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 Door Detail  1/35

F1 F2

F3

F4

F5
F6

F1 = 37.46 kN
F2 = 37.46 kN
F3 = 18.27 kN
F4 = 18.27 kN
F5 = 66.71 kN
F6 = 51.01 kN
Fx.car = 810.85 kN
Fy.car = 898.3 kN
Fx.cwt = 1121.62 kN
Fy.cwt = 2513.6 kN

Fx Fy

F1, F2, F3, F4

 Building Forces  1/30

Askı Tipi:

Beyan Yükü:

Seyir Mesafesi:

Bina Adı:

Firma Adı:

Proje Adı:

Proje Numarası:

Asansör Adı:

Asansor Seri No:

Tarih:

Proje Yöneticisi:

Asansor Sorumlusu:

Motorun Nominal Gücü:

Makine Dairesinin Yeri:

Karşı ağırlık ray tipi:

Kabin ray tipi:

Kat Kapı Tipi:

Kabin Kapı Tipi:

Motor Markası:

Kabin Genişliği:

Kabin Derinliği:

Eleport

PROJE 5

5828921138263

XXX XX

Bina 1

Elevator 3

XK2642

XXX XX

2025-09-03

MRL

800 kg

29000 mm

2 /1

11.3 kW

T89/B

T70/A

Fermator-Premium:900x2100 mm

Fermator-Premium Pm:900x2100 mm

Montanari/Mgv25m/Mgv25m

1350 mm

1400 mm

Company Name : Eleport
Project Name : PROJE 5
Project Number : 5828921138263
Building or Group Name : Bina 1
Elevator Name : Elevator 3
Elevator Serial Number : XK2642
Date : September 3, 2025

CALCULATION OF MACHINE/MOTOR IN ROPE-TRACTION ELEVATORS

Standard : ( EN 81-20/50:2020)

Machine Type : Gearless

Motor : 3 Fazl�

Voltage : 400 V

Frequency : 50 Hz

Motor Drive Type : VVVF

Actual Load Q : 800 kg

Empty Cabin Mass P : 900 kg

Cabin Speed V : 1.6 m/s

Rope Diameter dr : 6.5 mm

Rope Type : DRAKO ; 250T ; 0.179 ; 31.5

Rope Unit Mass ms : 0.179 kg/m

Number of Rope ns : 7 piece

Travel Distance Htravel : 29.0 m

Counterweight Balance Factor q : 50 %

Traction Sheave Diameter Dt : 240 mm

Compensation Chain Ratio λ : 100 %

Distance between the Traction Sheave and the
Pulley Room

G : 0 m

Roping Type : 2/1

Rope Suspension Coe�cient r : 2

1 1

1

2

Y-2/1-01

Total number of pulleys excluding the Traction
Sheave.

np : 3 piece

*In the form of roping system, the numbers on the pulleys are the speed factor of the pulley.

Installation E�ciency ηins : 85 %

Motor E�ciency ηmotor : 99 %

Total E�ciency ηT = ηins ∗ ηmotor : 84.15 %

Number of Flexible Cables nt : 1 piece

Unit Mass of Flexible Cable mt : 0.44 kg/m

Motor's Nominal Power Nnom : 11.3 kW

Motor/Machine Static Load Tst : 3400 kg

*Max. static load on the Traction Sheave of used motor/machine

Results

Gravitational acceleration gn : 9.81 m/s2

Radius of the Traction Sheave in meters rDt =
Dt

2∗1000 : 0.12 m

Actual Mass of Travel Cables MTrav = 0.5∗Htravel∗
nt ∗mt

: 6.38 kg

Mass of the unbalancing portion of the suspension ropes MSR = Htravel ∗ms ∗
ns

: 36.34 kg

* Mass of the ropes of unbalanced by the Traction Sheave with a length of Htravel

Counterweight Mass Mcwt = P + q ∗Q : 1300.0 kg

Mass of the compensation chain/rope MCR = λ ∗MSR ∗ r : 72.67 kg

Linear speed of the Traction Sheave Vtr−op = V ∗ r : 3.2 m/s

If the motor/machine is below, the mass of the ropes of length
(G) that will a�ect the system

MSR1 = G ∗ms ∗ ns : 0 kg

* Cabin goes up from the bottom �oor �lled with actual load

PROJE 5 Elevator 3- Motor Calculation

Maximum force on the Traction Sheave at constant (V) speed
(a=0)

T1 : 8694.97 N

T1 = gn ∗ Q+P
r + MSR ∗ gn − MSR1 ∗ gn

Minimum force on the Traction Sheave at constant (V) speed
(a=0)

T2 : 6732.97 N

T2 = gn ∗ Mcwt+MCR
r − MSR1 ∗ gn

Maximum unbalanced force on the Traction Sheave during
constant speed motion (a=0)

T = T1− T2 : 1962.0 N

Operational output torque on the Traction Sheave during con-
stant speed motion (a=0)

Mop−out =
(T ∗ rDT )/ηins

: 276.99 Nm

Required operational input power Nop = (T ∗
Vtr−op)/(ηT ∗ 1000)

: 7.4 kW

Operational static load on the Traction Sheave Top = (T1 + T2)/gn : 1573 kg

MOTOR POWER CONTROL

Nnom ; Nominal power of the used motor (manufacturer's value) (kW )

Nop ; Required operational input power (kW )

Nnom ≥ Nop should be.

11.3kW ≥ 7.4kW

MOTOR/MACHINE STATIC LOAD CONTROL

Tst ; Motor/Machine Static Load (kg)

Top ; Operational static load on the Traction Sheave (kW )

Tst ≥ Top should be.

3400kg ≥ 1573kg

1. Calculation Results for Gearless Motor Movement Torque:

Starting acceleration aacc : 0.8 m/s2

Major force applied to the Traction Sheave during accelerated ascent T1start : 9433.11 N

T1start = (gn + a) ∗ ((Q+ P )/r) +MSR ∗ (gn + a ∗ r) +MSR1 ∗ (−gn + a)

Minor force applied to the Traction Sheave during accelerated ascent T2start : 6183.9 N

T2start = (gn − a) ∗ (Mcwt +MCR)/r +MSR1 ∗ (−gn − a)
Maximum unbalanced force applied to the Traction Sheave during
accelerated ascent (a 6= 0)

Tstart = T1start − T2start : 3249.21 N

Operational output torque applied to the Traction Sheave during ac-
celerated ascent

M1start−out = (Tstart ∗ rDT )/ηins : 458.71 Nm

Motor operational start torque �rst component M1start−inp =Mstart−out/ηmotor : 3.37 Nm

Motor's operational angular acceleration αmotor = (aacc ∗ r)/rDT : 13.33 rad/s2

Motor's operational starting torque second component M2start−inp = (Jmotor ∗ αmotor)/ηmotor : 463.35 Nm

Motor's total input operational starting torque Mstart−inp : 466.71 Nm

Mstart−inp =M1start−inp +M2start−inp

2. Results of Gearless Motor Operational Working Current Frequency Calculation:

Number of Motor Poles Nr : 16

Motor's operational rpm speed wmotor−op = (Vtk−op ∗ 60)/(2 ∗ π ∗ rDT ) : 254.65 rpm

Operational Supply Current Frequency fop = (wmotor−op ∗Nr)/120 : 33.95 Hz

2

Company Name : Eleport
Project Name : PROJE 5
Project Number : 5828921138263
Building or Group Name : Bina 1
Elevator Name : Elevator 3
Elevator Serial Number : XK2642
Date : September 3, 2025

CALCULATION OF STEEL ROPES IN ROPE-TRACTION ELEVATORS

Standard : ( EN 81-20/50:2020)
Distance between the Traction Sheave and the
Pulley Room

G : 0 m

Traction Sheave Rope Winding Type : Single Winding
Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Cabin Speed V : 1.6 m/s
Travel Distance Htravel : 29.0 m
Traction Sheave Diameter Dt : 240 mm

1 1

1

2

g

Y-2/1-01 (V) Groove - Hardened

Minimum diameter of all pulleys excluding the Traction Sheave Ds : 240 mm
Average diameter of all pulleys excluding the Traction Sheave Dp : 294 mm
Rope Diameter dr : 6.5 mm
Number of Rope ns : 7 piece
Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m
Rope Breaking Force Sh : 31.5 kN
Rope Winding Angle α : 180 ◦

* Will be used as radian in formulas

Gravitational acceleration gn : 9.81 m/s2

Number of Flexible Cables nt : 1 piece
Unit Mass of Flexible Cable mt : 0.44 kg/m
Emergency Braking Deceleration a : 0.5 m/s2

* Under no circumstances should the deceleration be less than 0.5 m/s² (EN 81-50 : 5.11.2.2.2)

Counterweight Balance Factor q : 50 %
Overload Factor *EN 81-50 ; 5.11.2.2.1 Qover : 125 %
Loading Vehicle Mass mhe : 0 kg
*The mass of the loading vehicle entering the cabin, not considered within the actual load (Q).

Compensation Chain Ratio λ : 100 %
Having this ratio close to %100 will be bene�cial for the motor/machine traction capability
and motor power value.
If there is a certi�cate, the conditions Ds/dr ≥ 40 and Dt/dr ≥ 40 in Article H.3 will not be examined.

Actual Mass of Travel Cables MTrav = 0.5 ∗Htravel ∗ nt ∗mt : 6.38 kg
Mass of the unbalancing portion of the suspension ropes MSR = (0.5 ∗Htravel ± y) ∗ms ∗ ns
*If the Cabin is at the topmost stop y = (0, 5 ∗Htravel − 0, 5 ∗Htravel

)

MSRcar : 0 kg

*If the Cabin is at the lowest stop y = (0, 5 ∗ Htravel + 0, 5 ∗ Htravel ) MSRcar : 36.34 kg
*If the Counterweight is at the topmost position y = (0, 5 ∗ Htravel −
0, 5 ∗ Htravel )

MSRcwt : 0 kg

*If the Counterweight is at the bottom y = (0, 5∗Htravel+0, 5∗Htravel

)

MSRcwt : 36.34 kg

If the motor/machine is below, the mass of the ropes of length (G)
that will a�ect the system

MSR1 = G ∗ms ∗ ns : 0.0 kg

This mass is assumed to be equally present on both the Cabin side and the Counterweight side, and it is taken as MSR1 =MSR1car =
MSR1CWT and used in formulas as MSR1.
Mass of the compensation chain/rope MCR = λ ∗MSR ∗ r : 72.68 kg
Compensation Chain Unit Mass muc =MCR/Htravel : 2.51 kg/m
*If the Cabin is at the topmost stop MCRcar : 72.68 kg
*If the Cabin is at the lowest stop MCRcar : 0 kg
*If the Counterweight is at the topmost position MCRcwt : 72.68 kg
*If the Counterweight is at the bottom MCRcwt : 0 kg
Counterweight Mass Mcwt = P + q ∗Q : 1300.0 kg

Traction Sheave Groove Angle γ : 38 ◦

In (V) grooves, the groove angle should never be less than 35◦. In (U) undercut grooves, the groove angle should never be less than 25◦.
In formulas, it will be used in radians.

PROJE 5 Elevator 3- Rope Calculation

H.1. ROPE SAFETY FACTOR CHECK (EN 81-20; 5.5.2.)

Sf : Actual safety factor (EN 81-50 / 5.12)
S : Minimum safety factor value (EN 81-20 / 5.5.2.2)
S ≥ Sf should be.

H.1.1. Calculation of the minimum safety factor value of the rope (Sf ): (EN 81-50 / 5.12.1)

Sf = 10




2.6834−
log




695.85∗106∗Nequiv

(
Dt
dr

)8.567




log

(
77.09∗

(
Dt
dr

)−2.894
)




Equivalent pulley number Nequiv = Nequiv(t) +Nequiv(p)

Table 1 - Nequiv(t) Table, In (U) Grooves Nequiv(t) = 1)

(V) Grooves
γ : 35 36 38 40 42 45 50 55 60

Nequiv(t) : 18.5 16 12 10 8 6.5 5 3.7 3

(U) Undercut Grooves
β 60 70 75 80 85 90 95 97 100 105

Nequiv(t) : 1.2 2.3 2.5 3 3.8 5 6.7 7.78 10 15.2

Equivalent number of Traction Sheaves (from Table 1) Nequiv(t) : 12
Ratio coe�cient between traction sheave and other pulley diameter Kp = (Dt/Dp)4 : 0.44
Number of pulleys bent in the same direction Nps : 2 piece
Number of pulleys bent in the opposite direction Npr : 0 piece

Reverse bending is considered when the distance where the rope touches on two consecutive pulleys is less than 200 times the
diameter of the rope, and the bending planes rotate at an angle greater than 120◦.

Equivalent number of Diverting pulleys Nequiv(p) = Kp ∗ (Nps + 4 ∗Npr) : 0.89
Equivalent pulley number Nequiv = Nequiv(t) +Nequiv(p) : 12.89

* EN 81-20 / 5.5.2.2, the roping type safety factor should not be less than the following values:

a) 12 - In friction traction system with three or more ropes.,

b) 16 - In friction traction systems with two ropes.

If the option �The rope has a certi�cate suitable for pulley diameters Sf= 12� is selected on the web parameter entry page, the above
conditions (a) and (b) and the Sf formula are not considered for the Sf calculation, Sf is taken as 12.

Rope's minimum safety factor value Sf : 23.54

H.1.2. Calculation of the realized safety factor value of the rope (S): (EN 81-20 / 5.5.2.2)

Maximum force applied to a rope F =
gn∗(P+Q)

r
+MSR∗gn
ns

: 1242.14 N

* The Cabin is full and stopped at the lowest stop

Minimum safety factor value S = Sh∗1000
F

: 25.36

S ≥ Sf should be.

25.36 ≥ 23.54

H.2. CONTROL OF TRACTION OF SUSPENSION ROPES ON THE SHEAVE (EN 81-50 /5.11.2)

The static T1/T2 ratio when the loaded cabin stops and the dynamic T1/T2 ratio when the loaded and unloaded cabin is in operation
must satisfy the following condition.

T1/T2 ≤ ef∗α

Moreover, when the Counterweight settles on the bu�er, the following condition must be met to prevent the empty Cabin from
winding upwards.

T1/T2 ≥ ef∗α

T1 : Major force applied to the Traction Sheave (N)

T2 : Minor force applied to the Traction Sheave (N)

H.2.1 CABIN LOADING CONDITION (EN 81-50 / 5.11.2.2.1)

The Cabin is loaded with %125 of the rated load and is at the bottom stop.
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T1
(Qover∗Q+mhe+P )∗gn

r
+MSRcar ∗ gn −MSR1 ∗ gn : 9676.0 N

T2
(Mcwt+MCRcwt)∗gn

r
−MSR1 ∗ gn : 6733.0 N

Friction coe�cient (For loading condition) µ : 0.1
Friction Factor f : 0.307

T1/T2 ≤ efα should be.

