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O.I.T.A.F.

INTERNATIONAL ORGANISATION FOR TRANSPORTATION BY ROPE

„TECHNICAL RECOMMENDATIONS“ (n° 1)

Below we begin publication, in serial form, of the Technical Recommendations of O.I.T.A.F. in their latest revised form. These have been compiled from previously-published Recommendations for bi-cable ropeways (1960) and for monocable ropeways (1961), from the E.C.E. Recommendations published as a result of a Conference held in 1964 and from O.I.T.A.F. meetings in 1964. O.I.T.A.F. are also compiling a series of Regulations which, it is hope, will be accepted internationally.

1.
GENERAL
1.1
Scope

The recommendations of this text shall be applied to the construction of to-and-fro ropeways intended for the transportation of passengers and open to the public. They shall be applied by those countries which have no specific regulations on ropeways. The ropes of this type of ropeway either support the ropeway cars or form their path of travel. Therefore, each ropeway car which is of the closed type (cabin), travels on a proper rope with alternate motion that is, by reverse direction of drive (to-and-fro ropeways). The ropes which support the ropeway cars shall be distinct from those which ensure their movement (bi-cable ropeways). The ropeway car is connected to the rope by fixed grips.

1.2
Rules for the construction of installations
1.2.1
Each part of the ropeway equipment shall be of a suitable design and construction. The quality of the materials to be used for its construction shall be carefully chosen.

1.2.2
As regards choice, quality, testing and use of the materials, the makers who install ropeways in countries where there are no rules may apply the regulations of the country to which they beeline, provided such regulations do not contain stricter rules or are not in contradiction with those of this text.

1.2.3
On the request of the Supervising Authorities or of the purchaser, a Certificate of a Research Laboratory recognised by the State shall be supplied by the constructor as regards the characteristics of all material used and essential to the safety of the installation.

2.
GENERAL PROVISIONS
2.1
Route and space occupied by cars
2.1.1
In choosing the route of the line to be constructed, it is necessary to take into account the resulting profile of the line and to consider safety requirements in relation to the site characteristics to be crossed by the line (see also clause 28). As a general rule, the centre-line of the ropeway in its horizontal projection shall be straight. Horizontal deflections of the path of travel may be permitted in order to allow a variation of the gauge, but they shall not exceed 0,5 per cent for each saddle and provided that the stability of ropes and regularity in the passage of cars are fully guaranteed.

2.1.2
The lateral clearance to be provided for a ropeway car, either when it is on the line or in a station shall be fixed taking into account not only the dimensions of the ropeway car but also : a further clearance of 0.50 m to allow for windows open or for other openings of the car; and the lateral swing caused by the maximum wind force, considered for operation, in clause 2.5.1 and those following, although the latter may be limited by guide rails. Taking into account the car sag and side swing due to maximum wind force, the clearance to be allowed for the ropes is determined by the position assumed by the carrying, hauling ropes or any other rope of the installation. Any obstacle not a part of the installation shall have a lateral clearance of not less than 1.5 m with respect to the above-mentioned clearance.

2.1.3
All the trestles shall be equipped with a ropeway-car guiding device which, in respect to lateral swing can limit the angle of transverse inclination between 6 and 8 deg., when the car travels over a trestle. These values shall be measured with respect to the vertical. In the maximum swing condition allowed by the guides, there shall be no interference between the space occupied by the ropeway car, measured laterally according to clause 2.1.2, and the space occupied by the trestle. Moreover, no part of the ropeway car shall come into contact with the saddles or any other part of the trestle top even when the swing of the ropeway car has the maximum inclination with respect to the vertical allowed by the guiding devices.

2.1.4
In the case of spans which do not exceed 300 m. in length, the distance between two paths of travel of a ropeway shall be such that a minimum clearance of 1 m. is maintained between the cars when they swing 12 deg. towards each other, in the case of spans longer than 300 m with ropeway cars crossing each other in the central third part of the span, this clearance shall be increased by 0,2 m for every additional hectometre above 300 m.

2.1.5
In spans of not more than 300 m. where the ropeway cars do not cross each other and in installations with an endless hauling rope there must be, between a ropeway car which swings 12 deg. towards the inside of the line and any other rope of the opposite path, also swinging towards the inside of the line on account of the action of maximum wind (considered in clause 2.5.3) a clearance, measured in the horizontal projection, of not less than 1 m. For longer spans, this clearance must be increased by 0,20 m for each additional hectometre beyond the specified 300 m.

2.1.6
In the longitudinal direction, the ropeway car shall be permitted to assume freely an inclination equal to 35 percent measured with respect to the vertical.

2.1.7
As regards obstacles under the ropeway line, the vertical clearance along the entire length of the line shall be determined in relation to the lowest position assumed (in static conditions) by the ropeways car and the ropes of the installation and adding a distance corresponding to the highest value calculated as 1 per cent of the distance to the nearest trestle, or 5 per cent of the static sag of the carrying rope, or 10 per cent in the case of hauling rope. The vertical clearance between the trestle by the ropeway car outline and the ground, including obstacle existing over it (such as trees, snow drifts, etc.) shall not be less than 2 m. if access to the public under the line is impossible or forbidden. Otherwise such vertical clearance shall be at least 3 m. In cases where the ropeway crosses any other kind of communication path or an aerial pipeline, the minimum clearance to be applied shall conform to clause 2.7.

2.1.8
The maximum distance of ropeway cars from the ground, measured in the most unfavourable load conditions of the line, shall be limited to 60 m in installations in which rescue operations involve a descent from the stopped vehicle and not by special emergency cabins running along the line.

2.2
Speed
2.2.1
The maximum speed of a line shall be determined insuch a manner as to ensure the safety of travel without any derailment of the ropeway cars. At present, the maximum speeds are as follows : for a ropeway car having a conductor 10 m. per sec. on the spans and 7.5 m. per second over trestles; for ropeway cars having no conductor 6 m. per sec. on the spans and 4 m per sec. over trestles.

