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Technical recommendations for the construction and operation of continuously running monocable ropeways of the fixes clip type.

1.
GENERAL

1.1
Field of application

1.1.1
These recommendations apply to the construction and operation of monocable installations, with cars permanently attached to the rope itself and intended for public transport of passengers. The recommendations are intended for countries which do not have specific regulations in this matter and for manufacturers whose country does not have specific regulations.

1.1.2
The system being considered consists of a continuously running carrying-handling rope, to which normally support a chair (chair-lift).


Passengers normally get on and off the chairs while the cars are moving. The recommendations do not apply to installations in which the motion is intermittent.

1.1.3
Specifications differing from the present recommendations can be accepted, provided they assure an at least equivalent degree of safety.

1.2
Basic conditions
1.2.1
All the parts of the ropeway must be faultlessly designed an rigorously tested in terms of both the choice and quality of materials employed.

1.2.2
If the country in which the system is installed does not have is own standards governing the dimensioning of the parts of the choice, characteristics, work and use of materials, the manufacturer may employ the standards of his own country, provided that these are in line with the present recommendations, and at least as strict.

1.2.3
As far as the parts basically affecting the safety of the installation are concerned, the manufacturer of the ropeway must, when requested by competent authorities or the site manager, produce test results from a materials testing laboratory which the consider acceptable.

2
GENERAL INSTRUCTIONS
2.1
Layout of the line
2.1.1
As far as possible, the axis of the installation should be a straight line in plan. However, if it is not possible to provide a straight line, sideways deviations may be permitted, provided the following are assured:

- stability of the ropeway at the various deviation arrangements under the most unfavourable conditions, whether during operation or not.

- normal running of cars, under conditions as above.

The gauge must be constant. Sideways deviations of at most 0,5% may be tolerated whenever the minimum load on the rollers is at least 1,5 times the value specified in para. 2.4.1

2.1.2
The length to be chosen is such that the transit time using open cars does not exceed 15 minutes under unfavourable atmospheric conditions. Otherwise, the length of the ropeway may reach about 2.500 metres.

2.1.3
If only possible, the terrain must be chosen to obtain a sufficiently regular profile. The maximum slope of the ropeway (normally assuming a uniformly distributed load) must not exceed 100%. Assistance to passengers, in line with para. 2.6 below, must also be considered.

2.1.4
The maximum height above ground of the lowest part of the car must be 15 m, under the most unfavourable conditions. This distance con be increased to 20 m over short parts of the route, but only if passenger assistance is assured in line with para. 2.6.

2.1.5
Under most unfavourable conditions, a minimum clearance of 3 m is required between the lowest part of the car or passenger, including their equipment, on hand, an possible obstacles such as the snow surface, trees etc. on the other.


The minimum distance can be reduced to 2.0 metres if the obstacles are either inaccessible to the public or the public is debarred from them.


If no studies of the dynamic behaviour of the ropeway exist, it is possible to estimate the possible oscillations when starting or braking by increasing the deflection calculated at constant speed at least 20%.


At crossing points with open-wire communication lines or electric power lines, the minimum distance must be fixed on the basis of para. 2.7 below.

2.2
Clearances

2.2.1
In order to assure passenger safety, the free horizontal distance at stations between the outline of passage of the cars, vertically suspended from the ropeway and the fixed parts of the installation, must be at least 1 metre.

2.2.2
The cars must be capable of passing over the trestles (supports), even in the presence of inward or outward oscillations of 0.3 rads. The grip must be free to oscillate laterally with respect to the edge of the roller by at least 0.2 rads.

2.2.3
Within the spans, the spacing between the two directions of the carrying-hauling ropes must be such that a minimum clearance of 0.50 m exists between two cars passing each other. This is based on the conventional assumption that the inclination of each car is 0.2 rads towards the other and that one of the directions of the ropeway is placed in a vertical plane passing through the rope, while the other is displaced towards the interior of the line by the maximum wind speed at which operation is still permitted (see para. 2.5 below).


A similar clearance must be assured both towards the interior and exterior of the line with respect to external obstacles, always assuring that the car, whether loaded or empty, is inclined 0.2 rads with respect to the vertical in the direction of the obstacle.

2.2.4
The cars must be capable of swinging by 0.3 rads, with respect to the vertical, in the longitudinal directions. At maximum longitudinal swing, the line and station fixtures must remain outside arm’s reach for the passengers.

2.3
Car speed, time interval and load
2.3.1
The car speed must not exceed 1.5 m/sec. when passengers on foot are boarding or alighting. For passengers wearing skis, the speed must not exceed 2.3 m/sec.

2.3.2
When skiers board or alight along the line axis, the time interval between chairs must be at least (4+ n/2) seconds, where n is the number of seats on the chair.


These intervals must be increased by 50% when skiers board or alight at a right angle to the ropeway, or in the case of foot passengers.

2.3.3
For single-seat chairs, the interval may be 4.0 seconds.

2.3.4
At speeds exceeding 1.5 m/sec., a speed-reduction device must be placed at the disposal of station personnel in order to make boarding and alighting easier for inexpert passengers and children.

2.3.5
A weight of 80 Kg per person must be used when calculating the various component parts of cars. For other parts of the installation, a weight of 75 Kg per person must be employed.

2.4
Guidance of ropes
2.4.1
Under the most difficult operating conditions, with uniform motion, the minimum force applied by the carrying-hauling rope at each support roller (excluding guiding rollers at the entrance and exit of the pulley) must be in accordance with the following:


Pmin = 500 + 50 (d- (D1 - D2)( in N,


where:  d   - rope diameter in mm


D1 - diameter of the roller outer rim in mm

D2 - diameter of a new gasket, at the bottom of the throat, in mm.


The value (D1 - D2)/2 must exceed both d/3 and 10 mm. In addition, D1 must be greater than the maximum diameter of a new gasket.