1.44 ≤ 2.62

H.2.2. EMERGENCY BRAKING CONDITION (EN 81-50/5.11.2.2.2)

As is known, in accelerated motion, inertia forces of components become signi�cant. The calculation formulas for (T1) (greater
force) and (T2) forces that will apply to the Traction Sheave during an emergency stop with the given (a) acceleration are provided.
These formulas have components representing forces from the inertia of diverting pulley and reeving pulleys in the installation. Reduced
mass of the pulley is used in these components.

Reduced mass of the pulley m =
J∗
(

Vpulley
V

)2

R2 (kg)

* Pulley linear speed Vpulley =(Pulley speed factor)∗V (m/s)

* When the user selects the roping type, the software automatically determines the number of pulleys on the cabin side and the coun-
terweight side during installation their speed factors, and their quantities based on the selected speed factors.
* In the winding image above, the speed factors for each pulley are shown.
* Moment of inertia of the pulley (Figure 1) J = 1/2 ∗ π ∗ ρ ∗A ∗ (R4 −R14) + 1/2 ∗ π ∗ ρ ∗A1 ∗R14 : 0.29 kgm2

* Speci�c weight of the pulley material ρ : 7400 kg/m3

Here, three approaches have been made while continuing with the calculation.
In this calculation, (J) is the moment of inertia of the pulley, and (R) is its radius in meters. (J) is a value related to the physical
properties of the pulley. Calculations are performed using the formulas seen in Figure 1 and Figure 2, based on the following approaches.
1. Approach
The approach has been made assuming all pulleys used in the installation have a diameter of Dp.
Average diameter of all pulleys excluding the Traction Sheave Dp : 294 mm
Radius of the pulleys used in installation (Figure 1) R = (Dp/2)/1000 : 0.15 m
2. Approach
The assumption has been made that the radius of the midsection of the sheave where thickness reduction (Dp-50)(mm).
Radius of the midsection of the sheave where thickness reduction R1 = ((Dp − 40)/2)/1000 : 0.13 m
3. Approach
Pulley width is determined according to the approach in Figure 2, measured in meters.
Pulley width A = ((ns − 1) ∗ (1.6 ∗ dr) + 30)/1000 : 0.09 m
4. Approach
It's assumed that the width of the examined middle section of the pulleys is in meters, where A1=A/4.
Radius of the pulleys used in installation (Figure 1) A1 = A/4 : 0.02 m

A
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RØ

D

p

J = ½*π*ρ*A*(R

4
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4

) + ½*π*ρ*A1* R1
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Figure 1: Pulley's moment of inertia (J) Figure 2: Pulley width in meters (A)

Now, inertia moments and reduced masses for pulleys in the installation can be calculated.

H.2.2.1. Cabin is empty and stops with emergency brake while ascending to the topmost stop.

T1 Calculation:

T1 =
Mcwt∗(gn+a)

r
+MSR1cwt ∗ (−gn + a) +MSRcwt ∗ [gn + r2+2

3
∗ a] + mDPcwt∗a

r
+
∑r−1
i=1

(
mPcwt∗iPcwt∗a

r

)
− FRcwt

r

T1 : 6963.68 N

H.2.2.1.1. Inertia forces of the reeving pulleys :
∑r−1
i=1

(
mPcwt∗iPcwt∗a

r

)
: 3.38 N

*On the Counterweight side V reduced mass of pulley at the given speed : mPcwt1 : 13.51 kg
* On the Counterweight side in the selected roping type V Number of pulleys at that speed iPcwt1 : 1 piece
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H.2.2.1.2. Reduced mass of diverting pulleys on the Counterweight side mDPcwt : 0.0 kg

mDPcwt =
JDP ∗(Vpulley/V )2

R2 ∗ iDPcwt =
JDP ∗(V ∗r

V
)2

R2 ∗ iDPcwt = JDP ∗r2∗iDPcwt
R2

Here (V: being the cabin rated speed) Vpulley = V will be.
The number of diverting pulleys on the Counterweight side is multiplied by (iDPCWT ).

-Number of diverting pulleys on the Counterweight side in the chosen rope winding type iDpcwt : 0 piece

H.2.2.1.3. Frictional force in the shaft (E�ciency on the Counterweight side, friction on the rails,
etc.)

FRcwt : 268.06 N

FRcwt =
Mcwt∗(gn+a)∗FRcwt−f

100

*FRCWT= Forces directly a�ecting the Counterweight * frictional force factor on the Counterweight side

* Frictional force factor on the Counterweight side FRcwt−f : 2 %

T2 Calculation:

T2 =
(P+MCRcar+MTrav)∗(gn−a)

r
+MSR1car ∗ (−gn − a)− mDpcar∗a

r
−∑r−1

i=1

(
mPcar∗iPcar∗a

r

)
+ FRcar

r

T2 : 4641.92 N

H.2.2.1.4. Inertia forces of the reeving pulleys :
∑r−1
i=1

(
mPcar∗iPcar∗a

r

)
: 6.76 N

*On the Cabin side V reduced mass of pulley at the given speed : mPcar1 : 13.51 kg
* On the Cabin side in the selected rope winding type V Number of pulleys at that speed iPcar1 : 2 piece

H.2.2.1.5. Reduced mass of diverting pulleys on the Cabin side mDPcar : 0.0 kg

mDPcar =
JDP ∗(Vpulley/V )2

R2 ∗ iDPcar =
JDP ∗(V ∗r/V )2

R2 ∗ iDPcar = JDP ∗r2∗iDPcar
R2

-Here (V: being the cabin rated speed) Vpulley = V will be.
The number of Diverting pulleys on the Counterweight side has been multiplied by (iDPCar).

-Number of diverting pulleys on the Cabin side in the selected rope winding type iDPcar : 0 piece

H.2.2.1.6. Friction force in the shaft (E�ciency on the Cabin side, friction on the rails, etc.) FRcar : 182.3 N

FRcar =
(P+MCRcar+Mtrav)∗(gn−a)∗FRcar−f

100
∗FRcar = Forces directly a�ecting the Cabin * friction force factor on the Cabin side

Friction force factor on the Cabin side FRcar−f : 2 %

H.2.2.1.7. Other Calculations
Friction coe�cient µ = 0, 1/(1 + v/10) : 0.08
Rope speed (V: Cabin rated speed) v = V ∗ r : 3.2 m/s
Friction Factor f : 0.233

T1/T2 ≤ efα should be.

1.5 ≤ 2.08

H.2.2.2. Cabin is loaded with rated load and stops with emergency brake while descending to the lowest
stop.

All variables in the T1 and T2 formulas are given in the above H.2.2.1.

T1 Calculation:

T1 =
(Q+P )∗(gn+a)

r
+MSR1 ∗ (−gn + a) +MSRcar ∗ (gn + ( r

2+2
3

) ∗ a) + mDPcar∗a
r

+
∑r−1
i=1

(
mPcar∗iPcwar∗a

r

)
− FRcar

r

T1 : 8987.82 N

H.2.2.2.1. Inertia forces of the reeving pulleys
∑r−1
i=1

(
mPcar∗iPcar∗a

r

)
: 6.76 N

H.2.2.2.2. Friction force in the shaft (E�ciency on the Cabin side, friction on the rails, etc.) FRcar : 350.54 N
FRcar = (Q+ P ) ∗ (gn + a) ∗ (FRcar−f/100)
∗FRcar = Forces directly a�ecting the Cabin * friction force factor on the Cabin side
Friction force factor on the Cabin side FRcar−f : 2 %

T2 Calculation:
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T2 = (Mcwt+MCRcwt
r

) ∗ (gn − a) +MSR1 ∗ (−gn − a)− (mDPcwt∗a
r

)−∑r−1
i=1

(
mPcwt∗iPcwt∗a

r

)
+ FRcwt

r

T2 : 6514.24 N

H.2.2.2.3. Inertia forces of the reeving pulleys
∑r−1
i=1

(
mPcwt∗iPcwt∗a

r

)
: 3.38 N

H.2.2.2.4. Frictional force in the shaft (E�ciency on the Counterweight side, friction on the rails,
etc.)

FRcwt : 255.59 N

FRcwt = (Mcwt +MCRcwt) ∗ (gn − a) ∗ (FRcwt−f/100)

*FRCWT= Forces directly a�ecting the Counterweight * frictional force factor on the Counterweight side

Frictional force factor on the Counterweight side FRcwt−f : 2 %

H.2.2.2.5. Other Calculations
Friction coe�cient µ = 0, 1/(1 + v/10) : 0.08
Rope speed (V: Cabin rated speed) v = V ∗ r : 3.2 m/s
Friction Factor f : 0.233

T1/T2 ≤ efα should be.

1.38 ≤ 2.08

H.2.3 CONDITION OF THE CABIN REMAINING SUSPENDED (EN 81-50 / 5.11.2.2.3)

The cabin is empty and at the topmost stop, while the counterweight is settled on the bu�er

T1
(P+MCRcar+MTtrav)

r
∗ gn −MSR1 ∗ gn : 4802.29 N

T2 gn ∗MSRcwt −MSR1 ∗ gn : 356.5 N

If the motor/machine is BELOW the TRAVEL DISTANCE, T2 will theoretically be 0. This will make the T1/T2 section unde�ned.
To overcome this, a very small value such as about 1kg is taken for the di�erence (MSRCWT −MSR1 ), from here the approximation
T2 = 10N is made.

Friction coe�cient µ : 0.2
Friction Factor f : 0.614

T1/T2 ≥ efα should be.

13.47 ≥ 6.89

H.3. CHECKS RELATED TO THE COMPATIBILITY OF PULLEYS (EN 81-20 ; 5.5.2.1)

*If the rope is certi�ed and its certi�cate is suitable for the pulley diameter, these two checks will not be done.

Dt/dr ≥ 40 should be.

36.92 ≥ 40 −
Ds/dr ≥ 40 should be.

36.92 ≥ 40 −
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ELEVATOR CABLE LINE CONDUCTOR CROSS-SECTION CALCULATION (Beta V.5.0)

Standard : IEC/HD 60364-5-52
Type of Alternating Current Motor : 3-Phase, Balanced Load, Alternating Current Motor
Cable Type : Sheathed, 5-core, Low Voltage Cable
Sheath and Insulation Material : Thermoplastic (PVC)
Cable Conductor Material : Copper

Fire-resistant, non-�ame propagating cable, It is assumed in the conductor installation that there is no other phase conductor (cir-
cuit) near the conductor.

Externally Sheathed, Multi-core Cable Type Cable Line Installation Method

1
2

4

3

5

Method (C)

Maximum current passing through the line IB : 40 A
* Motor Rated Current (In), kabin-kuyu ayd�nlatma, kumanda
sistemi, �ren sistemi vb ak�mlar toplam�

Length of the Line L : 35 m
Operating voltage, Phase-to-neutral voltage U0 : 220 V
Maximum desired relative voltage drop on the line %umax : 3 %
Ambient temperature T : 30 ◦C
Frequency f : 50 Hz
Speci�c coe�cient of conductivity of copper X : 50 m/Ωmm2

Power factor (sinϕ = 0, 6) cosϕ : 0.8
Cable line phase conductor cross-section S : 10 mm2

Current carrying capacity of phase cable in (S) cross-section u = b ∗
(
ρ1
L
S

∗ cosϕ+ λ ∗ sinϕ
)
∗ IB : 2.59 V

Relative voltage drop in the cable line %u = 100 ∗ u
U0

= 100 ∗ (ρ1 L
S
∗cosϕ+λ∗sinϕ)∗IB

U0
: 1.18 %

* 3-phase, Balanced load, Alternating Current Motor (b = 1)

A) DETERMINATION OF THE (S) SECTION OF THE PHASE CONDUCTOR IN THE CABLE LINE

*In the above formula %u, %umax value is used in place of %u and the minimum rated cross-section (S) of the phase conductor is
found (As is seen, there's an inverse proportion between %umax and S).
*Then, the current carrying capacity (I) of the phase conductor with section (S) is taken from Table 9.
*If the current carrying capacity of the cable to be found (I) exceeds Imax, the cross-sectional area S of the phase conductor has been
determined.
*If the identi�ed current carrying capacity ‘I′ is less than IB , one moves sequentially to the next higher standard cross-sectional area
‘S′ until the condition is met.
In the formulas above, even if the cross-section S comes out to be less than 6 mm2, as per generally accepted norms, in elevators, the
cross-section S is not taken to be less than 6 mm2.

PROJE 5 Elevator 3- Column (H). Cross-section Calculation

Current carrying capacity in amperes for installation methods according to HD 60364-5-52 / Table B.52.1.

- PVC insulated/sheathed, two-core conductor
- Copper
- Conductor temperature : 70 ◦C
- Ambient air temperature : 30 ◦C
Conductor's Rated Cross-section Method (B1) Method (B2) Method (C)

S (mm2) I (A) I (A) I (A)
1.5 17.5 ∗ d 16.5 ∗ d 19.5 ∗ d
2.5 24 ∗ d 23 ∗ d 27 ∗ d
4 32 ∗ d 30 ∗ d 36 ∗ d
6 41 ∗ d 38 ∗ d 46 ∗ d
10 57 ∗ d 52 ∗ d 63 ∗ d
16 76 ∗ d 69 ∗ d 85 ∗ d
25 101 ∗ d 90 ∗ d 112 ∗ d
35 125 ∗ d 111 ∗ d 138 ∗ d
50 151 ∗ d 133 ∗ d 168 ∗ d
70 192 ∗ d 168 ∗ d 213 ∗ d
95 232 ∗ d 201 ∗ d 258 ∗ d
120 269 ∗ d 232 ∗ d 299 ∗ d
150 300 ∗ d 258 ∗ d 344 ∗ d
185 341 ∗ d 294 ∗ d 392 ∗ d
240 400 ∗ d 344 ∗ d 461 ∗ d
300 458 ∗ d 394 ∗ d 530 ∗ d

Identi�ed cable line phase conductor cross-section S : 10 mm2

In the formulas above, even if the cross-section S comes out to be less than 6 mm2, as per generally accepted norms, in elevators, the
cross-section S is not taken to be less than 6 mm2.

B) RELATIVE VOLTAGE REDUCTION CONTROL IN THE CABLE LINE

Voltage reduction occurring in the cable line at cross-section (S) u = b ∗
(
ρ1
L
S

∗ cosϕ+ λ ∗ sinϕ
)
∗ IB : 2.59 V

Relative voltage reduction occurring in the column line for cross-section (S) %u = 100 ∗ u
U0

: 1.18 %

%u ≤ %umax should be.

