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Thesis was done for a Finnish elevator manufacturer KONE and the goal was to have 
comparison between the elevator loading cases presented in the elevator standards and forces 
and stresses caused by actual examples of different load handling devices. Based on the 
results from the comparison, proposals were presented how the loading class definitions 
could be improved especially considering light load handling devices. 

Elevators are commonly categorized for passenger or goods use and the structural design of 
the elevator is based on the use scenario. However, especially in commercial buildings, like 
hotels and offices the use of goods passenger elevators designed to carry both passengers 
and goods are common. It is important to understand the loads and stresses caused by the 
different scenarios to design compliant and cost-efficient structures. Therefore, the 
components are analysed against specific load cases which are defined based on the use of 
the elevator and elevator standard requirements. 

Elevator standards identifies mainly the forklift as the load handling device to be used. In 
practice though, the use of a forklift is often not feasible due to the space restrictions or 
structure of the building. In commercial buildings loading of elevators is mostly done using 
lighter load handling devices. Elevator engineering is based on the requirements given in the 
standards, and the use of load cases which does not correspond to the actual use of an elevator 
might lead to a suboptimal solution. Either by generating unnecessarily expensive solutions 
by overestimating the loads or too weak solutions by underestimating the loads. This thesis 
studied the elevator loading especially from a high-rise elevator point of view and 
concentrated on lighter load handling devices. Finite Element Method (FEM) was utilized 
in analysing the elevator behaviour under the loading from different load handling devices 
and comparing these with elevator standard load cases. 
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Diplomityö tehtiin suomalaiselle hissiyritys KONEelle. Tavoitteena oli saada vertailua 
hissistandardeissa esitettyjen lastaus-kuormitustapausten sekä esimerkkinä tutkittujen 
kuormankäsittelylaitteiden aiheuttamien rasitusten välillä. Vertailusta saatavien tulosten 
avulla pystyttiin esittämään, kuinka nykyisiä lastausluokkia voitaisiin parantaa etenkin 
kevyiden kuormankäsittelylaitteiden osalta. Hissit jaetaan yleisesti henkilö- tai 
tavarakäyttöön ja hissin rakennesuunnittelu tehdään hissistandardeissa esitettyjen 
vaatimusten mukaan. Monissa rakennuksissa, kuten hotelleissa tai toimistoissa on yleisesti 
käytössä henkilötavarahissejä, jotka on suunniteltu kuljettamaan niin henkilöitä kuin 
tavaroitakin. On tärkeää ymmärtää erilaisten käyttötapausten hissille aiheuttamat 
kuormitukset, jotta pystytään suunnittelemaan kustannustehokkaita ratkaisuja. Tästä syystä 
hissin komponentteja tarkastellaan määritettyjen kuormitustapausten avulla, jotka perustuvat 
hissin käyttöön sekä standardien vaatimuksiin. 

Hissistandardit tunnistavat yleisesti haarukkatrukin käytettävänä lastauslaitteena. 
Käytännössä haarukkatrukin käyttö ei monessa tapauksessa ole mahdollista rakennuksen 
tilan tai rakenteen vuoksi ja näissä tapauksissa monesti käytetään haarukkatrukkia 
kevyempiä lastauslaitteita. Koska hissisuunnittelu perustuu standardien vaatimuksiin niin 
kuormitustapausten käyttö mikä ei vastaa hissin todellista käyttöä saattaa johtaa turhan 
kalliisiin ratkaisuihin, jos kuormitukset yliarvioidaan tai liian heikkoihin ratkaisuihin, jos 
kuormitukset aliarvioidaan. Tämä diplomityö tarkasteli hissin lastausta keskittyen korkean 
noston hisseihin sekä kevyisiin kuormankäsittelylaitteisiin. Elementtimenetelmää (FEM) 
hyödynnettiin analysoitaessa eri kuormankäsittelylaitteiden hissille aiheuttamia rasituksia 
sekä vertaillessa näitä hissistandardeissa määritettyihin kuormitustilanteisiin.  
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SYMBOLS AND ABBREVIATIONS 

 

Symbols 

B Internal width of an elevator car [mm] 

b10 Load handling device wheelbase dimension, front [mm] 

b11 Load handling device wheelbase dimension, rear [mm] 

c Load handling device load center position [mm] 