2.4.1.1
The minimum load (in N), acting upon each saddle at a support, must be at least equal to the sum of the lengths of adjacent spans, expressed in dm. The force applied must be at least 2000 N. These minimum forces apply under the least favourable load conditions, with uniform motion of the ropeway.

2.4.1.2
In the case of carrying supports below the rope, the support reaction must not only satisfy the conditions as above, but must have such a high value that the carrying-hauling rope does not lift off the saddle under the least favourable loading conditions and with a 40% increase in the rope tension with uniform motion.

2.4.1.3
In the case of retaining supports, it is also necessary to verify that the carrying-hauling rope will not detach itself from the saddles even under the least favourable loading conditions. This must also hold when the car next to the support carries twice the conventional load.

2.4.2
The roller bearings must be constructed in such a way that the support reaction of the rope is uniformly distributed between the rollers. A roller bearing must not contain more than 12 rollers.

2.4.2.1
In the case of certain adjacent roller bearings, the loads on the rollers must be verified in accordance with paras. 2.4.1 and 2.4.5, bearing in mind the non-uniform load distribution.

2.4.3
The roller bearings must be attached to the trestles so as to be capable of adjustment with respect to the position of the rope.

2.4.3.1
The roller bearings must be equipped with devices which contain the rope in the case of outward „derailment“ and automatically bring the ropeway to a standstill by means of the electric safety circuit.


The mobility of the compensators must not be allowed to affect the functioning of rope containment devices.

2.4.3.2
In addition, rollers or roller bearings must be equipped with guidance devices which prevent the „derailment“ of the carrying-hauling rope inwards. These devices should preferably be fixed in line with the outer rollers of the roller bearings.

2.4.3.3
Retaining supports must also be equipped with rope gatherings arm. These must ensure that, in the case of „derailment“, the rope cannot lift off the adjacent trestles and that the passengers cannot come into contact with the roller bearings.

2.4.4
The roller bearings must have the following safety factors, referred to the yield point:


- maximum load on the rope, with uniform motion and own weight:
3.5

- rope load, own weight and wind pressure acting 50% on the first 


roller and 50% on the second (out of service condition): 
1.3

2.4.4.1
The fatigue resistance of the axes must be demonstrated, using a recognised method of calculation, at both minimum and maximum loads, in uniform motion.

2.4.5
The maximum load on the rollers is determined by ensuring that the life of the lining is sufficient, bearing the speed and the ambient temperature in mind.

2.4.6
All the rollers must be supplied with rotating bearings.

2.4.7
If support-retention type roller bearings are used, under any line load condition, the must satisfy the minimum pressure condition of point 2.4.1 an their use is not permitted without a practical demonstration of operating safety.

2.5
Action of the wind
2.5.1
Under normal conditions, the forces due to wind action are to be calculated using the following dynamic pressures:


- plant working: 200 N/M2

-  plant out of action (empty cars exposed to wind): 1200 N/m2
2.5.2
In zones subject to particularly violent storms, in which the wind speed often exceed 150 Km/hour, it is necessary to use the maximum wind speeds recorded in the territory to determine wind pressures.

2.5.3
In order to calculate the forces due to wind action on the ropes, a coefficient of resistance of 1.1 must be used. For cars and support structures, the areas and coefficients are those corresponding to the shapes used.

2.6
Rescue of passengers

To allow for cases of accidental stoppage of the plant, rescue arrangements, such as ladders, descent devices etc., must be provided. These must ensure that the passengers are rescued in the simplest possible way, with a high degree of safety and within a reasonable time. The rescue must be possible without involving active participation of the passengers. The rescue arrangements must be planned so as to permit safe rescue even at the most unfavourable points of the route (over water, along steeps slopes, high above the ground, at crossings etc.).

2.6.2
The passengers must be carried safely and in the shortest possible time (normally 2 hours, maximum 3 hours) to a station or another safe place. It should also be estimated whether a shorter rescue time is not required, bearing in mind the type of car and foreseeable weather conditions.

2.6.3
For night rescue, sufficient lighting devices, independent from electrical power line supplies, must be provided.

2.7
Crossing and parallel routes
2.7.1
Crossing of roads, tracks railways and other ropeway installations should be avoided if possible. If this cannot be done, the clearance furnished by the cars must be planned so as to eliminate mutual danger.

2.7.2
Crossing of, and sections parallel with roads, tracks, railways, other ropeway installations an electric power lines must be constructed so as not to produce interference either way, both during normal operation and during maintenance work on the ropeway installation. Whenever this is compatible with the type of electric line and with the environment, open wire lines should be replaced by buried cables.

2.7.3
Greatest care should be taken to avoid long stretches parallel to electric open-wire or contact-type lines. The distance must be planned so as to assure operating safety in both the installation. Telephone and electric power equipment belonging to the ropeway system must not suffer from inductive disturbances.

2.7.4
In the case of two parallel chair lifts, a minimum spacing of 1 m must be provided between the chairs, after taking into account out-of phase

deflections caused by wind during operation (see para. 2.5.2) and an inclination of the chairs of 0.2 rad. each towards each other.

2.7.5
In the cases of runs parallel with ropeway installations of another type or with ski-lifts, a lateral clearance of at least 1.0 m must be provided between the chairs tilted by 0.2 rads, taking into account the lateral displacement of the ropes due to wind during operation and the clearances required by the rules of the specific installation involved in paralleling.

2.7.6
At crossing points with other ropeway installations or with ski-lifts, a distance of at least 3.0 m must be maintained between the nearest parts of the two installations. Dynamic displacement effects must be considered on the basis of specifications applying to each type of installation involved at the crossing.


The above distance may be reduced if a common trestle is used at the crossing point.

2.8
Dangerous areas
2.8.1
Areas which may be subject to natual disasters (landslides, stone falls, flooding, earth tremors, avalanches, very strong winds etc.) must always be avoided. The same applies to areas close to airports.