2.2.2
Another principle which determines the maximum operating speed is that of braking power. All the mechanical power possessed by the car and the ropes connected to it shall be transformed into heat without the braking stress suffering or the brakes being damaged.

2.3
Cabin capacity and presence of a conductor in the ropeway cabin
2.3.1
In designing the various parts of an installation, 70 kg shall be taken as the average weight of one passenger, in the case of ropeway cabins having a capacity of not more than 15 persons.


In the case of ropeway cabins having a capacity of more than 15 persons the aforesaid weight shall be 65 kg. These values must be increased by 10 kg in the case of installations intended for the transport of skiers or mountain climbers, in order to take into account the equipment of such passengers.

2.3.2
The minimum floor area of a ropeway cabin having a capacity of more than 5 persons can be determined by adding in a basic area (for 5 passengers or less) of 0,60 sq.m. an area of 0.18 sq.m for each person to be transported whether personnel or passenger. The maximum capacity reached at present is about 100 persons per cabin.

2.3.3
Each ropeway car having a capacity of more than 15 passengers shall be accompanied by a conductor. In other cases travel without a conductor may be permitted but certain conditions shall be satisfied in order to keep up the necessary safety standard.

2.3.4
The maximum capacity of each ropeway car and the allowable load shall be posted in a conspicuous place inside the ropeway cabin itself.

2.4
Guidance of ropes
2.4.1
The height of the trestle shall be determined in such a manner as to ensure at any time the pressure of the carrying ropes on the saddles. The pressure of such ropes on the trestle shall be at least 1,7 time the required pressure for ensuring the contact, on the supposition that the wind is blowing upwards in a direction parallel to that of the support reaction and with a force v = 30 kg per sq. m. The pressure exerted by the carrying rope shall also be such that the contact between the rope and the saddle can be ensured even assuming that the maximum tension of the same rope, in relation to the support, is increased by 40 per cent. The resultant of the minimum vertical pressure exerted on the rope by the wind when the installation is not in service, as considered in clause 2.5.1 and those following, shall pass in the inside of the supporting saddles.

2.4.2
If ropes in motion run on rollers or sheaves, they shall be protected by guides and holding devices so that the ropes can recover their normal position in the groove of the sheaves even when the wind is blowing crosswise. In the case where the ropes cannot recover the correct position, a proper device shall automatically bring the ropeway to a standstill. Moreover, suitable-shape guides shall prevent the rope from getting entangled with the trestle in case of its „derailment“ i.e. rope falling off. The installation on trestles of a device which can prevent the hauling rope’s tendency to „derail“ is recommended. Such a device shall, however, be placed under the outline of a moving ropeway car.

2.4.3
When it is not necessary for a moving rope to follow on the circumference of the sheaves on which it runs, roller batteries may be installed on the trestle to support it, the number of these rollers depending on the total pressure exerted by the rope on the trestle. It is advisable to line the rollers with flexible material. The allowable maximum load for each roller depends on the characteristics of the lining. For instance for good quality rubber, such load may reach the value of 4dD expressed in kilograms if d is the rope diameter and D the roller diameter, expressed in centimetres and provided that the shape and dimensions of the lining are appropriate and the values of speed and of temperature are not excessive and also if the mean load is less than the maximum load. However, the deflection angle shall not exceed 4 degrees 30 minutes. For each roller not provided with a flexible lining, the allowable maximum load is 200 kg and the maximum deflection angle is 2 degrees 30 minutes. In cases where the rope runs around the curvature of a sheaves, the provisions of clause 3.2.3 shall be applied. All rollers shall be mounted on roller bearings.

2.5
Action of the wind
2.5.1
The action of the wind shall be usually considered taking into account the following pressure values : 

2.5.2
installations not in operation (cabins under cover from the wind) Pw = 120 kg per sq.m.

2.5.3
installations in operation : Pw = 20 kg. per sq.m.; where swinging of vehicles is involved see clause 6.3.2.

2.5.4
In areas subjected to storms and where the wind velocity is more than 150 km per hr., the pressure of the wind itself shall be calculated on the basis of the maximum wind force values ascertained in the area under consideration.

2.5.5
In determining the justified calculation of the stress of the ropes under the influence of the wind, a coefficient of resistance of Cw = 1.1 shall be taken into account; moreover for spans of more than 400 m, a length of rope exposed to the wind, lv, conventionally less than the real length , le, and obtainable in metres by the expression 


lv = 240 + 0,4 x le shall be taken into account.

2.5.6
In order to take into account the influence of the wind on the cars the following coefficients shall be applied :


carriage and hanger
CW = 1.6


cabin
CW = 1.0


Such coefficients are applied when there are no experimental data obtained through tests on a model of the car.

2.5.7
(Action of the wind). An anemometer shall be installed in a position particularly exposed to the wind in order to enable the operator, during service periods to get the necessary data on the wind force.

2.6
Rescue of passengers along the line
2.6.1
If the route of the ropeway passes over hazardous terrain or in case the extreme height of the vehicle from the ground does not allow the rescue of passengers by means of direct descent by means of ladders or ropes from a stopped car, an emergency cabin driven by a winch shall be provided.

2.6.2
In favourable conditions and also taking into account the nature of the ground underneath and the maximum height of cars above the ground considered in clause 2.1.8, it is sufficient to have ladders or devices which can allow the passengers to descend by means of ropes. Where such equipment represents the only means at the disposal of the passengers for their rescue, the cabin shall be provided on all occasions with the required equipment.

2.6.3
However, the equipment for rescuing passengers along the line shall be such as to not require the active participation of the passengers. Such equipment shall ensure the return of all passengers to at least one of the stations within the shortest time possible (usually within 3 hours). For this purpose, a suitable path shall be provided to enable the passengers, once they have descended on the ground, to walk along it. However, according to the characteristics of the ropeway car and the climatic conditions forecast or encountered, the rescue time aimed for should be less than 3 hours. However, a longer time than 3 hours may be allowed in specified conditions.

