wide enough for deliver y without blocking the passage.  

If the street is at least 17,4 m wide , it is possible to establish a driving lane and a sidewalk on both 

sides of the double track line, although in the area of a level crossing, the driving lane as well as the 

sidewalk must be a little narrowed in order to make room for the safety island bet ween the LCRT line 

and the driving lane.  On such a street cross-section, significant car traffic is possible, however any 

delivery is representing a relevant obstruction for car or pedestrian flow . 
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Figure 46: Minimum required str eet cross -section for a double -track LCRT line with driving lane and sidewalk in both 

sides (situation apart from level crossings)  

 

Figure 47: Minimum required street cross -section for a double -track LCRT line with driving lane, s idewalk and a waiting 

area (safety island)  between driving lane and track  

In urban environments with buildings immediately next to the street, t he minimum required road 

width, which still allows the realizat ion of a double track LCRT line and car access on both sides of the 

street  is 14 m. In this case, on both side of the line, there can be established only a 3,5 m wide 

calmed traffic zone for mix -use by pedestrians and all kinds vehicles ð if the space would be divided 

into a driving lane and sidewalk, th e sidewalk would be unacceptable narrow. As far as such a street 

allows only low speeds and any standing vehicle (except bicycles and motorcycles) blocks the route 

completely for car traffic, this model is suitable only for roads with very low traffic volu me. Regular 

delivery, e.g. for shops, is feasible only from side streets. Cranes for construction works on buildings 

in the respective street must either be placed in side streets as well, or on a portal, that can be 

passed under by vehicles. For mobile crane works during night hours or for fire brigade operations, it 

should be possible to remove the fences easily, the track should be suit able for tyre vehicles as well.  

 

Figure 48: Street cross -section for a double -track LCRT line and calmed traffic zones on both sides, without a possibility 

to pass by stopping vehicles.  

In some countries, at least for newly developed urban areas, such a minimum coherent pavement 

width is required that allows emergency vehicles to bypass a vehicle t hat broke down or is parked 

incorrectly. A compromise solution that provides such a bypass option could be achieved by reducing 
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the fences to some low longitudinal barriers of a shape and height that can be crossed by a car safely, 

but still rather uncomfo rtably so the LCRT track will not be misused as an additional driving lane 

regularly.   

 

Figure 49: Street cross -section for a double -track LCRT line and calmed traffic zones on both sides, with low 

longitudinal barriers  to pass b y stopping vehicles.  

If insufficient road width makes this solution necessary in the area of poor visibility close to an 

underpass, an interaction mechanism between the train control system and the emergency vehicle 

must be implemented: If the emergency ve hicle driver or the emergency operation centre demands 

the permission to drive on the LCRT track, the train control system switches to a speed restriction 

according to visibility conditions and makes this restricted mode visible to both LCRT drivers and 

emergency vehicle drivers.  An option for emergency vehicles to drive on the LCRT track if they could 

not reach their destination otherwise could be combined with retractable fences as described in 2.8.3. 

Anyway, the emergency vehicle drivers or their operation centre must be able to switch the LCRT 

system into a safe, slow mode on the section concerned.  

If a solution without any barriers along the LCRT tracks is chosen in order to facilitate free pedestrian 

crossing and reduce the aesthetical impact, a lower top speed and generally more defensive driving  

must be accepted (see 2.2.3.1  and 2.8.1).  

If there is an option, that in extraordinary, inev itable cases emergency vehicles can drive or even stop 

on the LCRT track, for some short bottlenecks of insufficient road width it would be acceptable to 

reduce the lane width on one side of the LCRT track to less than the width of a truck. In this case, 

there must not be any carparks in the buildings along the narrow lane in the bottleneck section and 

delivery as well as waste disposal must happen from the other side of the street, crossing the track by 

foot.  

 

Figure 50: Narrow se ction with retractable fences and the possibility to pass the LCRT track with emergency vehicles.  