F1 Load handling device front axle loading [kg] 

F2 Load handling device rear axle loading [kg] 

Fp Push through forces of all brackets at one guide rail [N] 

Fs Elevator sill load [N] 

Fx Guide rail reaction forces in X-direction [N] 

Fy Guide rail reaction forces in Y-direction [N] 

g Gravitational acceleration [m/s2] 

H Distance between the guide shoes in vertical direction [mm] 

K Turning moment due to elevator rated load positioning [Nmm] 

M Load handling device self-mass [kg] 

Maux Forces and torques per guide rail due to auxiliarly equipment fixed to the 

guide rail  

Mg Mass of one line of guide rails [kg] 

MQ Load handling device total loaded mass [kg] 

ns Safety factor for strength 

P Mass of the empty car and components supported by the car [kg] 

Q Rated load of an elevator [kg] 



Qk Forklift static axle load in EN 1991-1-1 [N] 

QL Rated load of a load handling device [kg] 

X Distance from the sill load to the center of the guide rail line [mm] 

φ Dynamic magnification factor based on forklift tyre material in EN-1991-1-1 

 

Abbreviations 

A ASME A17.1 loading class for general freight loading where the weight of 

any single piece of goods or the combined weight of the goods and the load 

handling device is not more than 25% of the rated load of the elevator. 

B ASME A17.1 loading class for motor vehicle loading where the elevator is 

used only for carrying automobile trucks or passenger automobiles up to the 

rated load of the elevator. 

C1 ASME A17.1 loading class for forklift loading where the static load during 

loading and unloading does not exceed the rated load. 

C2 ASME A17.1 loading class for forklift loading where the static load during 

loading and unloading is permitted to exceed the rated load. 

C3 ASME A17.1 loading class for other loading with heavy concentrations 

where the static load during loading and unloading is not over the rated load 

CAD Computer aided design 

FEM Finite element method 

FL Forklift. Used in EN 1991-1-1 when determining the forklift classes 

T Top suspension. Rope attachment type in 1:1 elevator roping arrangement 

TP Top pulley, Rope attachment type in 2:1 elevator roping arrangement. 

UP Underslung pulley. Rope attachment type in 2:1 elevator roping arrangement. 

VCV Vertical continuous vulcanizing. Process used in manufacturing high-voltage 

marine cables. 
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1  Introduction 

In this chapter the background and goals of the thesis, terminology, exclusions, and previous 

study is presented and discussed. 

1.1  Background and goals 

This thesis studies the loading conditions of a high-rise goods passenger elevator during 

loading especially when using hand operated loading devices e.g., manual pallet truck or 

similar light device. Goods passenger elevator is an elevator mainly intended for transporting 

goods, which are often accompanied by persons (EN 81-20, 2020, p. 17). The elevator 

standards recognize generally a counterbalanced forklift as a load handling device when 

considering the loading and unloading of a goods passenger elevator. This might create a 

situation where the elevator is over-designed since it is based on the elevator standard 

requirements which assume much higher loads than what is imposed by the lighter load 

handling devices. For instance, the use of a counterbalanced forklift as a load handling device 

is often not feasible in commercial high-rise buildings like hotels or offices due to the 

restrictions by the available space or building structure. 

One application for this type of elevators are towers for high-voltage marine cable 

manufacturing. The increasing pressure of using sustainable forms of energy production has 

increased the use of wind power in recent years (Musial, et al., 2020, pp. 27-29). Which, in 

turn, has made it necessary to also have efficient and reliable production for the required 

components, such as the high-voltage marine cables. These cables are coated as one 

continuous cable from top of the tower downwards and elevators are needed to transport the 

required materials up the tower. The height of these towers can reach up to 200 m which 

requires the use high-rise elevators. These elevators do not correspond to the traditional 

goods elevators on which regulations are based on and using conventional dimensioning 

based on counterbalanced forklift would result in expensive solution. One customer case of 

such elevator solution is presented briefly as an example case in this thesis.  
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When designing an elevator, it is important to understand and recognize the load cases and 

critical variables affecting the use of an elevator to have sufficient and safe structures. The 

research questions to support with the thesis work are presented below 

- What are relevant loading requirements for goods passenger elevators which are not 

loaded with counterbalanced forklift? 

- What is loading caused by lighter load handling devices? 