1.18 ≤ 3

C) CHECKING THE CURRENT CARRYING CAPACITY OF THE PHASE CABLE IN THE COLUMN LINE

I: Current carrying capacity of phase cable in (S) cross-section

*In HD 60364-5-52 / Table B.52.2, the current value with the wire correction coe�cient (d) applied.

I =: [[I1]] ∗ [[d]] = 47.25 A

d ; Finding the current correction coe�cient according to the number of cores of the sheathed conductor

* In determining (d), the table below in HD 60364-5-52 / Table B.52.17 was used.

Table B.52.17 Reduction factors for single circuits or a single multi-core cable, or groups more than one circuit or more than one
multi-core cable, using the current carrying capacities in Tables B.52.2 to B.52.13.

Item No Arrangement (ca-
bles in contact)

Number of circuits or multi-core cables Reference to be
used with current
carrying capacities

1 2 3 4 5 6 7 8 9 12 16 20

1 In air, on sur-
face, embedded or
bundled within a
groove

1.00 0.80 0.70 0.65 0.60 0.57 0.54 0.52 0.50 0.45 41 0.38 B.52.2 to B.52.13
Method (A) to (F)

In HD 60364-5-52 / Table B.52.2, while determining the current carrying capacities of conductors with (S) cross-sectional area, a
two-core conductor was used; in other words, the current carrying capacities of a single-core conductor were multiplied by 0.8. In this
calculation, conductors with 4 and 5 cores were used. Firstly, the amperage values in the list are divided by 0.8 to get the current carrying
capacities of a single-core conductor, and then multiplied by the coe�cient of the respective core number. Thus the (d) coe�cient is
formed as described below.

For 4-core cable d = 0.65
0.8

= 0.8125

For 5-core cable d = 0.60
0.8

= 0.75

I ≥ IB should be.

47.25 ≥ 40
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D) DETERMINING THE CROSS-SECTION OF THE PROTECTION CONDUCTOR (SPE)

In HD 60364-5-54/Table 54.3, the protective (earth) conductor section is de�ned as follows;

Phase conductor's cross-section S (mm2) Protection conductor cross-section SPE (mm2)

S ≤ 16 S
16 < S ≤ 35 16
S > 35 S/2

Note: It is assumed here that the line conductor and the protective conductor are made of the same material.

Using the above 3 equations, the protective conductor section table below has been prepared.

Table for the smallest cross-sectional area of the protective conductor according to (HD 60364-5-54) Table 54.3.

Phase conductor's cross-section S (mm2) Protection conductor cross-section SPE (mm2)

1,5 1,5
2,5 2,5
4 4
6 6
10 10
16 16
25 16
35 16
50 25
70 35
95 50
120 70
150 70
185 95
240 120
300 150

Cable line protection conductor cross-section SPE : 10 mm2
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ELEVATOR CABIN GUIDE RAIL CALCULATION: EN 81-20/50 (2020)

Eccentric

+y

+x

-y

-x

C

S

O

P

O : Coordinate system center S : Rope �xing point C : Cabin geometric center P : Cabin weight center

Rail Type : T75/B 75x62x10
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Distance between rail brackets l : 200 cm
Distance between Cabin guide shoes h : 330 cm
Type of Safety Gear : Progressive Type
Dimension in (x) axis direction Dx : 140 cm
Dimension in (y) axis direction Dy : 135 cm
Travel Distance Htravel : 29.0 m
Total shaft height Hshaft : 35.5 m
If auxiliary equipment is mounted on the rail, its mass M : 1000 kg

* Auxiliary equipment may be attached to both cabin rails. In such a case, the auxiliary equipment for both rails should be
calculated separately, and the larger value should be taken. When calculating the load coming from the motor, the weight of the
motor, the loads on the traction sheave from the cabin and counterweight, and the motor bedplate weight should all be summed.
Additionally, �xpoint loads must be considered. The load on each cabin rail is determined based on the number of connections to
the rails and walls for the systems

Guide Shoe Type : Progressive Type
Guide Shoe Height lp : 14 cm
Taking into account the frictional force of the clips : No

* For travel heights not exceeding 40 m, the Fp force can be neglected in the formula. (EN 81-20; 5.7.2.3.5)
Guide Rail Mounting System : �
Clip Type : Steel Forged Clip
Type of the shaft wall : Shafts made of concrete, brick, or block
Distance from the Cabin weight center (P) to the origin in the direction of the (x) axis Xp : 25.0 cm
Distance from the Cabin weight center (P) to the origin in the direction of the (y) axis Yp : -15.0 cm
Distance of the rope's �xing point (S) from the origin in the (x) axis direction Xs : 25.0 cm
Distance of the rope's �xing point (S) from the origin in the (y) axis direction Ys : 5.0 cm
Guide rail's moment of resistance constant in the (x) axis direction Wx : 9.29 cm3

Guide rail's moment of resistance constant in the (y) axis direction Wy : 7.06 cm3

Guide rail's moment of inertia constant in the (x) axis direction Ix : 40.29 cm4

Guide rail's moment of inertia constant in the (y) axis direction Iy : 26.47 cm4

Cross-sectional area of the guide rail A : 10.91 cm2

Radius of inertia of the guide rail iy : 1.56 cm
Unit mass of the guide rail q1 : 8.56 kg/m
Number of guide rails n : 2 piece
Gravitational acceleration gn : 9.81 m/s2

Elasticity modulus for steel E : 2.1 ∗ 107 N/cm2

Mass of a line of guide rails Mg = Hshaft ∗ q1 : 304.02 kg
Vertical force generated by auxiliary equipment on a guide rail Maux =M ∗ gn : 9810.0 N
Rail Tensile Stress Rm : 450 N/mm2

* The tensile strength of steel material should not be less than 37000 N/cm2 and not more than 52000 N/cm2. (ISO 7465; Article
5)
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Number of Flexible Cables nt : 1 piece
Unit Mass of Flexible Cable mt : 0.44 kg/m
Compensation Chain Ratio λ : 100 %
Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Rope Diameter dr : 6.5 mm
Number of Rope ns : 7 piece
Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m

1 1

1

2

Y-2/1-01

Actual Mass of Travel Cables MTrav = 0.5 ∗H ∗ nt ∗mt : 6.38 kg
Mass of the unbalancing portion of the suspension ropes MSR = H ∗ms ∗ ns : 36.34 kg
Mass of the compensation chain/rope MCR = λ ∗MSR ∗ r : 72.67 kg

When the safety gear is in operation;
Rail Safety Factor St : 1.8
* EN 81-20; 5.7.4.5; From Table 15
* A5 (Guide rail elongation coe�cient) has been taken > %12.
Permissible stress when the safety gear is in operation σperm = (100 ∗Rm)/St : 25000.0 N/cm2

* EN 81-20, 5.7.4.5

During normal operation, running and loading;
Rail Safety Factor St : 2.25
* EN 81-20; 5.7.4.5; From Table 15
* A5 (Guide rail elongation coe�cient) has been taken > %12.
Allowable stress during normal operation, running and loading σperm = (100 ∗Rm)/St : 20000.0 N/cm2

On guide rails where safety gears are active;
Allowable De�ections (deviations) *EN 81-20, 5.7.4.6 δperm : 0.5 cm

On guide rails where safety gears are not active;
Allowable De�ections (deviations) *EN 81-20, 5.7.4.6 δperm : 1 cm
Impact factor for the used safety gear *EN 81-20, Table-14 k1 : 2
Normal operation, impact factor for running *EN 81-20, Table-14 k2 : 1.2

c

f

h
1

n

b
=

Fx

R

Fy

2

n

R

The (c) of the guide rail c : 0.8 cm
K�lavuz ray yüksekli§i h1 : 6.2 cm
The (f) dimension of the guide rail f : 0.9 cm
Brake shoe lining width nR : 3.0 cm
Half of the brake shoe lining width b = (nR/2) : 1.5 cm

Earthquake analysis : Earthquake analysis present, passenger elevator
In seismic zone, design acceleration ad : 2.0 m/s2

Distance between lower guide shoe and center of gravity ZSE : 140 cm
Load ratio of guide shoes or emergency guides XSE : 0.58
* Greater than XSE = ZSE/h and (h − ZSE)/h

Cabin load factor in earthquake analysis kSE : 0.4
* In passenger elevators 0.4, in freight elevators 0.8 (EN 81-77; D.2 )
In earthquake review, the reduced rated load (EN 81-77 ; D.2) QSE = kSE ∗Q : 320.0 kg

1- ACTIVATION OF SAFETY DEVICE (EN 81-50 ; C.2.1)

1.1. Activation of the safety gear, bending stress; (EN 81-50 ; C.2.1.1)

Condition 1 loading

+y

+x

-y

-x

D
y

Dx

Dx/4

O
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Q

=
0

C

Q

X

Q

= 
± 
X

C

+D

X

/8

± Xc
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Distance of the nominal load area's center of gravity (Q) from
the origin in the (x) axis direction

xQ = Xc +
Dx
8

: 3.5 cm

Distance of the nominal load area's center of gravity (Q) from
the origin in the (y) axis direction

yQ : 0 cm

Force applied to the rail in the (x) axis direction Fx : 810.85 N
Bending moment of the rail in the (y) axis direction My = (3 ∗ Fx ∗ l)/16 : 30406.93 Ncm
Bending stress of the rail in the (y) axis direction σy =My/Wy : 4306.93 N/cm2

Force applied to the rail in the (y) axis direction Fy : 873.14 N
Bending moment of the rail in the direction of the (x) axis Mx = (3 ∗ Fy ∗ l)/16 : 32742.68 Ncm
Bending stress of the rail in the (x) axis direction σx =Mx/Wx : 3526.03 N/cm2

Condition 2 loading

+y

+x

-y

-x

D
y

Dx

O

Y

Q

=
D
y
/
8

C

Q

X

Q

= 
± 
X
c

D
y
/
4

 (+)
(-)

Distance of the nominal load area's center of gravity (Q) from
the origin in the (x) axis direction

xQ = Xc : -14.0 cm

Distance of the nominal load area's center of gravity (Q) from
the origin in the (y) axis direction

yQ =
Dy

8
: 16.88 cm

Force applied to the rail in the (x) axis direction Fx : 394.67 N
Bending moment of the rail in the (y) axis direction My = (3 ∗ Fx ∗ l)/16 : 14800.11 Ncm
Bending stress of the rail in the (y) axis direction σy =My/Wy : 2096.33 N/cm2

Force applied to the rail in the (y) axis direction Fy : 70.5 n
Bending moment of the rail in the direction of the (x) axis Mx = (3 ∗ Fy ∗ l)/16 : 2643.82 Ncm
Bending stress of the rail in the (x) axis direction σx =Mx/Wx : 284.71 N/cm2

1.2. Activation of the safety gear, buckling stress; (EN 81-50; C.2.1.2)

Consideration of the vertical friction force (Fp) of the clips : No
* For travel heights not exceeding 40 m, the Fp force can be neglected in the formula. (EN 81-20; 5.7.2.3.5)

Clip Type :Steel Forged Clip
Clip Model : SS2
Maximum vertical thrust force applied by a single rail clip to the rail Frmax : 0 kgf
Maximum horizontal force a single rail clip can support Famax : 2200.0 kgf
Maximum vertical thrust force applied by rail clips per bracket to the
rail

Fr = 2 ∗ Frmax ∗ 9.81 : 0 N

* It is assumed that there are two clips on each bracket.
Number of brackets for a guide rail nb = (Hshaft ∗ 100)/l : 17.75 piece

Guide Rail Mounting System : �
Vertical thrust with the force of all brackets on a guide rail Fp = nb ∗ Fr : 0 N
* Due to concrete shrinkage or normal settling of the building, the formula for this vertical force is determined according to the
installation system of the guide rails. If it's said not to consider the friction force of the clips, Fp = 0 will be taken.
Total vertical force impacting the guide rail (EN 81-20: 5.7.2.3.5) Fv : 20434.98 N
* Fv = k1 ∗ gn(Q+ (P +Mtrav +MCR))/n+Mg ∗ gn + Fp
Impact coe�cient for auxiliary parts and other operational condition k3 : 2

* When the Cabin or counterweight is stopped by a safety gear, the possible rebound of the Cabin and the counterweight must be taken
into account by multiplying with the impact factor k3. (EN 81-20; 5.7.4.3) Also, the value in the explanation section of Table 14 should
be determined by the manufacturer according to the actual installation conditions.
* Meanwhile in Annex (E; E.1) when de�ning loads coming to the building, *They are the values resulting from moving masses and their
emergency response. This dynamic e�ect is said to be represented by a factor of 2. An approach has been made suggesting that the value
given for the building can also be used in the rail calculation, hence k3 = 2 was taken.

Slenderness coe�cient of the rail λ = l/iy : 128.45
* When λ < 20 or λ > 250, w370, w520 cannot be calculated, thus the following wRm, σk, σ = σk + 0.9 ∗ σm (Combined bending and
buckling stress) also cannot be calculated.

Rm = 370N/mm2 Omega value for tensile stress W370 = 0.00016887 ∗ λ2 : 2.79
Rm = 520N/mm2 Omega value for tensile stress W520 = 0.0002533 ∗ λ2 : 4.18
Omega value for the tensile stress (Rm) of the used rail wRm : 3.53
* wRm = ((w520 − w370) ∗ (Rm − 370)/(520− 370)) + w370

Buckling stress in the guide rail (EN 81-50: C 2.1.2.) σk = ((Fv + k3 ∗Maux) ∗ wRm)/A : 12957.58 N/cm2

1.3. Activation of the safety gear, control of combined stresses; (EN 81-50; C.2.1.3)
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Combined bending stress σ = σm = σx + σy ≤ σperm N/cm2 should be.
Combined bending and compression/tension stresses σ = σm + (Fv + k3 ∗Maux)/A ≤ σperm N/cm2 should be.
Combined bending and buckling stresses σ = σk + 0.9 ∗ σm ≤ σperm N/cm2 should be.

Condition 1 loading

Combined bending stress 7832.96 ≤ 25000.0 N/cm2

Combined bending and compression/tension stresses 11504.36 ≤ 25000.0 N/cm2

Combined bending and buckling stresses 20007.24 ≤ 25000.0 N/cm2

Condition 2 loading

Combined bending stress 2381.04 ≤ 25000.0 N/cm2

Combined bending and compression/tension stresses 6052.44 ≤ 25000.0 N/cm2

Combined bending and buckling stresses 15100.52 ≤ 25000.0 N/cm2

1.4. Activation of safety gear, control of �shplate bending stress; (EN 81-50 / C.2.1.4)

Fishplate bending stress σF =
6∗Fx∗(h1−b−f)

c2∗(lp+2∗(h1−f))
≤ σperm N/cm2 should be.