There are urban areas where entrances to staircases and garages are not located to the main, public 

street but access is provided via the back side of the bui lding and/or paths inside the housing 

complex. In these cases, the distance between the LCRT line and the building can be less than the 
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width of a road vehicle. If there are no other regulations requiring more distance than the safety 

clearance (e.g. for n oise protection), the minimum road width for a double -track LCRT line is 10,5 

m.

 

Figure 51: Street cross -section for a double -track LCRT line with buildings without road -side entrances.  

 

If there is no alternative to the use of ve ry narrow roads with detached houses in order to realize a 

desired LCRT route, it is considerable to compensate property owners for tolerating catenary masts in 

their garden (if possible directly on the border between two neighboring plots) and overlapping  of 

rear-view mirrors of large road vehicles (e.g. waste collecting vehicles) above their fences. A 

disadvantage of such a solution is that wide vehicles and pedestrians can bypass each other only 

through the safety clearance of the LCRT line, so small del ays due to speed reduction must be taken 

into account. If this solution is combined with a single -track line on suburban sections with moderately 

longer intervals (see 5.3), the absolute minimum road width for th e realization of an LCRT line is 9,5 

m. 

  

 

Figure 52: Street cross -section for a single -track LCRT line with involvement of neighboring property.  
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In Table 7, t here are listed minimum width requirements for all possible lay out combinations of either 

side of the street for double track as well as for single track lines (see also 5.2) under the condition of 

car access along both sides of the road : 

Double track LCRT line 

  

one side of the road 

2 driving lanes 
+ parking lane 
+ sidewalk 

1 driving lane + 
parking lane + 
sidewalk 

Wide 
calmed-
traffic zone 

1 driving 
lane + 
sidewalk 

Narrow 
calmed-
traffic zone 

Involvement of 
neighboring 
property 

o
th

e
r 

s
id

e
 o

f 
th

e
 r

o
a

d
 

2 driving lanes + 
parking lane + 
sidewalk 29,4 25,9 24,2 23,4 21,7 21 

1 driving lane + 
parking lane + 
sidewalk 25,9 22,4 20,7 19,9 18,2 17,5 

Wide calmed-traffic 
zone 24,2 20,7 19 18,2 16,5 15,8 

1 driving lane + 
sidewalk 23,4 19,9 18,2 17,4 15,7 15 

Narrow calmed-traffic 
zone 21,7 18,2 16,5 15,7 14 13,3 

Involvement of 
neighboring property 21 17,5 15,8 15 13,3 12,6 

Buildings without direct 
street access 18,2 14,7 13 12,2 10,5 9,8 

Single track LCRT line 

  

one side of the road 

2 driving lanes 
+ parking lane 
+ sidewalk 

1 driving lane + 
parking lane + 
sidewalk 

Wide 
calmed-
traffic zone 

1 driving 
lane + 
sidewalk 

Narrow 
calmed-
traffic zone 

Involvement of 
neighboring 
property 

o
th

e
r 

s
id

e
 o

f 
th

e
 r

o
a

d
 

2 driving lanes + 
parking lane + 
sidewalk 26,3 22,8 21,1 20,3 18,6 17,9 

1 driving lane + 
parking lane + 
sidewalk 22,8 19,3 17,6 16,8 15,1 14,4 

Wide calmed-traffic 
zone 21,1 17,6 15,9 15,1 13,4 12,7 

1 driving lane + 
sidewalk 20,3 16,8 15,1 14,3 12,6 11,9 

Narrow calmed-traffic 
zone 18,6 15,1 13,4 12,6 10,9 10,2 

Involvement of 
neighboring property 17,9 14,4 12,7 11,9 10,2 9,5 

Buildings without direct 
street access 15,1 11,6 9,9 9,1 7,4 6,7 

Table 7: Minimal required street width dependi ng on the layout of either sides for double -track or single -track LCRT 

lines.  
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2.10.2  Special aspects of LCRT lines in streets with vegetation  
If the width of the street allows a grass strip, this can be used to facilitate the construction: In the 

area next to the  underpasses, between the lowered LCRT line and the elevated driving lane, a green 

embankment can be realized instead of a vertical retaining wall.   