2.8.2
Whenever danger areas cannot be avoided, suitable protection arrangements must be adopted - otherwise the installation cannot be constructed.

2.9
Notices to passengers

Notices to passengers must be displayed as warning signs, clearly visible and in several languages. The following constitute the acceptable minimum:


- „In“ and „Out“


- „Close the safety device“ or „Open the safety device“


- „Swinging is forbidden“


- „Access forbidden when station personnel absent“

2.10
Operation at night

Whenever a ropeway installation is to be operated in darkness, the stations and the route must be equipped with lighting devices which allow both regular functioning and passenger rescue in accordance with para. 2.6.

2.11
Prevention of working injuries

In order to protect personnel against working injuries either during normal operation or when carrying out maintenance word, suitable precautions must be taken in accordance with laws applicable in the country in which the ropeway system is installed. In the absence of such standards/legislation, the laws applying in the manufacturer’s country must be complied with.

3
ROPES
3.1
General
3.1.1
As far as possible, all ropes must consist of a single piece. During construction work, avoid the formation of twists or „kinks“ or getting the rope out of step.

3.1.2
The soft cores may consist of either natural or synthetic fibres. If natural fibres are used, the should be of the hard kind (Manila or sisal) which do not cause internal corrosion (by releasing chlorine, for example).

3.1.3
The cores must be dimensioned so as to avoid contact between strands even after long operating periods.

3.1.4
No corrosive lubricants must be used in the construction or operation of the rope. The lubricants must be suitable for the linings of the rollers and pulleys.

3.1.5
Lubrication of the ropes must be carried out in line with the instructions provided by the ropeway manufacturer.

3.2
Carrying-hauling ropes
3.2.1
The carrying-hauling rope must be constructed of performed strands with a soft core. The use of parallel-wound ropes is recommended.

3.2.2
At commissioning, the effective breaking load of the carrying-hauling rope, as determined in a tension test, must be at least 4.5 times greater than the maximum pull exerted on the rope in accordance with para. 3.2.3.

3.2.3
When calculating the maximum pull on the rope, the least favourable combination of the following factors must be considered:


- basic pull originating from the hauling device

- weight of the rope itself and of the loaded cars attached to it. The latter load is normally assumed to be uniformly distributed

- frictional resistance of the rollers, which in lined rollers amounts to about 3% of the roller load

- force absorbed by devices actuated by the carrying hauling rope

- if hydraulic or other non-conventional tensioning devices are used, their working range must be considered

- inertial forces are not normally considered in the calculation.

3.2.4
In order to facilitate periodic in-service checks, the carrying-hauling rope should be checked using a non-destructive (magneto-inductive) method before being placed in service.

3.3
Tensioning and compensating ropes
3.3.1
Ordinary lay construction stranded ropes are normally used, with one layer of strands only. When parallel ropes are employed, rotation of their ends must be prevented.

3.3.2
At commissioning, the effective breaking load of the tensioning ropes must be at least five times the maximum pull on the tensioned rope, calculated in accordance with para. 3.2.3.

3.4
Telephone and signalling ropes

The use of stranded or spiral ropes, with galvanised steel wires, is recommended. Other ropes or aerial cables, of proven resistance and safety in operation, are permitted.

3.4.2
At commissioning, these ropes must exhibit safety factors, between the breaking load and the maximum actual one, after considering loads due to wind and the effects of temperature on anchored ropes, as follows:


- in operation: 
3.0

- in operation, when in accordance with local conditions, addi-


tional loads due to snow and ice must be taken into account:
2.5

- out of service:
2.5

3.4.3
During operation, contact between telephone or signalling ropes on one hand and cars or the carrying-hauling rope on the other must be avoided, despite wind conditions and snow or ice formations. When the telephone or signalling ropes fail to satisfy the above requirement, the ropeway installation must come to a stop whenever such contact occurs.

3.5
Transverse load
3.5.1
The weight of the loaded car must not exceed 1/15 of the minimum pull on the carrying-hauling rope, which arises under the least favourable load conditions with uniform motion.

3.5.2
At minimum pull and with uniform motion, the variation in the slopes of the tangents at the ends of a section between the conditions of rope loaded and rope unloaded must not exceed 0.15 rad.

3.6
Sheaves, drums, rollers and thimbles
3.6.1
The diameter of the driving and return sheaves must not be less than 80 times that of the hauling rope and not less than 800 times that of the external rope wires. The sheaves must have a soft lining.

3.6.2
The diameter of the sheaves of the tensioning ropes must be at least 40 times the nominal diameter of the tensioning rope and 600 times the diameter of its external wires. The sheaves must have a soft lining. The sheaves must have a soft lining.

3.6.3
The diameter of the sheaves and drums of the compensating ropes must be at least 20 times the nominal diameter of the rope. The diameter of the thimbles must be at least 7 times the nominal diameter of the rope.

3.6.4
The deviation angle of the carrying-hauling rope produced by any single roller must not exceed 0.1 rad. The rollers must have a soft lining.

3.6.5
The diameters of sheaves and rollers are measured at the centre of the rope.

3.7
Connection and terminal fixing of the ropes

All splicings must be made experienced personnel. The length of one splice must be not less than 1200 times the nominal diameter of the rope. Greater splice lengths are recommended for ropes with a large diameter (greater than 40 mm) and for ropes with a high mechanical resistance (greater than about 2000 N/mm2).. The distance between the extremes of two different splices must be at least 3000 times the rope diameter.


The loop formed by the carrying-hauling rope must not contain more than two splicings. Two further splicings are permitted as a result of repairs carried out after damage.

3.7.2
End sockets and terminal connection boards must be fitted with the utmost care. This word can be carried out only by firms who specialise in it and who can prove their experience both in the making of sockets and in the choice of materials. Work of this kind can also be entrusted to qualified personnel within the ropeway company

3.8
Testing and acceptance of ropes


The contents of para 1.2.2 serve for the testing and acceptance of ropes.