2.7
Crossings
2.7.1
If the crossing of roads, railways, waterways or other ropeway installations cannot be avoided, the path of travel of the different means of conveyance shall be respected.

2.7.2
Crossings and parallelism with roads, railways, aerial ropeways, funiculars or overhead electric cables shall be made in such a manner as to ensure, under normal conditions of operation, the safety of all installations either during the rescue of passengers along the line or during maintenance work. When the local favourable conditions and the characteristic of the electric cables allow it, the aerial lines shall be substituted by underground cable.

2.7.3
Parallelism with electric cables or other aerial lines shall be avoided as far as possible. The demarcation distance shall be determined in such a manner as to guarantee the safety of both installations. Any possible induction phenomenon must not be prejudicial to the continuity and reliability of the telephonic communications and to the safety circuit of the ropeway.

2.8
Dangerous areas
2.8.1
In the proximity of airports or areas where aeroplanes fly at a low altitude or land with frequency, the route of the ropeway shall be adequately marked taking into account the eventual requirements issued by the Authority having jurisdiction over the air bases.

2.8.2
The areas exposed to the dangers of natural forces (avalanches, landslides, stone falls, storms, flooding, earth tremors, etc.) shall be avoided as far as possible.

2.8.3
If the dangers indicated in the clause 2.8.2 exist, it is necessary to provide suitable safety devices.

2.9
Night operation

If the ropeway is also to be operated for the transportation of passengers at night-time, either the stations or the ropeways cars shall be equipped with a lighting system. It shall ensure not only the regular service of the installation, but also the safe and easy rescuing of passengers along the line. Furthermore, cabins having a capacity of not more than 15 passengers shall have the services of a conductor during night-time travel.

2.10
Prevention of working injuries during normal operation

Suitable preventative measures against working injuries shall be adopted in order to protect the personnel during normal operations and maintenance work. In particular, instructions concerning the prevention of injuries shall be posted at all points where danger is likely to arise (machine room, entrance to transformer room, etc.). Furthermore, safety belts are recommended to be worn by personnel working above the ground. First-aid material shall be kept at hand in each station. The telephone numbers of doctors, the nearest hospital and of the chief of the service shall be displayed in a prominent position.

3.
ROPES
3.0
General
3.0.1
As far as possible the ropes shall be made in a single piece of non-twisting construction. During the erection of the rope, and when it is in normal operation, any twisting or „kinks“ shall be avoided as far as possible.

3.0.2
Welding points shall be spaced at least 6 times the pitch of the wire. The number of welds in a length of 500 metres shall not exceed the number of the rope wires.

3.0.3
Before the beginning of the run (to facilitate the inspection of ropes during operation), it is recommended that the new ropes be examined by means of electromagnetic testing apparatus, or by another non-destructive testing system which can locate defects in wires.

3.0.4
Generally, the hauling, counterweight and auxiliary ropes are of the stranded type with textile core. A soft steel core is not taken into account when calculating the rope strength. The said ropes shall have no tendency to twist and it is advisable that the winding of the various layers of wire in the strand should be of the same pitch.

3.0.5
The textile core shall be made of compact fibres (at present they are of manila or of sisal fibres) which prevents the metal from corroding from the interior of the rope towards its surface (for example, corrosion due to chlorine).

3.0.6
The lubricating of ropes shall be carried out according to a well-defined plan applying special rules.

3.0.7
The lubricants or greases used when constructing the rope and when it is in operation shall not cause any corrosive action.

3.1
Stranding of ropes and their use
3.1.1
Carrying ropes
3.1.1.1
The full-lock coil ropes, the half-lock coil ropes, the „Hercules“ type ropes and stranded ropes of other types may be used. However, helicoidal ropes with circular wires are forbidden. The section of the carrying ropes shall be entirely made of metal without any kind of internal textile core.

3.1.1.2
The carrying ropes should be made in a single piece for the whole distance between the anchored end and the end connected to the counterweight.

3.1.1.3
As a rule, the carrying ropes are kept under constant tension by means of a counterweight or other equivalent system. In exceptional circumstances both ends of the carrying rope may be anchored but the maximum tension stress of such ropes shall be determined by means of calculations which take into account the influence of the temperature and shall be verified by means of measurement carried out during operation. In such cases the necessary equipment shall be provided for measuring and regulating the tension of the ropes.

3.1.1.4
When laying the carrying ropes their actual breaking load in tension shall be at least 3.3 times the maximum axial stress which takes place during operation.

3.1.1.5
In calculating the maximum axial stress of the carrying rope the following shall be taken into consideration :


- the counterweight,


- the weight of the rope (component of the weights in relation do the difference in level),


- the friction of the rope sliding on the saddles and in the tensioning devices.


The stress developed by the action of the carriage brake acting on the carrying rope may be omitted for the part which does not exceed the maximum axial stress by 15 per cent. The coefficient of friction between the carrying rope and the saddle lined with bronze or other similar material may be assumed as being 0,10 for the full-lock coil ropes and 0,15 for stranded ropes. As for unlined steel saddles the said values of the coefficient of friction shall be increased by 20 per cent.

3.1.1.6
As regards transverse loads acting on the carrying ropes, it is necessary to respect the maximum values allowed for the wheels of the carriages mentioned under clause 3.2.2 and which limit the effects due to bending, taking into account the safety factor as in the clause 3.1.1.4.

3.1.2
Hauling rope and ballast rope
3.1.2.1
Usually stranded ropes, with parallel lay construction and provided with textile or metallic cores are used.

3.1.2.2
The hauling ropes and the ballast ropes shall be kept under constant tension by means of counterweights.

3.1.2.3
The actual traction breaking load of the hauling and ballast ropes shall be equal to at least 4.5 times the maximum axial stress which takes place during operation.

3.1.2.4
In calculating the maximum axial stress of the hauling and ballast ropes it is necessary to take into account the most unfavourable conditions which result from the joint action of :


- the counterweight


- the rope weight


- the component of the ropeway cars


- the frictional resistance of the tensioning devices


- the running resistance of the line rollers and the carriages.


