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ROPE INSTALLATION ENGINEERING: PROCEDURES

1. LOCATION and CONSTRUCTION REASONS

2. DEMAND ANALYSIS

3. PRELIMINARY CALCULATIONS

4. ROPEWAY DESIGN using the C.D.P. software

5. TECHNICAL FEATURES of the system

6. ENVIRONMENTAL IMPACT

7. TESTING

8. STAFF

9. MAINTENANCE PLAN

10. SAFETY - RESCUE PLAN

11. COST ANALYSIS

12. TECHNICAL DRAWINGS

a. Planimetry

b. Longitudinal profile

c. Bottom station

d. Top station

e. Tower
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1. LOCATION AND CONSTRUCTION REASONS

✓ to renew an existing system, in the case where:

• a ropeway is at the end of its design life; the new installation may 

follow the old layout or a new one;

• the system itself has become unable to satisfy the demand;

✓ to serve new ski slopes or to enlarge an existing system, particularly if 

sport events are expected or planned.

AIM

A passenger ropeway is generally conceived and designed to ensure fast and 

safe access to ski slopes; its realization can be necessary for two reasons:

LOCATION

In order to place the new installation in an appropriate location, the following 

points have to be considered:

✓ the morphology of the area:

• the horizontal and vertical progression 

• the specific environmental situations

✓ the accessibility of the area where the system has to be installed

✓ the potential users

✓ particular social and economic features of the region

✓ availability of financial resources
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1. LOCATION AND CONSTRUCTION REASONS

RESOURCES FOR THE DESIGN

✓ cartography of the area; this should show the morphology of the area itself and 

can be found at the local authority offices (Towns and Cities, Provinces, Regions) 

or at the ski station offices;

✓ technical rules or standards - D.D. 18/06/2021 n.172 (in Italy)
«Disposizioni e specificazioni tecniche per le infrastrutture degli 

impianti a fune adibiti al trasporto di persone.»

- D.M.58, 08-03-1999. This is the former Italian normative,     

officially substituted by DD 337/2012 abovementioned, 

but still very useful for some technical aspects.

- EN 12930, EN 12929, EN 12927 together with their   

modifications or integrations.

- Any possible restrictions due to local regulations.

✓ data pertaining to the demand: - can be usually found at existing offices 

managing the installation in case of substitution

- collected on site to estimate the potential users

in the case of new installations or the renewal of 

an existing one

1. LOCATION and 

CONSTRUCTION 

REASONS

2. DEMAND 

ANALYSIS

3. PRELIMINARY 

CALCUL.

4. ROPEWAY 

DESIGN by     

C.D.P. 

5. TECHNICAL 

FEATURES

6. ENVIRONMENTAL 

IMPACT

7. TESTING

8. STAFF

9. MAINTENANCE 

PLAN

10. RESCUE        

PLAN

11. COST     

ANALYSIS

4/65

links/243040_G.pdf


© POLITECNICO DI TORINO-I, Dept. DIATI- Transport Engineering, Bruno DALLA CHIARA, 2010, updated in 2022

1. LOCATION AND CONSTRUCTION REASONS

✓ removal of the obstacles – if necessary, cutting trees along the path for 

obtaining the necessary lateral clearance

✓ construction of the stations and of the support foundations (towers). 

It is necessary to realize some excavations for these purposes. The 

bearing frame of the stations is generally built in reinforced concrete or 

steel; the use of incombustible materials, according to Item 8. DD 172/21, 

is strongly recommended

✓ positioning of the supports on their foundations employing:

• a helicopter

• trucks and tractor-cranes; this solution is cheaper than the previous 

one and it can ensure more rapidity, yet it is not always possible

FEASIBILITY

The construction of a new passenger ropeway has to follow these main steps:

When a steel wire rope has to be substituted, it can be hooked onto an existing 

one and pulled towards the upper (top) station. 

A skid for the assembly should be positioned on the supports in order to let the 

rope to slide along it. If no ropes are present along the line, a small auxiliary 

rope should be positioned along it, with the aid of an helicopter.
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2. DEMAND ANALYSIS

In order to design the system, it is firstly necessary to analyse the transport

demand for evaluating the proper transport supply. As mentioned, the

necessary data can be collected from the offices managing the system (e.g.

at a ski resort area) referring to the closest existing plants; as regards new

plants, it is necessary to assume the demand data by studying the area itself.

The following steps are suggested:

1) DATA ANALYSIS concerning the transport demand

2) Determination of its DISTRIBUTION OF ARRIVALS

3) Application of the Kolgomorov - Smirnov (KS) TEST, to verify the 

applicability of the queuing theory

4) Application of the QUEUING THEORY

• at the gates

• at the vehicles of the rope installation
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2. DEMAND ANALYSIS

Data regarding access to the system may be:

• found at the offices managing the rope installation that has to be replaced

• obtained from direct observations at the installation, on the site or applying

transport demand analysis models

• assumed, if designing a new installation in a zone without rope systems, taking

into account:

- the number of ski tracks that have to be served

- the accessibility and parking areas

- the possibility to attract tourists

- the potential users

COLLECTION AND ANALYSIS OF DATA

Data collection basics:

• it is recommended to have an observation frequency no shorter than 10’

• the minimum number of total observations must be ≥ 35.
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2. DEMAND ANALYSIS

The distribution of arrivals is 

graphically obtained with:

- the classes defined in n. of 
users/time frequency (e.g., 
users/minute) on the x-axis 
(abscissa)

- the relative or absolute 
frequency on the y-axis

DISTRIBUTION of ARRIVALS

Factual,i vs FPoisson,i (cumulated distributions)
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2. DEMAND ANALYSIS

In order to apply the queuing theory, it is necessary for the empirical distribution 

of the arrivals to be approximated with a Poisson distribution (see previous 

page): this can be verified using the Kolmogorov-Smirnov (KS) test.