If the implementation of a new LCRT line shall be reconciled with the conservation of existing trees in 

the concerned street, a special solution could be applied , delivering as a positive side effect the 

reduction of costs for the  relocation of pipes or cables below the street surface: Because of the risk of 

damage by roots, pipes and cables are not laid too c lose to trees, e.g. DIN 18920 recommends a 

minimum distance of 2,5 m from the middle of the trunk 57.  For the LCRT track bed, root penetrated 

ground represents an obstacle which is not negligible, but still  surmountable using root bridges:  

 

Figure 53: Ground plan (upper row) and longitudinal section (lower row) of a root bridge with spot and strip foundation 

(left column) resp. strip foundation only (right column)   

Root bridges are implemented if a part of the area around the trunk m ust on one hand remain 

irrigated and uncompressed, but  shall be passable by vehicles or a relevant number of pedestrians  on 

the other hand . Root bridges can rest on strip foundations at the brides ends outside the root are only, 

or additional spot foundati ons can be added in larger gaps between the roots.  

The approach of using the vicinity of existing trees for transport purposes is particularly promising if 

the LCRT track is extraordinary narrow -gauge, because the overhanging part of the vehicle does 

neith er collide with roots, nor obstruct excavation works.  The street cross-section shown in Figure 54 

is based on a track gauge of 760 mm and a whole width of the ballastless track of one meter.  
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Figure 54: Cross-section of a street  with pre -existing trees and LCRT tracks allocated next to them   

Following this division of the street cross -section, between the trees and the buildings, at least a 

pedestrian zone or calmed traffic area of sufficien t width and height for delivery, fire brigade or 

waste collection vehicles is required. In contrary to these areas which serve primarily for non -

motorized traffic and can be passed by motorized vehicles only for shortest possible access, between 

the LCRT tracks there is space for two additional lanes which are connected with other streets only at 

main intersections with LCRT underpasses. Between the LCRT lines and these middle lanes, an 

additional sidewalk or at least a safety island is necessary as a safe place for pedestrians between the 

crossing of LCRT track and driving lanes. The street cross-section displayed in Figure 54 represents an 

overall road width of 26,6 m. If the street is not wide enough or due to an un favourable position of 

the trees there is not enough width left for two middle lanes and sidewalks, a one -way driving lane or 

a bicycle highway can be accommodated there.  

3.  Cost estimation  

3.1.  Preamble  

The quantification of the savings potential of LCRT compared to a conventional metro is probably the 

most important part of this feasibility study. Nevertheless, it is also the most difficult part because 

there rarely exist examples of comparable buildings and few data are publicly available about detailed 

cost components of infrastructures. Readers, who know more about various input data are therefore 

invited in case of possibly implausible assumptions not to doubt the whole study or the LCRT concept, 

but to contact me in a way of constructive criticism  in order to  give me the possibility to improve the 

quality of the calculations.  

As the whole feasibility study, the cost estimations do not refer to a concrete line or city, but they are 

based on general assumptions. The focus of the cost estimates is on the construc tion costs of the 

infrastructure, consisting of the costs of the LCRT tracks including the underpasses and the necessary 

redesign of public space. The effects of the LCRT principle onto the vehicle costs are discussed rather 

superficially. Concerning the o ther relevant cost components, similarity to construction costs 
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(infrastructure maintenance costs) resp. to costs of conventional tram operation (rolling stock 

maintenance and other operational costs) is assumed.  