The effects of acceleration or deceleration which take place during normal operation shall also be taken into account. Further stresses due to atmospheric conditions and wind pressure may be omitted.

3.1.3
Tensioning ropes
3.1.3.1
The tensioning ropes are generally of the ordinary lay construction stranded type with one single layer of strands, or of the flexible full-lock coil type. Ropes of the Lang lay type may be used only if the rotation of either the counterweight or of the connection with the carrying rope is prevented.

3.1.3.2
The actual breaking load of the tensioning rope shall be at the moment of its first normal operation at least equal to 5.5 times the maximum stress which can arise during operation.

3.1.4
Auxiliary ropes
3.1.4.1
Generally such ropes are of the stranded type with parallel winding.

3.1.4.2
The actual traction breaking load at the time of the installing an emergency rope shall be at least 3.3 times the value of the maximum axial stress of the rope when it is not in operation and 4.5 times the maximum axial stress when in operation.

3.1.4.3
Calculations to verify conditions shall be carried out according to the provisions of clause 3.1.2.4 for hauling ropes (for splicings see provisions mentioned in clause 3.3.1).

3.1.5
Telephonic and signalling cables
3.1.5.1
Stranded ropes with galvanised steel wires must be given preference. Other types of ropes may be used only if their strength and suitability have been proved in operation.

3.1.5.2
For telephone and signalling cables the actual breaking stress shall be at least equal to 3.3 times the maximum axial stress which occurs during operation.

3.1.5.3
Verification by calculation must be carried out to the provisions of clauses 3.1.1 and 3.1.2 as far as they can be applied. Appropriate devices shall be used in order to prevent the telephone and signalling ropes coming into contact either with cars or with other ropes.

3.2
Dimensions
3.2.1
Summary of values of factors of safety for ropes

The factor of safety, conventionally defined as the ratio between the actual breaking strength of the rope and the maximum axial stress which arises during operation, shall not be less than the following values :


- carry ropes, without taking into account


the influence of the emergency brake 


installed on the carriages according to clause


3.1.1.5


3.3


- hauling ropes and ballast ropes

4.5


- tensioning ropes


5.5


- emergency ropes (when the emergency


system is not in operation)


3.3


- emergency ropes (when the emergency


system is in operation)


4.5


- telephone and signalling ropes

3.3

3.2.2
Transverse loads

The number of the carriage wheels shall be such that the maximum load transmitted by each of them shall not be more than 1/80th of the minimum axial tensile stress of the rope at the considered point; moreover, the quotient between load per wheel in kg. and the section of the carrying rope in sq.mm. shall not exceed the value of 0.5. It is recommended that a ratio, not exceeding 1:12, be adopted between the total weight of the car and the minimum axial tensile stress of the carrying rope.


As regards transversal loads on hauling ropes, the provisions of clause 2.4.3 shall be applied.

3.2.3
Sheaves, drums and saddles
3.2.3.1
The diameter of the fixed drums for friction anchorage of the carrying ropes shall not be less than 65 times that of the rope diameter and 1,000 times that of the diameter of the outer wires. The rope shall make at least three laps around the anchorage drum and the free and shall be ultimately anchored on a fixed support by means of two grips, one of which has to act as a proper anchorage and the other as a control for eventual sliding of the rope on the drum and at the same time to act as a safety device.

3.2.3.2
The diameter of the sheaves of the tensioning devices on which carrying ropes, connected directly with counterweight, are diverted in direction, shall be at least 100 times that of the rope diameter, and at least 1.200 times that of the diameter of the wires which form the rope.

3.2.3.3
The radius of the curvature of the roller sets on which the carrying ropes fixed directly at the counterweight are diverted in direction, shall be at least 100 times the rope diameter.

3.2.3.4
The deflection sheaves of the stranded tensioning ropes shall have a diameter of not less than 40 times that of the tensioning rope and 600 times that of the outside wires. Such sheaves shall be lined with leather or wood or some other material.

3.2.3.5
The diameter of the driving and return sheaves shall not be less than 80 times that of the hauling rope and not less than 800 times that of the rope wires. For deflection angles between 4 degrees 30 minutes and 12 degrees the diameter of the sheaves expressed in millimetres shall not be less than the load in kilograms exerted on it by the rope; moreover, this diameter shall not be less than that resulting from the linear interpolation of the values of ratios considered in clause 3.2.3.6 as regards rollers, and in the first part of this clause as regards the sheaves.

3.2.3.6
The shape of the saddles which support the carrying ropes shall be such as to ensure the safe passing of the cars over the trestle thus preventing any danger of derailment of the cars in normal conditions of operation. The curvature of such saddles shall be sufficiently dimensioned according to the construction characteristic of the rope and to the travelling speed of the ropeway cars. The saddles shall ensure the compensation of the carrying-rope tensions and allow the free sliding of such a rope in the longitudinal directions, using for this purpose, suitable rollers. The radius of the supporting saddles shall be not less than 300 times the diameter of the rope and, in addition, shall remain in conformity with clause 3.2.3.7. However, the supporting saddles shall be designed in such a manner so as to prevent damage to the rope and to ensure that the sliding surfaces can adequately be lubricated and to make certain that the free travel of the car over a saddle is assured even when the car swings or when the brake acting on the carrying rope is actuated. Both ends of each saddle shall be designed in a manner so as to ensure, in all load conditions of the car, both the correct entry of the car and the necessary support to the rope.


The diameter of the guide rollers of the hauling rope, ballast rope and emergency rope shall not be less than 12 times that of the rope.

3.2.3.7
The radius of curvature of the supporting saddles shall be adapted to the operational speed of the ropeway cars which may be reduced, if required, when passing on the trestles in order to respect the allowable maximum value fixed for the speed when passing over the saddles. Between the speed of the ropeway car over a trestle and the radius of curvature of the saddles, the following relationships shall be maintained : V2s / R ( 2 m per sec2.