Condition 1 loading

Fishplate bending stress 1174.25 ≤ 25000.0 N/cm2

Condition 2 loading

Fishplate bending stress 571.55 ≤ 25000.0 N/cm2

1.5. Activation of the safety gear, De�ection amount control; (EN 81-50 / C.2.1.5)

Bending amount of rail in the (x) axis direction δx = (0.7 ∗ Fx ∗ l3)/(48 ∗ E ∗ Iy) + δstr−x ≤ σperm cm should be.
Bending amount of rail n the (y) axis direction δy = (0.7 ∗ Fy ∗ l3)/(48 ∗ E ∗ Ix) + δstr−y ≤ σperm cm should be.

* When considering building constructions made of concrete, brick or briquette, it can be assumed that the guide rail brackets supporting
the guide will not be subjected to on-site movements caused by the motion of the shaft walls (di�erences in edition, see Article 5.7) (EN
81-20; E.2).
Consequently δstr−x = 0, δstr−y = 0istaken.

Condition 1 loading

Bending amount of rail in the (x) axis direction 0.17 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.12 ≤ 0.5 cm
Condition 2 loading

Bending amount of rail in the (x) axis direction 0.08 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.01 ≤ 0.5 cm

2. Normal operation - running; (EN 81-50, C.2.2)

2.1. Normal operation - running, bending stress (EN 81-50, C.2.2.1)

If earthquake calculation is selected , In EN 81-77, D8, it is considered that the earthquake may come from the direction of (x) axis
or (y) axis and the calculation form is given in the standard for these two cases. The calculation form and calculation given for these
two cases can be seen below.
* If the earthquake comes in the (x) axis direction, in the (Fx) formula ax = ad , in the (Fy) formula ay = 0.

* If the earthquake is coming from the (y) axis direction, in the (Fx) formula ax = 0 , in the (Fy) formula ay = ad.
As per the latest standard, an examination without considering earthquake is also performed.

Fx : Force applied to the rail in the (x) axis direction
My : Bending moment of the rail in the (y) axis direction
σy : Bending stress of the rail in the (y) axis direction
Fy : Force applied to the rail in the (y) axis direction
Mx : Bending moment of the rail in the direction of the (x) axis
σx : Bending stress of the rail in the (x) axis direction

Condition 1 loading

Distance of the nominal load area's center of gravity (Q) from the origin in the (x) axis direction xQ = Xc +
Dx
8

: 3.5 cm
Distance of the nominal load area's center of gravity (Q) from the origin in the (y) axis direction yQ : 0 cm
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There is an earthquake analysis (x) axis di-
rection

(y) axis di-
rection

No earthquake analysis

Fx :
k2∗gn∗(QSE∗(xQ−xs)+P∗(Xp−Xs))

n∗h 579.71 122.71
k2∗gn∗(Q∗(xQ−Xs)+P∗(xp−Xs))

n∗h 306.79 N

+
ax∗(P+QSE)∗XSE

n
My : (3 ∗ Fx ∗ l)/16 21739.13 4601.78 (3 ∗ Fx ∗ l)/16 11504.45 Ncm
σy : My/Wy 3079.2 651.81 My/Wy 1629.53N/cm2

Fy :
k2∗gn∗(QSE∗(yQ−ys)+P∗(Yp−Ys))

(n/2)∗h 699.19 705.66
k2∗gn∗(Q∗(yQ−Ys)+P∗(yp−Ys))

(n/2)∗h 784.8 N

+
ay∗(P+QSE)∗XSE

n/2

My : (3 ∗ Fy ∗ l)/16 26219.45 26462.36 (3 ∗ Fy ∗ l)/16 29430.0 Ncm
σx : Mx/Wx 2823.55 2849.71 Mx/Wx 3169.29 N/cm2

Condition 2 loading
Distance of the nominal load area's center of gravity (Q) from the origin in the (x) axis direction xQ = Xc : -14.0 cm

Distance of the nominal load area's center of gravity (Q) from the origin in the (y) axis direction yQ =
Dy

8
: 16.88 cm

There is an earthquake analysis (x) axis di-
rection

(y) axis di-
rection

No earthquake analysis

Fx :
k2∗gn∗(QSE∗(xQ−xs)+P∗(Xp−Xs))

n∗h 479.83 222.6
k2∗gn∗(Q∗(xQ−Xs)+P∗(xp−Xs))

n∗h 556.49 N

+
ax∗(P+QSE)∗XSE

n
My : (3 ∗ Fx ∗ l)/16 17993.49 8347.42 (3 ∗ Fx ∗ l)/16 20868.55 Ncm
σy : My/Wy 2548.65 1182.35 My/Wy 2955.88 N/cm2

Fy :
k2∗gn∗(QSE∗(yQ−ys)+P∗(Yp−Ys))

(n/2)∗h 506.55 898.3
k2∗gn∗(Q∗(yQ−Ys)+P∗(yp−Ys))

(n/2)∗h 303.22 N

+
ay∗(P+QSE)∗XSE

n/2

My : (3 ∗ Fy ∗ l)/16 18995.73 33686.09 (3 ∗ Fy ∗ l)/16 11370.68 Ncm
σx : Mx/Wx 2045.63 3627.62 Mx/Wx 1224.5 N/cm2

2.2. Normal operation - running, buckling stress; (EN 81-50, C.2.2.2)

Total vertical force impacting the guide rail (EN 81-20: 5.7.2.3.5) Fv =Mg ∗ gn + Fp : 2982.46 N
Refer to 1.2 for (Fp) and (k3)
Buckling stress on the guide rail (EN 81-50: C. 2.2.2.) σv = (Fv + k3 ∗Maux)/A : 2071.72 N/cm2

2.3. Normal operation - running, control of combined stresses; (EN 81-50, C.2.2.3)

In the following calculations, no earthquake, earthquake (x) axis direction and earthquake (y) axis direction values will be considered
and the calculations will continue with whichever value is the maximum among them.

Combined bending stress σ = σm = σx + σy ≤ σperm N/cm2 should be.
Combined bending and compression/tension stresses σ = σm + (Fv + k3 ∗Maux)/A ≤ σpermN/cm2 should be.

There is an earthquake analysis (x) axis
direc-
tion

(y) axis
direc-
tion

No earth-
quake
analysis

Condition 1 loading

Combined bending stress 5902.74 3501.52 4798.81 ≤ 20000.0 N/cm2

Combined bending and compression/tension stresses 7974.46 5573.23 6870.53 ≤ 20000.0 N/cm2

Condition 2 loading

Combined bending stress 4594.28 4809.98 4180.38 ≤ 20000.0 N/cm2

Combined bending and compression/tension stresses 6666.0 6881.69 6252.1 ≤ 20000.0 N/cm2

2.4. Normal operation - running, control of �shplate bending stress; (EN 81-50 / C.2.2.4)

Fishplate bending stress (EN 81-50 / 5.10.5 ) σF =
6∗Fx∗(h1−b−f)

c2∗(lp+2∗(h1−f))
≤ σperm N/cm2 should be.

There is an earthquake analysis (x) axis
direction

(y) axis
direction

No earth-
quake
analysis

Condition 1 loading

Fishplate bending stress 839.52 177.71 444.28 ≤ 20000.0 N/cm2

Condition 2 loading

Fishplate bending stress 694.87 322.36 805.9 ≤ 20000.0 N/cm2

2.5. Normal operation - running, De�ection amount control; (EN 81-50 / C.2.2.5)

Bending amount of rail in the (x) axis direction δx = (0.7 ∗ Fx ∗ l3)/(48 ∗ E ∗ Iy) + δstr−x ≤ δperm cm should be.
Bending amount of rail n the (y) axis direction δy = (0.7 ∗ Fy ∗ l3)/(48 ∗ E ∗ Ix) + δstr−y ≤ δperm cm should be.
Refer to item 1.5 for δstr−x and δstr−y
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There is an earthquake analysis (x) axis
direc-
tion

(y) axis
direc-
tion

No earth-
quake
analysis

Condition 1 loading

Bending amount of rail in the (x) axis direction 0.12 0.03 0.06 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.1 0.1 0.11 ≤ 0.5 cm
Condition 2 loading

Bending amount of rail in the (x) axis direction 0.1 0.05 0.12 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.07 0.12 0.04 ≤0.5 cm

3. Normal operation - loading; (EN 81-50 , C.2.3 )

3.1. Normal operation - loading, bending stress; (EN 81-50 , C.2.3.1)

In this check, the Cabin is considered empty.

If there is more than one entrance, the most convenient entrance is placed at the bottom and the drawing is started. When the cabin
is at a stop and the guide shoes are positioned within 10% of the distance between the vertical guide brackets (above and below the cabin),
the bending due to threshold forces is said to be negligible (EN 81-20/5.7.2.3.6). If the option "RAIL BRACKETS OPPOSITE SHOES
DURING LOADING" is checked in the "LOADING TYPE" section on the web inputs page, the following checks are not performed in
the "NORMAL OPERATION-LOADING" condition here. In this check, the cabin is considered empty.
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Distance from the origin to the point where the thresh-
old force (Fs) acts at the entrance, in the direction of
the (x) axis

xi = Xc +
Dx
2

: 56.0 cm

The distance of the point where the threshold force
(Fs) acts at the input in the direction of the (y) axis
from the origin

yi =
Dy

4
: 33.75 cm

Loading Type : Passenger Elevator
Loading factor *EN 81-20; 5.7.2.3.6 k : 0.4
Threshold force *EN 81-20 ; 5.7.2.3.6 Fs = k ∗ gn ∗Q : 3139.2 N
Force applied to the rail in the (x) axis direction Fx : 147.45 N
Bending moment of the rail in the (y) axis direction My = (3 ∗ Fx ∗ l)/16 : 5529.27 Ncm
Bending stress of the rail in the (y) axis direction σy =My/Wy : 783.18 N/cm2

Force applied to the rail in the (y) axis direction Fy : 261.6 N
Bending moment of the rail in the direction of the (x)
axis

Mx = (3 ∗ Fy ∗ l)/16 : 9810.0 Ncm

Bending stress of the rail in the (x) axis direction σx =Mx/Wx : 1056.43 N/cm2

3.2. Normal operation - loading, buckling stress; (EN 81-50 , C.2.3.2)

Total vertical force impacting the guide rail (EN 81-20: 5.7.2.3.5) Fv =Mg ∗ gn + Fp : 2982.46 N
Refer to 1.2 for (Fp) and (k3)
Buckling stress on the guide rail (EN 81-50: C. 2.2.2.) σv = (Fv + k3 ∗Maux)/A : 2071.72 N/cm2

3.3. Normal operation - loading, control of combined stresses; (EN 81-50 , C.2.3.3)

Combined bending stress σ = σm = σx + σy ≤ σperm N/cm2 should be.
Combined bending and compression/tension stresses σ = σm + (Fv + k3 ∗Maux)/A ≤ σpermN/cm2 should be.

Combined bending stress 1839.61 ≤ 20000.0 N/cm2

Combined bending and compression/tension stresses 3911.33 ≤ 20000.0 N/cm2

3.4. Normal operation - loading, control of �shplate bending stress; (EN 81-50 / C.2.3.4)

Fishplate bending stress σF =
6∗Fx∗(h1−b−f)

c2∗(lp+2∗(h1−f))
≤ σperm N/cm2 should be.

Fishplate bending stress 213.53 ≤ 20000.0 N/cm2

3.5. Normal operation, loading, control of the amount of de�ection; (EN 81-50 / C.2.3.5)

6

PROJE 5 Elevator 3- Rail Calculation

Bending amount of rail in the (x) axis direction δx = (0.7 ∗ Fx ∗ l3)/(48 ∗ E ∗ Iy) + δstr−x ≤ δperm cm should be.
Bending amount of rail n the (y) axis direction δy = (0.7 ∗ Fy ∗ l3)/(48 ∗ E ∗ Ix) + δstr−y ≤ δperm cm should be.
Refer to item 1.5 for δstr−x and δstr−y

Bending amount of rail in the (x) axis direction 0.03 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.04 ≤ 0.5 cm

4. Rail Clip Deformation Control

Clip Type : Steel Forged Clip

Fx

Fa

Clip Model : SS2
Fxmax : Largest Fx force among all operational situations (N)
Famax : Horizontal push with the force of a single clip (N)

Fxmax ≤ Famax N

810.85 ≤ 21574.63 N
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ELEVATOR COUNTERWEIGHT GUIDE RAIL CALCULATION: EN 81-20/50 (2020)

Counterweight

+y

+x

-y

-x

O=S=C

P

O : Coordinate system center S : Rope �xing point C : Cabin geometric center P : Cabin weight center

Rail Type : T70/A 70x65x9
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Distance between rail brackets l : 120 cm
Distance between the Counterweight guide shoes h : 150 cm
Type of Safety Gear : [[GuvenlikTertibatiTipiAdi]]
Dimension in (x) axis direction Dx : 16 cm
Dimension in (y) axis direction Dy : 85 cm
Travel Distance Htravel : 29.0 m
Total shaft height Hshaft : 35.5 m
If auxiliary equipment is mounted on the rail, its mass M : 1000 kg

* Auxiliary equipment may be attached to both cabin rails. In such a case, the auxiliary equipment for both rails should be
calculated separately, and the larger value should be taken. When calculating the load coming from the motor, the weight of the
motor, the loads on the traction sheave from the cabin and counterweight, and the motor bedplate weight should all be summed.
Additionally, �xpoint loads must be considered. The load on each cabin rail is determined based on the number of connections to
the rails and walls for the systems

Guide Shoe Type : Roller Type
Guide Shoe Height lp : - cm
Taking into account the frictional force of the clips : No

* For travel heights not exceeding 40 m, the Fp force can be neglected in the formula. (EN 81-20; 5.7.2.3.5)
Guide Rail Mounting System : �
Clip Type : Sheet clip
Type of the shaft wall : Shafts made of concrete, brick, or block
Counterweight Balance Factor q : 50 %
Counterweight Mass Mcwt = Q ∗ q + P : 1300.0 kg
Distance of the rope's �xing point (S) from the origin in the (x) axis direction Xs : 0 cm
Distance of the rope's �xing point (S) from the origin in the (y) axis direction Ys : 0 cm
Guide rail's moment of resistance constant in the (x) axis direction Wx : 9.17 cm3

Guide rail's moment of resistance constant in the (y) axis direction Wy : 5.39 cm3

Guide rail's moment of inertia constant in the (x) axis direction Ix : 40.95 cm4

Guide rail's moment of inertia constant in the (y) axis direction Iy : 18.86 cm4

Cross-sectional area of the guide rail A : 9.4 cm2

Radius of inertia of the guide rail iy : 1.42 cm
Unit mass of the guide rail q1 : 7.38 kg/m
Number of guide rails n : 2 piece
Gravitational acceleration gn : 9.81 m/s2