KS TEST

PROCEDURE:

1) Calculate the relative (factual) and cumulated (Factual) frequencies of the 

distribution of the arrivals for each class

2) Calculate the relative (fpoisson) and cumulated (Fpoisson) frequency of the 

Poisson distribution for each class:

n

1.3581
FF poissonreal −

!x

e
f

x

poisson

 −
=

3) Verify that the difference between the 2 cumulated frequencies is lower, in 

its absolute value, than an established value that depends on the number 

of observations (n. greater than 35, as seen before):

 = weighted mean of the arrivals [users/min] (see slide 10)

x = class of the arrivals per time unit [users/min]
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2. DEMAND ANALYSIS

It is possible to see the data demand KS verification procedure in the 

chart shown on this page and in the next one.
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In these columns it is 

possible to note the 

distribution of the 

arrivals

 

 

 = x i  factual,i
i



10/65



© POLITECNICO DI TORINO-I, Dept. DIATI- Transport Engineering, Bruno DALLA CHIARA, 2010, updated in 2022

2. DEMAND ANALYSIS
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1.3581

n
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2. DEMAND ANALYSIS

If the KS test is positive, it is possible to apply the queuing theory, which allows 

us to evaluate the quality of service concerning the demand.

Our aim is to establish that: 

- the condition of stability is obtained

- the total waiting time (including entrance into the installation area 

and also including the service time) is shorter than a fixed value 

(for example, Wmax could be 5’ or 10’)
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The problem is two-fold, in fact the engineer has to consider:

• the queue at the gates

• the queue at the vehicles of the rope installation

As it will be seen hereafter, the queues at the gates and at the vehicles are 

closely connected. 
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this value depends on the time required for transit at the gates (t) and on 

the number of gates (s)

2. DEMAND ANALYSIS

QUEUING THEORY

Condition of stability: 1




where:   = the average number of arrivals in the time unit =

= the weighted mean of arrivals in the time unit

QUEUE at the GATES (1/2)

 = the average number of services conducted in the time unit
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therefore the minimum number of gates is smin = a whole number above  /’

Let ’ be = to the number of services conducted at each gate in the time unit

in order to verify the condition of stability, it is necessary that :

 

 = s ' 
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2. DEMAND ANALYSIS

QUEUING THEORY

The queuing theory should be used to evaluate the waiting time, for the case

M/M/S, /FIFO which means:

• distribution of the arrivals according to the Poisson theory;

• negative exponential distribution of the time service.

1. Probability of having no 

users in the system

QUEUE at the GATES (2/2)
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2. DEMAND ANALYSIS

QUEUING THEORY

As usual, the condition of stability must be verified:

 

v
v

 1

QUEUE at VEHICLES of the rope transport installation (1/3)

In order to ensure the complete outflow of the users from the gates, it is 

necessary that the average number of arrivals at the vehicles v is considered to 

be equal to the maximum number of passages that the gates can allow  (=’s).

The waiting time at the vehicles can be calculated by assuming:

• the distribution of the arrivals according to the Poisson theory;

• a constant distribution of the service time.

1. Average number of users waiting to be served

 

Lqv =
2v

2v  (v − v )

2. Waiting time in the queue

3. Waiting time in the system (queue + service)

 

Wqv =
Lqv

v
=

v
2v  (v − v )

 

W =Wqv +
1

v
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vs = speed at the station  vL = speed along the line

(Item 3.5.2 DD 172/21)  

dm = average deceleration

Dss= min safety distance in stations (0,5 m)

2. DEMAND ANALYSIS

QUEUING THEORY

QUEUE at the VEHICLES of the rope transport installation (2/3)

Computing scheme:

 

2v
2Wqv −2vv Wqv − v = 0

 

Wqv =
v

2v  (v − v )
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 

v, min =

v + v
2

+
2v
Wqv

2

Subsequently, it is possible to calculate e, the distance between the vehicles:

 

e 1,2 Bd
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
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- For detachable grips

- For permanent or fixed grips

v
L

t
e

ˆ
 t̂ is a minimum gap between vehicles provided by the technical 

rules, Item 3.5.3 DD 172/21 & Item 3.7.4 DM 58/99
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 

Nveh =
Lrope

e

Gap between vehicles = i = emin / v
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 

Lrope = 2 Lbranch +Cpulley

The following step involves the calculation of the total number of vehicles 

operating on the installation:

Circumference of the pulley

In order to ensure that the demand is satisfied, it should be considered that:

60
      

60
minmin

i
n

i

n
vv 




Passengers admitted onto each vehicle

ropepulleypulleypulley  ΦΦ  with π ΦC 80==

Item 5.3 EN 12927-2

Total number of vehicles = Vehicles per branch + Vehicles at the stations










min

s

s

v

v

p
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 

eff =
n 60

i

Finally:

where μeff is the actual average number of services in the time unit (minute). 