If Vs is the speed of travel on the trestle expressed in metres per sec. and R is the radius of curvature of the supporting saddle expressed in metres, then the centripetal acceleration, shall not exceed 2 metres per sec.2
3.3
Connection of the ropes and their terminal fixing
3.3.1
All splicings shall be made by experienced personnel. The length of one splice shall not be less than 1.300 times the rope diameter. The distance between the ends of two contiguous splices shall not be less than 3.600 times the diameter of the rope. As a rule, splices are not allowed in installations which have a half-hauling rope and a half-ballast rope. In installations which have an endless hauling rope, two splices may be permitted. Following an accident, two splices may be allowed on any kind of rope.

3.3.2
End sockets must be fitted with the utmost care. For this purpose only firms who specialise in this technique and who can prove their experience both as regards the making of the sockets and the choice of correct materials should be used, unless the ropeway company have their own qualified personnel who have proper experience in this work. During operation it must be possible to inspect sockets easily and surely and for this purpose, the rope ends should be easily removable from their sleeves.

3.4
Testing and acceptance of ropes

Until more complete regulations are made available, the rules for the different means of conveyance by rope shall be observed for the testing and acceptance of ropes, provided that no stricter provisions govern ropeways in that particular country.

4.
STATIONS
4.1
General
4.1.1
According to the climate of the area where the ropeway is situated suitable shelters for passengers and personnel shall be provided. In every case stations shall be provided with a water closet.

4.1.2
The station machinery, such as mechanical parts of the driving gear, electrical equipment, ropes and ropeway cars, shall not be a source of danger to the passengers and ropeway personnel. The passengers entrance shall not cross the path of travel of the ropeway car.

4.1.3
The whole of the driving gear and of the return deflection devices shall be protected against bad weather. Moreover, arrangements shall be made to prevent unauthorised persons from entering the machine room and exposing themselves to danger.

4.1.4
The ropeway operator’s cabin shall be located where he will have the best possible view of the route. His controls and communicating devices shall be within his reach without him having to leave his position.

4.1.4.1
The following equipment shall be installed in the operator’s cabin :


- speed indicator


- indicator showing the position of the ropeway cars travelling along the line


- Device requiring the continuous attention of the operator (i.e. „dead man’s handle“). It is advisable to double the cabin position indicator or to arrange any other device having the same purpose at the entry of the cabins in the station to ensure the safe respect of the provisions considered in clause 4.1.4.2. Moreover, with regard to installations functioning with programmed operation, a device shall be provided to control the correct execution of the programme.

4.1.4.2
A device which will control the speed of the ropeway car when entering the station must be provided in order to operate the automatic stopping of the ropeway car if the speed has not been slowed down properly („duty“ device).

4.1.5
Fire hazard shall be reduced as far as possible. A suitable number of reliable extinguishers shall be kept ready in case of need and shall be installed in places which can be reached easily.

4.1.6
Stations shall be equipped with emergency lighting.

4.1.7
As concerns loads, factors of safety and stability of stations and their components, the corresponding provisions considered in clause 5 shall be applied unless more severe rules are not considered in clause 4.

4.2
Driving and braking
4.2.1
The driving gear shall be provided with an emergency motor fed by auxiliary power which can ensure reduced operation as needed, even when there is something wrong with the main motor or in case of power failure.

4.2.2
The speed of travel shall be maintained irrespective of any load conditions. In practice, the variation of the speed, in the most unfavourable load conditions, shall not exceed plus or minus 5 per cent.

4.2.2.1
The main driving gear shall ensure ample regulation of the operational speed so as to allow limitation of the speed of the vehicles at the entrance of the stations and when they pass over the trestles. It shall also permit the adoption of speed values for the inspection of ropes. In this case, the speed values shall be limited to between 0.3 and 0.5 m per sec. Installations having automatic control of travel shall also be provided with direct hand control.

4.2.2.2
Any type of driving gear provided must be able to ensure the starting of the ropeway under the most unfavourable conditions.

4.2.2.3
The transportation of passengers is forbidden when the motor is cut off or if there is a power failure.

4.2.2.4
If the installation is of the self-acting type, continuous braking shall be ensured by the motor, that is, the motor itself shall exert the braking action on the gears.

4.2.3
Travel with the main motor shall be stopped automatically when any brake is on or if any safety device is operated, or if the travel speed has exceeded the operational speed by 10 per cent.

4.2.4
Adherence of the hauling rope on the driving sheaves.


With regard to the rope adherence on the surface of the groove of the driving sheaves (the following coefficients of friction shall be applied) (without the necessity of giving particular proof of the admissibility of the values) :

4.2.4.1
Unlined grooves (cast iron or steel)  - f = 0.07

4.2.4.2
Grooves with leather lining - f = 0.13

4.2.4.3
Grooves with rubber lining or with similar material with a high friction coefficient - f = 0.20

4.2.4.4
Grooves with a special lining : a higher coefficient may be permitted according to experience.

4.2.4.5
The angle of lap of the rope on the driving sheave shall be sufficient to ensure the pull on the rope is transmitted in the most unfavourable conditions of loading of the two paths of travel, taking into account acceleration due to starting and deceleration due to braking. Under these conditions it should be possible to increase the force by 25 per cent.

4.2.5
The use of either chains or belts for the shafting of the motion of the main gear is not recommended. It is intended to adopt trapezoidal belts for the transmission of small powers, there shall be at least four beits, three of which should be capable of transmitting the whole required stress.

4.2.6
Two separate and independent friction brakes shall be used to effect both the normal stopping and the emergency stopping. One of these brakes is called the service brake and the other, safety brake. Both brakes shall be actuated automatically and shall be easily adjustable, and their gripping stress shall be exerted by counterweights or by compression springs. The braking surfaces must be capable of being easily inspected and protected against the projection of small parts of grease. Each of the brakes must be able to guarantee the safe stopping of cabins in the most unfavourable load conditions and position. In any case, the mean nominal deceleration shall be at least 0.5 m.per sec. per sec.