- Would it be beneficial to define a new loading class for goods passenger elevators 

loaded using lighter load handling devices? 

To answer the research questions, an exhaustive literature review will be conducted of the 

relevant elevator and building standards to understand the current requirements regarding 

the loading and unloading of goods. Different load handling devices will be studied to 

understand the geometries and the type of loads those impose. The current calculation rules 

for analysing the elevator structure during the loading and unloading will be studied and 

presented. Based on the studies, an analysis utilizing analytical and finite element method 

(FEM) approaches will be conducted for the loading of an elevator, comparing the elevator 

standard load cases with loads imposed by the studied load handling devices. 

The effect of smaller load handling devices to the structural integrity of an elevator has not 

been purposefully studied before. Therefore, it is seen as a key area of study because of 

increased need for such solutions. The study concentrates on elevator system level analysis 

rather than any specific component to have better overall understanding of the design loads 

of elevators when using lighter load handling devices. 

The goal of the thesis is to present meaningful comparison between the load cases proposed 

in elevators standards and loads imposed by the studied load handling devices. Based on the 

comparison, improvements for loading class definitions can be proposed which would better 

represent the use of different load handling devices. Currently the loading class definitions 

used in KONE are based on the ASME standard terminology. Loading class definitions 

should be easily interpreted by KONE and customer and not necessarily be linked to a 

specific elevator standard since the requirements vary between regions. This would support 

the discussion for selecting the appropriate loading class and defining the loading type to be 

used. The use of ASME specific loading class definitions creates confusion since those are 

used also in elevators not otherwise based on ASME standard, but for example European 
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EN 81-20 standard or its local adaptations globally. Combining European and American 

standard is also problematic because EN 81-20 is more performance based while ASME is 

more descriptive. EN 81-20 does not include any goods passenger elevator specific 

requirements besides the sill loads, and therefore the definitions from ASME has been used. 

With the help of the new loading classes more clear tools could be provided for the sales 

personnel to help with the discussions with the customer about the available options KONE 

has to offer regarding the goods passenger elevators. The new loading class definitions 

would also support the sales department’s communication with the engineering by providing 

better tendering and ordering input. 

1.2  Terminology 

This chapter describes and clarifies the elevator and elevator loading specific terminology 

used in this thesis. 

Goods passenger elevator Elevator mainly intended for the transport of goods, which are 

generally accompanied by persons (EN 81-20, 2020, p. 120). 

Referred as service elevator in ASME A17.1 

Elevator Term used in ASME standard. EN 81-20 uses term lift. Term 

elevator is used in the thesis since it is commonly in use at 

KONE. 

Rated load Load, which is intended to be carried in normal operation, which 

may include the mass of the load handling devices (EN 81-20, 

2020). 

EUR-pallet Standard size (1200 mm x 800 mm) pallet (EPAL, 2023). 

EUR2-pallet Standard size (1200 mm x 1000 mm) pallet (EPAL, 2023). 

Elevator car Part of an elevator which carries the passenger or goods (EN 81-

20, 2020). 

Sling Steel framework, carrying the car and is connected to the 

suspension means (EN 81-20, 2020). 
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Sill Part of elevator car or landing structure. Provides the guiding for 

doors. Loading applied on car sill causes highest turning moment 

in the guide rail line. 

1.3  Exclusions 

This thesis does not include highly specific structural calculations or analysis, but the focus 

is more on the elevator system level understanding. Also, the creation of detailed engineering 

or sales instructions is excluded from the scope of this thesis even though some proposals 

for revised documents are presented. Hydraulic elevators are identified in the relevant 

elevator codes but are excluded from the scope of this thesis as those are not commonly used 

anymore by KONE and the focus is on the traction type high-rise elevators. 
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2  Literature review 

This chapter presents the literature review related to the subject of the thesis. The literature 

review covers previous study and the related elevator and building standards and what are 

the limitations there regarding the loading of goods with light load handling devices and 

limitations in positioning the load in the elevator car. Also, the load handling devices are 

discussed, and the important technical specifications are presented which are relevant for 

elevator strength analysis. 