With this, it is possible to calculate:

 

Lq, veh =
v
2

2eff (eff −v )

 

Wq, veh =
Lq, veh

v

max, WWWW vehqgatestot +=

nNN vehladenusers =  

Note: verify the maximum number of users along the line

Equal to half Nveh , or the next whole number











s

v

min

s

v

p
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2. DEMAND ANALYSIS

QUEUING THEORY

QUEUE at the VEHICLES of the rope transport installation (3/3)

As an alternative it is possible to consider:

• the user as 1 group of people (equal to the capacity of the vehicles)

• vehicles load only 1 group at a time

The time in queue can be therefore computed using the previous scheme.

Under these hypotheses, it should be taken into account that:

• some vehicles might not be full

• as a result of this, the system could be oversized

However, this method is suitable to verify the results observed in the first 

procedure.
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A Power station at the bottom, tension station at the top

3. PRELIMINARY CALCULATIONS

CHOICE OF A PROPER CONSTRUCTION SCHEME

B Power station at the top, tension station at the bottom

C Power and tension station at the bottom

D Power and tension station at the top

Advantages of this choice

✓ better adhesion;

✓ no excessively stressed ropes;

✓ less construction problems.

Drawbacks of the other choices

 construction difficulties;

 high tensions that stress the ropes;

 oversizing and higher costs.
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The initial tensions are not known in schemes C and D, therefore the designer has to solve a 

system of 2 equations

An example is shown in the textbook §2.4.1 – “Impianti a fune” (Crotti A., Alberto D., Dalla Chiara B.), Ed. MarioGros -Torino, 

2006.
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3. PRELIMINARY CALCULATIONS

CALCULATION OF THE COUNTERWEIGHT or  TENSIONING SYSTEM

Ceff ≥ Cmin = 2 Tmin

Tmin ≥ 15÷20 * Ploaded vehicle

Ploaded vehicle= Punloaded vehicle + Puser * n° passengers/vehicle

Note: when driving forces are not applied to the pulley, each branch has a 

tension value that is equal to Ceff /2 close to the tension or deflection pulley.

Factory 

catalogues
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or specific calculations 

according to the design and 

material used for the vehicles
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3. PRELIMINARY CALCULATIONS

ESTABLISHING THE TENSION

• Ttop,LB = the top tension in the loaded branch

• Ttop,DB = the top tension in the unloaded branch

• Tbottom = Ceff /2

• PR = the rope weight per meter (first attempt, at this step)

• PLV = the weight of a loaded vehicle

• PUV = the weight of an unloaded vehicle

• e = equidistance between 2 consecutive vehicles, according to the QUEUING THEORY

• d = the total difference in height, obtained from the line profile

• Friction = the resistance induced close to the roller assemblies; this can, at first, be

considered equal to 10% of the tension in the considered branch

1. LOCATION and 

CONSTRUCTION 

REASONS

2. DEMAND 

ANALYSIS

3. PRELIMINARY 

CALCUL.

4. ROPEWAY 

DESIGN by     

C.D.P. 

5. TECHNICAL 

FEATURES

6. ENVIRONMENTAL 

IMPACT

7. TESTING

8. STAFF

9. MAINTENANCE 

PLAN

10. RESCUE        

PLAN

11. COST     

ANALYSIS


















++= d

e

P
PTT UV

RbottomUBtop,


















++= d

e

P
PTT LV

RbottomLBtop,

22/65



© POLITECNICO DI TORINO-I, Dept. DIATI- Transport Engineering, Bruno DALLA CHIARA, 2010, updated in 2022

3. PRELIMINARY CALCULATIONS

INERTIAL FORCES

In order to evaluate the tension, it is necessary to calculate the inertial forces

due to both the braking and acceleration phases.

Item 15.2.2.2 DD172/21 imposes a minimum value is respected for acceleration

(a  0.15 m/s2) and deceleration (a  -0,4 m/s2, better if a  -1 m/s2), with

respect to Item 5.2.2.4 DD 172/21 .

10% of  Mt

aMFIN =
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Note: Vehicles are considered uniformly distributed along the branch.

COMPUTATION OF THE INERTIAL FORCES

 

M =Mr +Mt

 

Mt =m Lbranch

Laden branch:

Empty branch:

 

m = mrope +
mlv

e

 

m = mrope +
muv

e

Mr: rotational effect

Mt: transitional effect
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3. PRELIMINARY CALCULATIONS
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The tension values, Tmax and Tmin, are calculated, respectively, as the sum of

the inertial forces and the absolute maximum tension and as the difference

between the inertial forces and the absolute minimum tension.

DYNAMIC EFFECTS ON THE TENSION

A) ACCELERATION PHASE (+) – ascent branch laden

B) DECELERATION PHASE (-) – descent branch laden

+++= ,,,max ascINLBtop FT)0,11(T

CRITICAL CONFIGURATIONS to be verified

+−−= ,,,min descINUBtop FT)0,11(T

−+−= ,,,max descINLBtop FT)0,11(T

−−+= ,,,min ascINUBtop FT)0,11(T

24/65



© POLITECNICO DI TORINO-I, Dept. DIATI- Transport Engineering, Bruno DALLA CHIARA, 2010, updated in 2022

3. PRELIMINARY CALCULATIONS

INPUT DATA FOR THE C.D.P. - ROPE & PULLEYS 

A) CHOICE OF ROPE

• First, the required breaking force has to be estimated: LS,min  Tmax * K

where K is a safety factor that is ≥ 4 (carrying-hauling rope of monocable

ropeways with detachable grip - Item 15.7.2 DD 172/21)

• Next, choose a rope from producers’ catalogues, with an additional braking

force that is greater than LS,min. Its weight must be compatible with the

preliminary chosen one.