4.2.6.1
In order to avoid any sudden braking with consequent violent swinging of the cabins, it is necessary that the braking effort should be made automatically proportion according to the load conditions on the line. However, the maximum deceleration shall not be more than 2 m. per sec. per sec.

4.2.6.2
The safety brake shall act directly on the driving sheave. Besides acting automatically in case of danger, this brake must be capable of manual operation by means of a spring device. It shall work automatically when the maximum speed of the hauling ropes exceeds the permitted value by 15%.

4.2.6.3
The service brake shall be of the type allowing for progressive operation in order to ensure the slowing down of the cars which necessarily precedes their normal stopping while the electric brake acts until the complete stop. On the other hand, this brake also acts as a holding brake for the driving gear when the installation is stationary. It must also work automatically each time the power supply fails or the current consumption is too high. Furthermore it must also work automatically when the remote control from the cabin is in action or when any safety device is operated (see 4.2.3).

4.2.6.4
The emergency driving gear considered in clause 2.6.1 must be equipped with a braking device of a type not only to ensure the stopping of the emergency cabin even in the most unfavourable load conditions but also to ensure, easily and without jolting, the approaching of the emergency car to the cars along the line.

4.2.6.5
The structure of the driving gear and of the brakes intended for the safety of the installation shall be dimensioned with an ample safety margin taking into account the static and dynamic stresses, and the resistance to fatigue of the material. In any case, the strength safety factor for each part forming the brake shall not be less than 5.

4.3
Rope tensioning and anchorage devices
4.3.1
The space in which the counterweights travel (a pit or construction above the ground) must be protected from water, snow, ice and from any other material which could accumulate within the said space. These spaces shall be provided with guard rails in order to prevent the entrance of unauthorised persons.

4.3.2
The mobility of the counterweights shall be ensured at all times. Their position and that of the tension trolleys (if provided) must be indicated by pointers running on a graduated indicator scale. Flexible bumpers and travelled switches for automatic stopping of the installation must be provided at the point corresponding to the end of the counterweight or of the tension trolley.

4.3.3
The travel length of the counterweight shall be determined taking into account the maximum variation which may occur in the sag in each span, the surrounding temperature of the area where the installation is situated (minimum variation to be considered is 60°C) and the elastic stretch of the rope.

4.3.4
The supporting structure of the counterweights, the attachment of ropes and their ends must be capable of being easily inspected. The connection of the tensioning ropes with carrying ropes at one end and with counterweights at the other end shall be made by means of sieeves or cast sockets or be wound on the drum.

4.3.4.1
All the necessary precautions should be taken to avoid corrosion of the rope sockets (joints).

4.3.4.2
If several tensioning ropes are arranged parallelly, all the precautions should be taken to ensure that the tension is uniformly distributed among them.

4.3.4.3
Tension ropes may be replaced by chains; the latter, however, must be manufacture ensuring that they are quite safe to be used for ropeway operation. In such a case it must be proved that the factor of safety for traction is 7. Other systems may also be allowed, for instance, double endless ropes, or direct connection of the carrying rope to the tension weight, deviated over roller batteries on rails.

4.3.5
To anchor the carrying rope by means of its winding on the drum, the free end of the rope shall be fixed, for safety, by means of „bulldog“ clamps. Suitable equipment for easily checking sliding of ropes must be provided.

4.3.6
The foundations of both tensioning and anchorage equipment must have a factor of safety of not less than 1.5 with regard to shifting and overturning. This factor must be calculated on the assumption that the foundations are free, that is, the earth pressure’s not taken into consideration. The provisions considered for the driving gear and for the trestles must be applied to the remaining factors of safety.

4.4
Various provisions
4.4.1
In the stations the ropeway cars shall be guided and held in order to avoid any lateral swinging when the passengers get on or alight.

4.4.2
Switches, which allow the personnel to stop the line in an emergency must be provided in the stations. Furthermore, the terminal stations shall be provided with end of travel limit switches. These devices shall include buffers and controls for the automatic stopping of the line.

4.4.3
Stations shall be provided with arrangements for easily fixing the devices when required for handling ropes and mechanical and electric parts of the stations.

4.4.4
All the equipment to be used for general maintenance of the ropeway shall be stored in a suitable room. A sufficient space shall be provided in the stations in order to install the necessary apparatus for inspecting the ropeway cars and, in particular, the carriages and for the replacement of ropes.

4.4.5
In dangerous areas, the loading and unloading of platforms shall be provided with guard rails in order to avoid any accident to persons.

4.4.6
The sheaves on which the ropes are wound should be made of high quality cast iron, malleable cast iron or steel. They must be mounted on roller bearing and protected, according to the position of the installation, by snow-scraping devices.

5.
TRESTLES
5.1
Loads

In designing trestles the following stress values must be considered :

5.1.1
The weight of the trestle and the total pressure exerted by the ropes.

5.1.2
All the stresses due to friction which occur in the sliding of the fixed ropes or during the motion of the moving ropes. In order to determine with a sufficient margin of safety, the stress due to friction the following values con be used :


- for friction between carrying rope and shoes


(full lock coiled rope)

0.13


(stranded rope)

0.18


- for resistance to motion of hauling or


ballast ropes

0.025

5.1.3
Weight of travelling with maximum load considered to be conventionally static.

5.1.4
Pressure of wind and load of snow or ice. For influence of wind on the ropes see clause 2.8.5; for influence of wind on the ropeway cars see clause 2.8.6.

5.1.5
Eventual presumed dynamic effects and in case the shoes are directly affected, the braking stress exerted by the brake of the cabin carriage.

5.1.6
In order to complete the general provisions of clause 2.8 in determining the influence of wind on the trestle, the particular characteristic conditions of each installation (zone exposed to storms) shall be taken into account, as far as possible. On the other hand, it is advisable to make a comparison with the regulations now existing as regards the influence of the wind on similar installations (trestles for aerial and electric power lines, lifting devices, etc.).