3.2.  Infractructure construction costs  

3.2.1  Methodolo gy and input data  

3.2.1.1  Calculation scenarios  

In order to calculate a possible range of variation of results according to uncertain input data, the 

whole cost estimation was carried out in three scenarios: Apart from the standard scenario, an 

optimistic and a pe ssimistic calculation  were performed. òOptimisticó means òin favour of LCRTó, 

including a higher cost estimate for conventional metro systems (elevated or in cut -&-cover tunnels) 

to be compared with, òpessimisticó in opposite lower costs for the conventional solutions.  The 

calculation scenarios differ not only by unit rates, but also concerning the distance between the 

underpasses and the shares of the different standard types of underpasses (see Table 8) 

 Optimistic Standard Pessimistic 

Total number of underpasses per km 2,5 3 4 

Thereof completeley lowered 0,25 0,5 1 

Thereof deep underpasses 1,25 1,5 2 

Thereof shallow underpasses or hairpins 1 1 1 

Table 8: Underpasses per line -kilometre depending on calculation scenarios  

3.2.1.2  Indexation and currency conversion  

The cost examples used for the calculations refer to construction projects from several decades, so an 

indexation was necessary in order to ensure comparability: Figures in Euro resp. f rom European 

sources were indexed using the civil engineering cost index of the Statistics Austria 58, precisely the 

road construction cost index was used as it represents the longest available time series. Costs in U.S. 

Dollars were indexed using the price index of new family houses 59 published by the U.S. Census Bureau 

as the best fitting index found, finally these costs were converted in Euro using the actual conversion 

rate 60. One value published in Swiss franc was used, it was converted in Euro using the h istoric 

conversion rate for 2011 (1.Juli 2011) and then indexed.  

3.2.1.3  Costs for conventional tram and metro lines as cost base 

and for comparison  

As a starting point for the construction costs of an LCRT line, construction costs for conventional tram 

projects were collected, but also costs for conventional metro lines: On one hand, they are used for 

the analogy calculation method (see 3.2.1.4 ), on the other hand they serve as a reference value for 

the calculation of t he relative savings of LCRT compared to conventional mass transit. The following 

sources concerning rail transit construction costs were used: 

¶ A professional paper about construction costs of new tram lines in Germany 61 

¶ A PhD thesis about tram projects in F rance including the comparison to metro costs 62 

¶ A publication about system costs of tram and busway63 

¶ An report of the Vienna court of auditors concerning construction cost differences between the 

metro systems of Vienna and Munich64 
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¶ A world-wide comparative study of the ITA concerning construction costs of elevated and 

tunneled mass transit 65 

¶ A conference contribution about the potential of MRT systems in developing cities 66 

¶ A cost estimate report for various alternatives of the Los Angeles westside subway exte nsion 67 

¶ For reference parameters and projections, further websites about the metro networks of 

Vienna68 and Munich69 as well as base maps70,71 were used. 

In the comparative study of the ITA72,  the following cost ratio between at -grade, elevated and 

underground lines are mentioned:  

¶ Common ărule-of-thumbò: 1:3:6 

¶ New conclusion of the  ITA: 1:2:4,5  

Based on the last mentioned ratio, attempts were made to extrapolate from the average cost of the 

metro networks in Vienna and Munich to the costs for at -grade, elevated  and underground lines in 

these cities.  

The ranges of costs per kilometer depending on the source and the category of mass rapid transit 

system are shown in Figure 55:



 

 

 

 

Figure 55: Construction costs of conventional tram and metro lines at grade, underground or elevated. Sources:  Christoph Groneck ( Guide Values DE) 73, Christoph Groneck 

(Examples FR) 74, FGSV (MRT reference values ) 75, International T unneling Association (ITA study )76, Stadtrec hnungshof Wien ( Values for Vienna and Munich )77, Parsons 

Brinckerhoff ( cost estimation  Westside LA)  78, Allport & Bamford ( worldwide MRT reference values )79 *: including vehicle costs . All values are indexed for 2016.




















































