C) ROPE - DRIVE PULLEY ADHESION

The following equation

should be satisfied

(Item 15.11.1 , 15.11.2 

DD 172/21):

fe
T

T


min

max

rope-pulley spring angle [rad]
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B) DIMENSIONING OF PULLEYS

• EN 12927-2 5.3 states that both the driving and the

deflection pulley cannot have a diameter lower than 80·φROPE

• If there are no horizontal deflection rollers at the stations,

the gauge can be considered equal to the diameter of the

pulleys.
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3. PRELIMINARY CALCULATIONS

INPUT DATA FOR THE C.D.P. - ROLLERS

A) DETERMINATION OF THE ROLLER DIAMETER

Item 3.18.2 DM58/99 imposes

the following restrictions:

B) MAXIMUM LOAD PER ROLLER

- Item 3.18.4 DM58/99 states that the maximum load tolerated by a support

roller is:

- Item 3.18.5 DM58/99 shows that the maximum load tolerated by a

compression roller should be equal to 80% of Pmax,SR.

KddP rollerropeSR   max, =

support 

rollers

coefficient that depends on the polymeric rubber 

protection material (for common materials and 

speeds lower than 6 m/s, its value is 0.025 and 

sometimes 0.035 daN/mm2)
















8

10

ROPE

ROLLER

ROPE

ROLLER









compression 

rollers
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Warning: the new technical rules (2021) lack of specific indications about rollers, then hereafter the former 

normative DM 58/99 is followed 
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4.   DEFINITIVE  CALCULATIONS

THE “CABLEWAY DESIGN PACKAGE”

A correct design has to consider the reference standards and avoid excess, in 

other words, to be as cheap as possible, once safety, quality and efficiency are 

guaranteed: in order to obtain this result, the profile of the line should be kept as 

close to the ground as possible, thus minimizing heights of towers, even though 

local depressions in the ground profile can be crossed using towers of relevant 

height, if necessary. 

In order to obtain and compare possible alternatives, the design solution can 

be calculated with the support of the CDP software. 

CDP works with MS Excel®, therefore the user can print all the tables easily 

with the input and calculated values.

The aim of the following tutorial section, concerning the CDP software, is to 

illustrate how to use it correctly, in relation to each section of the design; for this 

reason, the reader is invited to employ also the user’s CDP handbook.
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This software requires a certain number of input data, in part chosen by the 

designer and in part deduced from the preliminary calculations explained on the 

previous sections. CDP provides a series of verifications and output data in “F10”, 

which are obviously much more accurate than those in preliminary calculations.

The testing procedure allow us to find:

• the tensions at the ends and in the middle of each single span;

• the mouth angles at the ends of the single spans;

• the deflections in the middle of the single spans;

• the tensions on the line towers.

The actions induced by the rope on the line supports are also represented, and  

in particular:

• the pressures on the roller assembly and on each roller;

• the total rope deflection of the single spans;

• the rope-roller assembly deviation angles;

• the deviation angles at the single rollers;

• the friction of and at the roller assemblies.28/65
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4.   DEFINITIVE  CALCULATIONS

THE “CABLEWAY DESIGN PACKAGE”

If these values are not aligned to the reference standards, or if they do not 

respond to economic design requirements, the user should modify:

• the number of rollers per tower

• the position of the towers

• the height of the towers

• the quantity of the towers

At the end of this process, an optimal result should be pursued and obtained.

The design has to respect the following main prescriptions:

• total rope deflection of the single spans:  <0,15 rad = 8,6  (Item 15.2.1.6 DD 172/21);

• vertical clearance Item 3.3.5 DD 172/21;

• lateral clearance Item 3.3.5 DD 172/21;

• maximum height from the ground profile Item 3.4 DD 172/21;

• minimum load on the rollers Item 15.7.4 DD 172/21;

• maximum load on the rollers Item 3.18.4 DM 58/99;

• maximum deviation angle at each roller <0,07 rad = 4°Item 3.18.3 DM 

58/99;

• maximum gradient of the line: 100%         (Item 3.1.4 DM58/99)
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The software is composed of twelve “sheets”; the user has to insert the input data 

into seven of them (F01-F07), while the other ones deal with the output values.