Elasticity modulus for steel E : 2.1 ∗ 107 N/cm2

Mass of a line of guide rails Mg = Hshaft ∗ q1 : 261.95 kg
Vertical force generated by auxiliary equipment on a guide rail Maux =M ∗ gn : 9810.0 N
Rail Tensile Stress Rm : 370 N/mm2

* The tensile strength of steel material should not be less than 37000 N/cm2 and not more than 52000 N/cm2. (ISO 7465; Article
5)
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Compensation Chain Ratio λ : 100 %
Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Rope Diameter dr : 6.5 mm
Number of Rope ns : 7 piece
Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m

1 1

1

2

Y-2/1-01

Mass of the unbalancing portion of the suspension ropes MSR = H ∗ms ∗ ns : 36.34 kg
Mass of the compensation chain/rope MCR = λ ∗MSR ∗ r : 72.67 kg

When the safety gear is in operation;
Rail Safety Factor St : 1.8
* EN 81-20; 5.7.4.5; From Table 15
* A5 (Guide rail elongation coe�cient) has been taken > %12.
Permissible stress when the safety gear is in operation σperm = (100 ∗Rm)/St : 20555.56 N/cm2

* EN 81-20, 5.7.4.5

During normal operation, running and loading;
Rail Safety Factor St : 2.25
* EN 81-20; 5.7.4.5; From Table 15
* A5 (Guide rail elongation coe�cient) has been taken > %12.
Allowable stress during normal operation, running and loading σperm = (100 ∗Rm)/St : 16444.44 N/cm2

On guide rails where safety gears are active;
Allowable De�ections (deviations) *EN 81-20, 5.7.4.6 δperm : 0.5 cm

On guide rails where safety gears are not active;
Allowable De�ections (deviations) *EN 81-20, 5.7.4.6 δperm : 1 cm
Impact factor for the used safety gear *EN 81-20, Table-14 k1 : 0
Normal operation, impact factor for running *EN 81-20, Table-14 k2 : 1.2

c

f

h
1

n

b
=

Fx

R

Fy

2

n

R

The (c) of the guide rail c : 0.6 cm
K�lavuz ray yüksekli§i h1 : 6.5 cm
The (f) dimension of the guide rail f : 0.8 cm
Brake shoe lining width nR : 3.4 cm
Half of the brake shoe lining width b = (nR/2) : 1.7 cm

Earthquake analysis : Earthquake analysis present, passenger elevator
In seismic zone, design acceleration ad : 2.0 m/s2

Distance between lower guide shoe and center of gravity ZSE : 120 cm
Load ratio of guide shoes or emergency guides XSE : 0.8
* Greater than XSE = ZSE/h and (h − ZSE)/h

1- ACTIVATION OF SAFETY DEVICE (EN 81-50 ; C.2.1)

1.1. Activation of the safety gear, bending stress; (EN 81-50 ; C.2.1.1)
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Counterweight, the distance from the origin to the center of weight (P) along
the (x) axis. ( EN 81-20 ; 5.7.2.3.3 )

xp = 0.1 ∗Dx : 1.6 cm

Counterweight, the distance from the origin to the center of weight (P) along
the (y) axis. ( EN 81-20 ; 5.7.2.3.3 )

yp = 0.05 ∗Dy : 4.25 cm

Force applied to the rail in the (x) axis direction Fx : 0.0 N
Bending moment of the rail in the (y) axis direction My = (3 ∗ Fx ∗ l)/16 : 0.0 Ncm
Bending stress of the rail in the (y) axis direction σy =My/Wy : 0.0 N/cm2

Force applied to the rail in the (y) axis direction Fy : 0.0 N
Bending moment of the rail in the direction of the (x) axis Mx = (3 ∗ Fy ∗ l)/16 : 0.0 Ncm
Bending stress of the rail in the (x) axis direction σx =Mx/Wx : 0.0 N/cm2

1.2. Activation of the safety gear, buckling stress; (EN 81-50; C.2.1.2)

Consideration of the vertical friction force (Fp) of the clips : No
* For travel heights not exceeding 40 m, the Fp force can be neglected in the formula. (EN 81-20; 5.7.2.3.5)

Clip Type : Sheet clip
Clip Model : SL2
Maximum vertical thrust force applied by a single rail clip to the rail Frmax : 0 kgf
Maximum horizontal force a single rail clip can support Famax : 297.0 kgf
Maximum vertical thrust force applied by rail clips per bracket to the rail Fr = 2 ∗ Frmax ∗ 9.81 : 0 N
* It is assumed that there are two clips on each bracket.
Number of brackets for a guide rail nb = (Hshaft ∗ 100)/l : 29.58 piece
Guide Rail Mounting System : �
Vertical thrust with the force of all brackets on a guide rail Fp = Nb ∗ Fr : 0 N
* Due to concrete shrinkage or normal settling of the building, the formula for this vertical force is determined according to the
installation system of the guide rails. If it's said not to consider the friction force of the clips, Fp = 0 will be taken.
Total vertical force impacting the guide rail (EN 81-20: 5.7.2.3.5) Fv : 2569.77 N
* Fv = (k1 ∗ gn ∗ (Mcwt +MCR))/n+Mg ∗ gn + Fp
Impact coe�cient for auxiliary parts and other operational condition k3 : 2

* When the Cabin or counterweight is stopped by a safety gear, the possible rebound of the Cabin and the counterweight
must be taken into account by multiplying with the impact factor k3. (EN 81-20; 5.7.4.3) Also, the value in the explanation
section of Table 14 should be determined by the manufacturer according to the actual installation conditions.
* Meanwhile in Annex (E; E.1) when de�ning loads coming to the building, *They are the values resulting from moving
masses and their emergency response. This dynamic e�ect is said to be represented by a factor of 2. An approach has been
made suggesting that the value given for the building can also be used in the rail calculation, hence k3 = 2 was taken.

Slenderness coe�cient of the rail λ = l/iy : 84.69
* When λ < 20 or λ > 250, w370, w520 cannot be calculated, thus the following wRm, σk, σ = σk + 0.9 ∗ σm (Combined
bending and buckling stress) also cannot be calculated.

Rm = 370N/mm2 Omega value for tensile stress W370 = 0.00004627 ∗ λ2.14 + 1 : 1.62
Rm = 520N/mm2 Omega value for tensile stress W520 = 0.00002447 ∗ λ2.36 + 1.03 : 1.9
Omega value for the tensile stress (Rm) of the used rail wRm : 1.62
* wRm = ((w520 − w370) ∗ (Rm − 370)/(520− 370)) + w370

Buckling stress in the guide rail (EN 81-50: C 2.1.2.) σk = ((Fv + k3 ∗Maux) ∗ wRm)/A : 3818.89 N/cm2

1.3. Activation of the safety gear, control of combined stresses; (EN 81-50; C.2.1.3)

Combined bending stress σ = σm = σx + σy ≤ σperm N/cm2 should be.
Combined bending and compression/tension stresses σ = σm + (Fv + k3 ∗Maux)/A ≤ σperm N/cm2 should be.
Combined bending and buckling stresses σ = σk + 0.9 ∗ σm ≤ σperm N/cm2 should be.

Combined bending stress 0.0 ≤ 20555.56 N/cm2

Combined bending and compression/tension stresses 2360.61 ≤ 20555.56 N/cm2

Combined bending and buckling stresses 3818.89 ≤ 20555.56 N/cm2

1.4. Activation of safety gear, control of �shplate bending stress; (EN 81-50 / C.2.1.4)

Fishplate bending stress σF = 1.85∗Fx
c2

≤ σperm N/cm2 should be.

Fishplate bending stress 0.0 ≤ 20555.56 N/cm2
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1.5. Activation of the safety gear, De�ection amount control; (EN 81-50 / C.2.1.5)

Bending amount of rail in the (x) axis direction δx = (0.7 ∗ Fx ∗ l3)/(48 ∗ E ∗ Iy) + δstr−x ≤ σperm cm should be.
Bending amount of rail n the (y) axis direction δy = (0.7 ∗ Fy ∗ l3)/(48 ∗ E ∗ Ix) + δstr−y ≤ σperm cm should be.

* When considering building constructions made of concrete, brick or briquette, it can be assumed that the guide rail
brackets supporting the guide will not be subjected to on-site movements caused by the motion of the shaft walls (di�erences
in edition, see Article 5.7) (EN 81-20; E.2).
Consequently δstr−x = 0, δstr−y = 0 is taken.

Bending amount of rail in the (x) axis direction 0.0 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.0 ≤ 0.5 cm

2. Normal operation - running; (EN 81-50, C.2.2)

2.1. Normal operation - running, bending stress (EN 81-50, C.2.2.1)

If earthquake calculation is selected , In EN 81-77, D8, it is considered that the earthquake may come from the direction of (x) axis
or (y) axis and the calculation form is given in the standard for these two cases. The calculation form and calculation given for these
two cases can be seen below.
* If the earthquake comes in the (x) axis direction, in the (Fx) formula ax = ad , in the (Fy) formula ay = 0.

* If the earthquake is coming from the (y) axis direction, in the (Fx) formula ax = 0 , in the (Fy) formula ay = ad.
As per the latest standard, an examination without considering earthquake is also performed.

Fx : Force applied to the rail in the (x) axis direction
My : Bending moment of the rail in the (y) axis direction
σy : Bending stress of the rail in the (y) axis direction
Fy : Force applied to the rail in the (y) axis direction
Mx : Bending moment of the rail in the direction of the (x) axis
σx : Bending stress of the rail in the (x) axis direction

There is an earthquake analysis (x) axis di-
rection

(y) axis di-
rection

No earthquake analysis

Fx :
k2∗gn∗Mcwt∗Xp

n∗h + ax∗Mcwt∗XSE
n

1121.62 81.62
k2∗gn∗Mcwt∗Xp

n∗h 81.62 N
My : (3 ∗ Fx ∗ l)/16 25236.43 1836.43 (3 ∗ Fx ∗ l)/16 1836.43 Ncm
σy : My/Wy 4682.95 340.77 My/Wy 340.77N/cm2

Fy :
k2∗gn∗Mcwt∗Yp

(n/2)∗h +
ay∗Mcwt∗XSE

n/2
433.6 2513.6

k2∗gn∗Mcwt∗Yp

(n/2)∗h 433.6 N

My : (3 ∗ Fy ∗ l)/16 9756.05 56556.04 (3 ∗ Fy ∗ l)/16 9756.05 Ncm
σx : Mx/Wx 1064.02 6168.18 Mx/Wx 1064.02 N/cm2

2.2. Normal operation - running, buckling stress; (EN 81-50, C.2.2.2)

Total vertical force impacting the guide rail (EN 81-20: 5.7.2.3.5) Fv =Mg ∗ gn + Fp : 2569.77 N
Refer to 1.2 for (Fp) and (k3)
Buckling stress on the guide rail (EN 81-50: C. 2.2.2.) σv = (Fv + k3 ∗Maux)/A : 2360.61 N/cm2

2.3. Normal operation - running, control of combined stresses; (EN 81-50, C.2.2.3)

Combined bending stress σ = σm = σx + σy ≤ σperm N/cm2 should be.
Combined bending and compression/tension stresses σ = σm + (Fv + k3 ∗Maux)/A ≤ σpermN/cm2 should be.

There is an earthquake analysis (x) axis direction (y) axis direction No earth-
quake analy-
sis

Combined bending stress 5746.98 6508.95 1404.8 ≤ 16444.44 N/cm2

Combined bending and compression/tension stresses 8107.59 8869.57 3765.41 ≤ 16444.44 N/cm2

2.4. Normal operation - running, control of �shplate bending stress; (EN 81-50 / C.2.2.4)

Fishplate bending stress (EN 81-50 / 5.10.5 ) σF = 1.85∗Fx
c2

≤ σperm N/cm2 should be.

There is an earthquake analysis (x) axis direction (y) axis direction No earth-
quake analy-
sis

Fishplate bending stress 5763.88 419.43 419.43 ≤ 16444.44 N/cm2

2.5. Normal operation - running, De�ection amount control; (EN 81-50 / C.2.2.5)
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Bending amount of rail in the (x) axis direction δx = (0.7 ∗ Fx ∗ l3)/(48 ∗ E ∗ Iy) + δstr−x ≤ δperm cm should be.
Bending amount of rail n the (y) axis direction δy = (0.7 ∗ Fy ∗ l3)/(48 ∗ E ∗ Ix) + δstr−y ≤ δperm cm should be.
Refer to item 1.5 for δstr−x and δstr−y

There is an earthquake analysis (x) axis
direc-
tion

(y) axis
direc-
tion

No earth-
quake
analysis

Bending amount of rail in the (x) axis direction 0.07 0.01 0.01 ≤ 0.5 cm

Bending amount of rail n the (y) axis direction 0.01 0.07 0.01 ≤ 0.5 cm

3. Rail Clip Deformation Control

Clip Type : Sheet clip

Fx

Fa

Clip Model : SL2
Fxmax : Largest Fx force among all operational situations (N)
Famax : Horizontal push with the force of a single clip (N)

Fxmax ≤ Famax N

1121.62 ≤ 2912.58 N
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Company Name : Eleport
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Elevator Name : Elevator 3
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Calculation of Forces Applied to the Building

F3

F4

F1 F5 F2

F6

Standard : ( EN 81-20/50:2020)
Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Travel Distance Htravel : 29.0 m
Total shaft height Hshaft : 35.5 m
Number of Rope ns : 7 piece
Rope Diameter dr : 6.5 mm
Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m
Counterweight Balance Factor q : 50 %
Compensation Chain Ratio λ : 100 %

Number of Cabin Bu�ers ncar : 1 piece
Number of Counterweight Bu�er ncwt : 1 piece
Mass of the equipment attached to the top of rail number 1 M1 : 800 kg
Mass of the equipment attached to the top of rail number 2 M2 : 800 kg
Mass of the equipment attached to the top of rail number 3 M3 : 800 kg
Mass of the equipment attached to the top of rail number 4 M4 : 800 kg
Impact coe�cient of equipment on rail and shaft head k3 : 2

Cabin Rail Type : T89/A
Cabin rail unit mass q1car : 12.38 kg/m
Maximum vertical frictional force applied by a single Cabin rail clip to the rail Frmax.car : 400 kgf
Counterweight rail type : T70/A
Unit Mass of the Counterweight Rail q1cwt : 7.38 kg/m
Maximum vertical friction force that a single counterweight rail clip will apply to the rail: Frmax.cwt : 260 kgf

Number of Pulleys on the Cabin Side of the Shaft Head np.car : 0 piece
The Mass of Pulleys on the Cabin Side of the Shaft Head Mp.car : 0 kg
Number of Pulleys at the Top of the Shaft on the Counterweight Side np.cwt : 0 piece

Mass of the Pulley at the Top of the Shaft on the Counterweight Side Mp.cwt : 0 kg
Distance between rail brackets l : 120 cm
Cabin Safety Gear Type : Progressive Type

Counterweight Safety Gear Type : Not used
Taking into account the frictional force of the clips : No

Results

PROJE 5 Elevator 3- Calculation of Forces Applied to the Building

Standard gravitational acceleration gn : 9.81 m/s2

Counterweight mass Mcwt = P + q ∗Q : 1300.0 kg
Total mass of the travel cables MTrav = 0.5 ∗Htravel ∗ nt ∗mt : 6.38 kg
Length of rope causing imbalance MSR = Htravel ∗ms ∗ ns : 36.34 kg
Compensation chain mass MCR = λ ∗MSR ∗ r : 72.67 kg

1 - Maximum vertical force (F1, F2) that a Cabin rail bottom must withstand

It is assumed that the rails are mounted seated on the shaft base.
In the pit, excluding suspended guide rails, the rail underneath the guide rail must be able to withstand the total maximum
vertical force.
Total maximum vertical force on the rail consists of the following components. (EN 81-20/5.7.2.3.1.b ,c)(EN 81-20/5.2.1.8.4)
1-1 The force due to the weight of a row of cabin rails under its own mass.
Mass of one line of Cabin Guide Rails Mgcar = Hshaft ∗ q1car : 439.49 kg
The force due to the weight of a row of cabin rails
under its own mass.