3.9
Replacement of ropes
3.9.1
The following are the key considerations for withdrawing a rope from service:


- general condition (loosening of wires or strands etc)


- degree of wear


- corrosion

- the number of broken wires found in a length corresponding to 40 diameters of the rope and notionally concentrated on a section of the rope itself.

3.9.2
With reference to the contents of the preceding paragraph, a rope must be replaced when the reduction in the cross-section reaches 10% of the cross-section of a new rope.

3.9.3
Independently of their state of preservation (see paras. 3.9.1 and 3.9.2 above), stretched ropes must be removed after 8 years.

4
STATIONS

4.1
General
4.1.1
During winter operation, each station must be provided with a heated room for personnel.

Lavatories must be provided in at least one of the stations or in is immediate neighbourhood. Suitable accommodation must be provided at stations which passengers cannot leave using their own vehicles whenever service is interrupted.

4.1.2
The safety of passengers and personnel must not be compromised by ropes, cars or by mechanical and electrical installations at stations.

4.1.3
Stations must be provided with emergency lighting devices (e.g. portable lamps).

4.1.4
The command and control cabins must be situated to enable the personnel to see the area of the station and, if possible, the line. The personnel must be capable of actuating the controls without having to turn or to leave their seats.


The personnel must be capable of stopping the installation or reducing is speed at any moment, without having to abandon their normal working position.

4.1.5
If necessary, driving gear and high voltage devices must be protected against atmospheric conditions. Access of unauthorised persons to these device must be impeded or forbidden, in order to avoid accidents, damage or an unauthorised start-up of the plant.

4.1.6
The danger of fire must be reduced as far as possible. This is particularly important, as ropes could not withstand the heat of a fire for long without being damaged. Materials used in stations must be selected correspondingly. The number an type of fire extinguishers fitted must be sufficient considering the materials used in the installation and must comply with local regulations.

4.1.7
The loads and safety factors of station buildings and their components must comply with the provisions of paragraph 5, unless more severe rules are considered in paragraph 4.

4.2
Driving and braking

4.2.1
The ropeway installation must be equipped with a main and emergency driving gear, according to para. 4.2.9., which is not employed in normal service. If one type of drive is engaged, the other must be excluded.

4.2.2
In normal operation, the speed must be maintained practically constant, irrespective of load. Speed variations must not exceed ( 5% under most unfavourable load conditions.

4.2.3
It must be possible to start the installation under the most unfavourable load conditions using any single driving motor. It must be possible to reach an acceleration of at least 0.15 m/sec2 using the main driving motor. Automatically controlled ropeway installations must also be equipped with manual control.

4.2.4
In normal service, the transport of passengers is not permitted if the motor is decoupled from the installation or cut of. Plant operation under gravity is allowed only if it serves to avoid rescue along the line and when at least one adequately powerful brake is fitted.

4.2.5
If the installation is of the self-acting type, continuous braking for the preservation of the nominal speed must be ensured by the motor, which means that the motor must act as a brake.

4.2.6
When braking is applied (excluding an adjustable handbrake) the main driving motor must be automatically disconnected from the power source or from the drive.

4.2.7
The use of chains or flat belts for the transmission of the main drive is not permitted. Drives using belts of trapezoidal cross-section must be dimensioned to transmit at least 1.5 times the required power.

4.2.8
The parts of the driving gear and of the brakes which determine the safety of the ropeway installation must have a safety factor of at least 3.4 relative to the yield point, taking statik stresses into consideration.

For parts such as shafts, which are subject to stress fatigue, the safety against fatigue must be demonstrated using a suitable method of calculation.

4.2.9
Using the emergency drive, the ropeway installation must be capable of functioning until all the passengers have arrived at a station. This must happen even if the main motor or is command circuits or is power supply is out of action.


Under emergency conditions, the running speed must be such as to ensure that all passengers on the route can be carried to stations within an hour.


The driving force must be transmitted directly to the driving sheave, at least in the following cases:


- when the terrain is inaccessible, either on foot or using motor vehicles


- under unfavourable weather conditions


- if rescue is attempted using vertical drop


- if the number of passenger present on line is greater than: 100+50n)


where n is the number of seats per car.


It must be possible to free the driving sheave easily from the main drive.

4.2.10
The drive must be equipped with two completely independent fiction-type brakes. One of these is to be used as a working brake, the other as an emergency brake. Both the brakes must be capable of being applied automatically. The braking force must be produced by weights or springs and must be easily adjustable.


The braking surfaces which must be easily inspected, must be protected by suitable lubricants.


Even under the least favourable conditions, any one of the two brakes must be capable of stopping the installation at an average deceleration of at lest 0.4 m/sec2 an of keeping it blocked.


No emergency brake is required in the case of ropeway installations which are slowed down by friction even under the least favourable conditions, even when the drive is partially damaged.


If the normal servo brake is not fitted, the brake must be capable of being opened and reclosed in another manner.

4.2.11
In order to avoid sudden braking, which produces excessive swaying of cars, the action of the service brake must be differentiated, for adaptation to existing load conditions. In normal brake functioning conditions, the deceleration must not exceed 1.5 m/sec2.

4.2.12
The service brake must be applied automatically in at least the following cases:


- when safety or protection devices are activated


- when the power supply to the motor is either abnormal or absent


- when the running speed is at least 10% above the normal value


- when excessive short-term changes occur in the driving torque.


It must be possible for station personnel to apply the brake. In the case of regular transport in the downhill direction, a device must be fitted for checking that the service brake can stop the installation with the minimum deceleration specified in para. 4.2.10 (deceleration check).

4.2.13
The emergency brake must be applied directly to the driving sheave. It must be possible to apply the brake employing two completely independent systems, on of which is manual and the other automatic.