F01 – “Data setting”

rope chosen in the “preliminary calculations”

not necessary since hydraulic 

tensioning systems are often used

not necessary
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THE “CABLEWAY DESIGN PACKAGE”

chosen in the “preliminary 

calculations”

4.   DEFINITIVE  CALCULATIONS
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chosen in the “preliminary calculations”; 

the value of the carrying capacity/hour is 

modified by the next F05

adopted during the calculation of the inertial forces  

(see Item 15.2.2.2 DD 172/21)

may be assumed as R50,000 ÷ 70,000 kgs

= engine efficiency * speed reducer efficiency

derived according to the initial choice 

of the pulleys (see EN 12927-2 5.3)

“YES” if vehicles remain along the line when close

depending on the vehicle chosen

deriving from the preliminary choice of 

the rollers (see Item 3.18.2 DM 58/99) 

see Item 15.2.2.3 DD 172/21
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4.   DEFINITIVE  CALCULATIONS

THE “CABLEWAY DESIGN PACKAGE”

F01 – “Data setting”

see Item 3.2.2.2, 15.1.5.2 DD 172/21

see Item 3.18.3 DM 58/99

see Item 3.18.19 DM 58/99

assumption

deriving from the preliminary choice of 

rollers (Item 3.18 DM 58/99 & Item 

15.7.4 DD 172/21) 

Depending on the vehicle chosen

see Item 15.11.2 DD 337/12

see Item 3.2.2.4 DD 172/21
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these values are obtained from the cartography

F02 – “Land coordinates”

A graph with the ground profile is located 

close to these tables. This graph is very 

useful for positioning the towers. 

Three buttons are available: to add lines, to 

delete lines and to empty the table. The first 

two can only be activated by positioning  the 

cursor on the “stake N°” column. These 

commands are used to delete or replace data.
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4.   DEFINITIVE  CALCULATIONS

THE “CABLEWAY DESIGN PACKAGE”

It is possible to enter up to 1.000 stake points (each one identified 

according to its altitude and progressive distance); it is also possible - but 

not necessary - to assign a code to each stake. In the case of non parallel

plant branches, the user can enter the descent branch line profile.
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Line Ground/Profilo del terreno (ascent branch : ramo salita)
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4.   DEFINITIVE  CALCULATIONS

THE “CABLEWAY DESIGN PACKAGE”

F02 – “Land coordinates”
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F03 – “Absolute line coordinates”

when the input process has been concluded,

click this button for confirmation 

the first and the last are AV and AM (they represent the 

upper and lower pulleys, respectively);  the other towers 

are here called “C + prog. number” if they work as a 

support, “R + prog. number” if they work with 

compression sheaves and “D.A. + prog. number” if there 

is a double action (support-compression) roller assembly.

the user has to insert the relative tower progressive position

represents the ground altitude; this column is handled in 

automatic mode; once the progr. rope distances have 

been inserted, the users simply click onto the empty cells 

using the mouse or moving the right arrow ► on the 

keyboard on to them.

= the ground value + tower height; its input is automatic

See Item 3.12.15 DM 58/99 for the geometrical design of the platforms (location of the first and the last towers)
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THE “CABLEWAY DESIGN PACKAGE”

these buttons can only be activated by positioning  

the cursor on the “Line N°” column. These 

commands are used to delete or replace data.

to be filled in according to sheet F04
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F04 – “Relative line coordinates”

if all the values are correct, press this

button for confirmation

in this section, the software automatically

calculates the coordinates of the spans, the length

and the differences in height, from F03.
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F05 – “Line calculus”

It is possible to set a 

couple of fixed values, 

such as: capacity-

speed, number of 

vehicles-speed or 

number of veh.-hourly 

capacity. The user has 

to cancel the last 4 

cells and insert a 

couple of values; 

finally, he has to click 

on the button linked to 

the couple of input 

data. The C.D.P. will 

calculate the couple of 

missing data. The 

user has to repeat this 

procedure each time 

he modifies the 

previous steps (e.g.

the height of the 

towers height or tower 

positions) since this 

modifies the length of 

the rope loop.

double click onto the cells corresponding 

to the chosen configuration in order to 

perform the tests (the shown configuration 

is recommended for gondola ropeways 

and chairlifts in order to check the 

pumping and motor stresses).

Recommended (the C.D.P. considers 

the load distributed in all the spans)
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in this section, the user can choose the correct 

configurations linked to the tests he wants the 

C.D.P. to carry out

To be used if the 

designer uses 

concentrated loads

To be used in the case of rope installations 

with an anchored carrying rope. This system 

guarantees lower energetic consumption 

and a reduction in maintenance.
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test concerning the 

possibility that the 

hydraulic system does 

not work (out of order)

by clicking on each of these buttons the designer can 

start the checks with the corresponding configuration

5 line load conditions are 

coded according to the 

standard hypothesis used in 

the reference standards, while 

the other 10 can be 

customized by the user in F06
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F06 – “Load setting”
these values are automatically calculated 

by the software; the designer should only 

check their correctness 

Load setting process:

1. click onto the type of load 

you want to consider (e.g. 

laden car/vehicle);

2. select the button relating to 

the required setting mode 

(usually all spans setting);

3. double click onto the first 

cell in the column you want 

to load;

4. repeat this process with 

each type of load you want 

to consider.
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The C.D.P. automatically handles 5 load conditions, as 

shown in F05. F06 offers the possibility of taking into account 

another 10 different load conditions. Therefore, this sheet is 

generally not used, except for in particular cases that are not 

considered in the reference standards, such as:

• test pertaining to the minimum load on the compression 

rollers when the line has empty cars (or only the rope) 

and for laden vehicles only in the 2 spans next to the 

compression rollers;

• Test pertaining to the adhesion and power adsorbed by 

the engine in the case of the ascent branch with empty 

vehicles and descent branch with no vehicles (this 

happens – with detachable systems – when vehicles

are put directly on the line by the storehouse).
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F07 – “Friction settings”

The friction value is 

normally automatically 

handled by the C.D.P. 

according to the 

general data in F01.