F11 = F21 = (Mgcar ∗ gn)/1000 : 4.31 kN

1-2 The force applied during the operation of the safety gear under a row of cabin rails
Number of Cabin Guide Rails ncar : 2 piece
Impact coe�cient for Cabin safety gear k1−car : 2
The force applied during the operation of the
safety gear under a row of cabin rails

F12 = F22 = k1−car ∗ gn ∗ (Q+ P +MCR +Mtrav)/(2 ∗ 1000) : 17.45 kN

1-3 The force exerted on a row of cabin rails under the auxiliary
equipment attached to the rails
1 Force from auxiliary equipment attached on the
rail to below the rails of Cabin

F13 = (gn ∗ k3 ∗M1)/1000 : 15.7 kN

2 Force from auxiliary equipment attached on the
rail to below the rails of Cabin

F23 = (gn ∗ k3 ∗M2)/1000 : 15.7 kN

1-4 Vertical force on the guide rails due to settling of the building via rail clips
Push force of all clips on the bracket per bracket Fcar = 2 ∗ Frmax.car ∗ gn : 7848.0 N
*It has been assumed that there are 2 clips per bracket.
Number of brackets for a row of guide rails. nbcar = Hshaft ∗ 100/l : 29.58 piece
Force from the building settling below the rails of
Cabin No.1 and No.2

F14 = F24 = (nbcar ∗ Fcar)/1000 : 0 kN

Force applied under the rail number 1 F1 = F11 + F12 + F13 + F14 : 37.46 kN
Force applied under the rail number 2 F2 = F21 + F22 + F23 + F24 : 37.46 kN

2 - Maximum vertical force that the bottom of a counterweight rail must withstand:

In the pit, excluding suspended guide rails, the rail underneath the guide rail must be able to withstand the total maximum
vertical force.
Total maximum vertical force on the rail consists of the following components. (EN 81-20/5.7.2.3.1.b ,c)(EN 81-20/5.2.1.8.4)
2-1 The force applied on the bottom of a row of counterweight rails due to its own mass
Mass of one line of Counterweight guide rails Mgcwt = Hshaft ∗ q1cwt : 261.95 kg
Force due to its own weight applied under Counterweight
rails No. 3 and 4

F31 = F41 = (Mgcwt ∗ gn)/1000 : 2.57 kN

2-2 Force due to the operation of the safety gear under a row of Counterweight rails
Number of Counterweight guide rails ncwt : 2 piece
Impact coe�cient for Counterweight safety gear k1−cwt : 0
Force under Counterweight rails No. 3 and 4 arising from
safety gear operation

F32 = F42 = (k1−cwt ∗ gn ∗ (Mcwt +MCR))/2000 : 0.0 kN

2-3 The force applied on the bottom of a row of counterweight rails from the auxiliary equipment
attached to the rail
3 Force from auxiliary equipment attached on the rail to
below the rails of Cabin

F33 = (gn ∗ k3 ∗M3)/1000 : 15.7 kN

4 Force from auxiliary equipment attached on the rail to
below the rails of Cabin

F43 = ((hshaft ∗ 100/l) ∗ (2 ∗ Frcwt))/1000 : 15.7 kN

2-4 Vertical force on the guide rails due to settling of the building via rail clips
Number of brackets for a row of guide rails. nbcwt = Hshaft ∗ 100/l : 29.58 piece
Pushing due to the force of all clips on the bracket per
bracket

Fcwt = 2 ∗ Frmax.cwt ∗ gn : 5101.2 N

Force arising from building settling beneath Counter-
weight rails No. 3 and 4

F34 = F44 = (nbcwt ∗ Fcwt)/1000 : 0 kN

Force applied under the rail number 3 F3 = F31 + F32 + F33 + F34 : 18.27 kN
Force applied under the rail number 4 F4 = F41 + F42 + F43 + F44 : 18.27 kN

3 - Maximum vertical force (F5) required to be withstood by the bottom of a Cabin bu�er:

The bottom of the cabin bu�er under the shaft must be able to withstand four times the static load in the event of a
fully loaded cabin sliding. If there is more than one bu�er, this future load is distributed equally between the bu�ers.(EN
81-20/5.2.1.8.5)
For a load of 1000 kN, Cabin stopped on bu�ers at the pit bottom, the masses of the compensating rope (MCR) and travel
cable (Mtrav) are neglected

Force applied under the Cabin Bu�er F5 = (4 ∗ gn ∗ (P +Q)/ncar)/1000 : 66.71 kN

4 - Maximum vertical force (F6) that a Counterweight bu�er bottom must withstand:
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At the bottom of the shaft, the area beneath the counterweight bu�er must withstand
four times the static load that would occur in case of counterweight displacement. If
there are multiple bu�ers, this load should be evenly distributed among them (EN
81-20/5.2.1.8.6).

Force applied under the Counterweight bu�er F6 = 4 ∗ gn ∗Mcwt/(ncwt ∗ 1000) : 51.01 kN
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Tra�c Calculation

Standard : ISO 8100-32/Table 2
Building Type : Residence
Number of Floors Served N : 10
Number of people on the �oor Np : 16 Person
Actual Load Q : 800 kg
Cabin Speed V : 1.6 m/s
Travel distance to the highest serviced �oor D : 29.0 m
Number of Elevators in Group L : 2 piece
Floor Door Type : Telescope
Door Width SO : 900 mm
Pre-opening door time tpre : 0.0 s
Door opening speed Vo : 0.4 m/s
Door closing speed Vc : 0.33 m/s
Normal operational stop and start acceleration an : 1.0 m/s2

Recommended minimum percentage of people transported by group elevators in 5 minutes %Ch_reg : 6 %
Average time between consecutive cabin departures from the main ground �oor (Re-
quired)

tint_reg : 60 s

Results

In this calculation, it is assumed that group elevators are of the same type and there is no tra�c between �oors.
Our version considering di�erent load capacities and tra�c between �oors will be available soon.
The values of some variables below are taken from ISO 8100-32.

Total number of people in the building U = N ∗Np : 160 Person
Average distance between �oors df = D/N : 2.9 m
Travel time of the Cabin at rated speed without stopping to the
highest stop

tnt = D/V : 18.12 s

Elevator occupancy rate F : 76 %

1. 

0. 

2. 

N.

H.

D
 (m

)
df

 (m
)=

D
/N

n.

tsd

tcto
tcd

tv

tpre

to-tpre

(n+1).
t (s)

tf (1) (s)

m/s

V a(m/s2) a(m/s2)

n.

tsd
tcto

tcd
tpre

to-tpre

t (s)

tf (s)

m/s

V
a(m/s2) a(m/s2)

n.

tsd

tcto
tcd

tpre

to-tpre

t (s)

tf3 (s)

m/s

V

a(m/s2)
a(m/s2)

(n+1).

(n+1).

ts =tc+tsd+tf(1)-tpre+to+tcd-tv (s)

Vx

df1

df2<df1

df3<df2<df1

Vx

Speed-Time Graph of the Elevator

PROJE 5 Elevator 3- Tra�c Calculation

Cabin Utilization factor Table (F)
Actual Load (kg) Cabin Utilization factor (%)

300 83
400 82
450 82
630 79
750 76
800 76
1000 70
1200 69
1500 66
1600 64
2000 62
2500 58

Standard passenger mass mp : 75 kg
Number of passengers that can be transported from the main en-
trance �oor to the upper �oors in a single trip for an elevator

Pcalc = (Q/mp) ∗ (F/100) : 8.11 Person

Travel Time trt = 2 ∗H ∗ tv + (S + 1) ∗ ts + 2 ∗ pcalc ∗ tp : 113.56 s

Highest return �oor in one trip H = N −∑N−1
i=1 ( i

N
)Pcalc : 9.33

Travel time at nominal speed between two consecutive stops tv = df/V : 1.81 s
Average possible stops per trip S = N ∗ (1− (1− (1/N))Pcalc) : 5.74 piece
Time spent per each stop ts = tc + tsd + tf − tpre + to + tcd − tv : 9.18 s
Coe�cient (CO = 2, SO = 1 ) k : 1
Door closing time tc = (SO/1000)/(Vc ∗ k) : 2.73 s
Door opening time to = (SO/1000)/(Vo ∗ k) : 2.25 s
Delay time after the door is closed until the movement starts tsd : 0.6 s

tf : Period of time from the moment the elevator starts moving until it is level at the next stop
�oor Calculation

* When calculating tf , the variable acceleration motion at the beginning and end is neglected and constant acceleration (an) is
assumed.
* In the following, while calculating the tf time between two stops, the case of moving at the declared speed at a distance of df
will be checked. Di�erent tf calculations are made for these two cases.
The path taken until the velocity Vx m = df/2 : 1.45 m
Maximum speed reached at a distance of (m) Vx =

√
2 ∗m ∗ an : 1.7 s

* It is found by subtracting Vx from the formulas an = Vx/tx and m = (Vx ∗ tx)/2.
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In this case, it has reached speed (V) between two consecutive stops and will move for some time at the declared speed (V) without

going into stall acceleration.
Time spent in constant acceleration motion t1x = (V/an) : 1.6 s
Distance traveled in uniform acceleration motion m1 = (V ∗ t1x)/2 : 1.28 m
Distance traveled in motion at constant speed (V) m2 = df − 2 ∗m1 : 0.34 m
Time spent in motion at speed (V) t2x = m2/V : 0.21 s
Period of time from the moment the elevator starts moving until
it is level at the next stop �oor

tf = 2 ∗ t1x + t2x : 3.41 s

Delay before the door closes tcd : 2 s
Time for a Single Passenger to Enter or Exit the Cabin (ISO 8100-
32/Table 6)

tp : 1.1 s

Maximum number of passengers that can be transported by a
single elevator in 5 minutes

Ch1 : 21.42 Person

Maximum number of people that can be transported by a group
elevator in 5 minutes

Ch = Ch1 ∗ L : 42.83 Person

Percentage of people that can be transported by group elevators
in 5 minutes

%Ch = (Ch/U) ∗ 100 : 26.77 %

Average time between consecutive cabin departures from the main
ground �oor

tint = trt/L : 56.78 s

Recommended minimum percentage of people transported by
group elevators in 5 minutes

%Ch_reg : 6 %

Average time between consecutive cabin departures from the main
ground �oor (Required)

tint_reg : 60 s

Building Type Required uppeak handling capacity Required uppeak interval
%Ch_reg tint_reg

% of population per 5 min s
O�ce ≥ 12 ≤ 30
Hotel ≥ 12 ≤ 40

Residential ≥ 6 ≤ 60
Table 2 � Typical design criteria for calculation method, depending on building type (ISO 8100-32)

Table 6 � Typical passenger transfer times according to door width

Door width CO (mm) Passenger transfer time tp (s)
900 1.1
1000 1.0
1100 1.0
1200 0.9

1- Controlling the Number of People Transported in Five Minutes (ISO 8100-32/Table 2)

%Ch ≥ %Ch_reg should be.

26.77% ≥ 6%

2- Average time between consecutive cabin departures from the main ground �oor (Inspector) (ISO
8100-32/Table 2)

tint ≤ tint_reg should be.

56.78s ≤ 60s
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Cabin Suspension Calculation

L1

2

B/4

Q/2

2

B

A A

A-A

a

n2 =1 n2 =2

W2a

a

I2min
A2

a

a

1

3

W2a
I2min
A2

P

C-C

aa

B-B

n1  =2

1
W1a
I1a

a

n3 =2
Wa3
Ia3

a

C

C

B

B

a3 b3

L3

F3 F3

M2

M1=M2 M1=M2

h

3
F3 F3

L3
a3

L2

MCR

MTrav

3

b3

F/2F/2

C-C

W4a
I4a

F/2

aa

4
A4

F/2

n4=1+1(n3)=2
3

Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Travel Distance Htravel : 29.0 m
Number of Rope ns : 7 piece
Rope Diameter dr : 6.5 mm

Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m
Number of Flexible Cables nt : 1 piece
Unit Mass of Flexible Cable mt : 0.44 kg/m
Compensation Chain Ratio λ : 100 %

Top Beam

Number of cabin upper beams n1 : 2 piece
Cabin upper beam bending strength constant Wa1 : 191000 mm3

Cabin upper beam moment of inertia Ia1 : 19100000 mm4

Horizontal beam length L1 = L3 : 1550 mm

Vertical Beam

The calculation assumes that the safety device is above.
Vertical Beam Free Length L2 : 2800 mm
Number of vertical beams of one side n2 : 1 piece
Cross-sectional area of a vertical beam A2 : 2040 mm2

Vertical distance between Cabin guide shoes h : 330 cm
Cabin Width B : 1350 mm
Strength moment constant of a single vertical beam on one side Wa2 : 86400 mm3

Minimum moment of inertia constant of single beam I2min : 6050000.0 mm4

Bottom Beam

Number of Cabin Bottom Beams n3 : 2 piece
Strength moment constant of a beam Wa3 : 191000 mm3

Moment inertia of a beam Ia3 : 19100000 mm4

Pulley Beams

Number of Pulley Beams n4 : 2 piece
Moment of resistance constant for a single beam Ia4 : 19100000 mm4

Moment of inertia constant for a single beam Wa4 : 191000 mm3

Pulley Beam Cross Sectional Area A4 : 4230 mm2

PROJE 5 Elevator 3- Cabin Suspension Calculation

Results

* For these calculations, more detailed computations can be performed using �nite element methods or similar method-
ologies. The results obtained from this calculation can serve as a reference for the veri�cation of the detailed analyses
you will conduct
* According to Table 2 of the ISO 8100-3 standard, reference is made to ASME 17.1 for design rules that were not
included in European EN 81-20/50.