The automatic system must be applied in at least the following cases:

- when the running speed is at least 15% above the normal value

- in case of accidental reversal of the running direction

- faulty functioning of the service brake, if this is fitted with deceleration control.

It must be possible for the personnel at the driving station to activate the manual braking system.

4.3
Rope adherence to the driving sheave
4.3.1
A coefficient of friction of 0.20 is permitted when linings are made of rubber or plastic materials having characteristics similar to it.

4.3.2
The ratio between the rope tensions at the driving sheave must be chosen so as to permit the safe transmission of the tangential force under the most unfavourable load conditions, together with acceleration or deceleration.

4.4
Rope tensioning and anchorage devices

Carrying-hauling ropes should be kept in a state of tension, as constant as possible, at one end of the installation, using devices of proven effectiveness (counterweight, hydraulic tensioning device etc.).

4.4.2
The travel length of the tensioning device must be calculated taking into account maximum variations in span sag, maximum temperature difference (at least 60°C) and the elastic stretch of the rope. Part of the permanent extension of the rope should also be considered. If a rapid action restart device is fitted, the travel length can be determined on the basis of a 30°C temperature difference and of a smaller value of permanent extension.

4.4.3
If several tensioned ropes or several tensioning devices are arranged in parallel, it is necessary to ensure that the tension is always uniformly distributed between the different branches of the ropeway and the tensioning devices.

4.4.4
The mobility of the tensioning devices must be assured at all times. The  mobility must not be impeded by the drive devices an must capable of easy inspection.


Devices such as tensioning cars, counterweights and other tensioning sy-stems must not become derailed or jammed or place themselves obliquely.

4.4.5
The position of the traction systems, and particularly that of the tension trolleys, must be indicated by pointers running on a graduated indicator scale. Flexible bumpers must be provided at the points corresponding to the end of the tensioning device an trolley. Before these positions, travel-end switches for automatic stopping of the installation must be fitted.

4.4.6
The supporting structure of the tensioning devices and their connections to the ropes must be easily accessible for inspection.

4.5
Boarding and alighting platforms


The provisions of para. 2.2.1 apply to the unobstructed passage of cars trough the stations. The cars must be capable of making the turn around the


driving sheave without endangering passengers who have been unable to leave them in time. If the sheave is sufficiently far away from the platform and if an automatic „failure to get off“ switch is fitted, the passage around the sheave can be carried out a reduced speed.

4.5.2
Access to and from the boarding an alighting platforms must not cross the car transit area.

4.5.3
The boarding and alighting platforms must be horizontal and parallel to the carrying-hauling rope. For passenger transport, the length of the boarding and alighting platforms in meters must be at least 5 times the maximum running sped in m/sec., unless a reduced-length platform is chosen in accordance with para. 4.5.8.

4.5.4
At the boarding and alighting platforms, boarding and alighting lines must be indicated either on the ground or using posted signs.


Variations in car positions caused by load changes or by longitudinal or transversal swinging must not impede boarding, alighting or the movement of the passenger protection device.

4.5.5
The boarding platform must be arranged to speed up passenger movement. Layouts which, for example, make it necessary for skiers to move sideways or change direction abruptly are to be avoided.

4.5.6
A waiting area should be provided as close as possible to the boarding platform, but respecting the necessary clearances. This area must be indicated using either lines on the ground or posted signs. An automatic access control system should be provided when parallel access to the ropeway is possible or when the time interval between two successive vehicles assumes is minimum value, as shown in para. 2.3.2.


Passengers in the waiting area must have already been checked and informed about how to use ropeway installation.

4.5.7
When skiers are to be transported, a downward slope of about 3% must be provided between the waiting and boarding lines. This is to facilitate access to the latter.

4.5.8
When only foot passengers are to be transported, the length of the boarding space can be reduced down to 1.5 m, as long as immediately afterwards there is a safety space with a length of at least 1.5 times the braking distance.


Within this safety space, the maximum clearance must not exceed 1.5 m and the slope of the neighbouring terrain must not exceed 30%. The safety space surface must permit easy movement.

4.5.9
When skiers are to be transported, the length of the boarding platform may be reduced to about 2.5 m, as long as it is followed by a safety space.

4.5.10
If, at the end of the safety space, there exists a danger in case of a fall, suitable protection devices (usually nets) must be provided to limit the possible injury caused to passengers as the result of a fall.

4.5.11
The alighting line is to be arranged so as to allow the passengers to see the alighting area about 8 secs. before arrival.

4.5.12
When skiers are to be transported, the alighting platform must be about 2.5 m long. At is end, a descent ramp is to be provided so that the passengers can quickly leave the area around the car. When alighting takes place under the sheave, the descent ramp must be short, with a slope of about 30%. When other methods of alighting are used, the slope should be around 15%.


When alighting takes place under the sheave, the descent ramp must start about 1.5 m before the axis of the sheave. In the particular case of high numbers carried hourly, the descent ramp is to be followed by a gently sloping area, clear of obstacles, capable of assuring the easy evacuation of skiers, avoiding a bottleneck at the end of the ramp.

4.5.13
When both foot passengers and skiers are to be transported:


- provide separate boarding and alighting areas for them

- at the very least, keep the pedestrian exit separate from the skiers’ descent ramp.

4.6
Various provisions

4.6.1
Railings are to be provided wherever the danger of passengers falling exists at the stations.

4.6.2
The sheaves must be constructed of steel, steel castings or spheroidal cast iron.


Welded sheaves must be subjected to annealing. The sheaves must be fitted with roller bearings and with devices for picking up the „derailed“ rope and for scraping off ice.

4.6.3
Stations must be provided with attachment devices for the placing of me-chancel and electrical parts when assembly and dismantling work is carried out on the ropes.

4.6.4
Space and tools must be available for the maintenance and storage of the various parts making up the ropeway installation.