Therefore, F07 is not 

generally used, 

except in particular 

cases, such as the 

presence of an 

intermediate station 

on the line that 

creates friction on its 

acceleration beams.
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The user could assign 

a percentage value 

(recommended) or a 

strength value.
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F08 – “Test table”
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these buttons should to be selected to display 

the output values in the table below; the user 

should again click twice on the chosen cell.

It is necessary to first start the corresponding 

sw calculations in the F05 sheet. 

in this section the C.D.P. provides the check values referring to a 

single line load and installation condition (even when marked with 

“XXX”) as output, while the maximum and minimum values of the 

checking process are shown in F10 and take into account all the 

hypotheses identified with “OOO”. This sheet is not used very often.

See F10 for the meaning of these symbols
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F09 – “Line tension surging” clicking twice on the 

chosen cell, the table below 

will display the values of 

the pumping-in-line

phenomenon.

The graphs pertaining to the tables are also 

shown near them. The tension value should be 

regular in order to avoid line tension surging.
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When the vehicle weight and equidistance are 

relevant as far as the rated rope tension is concerned, 

the internal rope tensions and - as a consequence -

the adsorbed power may be affected by the 

geometrical position of the cars. This phenomenon, 

known as “rope tension surging” may be particularly 

irritating for the users and may also induce resonance; 

in such cases, the engine results to be no longer 

capable of reacting promptly and creates quick 

changes in speed and span swinging.
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F10 - “Printout of the max/min values”
in this section, the C.D.P. gives the maximum and minimum 

values for the checking process taking into account all the 

hypothesis identified by “OOO” (not “XXX”) selected in F05.

The prescriptions imposed by the standards are mainly linked to a steady 

state condition. For this reason, the designer can set the F05 configuration 

shown in this page. Furthermore, Item 3.14.7.1 DM 58/99 states that the 

variability in the tension range due to the use of a hydraulic tensioning 

system only has to be considered for adhesion and minimum load on rollers 

tests: thus by only clicking on “rated - standard test” the user is able to verify 

whether the design respects the following prescriptions (all from D.M.58):

• maximum gradient of the line: 100% (Item 3.1.4);

• total rope deflection of the single spans: <0,15 rad (Item 3.1.5);

• maximum height from the ground profile Item 3.9;

• maximum loads on the rollers Item 3.18;

• maximum deviation angle on each roller <0.07 rad (Item 3.18.3)

Test with +/-10% (obviously, 

the designer also has to take 

into account the “rated test” to 

check the following limits); this 

F05 configuration of has to be 

considered to check:

• vertical clearance (Item 

3.3.5 DD 172/21), 

considering the lowest 

tension allowed by the 

tens. system (-10%); in 

order to take into account

the dynamic effects 

(braking and acceleration), 

it is necessary to increase 

the height value by 20%

• minimum load on the 

rollers (Item 15.7.4 DD 

172/21)
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F10 - “Printout of the max/min values”

select this button if the 

plant has parallel branches 

and towers shared by both 

branches

these buttons have to be selected to display 

the output values in the table below. It is first  

necessary to start the corresponding 

software calculations in the F05 sheet

allows a line graph to be 

created, that contains all the 

definitive values

Generates a DXF file 

(suitable for Autocad) that 

represents the longitudinal 

profile
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F10 - “Printout of the max/min values”

max and min 

stress at the span 

mid-point

max and min rope 

deflection at the span 

mid-point

max and min rope 

mouth angles 

(bottom tower)

max and min rope 

mouth angles (top 

tower)

max and min stress 

(rope-tower) at the 

roller assembly mid-

point

difference in the 

mouth angles 

between the entry 

and exit of the rope in 

the roller assembly

max and min rope pressure 

on the roller assembly
max and min friction 

on the roller assembly

unit deflection (for each 

roller) of the rope on the 

roller assembly = D/NR

compares the unit 

pressure Pu and the 

acceptable values 

according to the 

reference standards

unit pressure (for each 

roller) of the rope on 

the roller assembly
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F11 – “Power  printout”
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these buttons should be selected to display 

the output values in the table below.

It is necessary to first start the corresponding 

software calculations in the F05 sheet.

F11 and F12 refer to the F05 configuration shown in F09

(pumping) and are used in order to verify the most difficult 

situations pertaining to the rope-drive pulley adhesion and 

the engine power.
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F11 – “Power  printout”

mean steady 

engine stress

max/min steady 

engine stress

max/min engine 

stress including 

the power unit 

inertia

drive pulley – rope 

slide value

turnbuckle stroke value

total tension at 

the drive pulley
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F12 – “Calculus report”

press the button to list 

all the plant features
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5.   TECHNICAL CHARACTERISTICS

• vertical:  - always ≥ 1,5 m;

- where crossing ski tracks or paths  ≥ 4 m;

- where crossing roads  ≥ 5 m;

• lateral, with vehicles tilted by 0.34 rad:

• From other elements of the ropeway ≥ 0,5 m;

• From external elements ≥ 2,5 m. 