5.2
Safety factors
5.2.1
The metal framework of the trestle must have a safety factor defined as the ratio between the unit breaking load of the material and the unit working load calculated in the most unfavourable conditions of not less than 3 when the installation is in operation and 2 when the installation is not in operation. The eventual fatigue stress should also be taken into account in the dimensioning of the structures.

5.2.2
In all installations (whether in operation or not) the trestle must have, in the most unfavourable conditions of loading, a safety factor of at least 1.5 in respect of displacement, overturning and wrenching. This safety factor must be calculated without taking into account the assistance of the surrounding earth unless the earth itself is permanently compact, and this con give a permanent stabilising factor.

5.2.3
The elastic deformation of the trestles, in particular that due to torsion which happens during normal conditions of operation, must not be such as to endanger the safety of the guiding devices and the stability of the ropes. The maximum angle of a rotation due to torsion shall be limited in such a manner that the ends of the shoes for supporting the carrying ropes are not displaces by more than 20 % of the diameter of the carrying rope.

5.3
Construction
5.3.1
The number of trestles, their position, height and construction characteristics must be determined in a manner to satisfy the provisions regarding the route and space occupied by the ropeway cars (see item 2 and the following clauses).


Trestles must be made of steel, reinforced concrete or pre-stressed concrete. Trestles with guys are usually not permitted.

5.3.2
When trestles have a metal framework the thickness of the open profile shape must not be less than 5 mm and that of the tubes and close profile not be less than 2.5 mm. The interior of the latter must be properly protected against corrosion.

5.3.3
Foundations of trestles shall be, as a rule, of concrete and, if considered necessary, or reinforced concrete or pre-stressed concrete. In exceptional cases, the trestle can be fixed directly into a rock foundation. Anchor bolts and nuts must jut above the ground.

5.3.4
The supporting shoes, besides satisfying the conditions considered in clause 3.2.36 must be stiffly connected to the top of the trestles. Oscillating shoes are not recommended. The grooves of the shoes must be lined with suitable material to reduce the wear of the ropes.

5.3.5
The guides on the trestle must be dimensioned in such a manner as to prevent ropeway cars from being entangled with them even in the case of transverse and longitudinal swinging of adjacent ropeway cars. Furthermore, the guides must be profiled in such a manner that the contact with the ropeway car, swung by the maximum wind considered for operation, takes place with a sufficient impact angle to prevent violent collision.

5.4
Various provisions
5.4.1
The trestles must be provided with devices which can lift the ropes.

5.4.2
The trestles must be successively numbered.

5.4.3
The trestles and the equipment fixed on them must be easily accessible to personnel in the maximum conditions of safety.

6.
VEHICLES
6.1
Loads

In the calculations for ropeway cars the following principal and secondary forces shall be taken into account.

6.1.1
Principal forces : weight of the ropeway cars (tare), load (capacity) and the whole of the pressure exerted by each rope.

6.1.2
Secondary forces : pressure of wind, braking stress (due either to station brakes or the car brake) reaction of the devices which damp swinging, stresses on the bumpers and on the guides, effect of travel on the shoes.

6.1.3
In calculations, particular account must be taken of the torsion which takes place in the resistant structures of the ropeway cars (carriage, suspension and cabin) on account of the presence of the above-mentioned principal and secondary forces.

6.2
Safety

Concerning the materials used in the construction of vehicles (supporting structures, devices for the connection of ropes to the ropeway cars, elements forming the brakes of the carriage and their control devices) a safety factor of not less than 5 shall be adopted with regard to the principal forces. As for secondary items such as twisting stress, dynamic action and fatigue sufficient allowance must be made to ensure that the safety factor is adequate.

6.3
Construction
6.3.1
Whatever the gradient of the line the ropeway car shall remain vertically suspended throughout travel. When designing the suspension framework these characertistics must be taken into account.

6.3.2
The cabins must be designed in such a manner that when they are permitted to travel unloaded, transverse swinging shall not exceed 20% with respect to the vertical.

6.3.3
The glass in the cabins must be of the safety type. Moreover, the window where the ropeway car attendant stands must be capable of being opened. The inside of the cabin must be adequately ventilated.

6.3.4
During travel the entrance doors of the cabins must be closed by means of a device such as a bolt in order to prevent accidental opening.

6.3.5
The weight of the ropeway car must be, as far as possible, uniformly distributed among all the wheels of the carriage. The wheels must be lined with soft material and mounted on roller bearings. The distribution of the weight on the carriage must be such to ensure that no separation between the grooves of the wheels and the carrying rope, or any turning aside of the wheels even in the case of maximum swinging or acceleration (due to any cause), longitudinal or transverse, that can be foreseen for operation and on the passing over of the shoes takes place. If necessary, suitable dampers must be installed in order to moderate the longitudinal swing of the cabin or of the transverse swing of the carrying ropes. 

6.3.6
The carriages shall be equipped with holding devices which can ensure their support on the carrying ropes in the case of derailment thus avoiding, as far as possible, falling of the ropeway car. The ends of the carriages shall be equipped with snow scraping devices in case the position of the ropeway requires their adoption.

6.4
Attachments and brakes
6.4.1
The attachment of hauling ropes to cars shall be made by means of cast sockets and sleeves or by friction connections (obtained by deformation of the rope on curved surfaces).

6.4.2
The resistance to sliding of the friction connections shall not be less than 3 times the loaded vehicle component on the maximum gradient with abundant lubrication. However, the said reference must not be less than the weight of the loaded ropeway car. In all calculations the conventional factor of adherence between the rope and contact surface is 0.13. However, the safety factor shall also be confirmed by practical tests of the resistance. For this purpose, one of the stations must be equipped with the necessary permanent and portable equipment.