5
TRESTLES
5.1
Loads

5.1.1
The following forces must be considered in trestle calculations.

- own weight

- sum of support thrusts due to the carrying-hauling rope, as well as telephone and signalling lines

- sum of the friction forces due to the carrying-hauling rope, in accordance with 3.2.2

- wind pressure (in accordance with 2.5 and snow or ice loads.

5.1.2
After having obtained general data on wind pressures (as quoted para. 2.5), data on local conditions, if available, should be considered (storm areas). It is also recommended that reference is made to wind pressure standards available for similar types of structure (high voltage pylons, cranes etc.).

5.1.3
Exceptional single non-simultaneous loads:


- break in a telephone or signalling cable on one of the spans


- „derailing“ of a section of rope

- possible loads due to snow, avalanches etc. Expert opinion should be sought in this case.

5.2
Safety factors

When the following figures are not at variance with the provisions of para. 1.2.2, the steel trestles and their respective anchoring bolts must have the following safety factors (referred to yield limit under the least favourable conditions):


- in operation: 2.0


- non-operating: 1.5


- with exceptional loads considered: 1.3


The design must also take into account local disturbances, as well as possible fatigue-type stresses.

5.2.2
Supports constructed in reinforced concrete, either ordinary or prestressed, must be designed in accordance with para. 1.2.2, before increasing the loads by 20%, as specified in para. 5.1.1.

5.2.3
The trestles must present the following safety factors against overturning, sliding and lifting:


- in operation: 1.5


- non-operating, or with exceptional loads: 1.2


When required, the influences of lateral friction, passive terrain pressure and the weight of soil above the foundation can be ignored. These assumptions can either be omitted or a different type of foundation can be used whenever a geological survey permits it.

5.2.4
Elastic deformation of the trestles encountered in operation, and particularly torsional deformation, must not interfere with the drive or with the cable support. This applies particularly to retaining supports. The maximum angle of rotation caused by torsion must not exceed 0.003 rads.

5.3
Construction characteristics
5.3.1
Trestles must be made of steel, reinforced concrete or pre-stressed concrete. Trestles supported by guy-ropes are not normally permitted.

5.3.2
All steel structures must be provided with effective protection against corrosion. This also applies to the internal parts of tubes or parts with a closed cross-section, unless the latter are watertight. Open section must have a wall thickness of at least 2.5 mm.

5.3.3
The foundations must be constructed of concrete, reinforced if necessary. In exceptional cases, trestles may be fixed directly onto a rock foundation. Generally speaking, the concrete foundations must protrude form the surrounding terrain.

5.3.4
Trestles must be provided with fixed support structures, to which can be attached the devices for lifting the ropes. Clearly visible indications of the maximum rope supporting force and the maximum force to be applied shall be attached to such devices.

5.3.4
Trestles must be provided with fixed support structures, to which can be attached the devices for lifting the ropes. Clearly visible indications of the maximum rope supporting force and the maximum force to be applied shall be attached to such devices.

5.3.5
Trestles must be provided with suitable foot platforms, to be used when maintaining the roller bearings and for rescue work along the ropeway. The platforms must be independent of the roller bearings.

5.3.6
It must be possible for personnel to climb up the trestles easily and without danger. Ascent of the trestles must be forbidden to unauthorised persons by means of suitable notices.

5.3.7
The trestles shall be consecutively numbered.

6
VEHICLES
6.1
Loads

In vehicle design calculations, the following principal and secondary forces shall be taken into account:

6.1.1
Principal forces: weight of the ropeway cars and the useful load (capacity), in accordance with para. 2.3.5.

6.1.2
Secondary forces: stresses caused by contact with the guides, passage over the rollers and around the sheaves.

6.2
Safety factors
6.2.1.
All the carrying parts of the vehicles must have safety factors, referred to the yield point, of at least 3.5 when only principal forces are considered and at least 2.0 when secondary forces are considered as well.

6.2.2
The fatigue resistance of the vehicles shall be demonstrated experimentally. 5 million load cycles shall be taken as a reference. The amplitude of the load cycle shall be twice the combined weight of the vehicle and of the useful load, unless lower value is obtained from direct tests carried out on the installation. The test frequency should be the range met in a ropeway installation, based on the rope speed and on the roller spacing (around 1-5 Hz).

6.3
Construction characteristics
6.3.1
The load carrying parts of the vehicles, as well as their attachments and connections, must be constructed so as to permit inspections of their condition. Where necessary, the above structures shall be protected against corrosion.

6.3.2
The connections between the load carrying parts of the vehicles must be protected against accidental loosening or coming apart.

6.3.3
All load-carrying welds must be made by skilled welders and then subjected to a suitable non-destructive test.

6.3.4
Cars must be equipped with door closing devices actuated by rotation from above downwards. Foot rests shall be provided. Cars must not contain protruding parts which could catch the passengers’ clothes or equipment.


In chair lifts, the leading edge of the chair must have a shape which minimises the impact when boarding. Foot rests can be omitted when the duration of travel is less than 5 mins.

6.3.5
Chairs shall be provided with back rests and lateral arm rests. The angle between the seat and the back rest must be about 1.60 rads and the whole chair must be inclined backwards by about 0.20 rads.

6.3.6
The width of the seat must be at least 45 cm for each passenger and is depth about 45 cm.

6.3.7
The length of the suspension shall be chosen so as to meet the clearances specified in para 2.2.

6.3.8
Vehicles must be successively numbered, so that they can be distinguished from one another. If necessary, vehicles shall be provided with light reflectors.

6.4
Attachments (grips)
6.4.1
Attachments must be constructed in a manner precluding any accidental opening.

6.4.2
The resistance to sliding of the friction connections shall be not less than 3 times the loaded vehicle component in the direction of the rope, or, alter-natively, equal to the weight of the loaded vehicle.