2.1  Previous study 

The differences in design loads according to EN 81-20 and ASME A17.1 for industrial goods 

elevator when using heavy load handling devices has been studied previously by Tomi 

Saarentola as part of his thesis. The study concentrated on studying the differences between 

standards EN 81-20, ASME A17.1 and EN 1991-1-1, and the axial loads caused by forklifts 

and the effect of the axial loads to the fatigue life of a welded lap joint in elevator sling 

diagonal support. It was found that there are differences between the standards in defining 

axial loads caused by the forklifts and there were also differences when compared to the 

axial loads presented by the forklift manufacturers in their data sheets. As main results 

Saarentola presented a proposal for revised sill load calculation in EN 81-20 which would 

better describe the actual loading caused by the forklift and presented also fatigue life 

estimations for the selected welded lap joint. 

2.2  Loading related elevators standards 

This chapter includes the relevant standards related to elevator loading and analysis of the 

limitations they have considering the loading with hand operated loading devices. 
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2.2.1  ASME A17.1 

ASME A17.1 is the elevator safety standard used in USA and Canada and it covers the 

design, construction, operation, inspection, testing, maintenance, alteration, and repair of 

elevators and its associated parts, rooms, spaces, and shafts, where located in or adjacent to 

a building or structure. (ASME A17.1-2016/CSA B44-16, 2016, p. 1.) 

ASME A17.1 identifies five different loading classes presented below based on the type of 

loading and load handling device (ASME A17.1-2016/CSA B44-16, 2016, p. 72). 

- Class A: General Freight Loading. Where the weight of any single piece of goods or 

the combined weight of the goods and the load handling device is not more than 25% 

of the rated load of the elevator. Load is handled on and off the elevator car platform 

manually or by means of hand operated loading device. The rated load shall be based 

on not less than 240 kg/m2 of inside net platform area. 

- Class B: Motor Vehicle Loading. Where the elevator is used only for carrying 

automobile trucks or passenger automobiles up to the rated load of the elevator. 

- Class C1: Industrial Truck Loading. Where the static load during loading and 

unloading does not exceed the rated load. 

- Class C2: Industrial Truck Loading. Where the static load during loading and 

unloading is permitted to exceed the rated load. 

- Class C3: Other Loading with heavy concentrations. Where the static load during 

loading and unloading does not exceed the rated load. 

Regarding the goods passenger elevators, the interesting loading classes are Class A, Class 

C1 and Class C3. Class B is excluded from this thesis because it is used only in elevators 

carrying automobiles and Class C2 because it is used when rated load is exceeded during 

loading, which implies something other than light load handling device. 

When considering the loading of goods, ASME gives guidelines for calculating the 

concentrated load from the transported goods causing bending and calculating the sill load 

during the loading and unloading (ASME A17.1-2016/CSA B44-16, 2016, pp. 277-278). 

According to ASME A17.1 the landing sills shall be of metal and have sufficient strength to 

support the loads during loading and unloading of the car. (ASME A17.1-2016/CSA B44-
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16, 2016, p. 44.) ASME A17.1 code introduces the equations in both, SI Units, and Imperial 

Units but all the equations presented in this thesis are based on SI Units to have comparability 

with European codes and standards. 

For the loading class A, the turning moment caused by the transported goods can be 

calculated with the equation shown below, where KA is the turning moment in N mm, Q is 

the rated load in kg and B is the inside clear width of the elevator car in mm. (ASME A17.1-

2016/CSA B44-16, 2016, pp. 277-278.) 

 

KA=9,807 �
QB
8
� ( 1 ) 

 

The concentrated load shall be assumed to be in a position that will produce the maximum 

stress according to Figure 1. 

 

 

 

Since the weight of the single piece of goods or combined weight of the goods and the load 

handling device for the A-class shall not be more than 25% of the rated load of the elevator, 

the calculation of the sill load shall be based on that assumption. Therefore the sill load for 

Figure 1. Load position according loading class A (ASME A17.1-2016/CSA B44-16, 2016, 

p. 278). (See Equation 1 for the equation in SI Units). 
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class A loading can be calculated using equation shown below, where the Fs,A is the sill load 

in kg, g is the gravitational acceleration in m/s2  and Q is the rated load of the elevator in kg. 

The load shall be assumed to occupy the position that will produce the maximum stress. 

(ASME A17.1-2016/CSA B44-16, 2016, p. 278.) 