• stream divider: vehicles tilted towards each other by 0.34 rad and a rope  

branch disbanded towards the other given the presence of wind ≥ 0,5 m.

Item 3.3.5.a DD 172/21

CLEARANCES
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• counterweight tensioning:   - rope

- counterweight

- the control unit controls the rope tension

• hydraulic tensioning:           - hydraulic circuit: this provides the tensioning

forces and has particular safety devices

- the control unit verifies the rope tension and oil 

pressure

5.   TECHNICAL CHARACTERISTICS

Item 6. DD 172/21

and 3.14 DM 58/99 
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This consists of:

• the main electric engine

• a speed reducer

• a rescue motor

• a service brake, that works on a disk mounted onto the speed reducer

• an emergency brake, that works directly on the drive pulley

See next slide

The gear ratio is:

5.   TECHNICAL CHARACTERISTICS

TRACTION SYSTEM
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 =
motor

 powerunit

=
motor

 rope 
2

dpulley

 

Prescue =
Fmot   rope

powerunit  reducer

 

P'rescuemotor =1,2 Prescue

The value of F is provided by 

the software in the F11 sheet
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Main electric engine

The software provides a power peak value (Pmax)

5.   TECHNICAL CHARACTERISTICS
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P'motor =1,2 Pmax
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This is the value of  Pmax that should 

be introduced into the formula

Value of Pmax
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F is the maximum value 

presented in this column

Value of F
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ROLLS AND ROLLERS

The number of rolls for each roller usually varies from 4 to 12 (maximum).

Some devices are inserted onto roller assemblies in order to prevent rope 

derailment and, in the case of derailment, to catch the rope and to stop the 

system. Double acting rollers are at present sometimes used, since they 

allow cheaper construction design and sometimes lower energy 

consumption;

the risk of rope derailment generally increases for this kind of rollers.

Item 3.16, 3.18 DM 58/99
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BRAKES

✓ service brake - activated manually by the plant power unit crew 

- automatically activated, if one of the plant protection 

equipment pieces reveals an error

✓ emergency brake (operates directly on the torque pulley)

- activated manually by the plant power unit crew 

- automatically activated if the speed is higher than the 

design value

Item 5.2.2 DD 172/21 and the 

following notes
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GRIPS
Item 3.20 

DM 58/99

VEHICLES

• type of vehicle (see the catalogues);

• number of vehicles on the line.

Item 3.19 

DM 58/99

STATIONS

The upper (top) and lower (bottom) stations usually include :

✓ areas for embarquement and disembarquement of the passengers;

✓ engine room (preferably upstream);

✓ staff offices;

✓ ticket office, if it exists;

✓ toilets;

✓ vehicle storeroom (at the bottom station, if there is one).

Item 4.1 DD 172/21
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TOWERS Items 16.7, 15.6.4 DD 172/21

PULLEYS

The pulley groove is deeper than the rope diameter and is covered with 

polymeric material which increases the adhesion.

Item 15.11.1, 15.11.2 DD 172/21 , EN 12927-2 5.3
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The environmental impact assessment is generally conducted considering the 

preliminary projects that contain the location and the main features of the works 

which, because of their nature or dimensions, could influence the surrounding 

environment. 

A description of interventions is necessary in order to avoid negative 

environmental effects in relation to:

6.   ENVIRONMENTAL IMPACT STUDY

STANDARDS

✓ EU directives 85/337, 97/11, 2001/42 and 2003/35;

✓ Italian directives:

• (Presidential Decree, DPR 12/04/1996);

• Presidential Decree, DPR 02/09/1999 n.348;

• Legislative Decree, D.Lgs. 03/04/2006 n.152 integrated by D.Lgs. 16/01/2008 n.4;

• Decree by the President of the Council of Ministries, DPCM 07/03/2007;

✓ Local regional legislation (for Piedmont: Law n.40 of the 14/12/1998)

• Landscape - visual impact

• Soil and subsoil

• Public health

• Noise and vibrations
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• Flora and fauna

• Ecosystems

• Atmosphere

• Aquatic environment
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The system has to pass:

✓ a test of the static structures (concrete, brick, metallic,…works);

✓ a line test: - without vehicles,

- with laden vehicles,

- with empty vehicles.

the following tests have to be carried out for these 3 configurations: tests 

concerning the correct movement of the pulleys, the correct working of the 

rollers/grips and the opening and closing of the braking skids; simulation of 

the starting, steady state and slowing down; evaluation of the vehicles 

passing along the towers and pulleys; adequacy of the engine power and 

the adhesion of the rope onto the pulleys.

✓ a rope test (certificate assuring the geometrical and resistance properties).

✓ other tests are made on all the electric devices (such as the danger signals) 

and it is necessary to verify that the stand-by engine, activated to rescue 

people, works properly.

7.   TESTING
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When the construction of the plant has been finished, it is necessary to perform 

several tests before it can be opened for use, in order to verify that the system 

respects safety requirements. It is also necessary to release a certificate that 

contains observations about operation of the system: it is drawn up by a commis-

sion composed of the members of the regional MCTC and of the involved local 

organisations. Furthermore, a pre-service period is compulsory before testing. 
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8.   STAFF
1. LOCATION and 

CONSTRUCTION 

REASONS

2. DEMAND 

ANALYSIS

3. PRELIMINARY 

CALCUL.