6.4.3
The closing force must be generated by several springs. Their elastic characteristic must ensure the necessary resistance to sliding, in accordance with para. 4.6.2, even if the rope diameter changes by 3%. When changes in diameter exceed this figure, it shall be possible to assure a resistance to sliding in accordance with para. 6.4.2 by adjusting the grip.

6.4.4
The grips must be designed in such a way that the still hold the rope when the diameter of the latter has been reduced by 10%.

6.4.5
When checking the calculation of resistance to sliding, according to para. 4.6.2, it is normally considered that the value of the friction coefficient assumed can be at most 0.16. This can be overridden if it can be shown that higher values have been obtained experimentally by an officially recognised test institute. If grips of a particular shape are to be employed, the friction coefficient introduced into the calculation shall be supported by preliminary tests.

6.4.6
The deflection required to obtain the closing force must not exceed 80% of the overall deflection.

6.4.7
The closing force may be reduced by not more than 15% as the result of failure of a Belleville washer or by 50% as the result of failure of a helicoidal spring.

6.4.8
It must be easy to move the grips from on place to another.

6.4.9
Bearing in mind the transversal swings of para. 2.2.2 and that of roller edges in accordance with para. 2.4.1, the grips and the rollers must be shaped so as to ensure that the passage of the grips over the rollers takes place with the minimum possible mechanical shock.

6.4.10
The jaws of the grip must be forged in tempered steel alloy. The material must show a resilience of at least 28 Joules when tested in accordance with the ISO-V test, at a temperature of -20°C.

6.4.11
The chemical composition and mechanical properties of grip jaw materials must have been determined from laboratory tests and must correspond to specifications.

6.4.12
All the grip jaws must be tested for possible surface defects. Only samples showing defects blow the limit stated by the supplier shall be employed.

7
SPEECH CONNECTIONS, ELECTRICAL SAFETY CIRCUIT AND GROUNDING  OF  METALLIC  PARTS  OF  THE  INSTALLATION
7.1
Speech connections

7.1.1
A telephone connection must exist between the stations. Should this connection be out of order, an alternative acoustic connection must be available. If the public telephone network is accessible, at least one of the stations must be connected to it.

7.1.2
It must be possible to inform the passengers, by using loudspeakers, of any difficulties which arise in normal operation.

7.1.3
The telephone connection and the loudspeaker system must continue working when the mains supply is interrupted.

7.1.4
Operating personnel must be provided with speech connections (e.g. portable radio transceivers) when checking ropes, working along the route and carrying out rescue operations.

7.2
Electrical safety circuits
7.2.1
All the electrical commands relating to topping the installation (emergency push-buttons, trestle switches etc.), incoming from stations, possible intermediate points or from the line, must be transmitted over safety circuits conforming to para. 7.2.2.

7.2.2
The electrical safety circuits must be of the quiescent - current type and must demonstrate a high reliability. They must be constructed so that any 

fault (break in conductor, grounding, contact with other electrical circuits) stops the installation as a result and blocks the starter by interrupting is respective electrical safety circuit.

7.2.3
All the ropes, conductors etc... supported by the trestles, with the exception of the carrying-hauling rope, shall be supervised, using electrical safety circuits, to indicate breaks, accidental grounding or contacts between different wires.

7.2.4
The existence and operation of telephone and signalling devices must not interfere with the functioning of electrical safety circuits. See also para. 2.7.3.

7.2.5
After being stopped by the electrical safety circuit, the restarting of the plant shall only be possible after resetting. This can be manually from the control position or, if necessary, directly in line with the safety device.

7.2.6
In order to avoid passenger rescue by direct drop to the ground, single overrides of the safety circuits are permitted. In this case, the running speed must not exceed 1.5 m/sec.

7.3
Lightning protection and grounding

7.3.1
All the metallic parts of stations and trestles shall be connected to earth, except those whose functions require them to remain insulated (for example, telephone and signalling cables). If the conditions at single grounding points are unfavourable, it is recommended that the grounding points should be connected together.

7.3.3
The metallic parts of the vehicles must not be electrically insulated from the carrying-hauling rope.

7.3.4
When not operational, the carrying-hauling rope must be grounded in at least one of the stations.

7.3.5
The following structures must be protected against lightning, by means of suitable devices:

- electrical safety and remote control circuits, as well as telephone connections


- if necessary, other electrical equipment affecting safety circuits


- if necessary, electrical equipment in the drive system

7.3.6
It is necessary to ensure, by means of suitable arrangements, that in case of predictable voltage increases (for example, as a result of interference form high-voltage plant, propagation of overvoltages along the ropes etc.) inadmissible induced or contact voltages do not occur.

8
OPERATION AND MAINTENANCE
8.1
Basic conditions for operation
8.1.1
Before the start of a public service, the ropeway installation must be inspected by the appropriate supervisory authority or by other experts. To do this, checks must be carried out, in accordance with para. 1.2.2, to verify whether the installation satisfies these technical recommendations.

8.1.2
Changes or restructuring can take place only with the supervisory authority’s permission.

8.1.3
The company running the installation must have an operations manager responsible for the maintenance and functioning condition of the plant. He is also in charge of its regular and safe operation. In the absence of the operations manager, the above duties are transferred to his deputy, who must also posses appropriate qualifications.

8.1.4
The company, together with the operations manager, must lay down suitable operating rules, defining the duties of personnel and conditions for the transport of passengers.

8.1.5
The plant manufacturers must make available the instructions required to operate and maintain the ropeway installation.

8.1.6
The operations manager must be supplied with technical and legal documentation necessary to carry out his duties.

8.1.7
The operations manager is in charge of the selection, training and employment of personnel.

8.1.8
The operations manager must keep updated or check the operating log book of the installation.

8.2
System operation
8.2.1
The daily opening of the service can take place only if the operations manager or his deputy is present or easily reached, and if the personnel required is ready for work.