 

Fs,A=0,25gQ ( 2 ) 

 

If the weight of the goods or the combined weight of the goods and load handling device is 

more than 25% of the elevator rated load, loading class C should be followed (ASME A17.1-

2016/CSA B44-16, 2016, p. 72). For the loading class C, the concentrated load caused by 

the transported goods can be calculated with the equation shown below, where KC is the 

turning moment in N mm, Q is the rated load in kg and B is the inside clear width of the 

elevator car in mm. 

 

KC=9,807 �
QB
4
� ( 3 ) 

 

The concentrated load shall be assumed to be in a position that will produce the maximum 

stress according to Figure 2. 
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For loading class C1, the sill load shall be 80% of the rated load in case of rated load of 9000 

kg or less and in case of rated load is more than 9000 kg, the sill load calculation shall be 

based on 80% of the 9000 kg or of the maximum loaded forklift weight, whichever is greater. 

The load shall be divided into two equal parts, 765 mm apart to represent the wheel track 

width of the load handling device and assumed to occupy the position that will produce the 

maximum stress. Therefore the sill load for loading class C1 can be calculated with the 

equation shown below in case of rated load 9000 kg or less, where the Fs,C is the sill load in 

N, g is the gravitational acceleration in m/s2 and Q is the rated load of the elevator in kg. 

(ASME A17.1-2016/CSA B44-16, 2016, p. 278.) 

 

Fs,C=0,8gQ ( 4 ) 

 

For loading class C3, the sill load shall be determined based on the actual loading conditions 

but not less than what is required for class A loading (ASME A17.1-2016/CSA B44-16, 

2016, p. 278). 

The sill load positions for loading classes A and C can be seen in Figure 3. It can be assumed 

that to produce the maximum stress, the loading shall be positioned in the middle of the sill 

for class A loading and centrally, 765 mm apart for class C loading. 

Figure 2. Load position according to loading class C (ASME A17.1-2016/CSA B44-16, 

2016, p. 278). (See Equation 2 for the equation in SI Units). 
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2.2.2  EN 81-20 

EN 81-20 is the elevator safety code covering the safety rules for the construction, 

installation, and inspection of elevators for the transport of persons and goods. EN 81-20 

considers some loading related aspects like the weight of the handling device, levelling 

accuracy during the loading and unloading, and sill loads to be used in calculations, but 

overall EN 81-20 gives little consideration towards the loading and unloading of goods.  

EN 81-20 assumes that negotiations have been made between the customer and the elevator 

supplier and the agreement has been reached about the intended use of the elevator and in 

case of goods passenger elevator, the type and mass of the load handling devices intended 

to be used for loading and unloading. (EN 81-20, 2020, p. 9.) 

Elevator standard EN 81-20 defines load cases which needs to be considered in the elevator 

design and categorizes those as following: 

- normal operation – running 

- normal operation – loading and unloading 

- safety device operation. (EN 81-20, 2020, p. 104.) 

Standard also instructs the load and forces to consider in the different load cases. The loads 

and forces to be considered can be seen in Figure 4. 

Figure 3. Sill load positions according to loading class A and C 
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Figure 4. Loads and forces to consider in different load cases (EN 81-20, 2020, p. 107). 

 

As the loading and unloading is the point of interest in thesis, the loads and forces to consider 

in these load cases are as the mass of the empty car and components supported by the car P, 

sill load Fs, push through forces of all brackets at one guide rail in newtons Fp, mass of one 

line of guide rails in kilograms Mg, forces and torques per guide rail due to auxiliarly 

equipment fixed to the guide rail Maux. 

EN 81-20 states that to prevent overloading of the elevator car by persons, the available car 

area shall be limited and therefore the relationship between the rated load and maximum 

available area is defined (Figure 5). (EN 81-20, 2020, pp. 69-70.) 

 

 

Figure 5. Rated load and maximum available elevator car area for traction elevators 

(EN 81-20, 2020). 
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The above requirements apply also for goods passenger elevators under the following 

conditions, either: 

a) the weight of the handling device is included in the rated load, or 

b) the weight of the handling device is considered separately from the rated load when: 

1. handling devices are not transported in the elevator with the load but are only 

used for loading and unloading 

2. the design of the car, the car sling, the car safety gear, the guide rails, the 

machine brake, the traction, and the unintended car movement protection 

means shall be based on the sum of rated load and the weight of the loading 

device 

3. in case the stroke of the car due to loading and unloading exceeds the 

maximum levelling accuracy ±20 mm, a mechanical device shall limit down 

movements of the car. 