6.4.3
The ropeway cars must be equipped with an automatic brake mounted on the carriage. This brake must operate on the carrying rope or on a suitable alternative rope called a brake rope in case a hauling or ballast rope breaks. Moreover, the brake shall work automatically in the case of breakage of any of the elements connecting the rope to the carriage and also, as far as possible, in the case of breakage of any part of the control system. Furthermore, the conductor in the car, must be able to control the brake manually. He must, on the other hand, be able to release this brake from any point on the line when the braking action is not required. However, the release of the brake shall actuate automatically the service brake on the driving gear.

6.4.4
The stress developed by the carriage brake must be determined by taking into account the required deceleration value in order to ensure in any case a reasonable braking space in the most unfavourable conditions of loading, gradient and stress transmitted to the carriage by the hauling ropes. On the other hand, such stress in relation to the material forming the lining of the brake jaws, shall not cause excessive heating or wear which may excessively reduce the gripping stress generated by the springs.

6.4.5
It is advisable to ensure progressive braking to avoid sudden shocks when the ropeway cars travel with a reduced load or when the direction of travel and gradient are unfavourable.

6.4.6
The space occupied by the braking device (comprising the jaws) must be such as to ensure the free travel of the carriage on the shoe and its freedom of entry to a station even when the ropeway car, with brake applied swings transversely up to the maximum value allowed.

6.5
Various provisions
6.5.1
Each vehicle must be equipped with buffers and if the characertistics of the installation require it, with :


- emergency signalling equipment


- emergency lighting equipment


- emergency rescuing equipment


- first aid material.

6.5.2
Ropeway cars not carrying a conductor must be equipped with reflectors. Furthermore, the device should be incorporated which stops the travel or gives a suitable signalling to the operator, when the transverse swing of the car is excessive. Cabins designed for standing passengers must be equipped with a sufficient number of handrails or some other means of support for passengers. Cabins having a capacity of more than 6 persons must be provided with trap doors either in the floor or in the roof.

6.5.3
The interior of the cabins must display details of maximum load etc. considered in clause 2.3.4 and also all other data and news of which it is necessary for passengers to be informed.

6.5.4
The ropeway car must be equipped adjacent to the carriage, with a moveable chair or platform that can be used for inspection of the carriage or of the ropes.

6.5.5
Ropeway cars having a capacity of more than six persons must be provided with push buttons for stopping the travel in case of emergency. Such push buttons, if they are installed in ropeway cars not carrying a conductor, must not cause direct stopping of the travel but must indicate to the operator who brings the car to a halt.

7.
COMMUNICATIONS, SAFETY CIRCUIT AND GROUNDING OF METALLIC PARTS
7.1
Communications
7.1.1
Stations must be linked by telephone and the telephone circuit must be independent of those necessary for making the connection considered in clauses 7.1.2 and 7.1.3. Furthermore, if there is an interruption of the circuit, an emergency connection between stations must be made quickly. If there is a local public telephone system, at least one station must be linked with this system.

7.1.2
The conductor of the ropeway car must be able to communicate with the driving station and with other cars by means of a telephone or radio telephone system. Other signalling devices must be provided for emergency use.

7.1.3
If the ropeway cars have no conductor, the communication must be ensured between the ropeway car and the driving station as regards installations having cabins with a capacity of more than 6 persons or with control of the ropeway car travel. In the other cases, communications must be such as to ensure that the passengers are informed by the station personnel about any abnormality of operation.

7.1.4
Auxiliary means of communications such as portable, receiver-transmitters should be put at the disposal of the personnel during the inspection of ropes, overhauling the line, maintenance of the installation and rescue operations, etc.

7.1.5
Signalling equipment which can ensure regular operation in the required safety conditions and which can facilitate the singling out of eventual damage must be provided.

7.2
Safety circuit
7.2.1
All safety devices places along the line and in the stations must be incorporated in a continuous circuit designed so that there is automatic stopping of the ropeway if the safety devices or the signalling system develop faults.

7.2.2
The hauling and ballast ropes must be insulated in respect to the ground. Thus, in case of breakage or derailment of one of these ropes a short circuit will take place if they come into contact with parts electrically connected to the ground. In the event of a short circuit brakes on the driving gear will automatically operate to stop operation.

7.3
Grounding
7.3.1
All metallic parts of the installations with the exception of the signalling and emergency ropes, hauling and ballast ropes, shall be connected to the ground when they are used for safety circuit. Normally ungrounded ropes must be capable of being grounded in case of necessity.

7.3.2 The whole of the installation must be provided with efficient equipment for protection against lightning.

Appendix

Rules for the acceptance of ropes

1.1 – TENSILE PROPERTIES OF THE MATERIAL OF THE WIRES WHICH FORM THE ROPES

1.1.1 Elongation. 

The unit elongation after breakages of the drawn wires, before stranding, measured on a length of 200 mm, shail be at least equal to the values mentioned in the following table:

Diameter of round wire (mm)
Unit elongation up to 180 kg.per sq.mm %
Unit elongation more than 180 kg.per sq.mm %

< 1
1.2
1.0

1  to  1.5
1.4
1.2

1.51  to  2.0
1.7
1.5

> 2.0
2.0
1.8

Z shaped and trapezoidal wires
2.2
1.8

1.1.2 Torsion. 

The minimum number of revolutions on wires of 200 mm in length, shall not be less than the following values:


Up to 180 kg.per sq.mm %
More than 180 kg.per sq.mm %

number of revolutions
60/d
50/d

where d is the diameter in mm of the round wire and height of the shaped wire.

1.1.3 Alternate bendings

The number of alternate bendings at 180 degrees on a cylinder having a diameter equal to 5 times that of the round wire or 5 times the height of the shaped wire be 10 and 8 respecivelvy for round wires or shaped ones, before breackage occurs.

1.2 the rope maker shall, in any case, submit a certificate provided by recognised testing laboratory

1.3 In order to ascertain the tensile properties of the wires before stranding and of the rope itself, special regulations for inspection shall be issued for each case. As a rule, it is sufficient to inspect about one third of the wires forming the rope. In any case, it is necessary to make a breakage test on any complete piece of the rope.