8.2.2
Before starting daily operation, a check must be made on the condition of deceleration and stopping devices, as well as on acoustic and signalling sub-systems and the tensioning device. A check must also be made to ensure that the boarding and alighting platforms are usable and in their proper operating condition. If snow has to be cleared off the platforms to make them operational, the above checks should be repeated several times a day.

8.2.3
A test run is to be carried out before starting daily operation. During this run, checks must be carried out on whether:

- minimum clearances in accordance with para. 2.2, are obeyed

- the position of the carrying-hauling rope and the rotation of the rollers on the trestles are normal and there are no unusual noises

- snow or ice deposits can endanger the functioning of the installation (mobility of roller bearings, functioning of line switches and anemometers).

8.2.4
The ropeway installation can be placed in passenger service only with the agreement of the stations.

8.2.5
Station personnel must watch the passengers during boarding and alighting and give them assistance when necessary (for example, by reducing the running speed - see paras. 2.3.1 and 2.3.4).

8.2.6
Simultaneous transport of skiers and foot passengers in the same vehicle is not permitted.

8.2.7
Loads can be transported in vehicles destined for passenger use only if:

- the weight does not significantly exceed the permitted useful load,

- the space taken up by the load is compatible with the clearances

- the load is adequately secured against falling.

Transport of goods is permitted only if the passengers are not unduly inconvenienced by the stops needed for loading and unloading.

8.2.8
When transport operations are to be carried out in darkness, the stations and the route must be lit in accordance with para. 2.10.

8.2.9
Whenever a cross wind makes the cars sway intolerably, the system operation should be temporarily stopped. Similar action should be taken upon the arrival of a storm, or whenever there is fear for the safety of the installation.

8.2.10
If system operation is interrupted by safety devices or technical problems, the cause must be eliminated and a check must then be carried out that functioning is normal.

8.2.11
In the case of abnormal operation (for example, prolonged stoppage of the plant, running backwards, rescue) the passengers who find themselves on the route must be kept calm and informed about action being taken.

8.2.12
If a fault cannot be eliminated within a time acceptable to passengers who find themselves on the route and if it is not possible to set the ropeway installation in motion, passenger rescue must be proceeded with. The 


supervision of the rescue work is the responsibility of the operations manager. Rescue proceeds in line with instructions as written down by the manager himself (rescue procedure).

8.2.13
Before leaving a station, the personnel must close the entrances and exits, as well as attaching appropriate „NO ENTRY“ signs.

8.3
Maintenance
8.3.1
A careful check of the entire ropeway installation (general review) must be carried out once a year, following the manufacturer’s instructions. Once the overall check is complete, the operations manager must satisfy himself on the operating safety of the ropeway installation by means of functional checks, test runs and braking tests.

8.3.2
While maintenance work, functional checks, test runs and braking tests are being carried out, no passengers must be transported.

8.3.3
The following checks and tests must be carried out once a month:


- check on the line, trestles and roller bearings

- check on the condition of the ropes, including anchoring structures (visual inspection, with the installation stationary or moving at a low speed)


- check of the efficiency of the emergency drive (no-load test)

- check on the functioning of the tensioning device (observation when working)


- condition of vehicles (visual inspection)

8.3.4
A no load check must be carried out each week on the functioning of the service brake.

8.3.5
It is recommended that a special vehicle, suitable for moving personnel and materials for the maintenance of trestles and roller bearings, should be available. This vehicle should be designed to permit easy exit onto the trestles. Warning signs should be attached to the vehicle itself.

8.3.6
The carrying-hauling rope must be tested by a specialist every four years, using a non-destructive test method (magneto-inductive). If the condition of the rope warrants it, the above test data is to be advanced.

8.3.7
Grip jaws must be moved about 50 cm after at most 250 hours of operation. They must not be applied over lengths where rope splicing has been carried out. Once the grip jaws have been displaced, it must be shown by sample checks that resistance to slipping exists, according to para. 6.4.2.

8.3.8
The operations manager prepares written notes on all actions carried out with system maintenance in view.

INDEX


Page

1
GENERAL
1

1.1
Field of application
1

1.2
Basic conditions
1

2
GENERAL INSTRUCTIONS
2

2.1
Layout of the line
2

2.2
Clearances
3

2.3
Car speed, time interval and load
3

2.4
Guidance and ropes
4

2.5
Action of the wind
5

2.6
Rescue of passengers
6

2.7
Crossings and parallel routes
6

2.8
Dangerous areas
7

2.9
Notices to passengers
7

2.10
Operation at night
7

2.11
Prevention of working injuries
7

3
ROPES
8

3.1
General
8

3.2
Carrying-hauling ropes
8

3.3
Tensioning and compensating ropes
9

3.4
Telephone and signalling ropes
9

3.5
Transverse load
9

3.6
Sheaves, drums, rollers and thimbles
9

3.7
Connection and terminal fixing of the ropes
10

3.8
Testing and acceptance of ropes
10

3.9
Replacement of ropes
10

4
STATIONS
11

4.1
General
11

4.2
Driving and braking
11

4.3
Rope adherence to the driving sheave
14

4.4
Rope tensioning and anchorage devices
14

4.5
Boarding and alighting platforms
14

4.6
Various provisions
16

5
TRESTLES
17

5.1
Loads
17

5.2
Safety factors
17

5.3
Construction characteristics
18

6
VEHICLES
19

6.1
Loads
19

6.2
Safety factors
19

6.3
Construction characteristics
19

6.4
Attachments (grips)
20

7
SPEECH CONNECTIONS, ELECTRICAL SAFETY, 


CIRCUIT AND GROUNDING OF METALLIC PARTS


OF THE INSTALLATION
21

7.1
Speech connections
21

7.2
Electrical safety circuits
21

7.3
Lighting protection and grounding
22

8
OPERATION AND MAINTENANCE
23

8.1
Basic conditions for operation
23

8.2
System operation
23

8.3
Maintenance
25