Length of rope causing imbalance MSR = Htravel ∗ms ∗ ns : 36.34 kg
Compensation chain mass MCR = λ ∗MSR ∗ r : 72.67 kg
Total mass of the travel cables Mtrav : 6.38 kg
Standard gravitational acceleration gn : 9.81 m/s2

Elasticity modulus for steel E : 2.1 ∗ 105 N/mm2

1- Upper Beam Calculation and Control

Total bending moment applied to the beam M1 =M2 = gn ∗ (Q/2) ∗ (B/4) : 1489893.75 Nmm
Bending stress occuring in the upper beam σ1 =M1/(n1 ∗Wa1) : 3.9 N/mm2

De�ection in the upper beam δ1 = (M1 ∗ L12)/(8 ∗ E ∗ n1 ∗ Ia1) : 0.06 mm

Bending Stress Control

σ1 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

3.9 ≤ 95N/mm2

De�ection Monitoring

δ1 ≤ L1/960 should be. (∗Asme17.1/2.15.11)

0.06 ≤ 1.61mm

2- Vertical Beam Calculation and Control
F = gn ∗ (Q+ P +MCR +Mtrav) : 17452.52 N

Deviation at the center of gravity e = B/4 : 337.5 mm
Bending moment applied to one side of the ver-
tical beam

M2 = gn ∗ ((Q/2) ∗ e) : 1324350.0 Nmm

Bending stress on each vertical beam σ21 = (M2 ∗ L2)/(4 ∗ (10 ∗ h) ∗ n2 ∗Wa2) : 3.25 N/mm2

Tensile stress on each vertical beam σ22 = (F/2)/(n2 ∗A2) : 4.28 N/mm2

Minimum value of the total moment of inertia
of the vertical beams on one side of the cabin

Imin : 91756.62 mm4

Slenderness ratio of a single vertical beam λ2 = L2/
√
I2min/A2 : 51.42

Bending Stress Control

σ21 + σ22 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

7.53 ≤ 140N/mm2

Inertia Moment Control

I2min ∗ n2 ≥ Imin should be. (∗Asme17.1/8.2.2.5.3)

6050000.0 ≥ 91756.62mm4

Slenderness Control

λ2 ≤ λmax should be. (∗Asme17.1/8.2.2.5.2)

51.42 ≤ 160

3- Calculation and Veri�cation of the Lower Beam
According to Article 8.2.2.4 of ASME A17.1 standard, the forces acting on the beam in case of impact on the bu�er should
be arranged in such a way that there is a deceleration equal to the acceleration of gravity. For this reason, the forces acting
on the beam were multiplied by two in the calculations.
Double bu�er is assumed in the calculation.

Number of Cabin Bottom Beams n3 : 2 piece
Distance between Cabin and Bu�er axes b3 : 300 mm
Distance between beam head and bu�er axis a3 = (L3− 2 ∗ b3)/2 : 475.0 mm
Total force on the lower beam on impact with the bu�er F ′ = gn ∗ (Q+ P ) : 16677.0 N
* In this case the masses MCR and Mtrav are very small and are neglected.
Force on a bu�er F3 = (F ′/2) ∗ 2 : 16677.0 N
Bending stress in the lower beam σ3 = (F3 ∗ a3)/(n3 ∗Wa3) : 20.74 N/mm2

De�ection in the lower beam δ3 : 0.26 mm
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Bending Stress Control

σ3 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

20.74 ≤ 190N/mm2

De�ection Monitoring

δ3 ≤ L3/960 should be. (∗Asme17.1/2.15.11)

0.26 ≤ 1.61mm

4- Pulley Beams

Pulley Beam Length L4 = B : 1350 mm
Bending stress on one pulley beam σ41 = ((F ∗ L4)/8)/(n4 ∗Wa4) : 7.71 N/mm2

Compressive stress on one pulley beam σ42 = (F/2)/(n4 ∗A4) : 1.03 N/mm2

De�ection of the pulley beam δ4 = (5 ∗ F ∗B3)/(384 ∗ E ∗ Ia4 ∗ n4) : 0.07 mm

Bending Stress Control

σ41 + σ42 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

8.74 ≤ 95N/mm2

De�ection Monitoring

δ4 ≤ L4/960 should be. (∗Asme17.1/2.15.11)

0.07 ≤ 1.41mm

5- Bolt Calculation
Number of bolts used at one corner of the upper suspension, between the upper beam and the upright beam nb : 8 piece
* It is assumed that equal numbers and types of bolts are used in the upper and lower suspension.
Bolt Type : M12
Bolt Quality : 8.8
In this calculation, the bolts are checked according to the shear stress.

Bolt Size Nominal diameter (dc) mm Tooth bottom diameter (dmin) mm
M8 8 6,466
M10 10 8,16
M12 12 9,853
M14 14 11,546
M16 16 13,546

Table 1: _

Bolt Quality Yield stress
(Rp0.2) N/mm2 τmax = Rp0.2 × 0.5 N/mm2

6.8 480 240
8.8 640 320
9.8 720 360
10.9 900 450
12.9 1080 540

Table 2: _

Note: According to the Maximum 'Shear Stress Hypothesis', the shear strength is taken as 0.5 times the yield strength.

Nominal diameter (Table 1) dc 12 mm
Tooth bottom diameter dmin 9.85 mm
Bolt cross-sectional area Ac = π ∗ (dmin/2)

2 76.25 mm2

Force acting on a bolt Fc = F/(4 ∗ nb) 545.39 N
Shear stress acting on a bolt τc = Fc/Ac 7.15 N/mm2

Max. stress that a bolt can withstand (Table 2) τmax 320 N/mm2

Bolt Safety Coe�cient k = τmax/τc 44.74

Bolt Safety Coe�cient Check

k ≥ kmin should be.

44.74 ≥ 10
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Bolt Shear Stress Control

ASME 17.1: Table 2.15.10.1 the max. shear stress in bolts shall be max. 55N/mm2 regardless of bolt material quality.

τc ≤ τ should be.

7.15 ≤ 55N/mm2
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TOTAL CONSUMED POWER CALCULATION IN THE ELEVATOR

In the calculation of the total consumed power, powers consumed in the elevator system are de�ned as speci�c multiples of the
motor's power. The power factors used can be adjusted by you.

1 - Motor Power
Maximum consumed power of the motor G1 = Nnom : 11.3 kW

2 - Power used in motor driver
Is there a motor driver? : Yes
Driver power factor k2 : 0.1
Consumed power by the driver G2 = G1 ∗ k2 : 1.13 kW

3 - Power used in electromechanical brake
Power factor for electromechanical brake k3 : 0.05
Power used for the electromechanical brake G3 = G1 ∗ k3 : 0.57 kW

4 - Power Used in General Equipment
In the control panel, the powers used in the �oor and cabin cassettes are considered.
Power factor for power consumed in general equipment k4 : 0.05
Power used for general equipment G4 = G1 ∗ k4 : 0.57 kW

5 - Power Used in Cabin Lighting
Number of armatures in the cabin ncar : 4 piece
Power of 1 armature in the cabin Ncar : 15 W
Power Used in Cabin Lighting G5 = (nshaft ∗Nshaft)/1000 : 0.06 kW
Note: (W) was divided by 1000 to convert to kW.

6 - Power Used in Shaft Lighting
Number of armatures in the shaft nshaft : 13 piece
Power of 1 armature in the shaft Nshaft : 15 W
Power Used in Shaft Lighting G6 = (nshaft ∗Nshaft)/1000 : 0.2 kW

7 - Power Used for Lighting in the Machine Room/Space
Number of armatures in the machine room nMR : 0 piece
Power of 1 armature in the machine room NMR : 0 W
Power used for machinery room lighting G7 = (nMR ∗NMR)/1000 : 0.0 kW

8 - Power Used in Sockets
Number of power sockets used ns : 2 piece
Power consumed per power socket Ns : 300 W
Power Used in Sockets G8 = (ns ∗Ns)/1000 : 0.6 kW

9 - Other uses
Power if using ventilation fans G9 : 1 kW
Power if using air conditioning G10 : 0 kW
Other uses G11 : 0 kW

10 - Total Consumed Power by the Elevator
Total Consumed Power Gtotal = G1 +G2 +G3 +G4 +G5 +G6 +G8 +G9 +G10 +G11 : 15.43 kW

PROJE 5 Elevator 3- Total Consumed Power
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Counterweight Frame Calculation
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PROJE 5 Elevator 3- Cabin Suspension Calculation

Roping Type : 2/1
Rope Suspension Coe�cient r : 2
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Travel Distance Htravel : 29.0 m
Number of Rope ns : 7 piece
Rope Diameter dr : 6.5 mm
Rope Type : DRAKO ; 250T ; 0.179 ; 31.5
Rope Unit Mass ms : 0.179 kg/m
Number of Flexible Cables nt : 1 piece
Unit Mass of Flexible Cable mt : 0.44 kg/m
Compensation Chain Ratio λ : 100 %
Counterweight Balance Factor q : 50 %
Number of Counterweight rows nc : 1 piece
Number of Counterweight pulleys np : 1 piece

The length of the Counterweight horizontal beam L1 = L3 : 850 mm
Top Beam

Number of Counterweight top beam n1 : 2 piece
Moment inertia constant of upper beam Wa1 : 191000 mm3

Moment inertia of upper beam Ia1 : 19100000 mm4

Vertical Beam

Counterweight vertical beam area A2 : 2040 mm2

Bottom Beam

Number of lower beams n3 : 2 piece
Counterweight bottom beam bending strength constant Wa3 : 191000 mm3

Counterweight bottom beam moment of inertia Ia3 : 19100000.0 mm4

Results

Counterweight mass Mcwt = P + (q/100) ∗Q : 1300.0 kg
Length of rope causing imbalance MSR = Htravel ∗ms ∗ ns : 36.34 kg
Compensation chain mass MCR = λ ∗MSR ∗ r : 72.67 kg
Standard gravitational acceleration gn : 9.81 m/s2

Elasticity modulus for steel E : 2.1 ∗ 105 N/mm2

Vertical force applied to the upper beam F = gn ∗ (Mcwt +MCR) : 13465.93 N

1- Upper Beam Calculation and Control

Bending moment coe�cient of upper beam L11 = L1/nc : 850.0 mm
Force applied to the pulley connection points on the
upper beam

F1 = F : 13465.93 N

Bending moment for each upper beam M1 = (F1 ∗ L11)/4 : 2861510.54 Nmm
Bending stress occuring in the upper beam σ1 =M1/(n1 ∗Wa1) : 7.49 N/mm2

De�ection in the upper beam δ1 = (F1 ∗ L113)/(48 ∗ E ∗ n1 ∗ Ia1) : 0.02 mm

Bending Stress Control

σ1 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

7.49 ≤ 95N/mm2

De�ection Monitoring

δ1 ≤ L11/960 should be. (∗Asme17.1/2.15.11)

0.02 ≤ 0.89mm

2- Vertical Beam Calculation and Control

Tensile stress on each vertical beam σ2 = F/(2 ∗A2) : 3.3 N/mm2

Tensile Stress Control

σ2 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)

3.3 ≤ 140N/mm2

3- Calculation and Veri�cation of the Lower Beam
Number of Cabin Bottom Beams n3 : 2 piece
Bending moment coe�cient of lower beam L31 = L3/nc : 850.0 mm
Force applied to the lower beam F3 = F/nc : 13465.93 N
Counterweight bottom beam moment of inertia M3 = (F3 ∗ L31)/4 : 2861510.54 N
Bending stress in the lower beam σ3 =M3/(n3 ∗Wa3) : 7.49 N/mm2

De�ection in the lower beam δ3 : 0.02 mm

Bending Stress Control

σ3 ≤ σmax should be. (∗Asme17.1/Table2.15.10.1)
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7.49 ≤ 95N/mm2

De�ection Monitoring

δ3 ≤ L31/960 should be. (∗Asme17.1/2.15.11)

0.02 ≤ 0.89mm

4- Bolt Calculation
Total number of bolts used in the connection between top beams and vertical beams nb : 8 piece
* It is assumed that equal numbers and types of bolts are used in the upper and lower suspension.
Bolt Type : M12
Bolt Quality : 8.8
In this calculation, the bolts are checked according to the shear stress.

Bolt Size Nominal diameter (dc) mm Tooth bottom diameter (dmin) mm
M8 8 6,466
M10 10 8,16
M12 12 9,853
M14 14 11,546
M16 16 13,546

Table 1: _

Bolt Quality Yield stress
(Rp0.2) N/mm2 τmax = Rp0.2 × 0.5 N/mm2

6.8 480 240
8.8 640 320
9.8 720 360
10.9 900 450
12.9 1080 540

Table 2: _

Note: According to the Maximum 'Shear Stress Hypothesis', the shear strength is taken as 0.5 times the yield strength.

Nominal diameter (Table 1) dc 12 mm
Tooth bottom diameter dmin 9.85 mm
Bolt cross-sectional area Ac = π ∗ (dmin/2)

2 76.25 mm2

Force acting on a bolt Fc = F/nb 1683.24 N
Shear stress acting on a bolt τc = Fc/Ac 22.08 N/mm2

Max. stress that a bolt can withstand (Table 2) τmax 320 N/mm2

Bolt Safety Coe�cient k = τmax/τc 14.5

Bolt Safety Coe�cient Check

k ≥ kmin should be.

14.5 ≥ 10

Bolt Shear Stress Control

ASME 17.1: Table 2.15.10.1 the max. shear stress in bolts shall be max. 55N/mm2 regardless of bolt material quality.

τc ≤ τ should be.

22.08 ≤ 75N/mm2
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Motor Bedplate Calculation
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Machine Roomless - In this system, it is assumed that the cabin is at the top. The beams carrying the motor are assumed
to consist of 2 beams with the same strength values. It is assumed that the force is applied to the beams by means of a
motor plate of length m (mm) in the middle of the beam which does not create moment as shown in Figure 1.
The beam of the motorbedplate on the cabin side is supported by the cabin rail. Here the calculation is made considering
the beam on the wall side which is in worse condition.
In the construction of the chassis, it is assumed that support plates are placed between the beams to increase the rigidity
of the beams.