4. ROPEWAY 

DESIGN by     

C.D.P. 

5. TECHNICAL 

FEATURES

6. ENVIRONMENTAL 

IMPACT

7. TESTING

8. STAFF

9. MAINTENANCE 

PLAN

10. RESCUE        

PLAN

11. COST     

ANALYSIS

The staff is composed of:   - the head of operations

- an engine driver

- a tension station operator

- other operators involved in 

supervising the embarkment and 

landing of the users and still 

others involved in customer care, 

such as ticket sales

Item 4.2 

DM 58/99

The staff operating during the service period has to carry out periodical checks 

and inform the head of the service in case of any problems. Adjustments can 

only be conducted if approved by the competent authorities, except for those 

parts that are not directly related to the safety of the users. 

The installation can only work when the safety devices are active and has to be 

stopped if the wind force is greater than the established one. 

A copy of the operation rules should be kept in the driving station and the whole 

staff should be well informed of the related contents (Item 4.1.4 DM 58/99).
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In order to guarantee good efficiency of the system and ensure that passengers 

can use the plant safely, it is necessary to establish a maintenance plan. 

The design life of the installation, that is the period in which safety and regularity 

of the system can be guaranteed, from the first opening to the public, has been 

established in 40 years for chairlift ropeways installed after 1960 (Italy).

After the end of the design life, an eventual extension could be agreed upon but 

only for a new period which cannot exceed the previous one and only after 

radical changes to all the mechanical devices, electrical equipment and vehicles. 

It is necessary to conduct a series of verifications, tests and revisions during the 

life of the rope installation.

The verifications and tests are divided into two types:

✓ Ordinary: made at fixed times

✓ Unplanned/extraordinary: made after unplanned maintenance or modifying 

works

The test results and other data obtained from measurements in the field should 

be noted in the daily-register, kept by the installation office. The operation 

director is asked to control the general status of the installation at the end of 

each work season. Vehicles have to be removed from the line for seasonal 

installations, and stored properly in a storeroom/area (Item 4.9.11 DM 58/99).
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9.   MAINTENANCE PLAN

• daily Item 4.6

• weekly Item 4.7

• monthly Item 4.8

• yearly and unplanned Item 4.9

• magnetoscopic and visual controls

• planned and unplanned replacements

Periodical tests

Rope verifications
Item 4.11

Lubrication

• rope

• rollers

• other mechanical parts
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• special servicing (revisions)

• general servicing (revisions)

Revisions
Item 4.10 refers to a 

specific government law, 

n°23/1985
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According to Item 3.10 DM 58/99 and 7., 8. DD 172/21, rescue processes

can be conducted in two ways:

✓ rescue of the VEHICLES, employing one of the usable driving devices or 

gravity; this operation should last less than 60 or 90’, depending on the type 

of installation;

✓ LOWERING to the ground; this operation should last less than 2½ or 3 

hours, depending on the type of installation.

It is also necessary to provide:

✓ for distances between vehicles and the ground or less than 6 meters: light 

metal ladders that can be hooked onto the vehicles so that users can use 

them without difficulty;

✓ for distances between vehicles and the ground of more than 6 meters: 

equipment and devices to lower the users to the ground;

✓ furthermore, it is necessary to provide a system to lower users who are 

unable to move to the ground.

Information concerning rescue operations should be given from the ground by 

specific staff, equipped - if necessary - with megaphones or via loudspeakers, 

that have to be installed along the line.
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The installation has to be provided with suitable equipment, so that the rescuers 

can reach the blocked vehicles. The rescue methods and equipments have to be 

designed so that their use does not require active participation of the users, and 

their safe lowering to the ground should be ensured even in the case where the 

user moves in an incorrect way. 

When access of the rescuer to the vehicle takes place directly from the ground, 

equipment can only be used only if there is a vertical clearance of less than 20 

m; if there is a trolley for the rescuer, it must be easily installable on the carrying 

- hauling rope: the rescued passengers are conducted to the tower platform from 

which they descend to the ground using a ladder. 

The evacuation staff using the trolley should be able to communicate with the 

team on the ground, and this may require the use of radio connections.

The terrain under the installation must be easily reached on foot in the case 

where the rescue does not take place by moving along the rope. Furthermore:

✓ the station must be equipped with first aid kits;

✓ portable lamps should be available in the stations for use in rescue 

operations during the night or in the dark.
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11.   COST ANALYSIS

The preliminary design has to include a rough

analysis of the installation costs: considering the

main elements but excluding maintenance costs.

For example, the following items, appear in the costs table:

✓ towers;

✓ rollers;

✓ pulleys;

✓ rope;

✓ tensioning and drive system - stations;

✓ vehicles and clamps;

✓ transportation;

✓ civil and electric works.

The unitary costs can be obtained 

from a constructor’s pricelist 
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Each item could take into account an increase in costs of 10% (e.g.) and a further 

increment of 25% (e.g.) for the workers’ indemnity if the plant is located high up in 

the mountains (>1800 m, e.g.). The designer could also consider purchasing 

some spare parts to use in the case of necessity (accidental damage).

It is usually cheaper to increase the number of rollers for each 

roller assembly than inserting new towers along the line profile.

Some examples can be found at 

http://www.regione.piemonte.it/oopp/osservatorio/progetti_to2006/elenco_prog_tip.htm
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