Roping Type : 2 / 1
Rope Suspension Coe�cient r : 2
Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Travel Distance Htravel : 29.0 m

Number of Rope ns : 7 piece
Rope Type : DRAKO /-/ 250T /-/ 0.179 kg/m /-/ 31.5 kN
Rope Unit Mass ms : 0.179 kg/m
Number of Flexible Cables nt : 1 piece
Unit Mass of Flexible Cable mt : 0.44 kg/m
Counterweight Balance Factor q : 50 %

PROJE 5 Elevator 3- Motor Bedplate Calculation

Compensation Chain Ratio λ : 100 %
Motor Mass Mmotor : 250 kg
Motor Bedplate Mass Mframe : 150 kg
Impact coe�cient of equipment on rail and shaft head k3 : 2

* When the Cabin or counterweight is stopped by a safety gear, the possible rebound of the Cabin and the counterweight
must be taken into account by multiplying with the impact factor k3. (EN 81-20; 5.7.4.3) Also, the value in the explanation
section of Table 14 should be determined by the manufacturer according to the actual installation conditions.
According to Table 2 of the ISO 8100-3 standard, reference is made to ASME 17.1 for design rules that were not included
in European EN 81-20/50.
ASME 17.1:2.9.2.1 states that (b) should be doubled to take into account acceleration and deceleration of forces. Therefore
(k3) can be minimum 2.

Moment of resistance constant for a single beam Wa : 191000 mm3

Moment of inertia constant for a single beam Ia : 19100000 mm4

Motor bedplate length m : 700 mm
Horizontal beam length L : 850 mm

Results

According to Table 2 of the ISO 8100-3 standard, reference is made to ASME 17.1 for design rules that were not included in European EN

81-20/50.

Standard gravitational acceleration gn : 9.81 m/s2

Counterweight mass Mcwt = P + q ∗Q : 1300.0 kg
Total mass of the travel cables MTrav = 0.5 ∗Htravel ∗ nt ∗mt : 6.38 kg
Length of rope causing imbalance MSR = Htravel ∗ms ∗ ns : 36.34 kg
Compensation chain mass MCR = λ ∗MSR ∗ r : 72.67 kg
The mass on the traction sheave from the
Cabin side

M1 = (Q+ P +MCR +Mtravel)/r : 889.53 kg

* In the calculations, the situation where the Cabin is at the top has been considered.
The mass on the Tracton Sheave from the
Counterweight side

M2 =Mcwt/r +MSR : 686.34 kg

Horizontal beam length L = A+B : 850 mm

Mass coming to the rope �xation point on the
motor Bedplate

M3 =Mcwt/r +MSR : 686.34 kg

Total force applied to the motor bedplate Tframe = (gn ∗ k3 ∗ (Mmotor +Mframe +M1 +M2 +M3)) : 52232.38 N
Total bending moment applied to the beam Mtotal = ((Tframe/2) ∗ (2 ∗ L−m))/8 : 3264523.98 Nmm
Bending stress occurring in the motor bedplate σ =Mtotal/Wa : 17.09 N/mm2

- According to ASME 17.1, the maximum stress in motor bedplate beams should not exceed 80% of the allowable stress
in Structural Steel AISC Book No S326 for structural steels. In Structural Steel AISC Book No S326, the allowable stress
in beams under load is taken as 60% of the yield stress of the steel. Therefore, when these two articles are combined for
the motor bedplate beam, it is assumed that the σmax = Rp0, 2 ∗ 0, 60 ∗ 0, 80 beam materials are St 37, and in this case
Rp0, 2 = 235N/mm2.

σ ≤ σmax = 235 ∗ 0.6 ∗ 0.8 should be.

17.09N/mm2 ≤ 112.8N/mm2

- The maximum de�ection of the motor bedplate beams can be (beam free length/1666) (mm) under static load according to ASME
17.1 : 2.9.5.
Elasticity modulus for steel E : 2 ∗ 105 N/mm2

De�ection in the upper beam δ = ((Tframe/2) ∗ L3)/((48 + (29 ∗m)/L) ∗ E ∗ Ia) : 0.06 mm

δ ≤ L/1666 should be.

0.06mm ≤ 0.51mm

Bolt Calculation
Number of bolts used on one side of one horizontal beam nb : 8 piece
Bolt Type : M12
Bolt Quality : 8.8
In this calculation, the bolts are checked according to the shear stress.

Note: According to the Maximum 'Shear Stress Hypothesis', the shear strength is taken as 0.5 times the yield strength.
Nominal diameter (Table 1) dc 12 mm
Tooth bottom diameter dmin 9.85 mm
Bolt cross-sectional area Ac = π ∗ (dmin/2)

2 76.25 mm2

Force acting on a bolt Fc = (Tframe/4)/nb 1632.26 N
Shear stress acting on a bolt τc = Fc/Ac 21.41 N/mm2

Max. stress that a bolt can withstand (Table 2) τmax 320 N/mm2

Bolt Safety Coe�cient k = τmax/τc 14.95

Bolt Safety Coe�cient Check

2
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Bolt Size Nominal diameter (dc) mm Tooth bottom diameter (dmin) mm
M8 8 6,466
M10 10 8,16
M12 12 9,853
M14 14 11,546
M16 16 13,546

Table 1: _

Bolt Quality Yield stress
(Rp0.2) N/mm2 τmax = Rp0.2 × 0.5 N/mm2

6.8 480 240
8.8 640 320
9.8 720 360
10.9 900 450
12.9 1080 540

Table 2: _

k ≥ kmin should be.

14.95 ≥ 10

Bolt Shear Stress Control

ASME 17.1: Table 2.15.10.1 the max. shear stress in bolts shall be max. 55N/mm2 regardless of bolt material quality.

τc ≤ τ should be.

21.41 ≤ 55N/mm2
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Speed Governor Calculation

Speed governor type : Bi-Directional
Total shaft height Hshaft : 35.5 m
Speed governor rope diameter dr : 6.0 mm
Speed governor rope type : PFEIFERDRAKO ; PTX300 PU ; 0.113 kg/m ; 28.0 kN
Minimum breaking force of the Speed Governor rope Sh : 28.0 kN
Number of Rope ns : 1 piece
Speed Governor rope unit mass ms : 0.11 kg/m
Speed Governor Pulley Diameter D : 240 mm
It is assumed that the groove is a (V) groove.
Speed Governor pulley groove angle γ : 40 ◦

Used in formulas as radian
Rope Winding Angle α : 180 ◦

Will be used as radian in formulas αrad : 3.14 rad
Force desired by the Speed Governor manufacturer at the center of the pulley in the downward
direction

Fmin : 820 N

Mass to be hung on the Speed Governor tensioning pulley m : 35 kg
* Can be obtained from the CE certi�cate of the Speed Governor manufacturer.
Distance from the center of the suspended weight to the center of the tension pulley A : 300 mm
Distance between the center of the tension pulley and the center of the extension arm joint. B : 150 mm

Results
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Downward Braking / Upward Braking

Standard gravitational acceleration gn : 9.81 m/s2

Force on the center of the tension pulley due to the mass (m) F = gn ∗m ∗ ((A+B)/B) : 1030.05 N
Mass of one side of the Speed Governor rope MSR = Hshaft ∗ms ∗ ns : 4.01 kg
Friction coe�cient µ : 0.2
EN-81-20 standard 5.6.2.2.1.1
Friction Factor f : 0.58

PROJE 5 Elevator 3- Speed Governor Calculation

Downward Braking

Tension force of the rope on the side not connected to the Cabin by
the Speed Governor pulley

T2 = gn ∗MSR + F/2 : 554.38 N

Force occurring during braking when the Speed Governor is connected
to the safety gear

T1 = ef∗a ∗ T2 : 3481.28 N

The (Top) force to operate the Safety Device in Downward Direction
Braking

Top = T1− (F/2 +MSR ∗ gn) : 2926.9 N

1 - Force control in downward direction braking

Upward braking is provided by the (T) force; examination of the 300N
requirement in the standard
* EN-81-20 Standard - 5.6.2.2.1.1-d

Top ≥ Tmin should be.

2926.9N ≥ 300N

2 - In downward braking, checking the safety factor of the Speed Governor rope

Safety factor of the rope occurring in the upward direction S1 = (Sh ∗ 1000)/T1 : 8.04
* EN-81-20 Standard - 5.6.2.2.1.3-d

S1 ≥ Smin should be.

8.04 ≥ 8

Upward Braking

Tension force of the rope on the side not connected to the Cabin by
the Speed Governor pulley

T1 = gn ∗MSR + F/2 : 554.38 N

Force occurring during braking when the Speed Governor is connected
to the safety gear

T2 = T1/ef∗a : 88.28 N

The (Top) force to operate the Safety Device in Downward Direction
Braking

Top = gn ∗MSR + F/2− T2 : 466.1 N

1 - Force control in upward braking

* EN-81-20 Standard - 5.6.2.2.1.1-d

Top ≥ Tmin should be.

466.1N ≥ 300N

2 - Upward braking, checking the safety factor of the Speed Governor rope

Safety factor of the rope occurring in the upward direction S2 = (Sh ∗ 1000)/T1 : 50.51
* EN-81-20 Standard - 5.6.2.2.1.3-d

S2 ≥ Smin should be.

50.51 ≥ 8

Control of (F) Force

The found force (F) must be greater than the manufacturer's speci�ed force Fmin.

F ≥ Fmin should be.

1030.05 ≥ 820 N

Checking the ratio between the Speed Governor pulley diameter and the rope diameter

EN-81-20 Standard - 5.6.2.2.1.3-c Ratio between Speed Governor pulley diameter and rope diameter D/dr : 40.0

D/dr ≥ 30 should be.

40.0 ≥ 30
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Bu�er Calculation

Actual Load Q : 800 kg
Empty Cabin Mass P : 900 kg
Counterweight Balance Factor q : 50 %
Cabin Speed V : 1.6 m/s
Number of Cabin Bu�ers ncar : 1 piece
Maximum load capacity of the Cabin bu�er used at speed (V) M1max : 2500 kg
Minimum load capacity of the Cabin bu�er used at speed (V) M1min : 600 kg
Cabin bu�er base length L1 : 700 mm
Cabin bu�er base cross-sectional area A1 : 2040 mm2

Cabin bu�er base min moment of inertia I1min : 6050000 mm4

Number of Counterweight Bu�er ncwt : 1 piece
Maximum (Q+P) value of the Counterweight bu�er used at speed (V) M2max : 2500 kg
Minimum (Q+P) value of the Counterweight bu�er used at speed (V) M2min : 600 kg
Counterweight bu�er base length L2 : 300 mm
Counterweight bu�er base cross-sectional area A2 : 2040 mm2

Counterweight bu�er base min moment of inertia I2min : 6050000 mm4

Results

1. Cabin Bu�er Control

M1max ≥ (Q+ P )/ncar should be.

2500kg ≥ 1700.0kg

M1min ≤ P/ncar should be.

600 ≤ 900.0kg

2. Counterweight Bu�er Control

Counterweight mass Mcwt = P + q ∗Q : 1300.0 kg

M2min ≤Mcwt/ncwt ≤M2max should be.

600kg ≤ 1300 ≤ 2500kg

Cabin Bu�er Support Calculation

It is assumed that the material of the bu�er support is St37 and its elongation coe�cient is A5 > %20. It is stated that the force under

the cabin bu�er is 4 ∗ gn ∗ (P +Q) in EN 81-20:5.2.1.8.5. It is assumed that this force will also come to the bu�er support. Omega method

is used in buckling calculation as in EN 81-50 rail calculation. For St37, Rm = 370N/mm2, and accordingly for (w), the formulas in EN

81-50 :5.10.3 are used.

20 ≤ λ ≤ 60 ω = 0.000129220 ∗ λ1.89 + 1
60 < λ ≤ 85 ω = 0.00004627 ∗ λ2.14 + 1
85 < λ ≤ 115 ω = 0.00001711 ∗ λ2.35 + 1.04
115 < λ ≤ 250 ω = 0.0001687 ∗ λ2

PROJE 5 Elevator 3- Bu�er Calculation

Standard gravitational acceleration gn : 9.81 m/s2

Force on bu�ers (EN 81-20:5.2.1.8.5) F1 = (gn ∗ 4(Q+ P ))/ncar : 66708.0 N
Base Buckling Length (Drawing 1) L1k = 2 ∗ L1 : 1400 mm

Base Radius of Inertia r1 =
√
I1min/A1 : 54.46 mm

Base Slenderness Ratio λ1 = L1k/r1 : 25.71
Buckling Coe�cient ω1 : 1.06
Buckling Stress σ1 = (F1 ∗ ω1)/A1 : 34.65 N/mm2

Maximum Stress (yield stress of St37) σmax : 235 N/mm2

Safety Coe�cient k1 = σmax/σ1 : 6.78

3.Cabin Support Control

According to ASME 17.1: 3.6.4, for St37, A5 > %20 in bu�er supports, the minimum factor of safety is kmin = 3.

k1 ≥ kmin should be.

6.78 ≥ 3

4.Cabin Slenderness Control

According to ASME 17.1: 2.22.4.4, the slenderness ratio of bu�er elements operating under compression load shall not be greater than 80.

λmax ≥ λ1 should be.

80 ≥ 25.71

Counterweight Bu�er Base Calculation

It is assumed that the material of the bu�er support is St37 and its elongation coe�cient is A5 > %20. In EN 81-20:5.2.1.8.5 it is stated

that the force under the cabin bu�er is 4 ∗ gn ∗Mcwt. It is assumed that this force will be applied to the bu�er support. Omega method is

used in buckling calculation as in EN 81-50 rail calculation. For St37 Rm = 370N/mm2, and accordingly the formulas in EN 81-50 :5.10.3

are used for ω.

Force on bu�ers (EN 81-20:5.2.1.8.5) F2 = (gn ∗ 4(Q+ P ))/ncar : 51012.0 N
Base Buckling Length (Drawing 1) L2k = 2 ∗ L2 : 600 mm

Base Radius of Inertia r2 =
√

(I1min −A2) : 54.46 mm
Base Slenderness Ratio λ2 = L2k/r2 : 11.02
Buckling Coe�cient ω2 : 1.06
Buckling Stress σ2 = (F2 ∗ ω2)/A2 : 25.01 N/mm2

Maximum Stress (yield stress of St37) σmax : 235 N/mm2

Safety Coe�cient k2 = σmax/σ2 : 9.4

5.Counterweight Support Control

According to ASME 17.1: 3.6.4, for St37, A5 > %20 in bu�er supports, the minimum factor of safety is kmin = 3.

k2 ≥ kmin should be.

9.4 ≥ 3

6.Counterweight Slenderness Control

According to ASME 17.1: 2.22.4.4, the slenderness ratio of bu�er elements operating under compression load shall not be greater than

80.

λmax ≥ λ2 should be.

80 ≥ 11.02
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