According to EN 81-20 every landing and the car entrance shall have a sill with sufficient 

strength to withstand the loads introduced when loading or unloading goods (EN 81-20, 

2020, p. 54). For defining the strength of the sill EN 81-20 defines three different forces to 

be used as the sill load based on the elevator use. The amount of force applied on the sill are 

presented in the equations below, where Fs is the amount of force in N, g is the gravitational 

acceleration in m/s2 and Q is the rated load of the elevator in kg. (EN 81-20, 2020, p. 106.) 

 

Fs=0,4gQ ( 5 ) 

Fs=0,6gQ ( 6 ) 

Fs=0,85gQ ( 7 ) 

 

Equation 5 is used in case of passenger elevator, equation 6 is used in case of goods 

passenger elevator and equation 7 is used in case of goods passenger elevator used with 

heavy load handling devices if the weight of the device is not included in the rated load. The 

car shall be regarded empty when applying the force on the sill and in case of a car with 
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multiple entries the least favourable should be considered in the calculations. (EN 81-20, 

2020, p. 106.) 

2.2.3  EN-1991-1-1 

EN 1991-1-1 is part of the Eurocode 1 defining actions on structures. It is a building standard 

and as such not applicable for elevators – although used as a reference in certain situations. 

The scope is defined as follows “EN 1991-1-1 gives design guidance and actions for the 

structural design of buildings and civil engineering works including some geotechnical 

aspects for the following subjects: (EN 1991-1-1, 2002, p. 8.) 

- Densities of construction materials and stored materials 

- Self-weight of construction works 

- Imposed loads for building.” 

When considering the loading and unloading of an elevator, EN 1991-1-1 defines 

recommendations for the imposed loads by forklifts for the buildings. Forklifts are classified 

in 6 classes FL 1 to FL 6 depending on the net weight, dimensions, and hoisting loads. FL 

classes can be seen in Figure 6. 

 

 

 

Depending on the FL class defined previously, the static vertical axle load Qk are determined 

for the classes. Axle loads can be seen in Figure 7. (EN 1991-1-1, 2002, p. 25.) 

 

Figure 6. Forklift classes 1-6 (EN 1991-1-1, 2002, p. 25). 
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Furthermore, the static vertical axle load should be multiplied with the dynamic factor 

according to the equation shown below, where Qk is the static axle load and φ is the dynamic 

magnification factor (EN 1991-1-1, 2002, p. 26). 

 

Qk,dyn=φQk ( 8 ) 

 

The dynamic factor for forklifts considers the inertial effect caused by the acceleration and 

deceleration of the hoisting load and should be as defined in Table 1.  

 

Table 1. Dynamic factor based on tyre material (EN 1991-1-1, 2002, p. 26). 

 Dynamic factor, φ 

Pneumatic tyres 1,40 

Solid tyres 2,00 

 

Horizontal loads due to the acceleration and deceleration of the forklifts can be considered 

as 30% of the vertical axle load Qk. Dynamic factors are not needed when calculating the 

horizontal loads. (EN 1991-1-1, 2002, p. 26.)  

Figure 7. Axle loads based on FL classes (EN 1991-1-1, 2002, p. 25). 
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2.2.4  Limitations 

Based on the literature review of the relevant standards related to the elevator and building 

design guidelines there are some limitations when considering the loading and unloading of 

the goods using hand operated load handling devices.  

Three reviewed standards, ASME A17.1, EN 81-20 and EN 1991-1-1 included mainly 

guidelines for counterbalanced forklifts and did not consider different load handling devices 

in detail. The guidelines in EN 1991-1-1 for calculating the imposed load to the building by 

the forklift does only consider the load handling devices from ~2100 kg up with hoisting 

load of 1000 kg as seen in Figure 6. This already limits the lighter load handling devices 

from the scope of the standard. As EN 1991-1-1 is used in defining the imposed loads to the 

buildings, the lighter load handling devices might not cause enough stresses which should 

be considered from the building point of view. However, the loads imposed by the lighter 

hand operated load handling devices does influence the elevator design and therefore should 

be considered. In that sense, the EN 1991-1-1 does not help to determine the loads imposed 

by the lighter load handling devices. The dynamic factors presented in Table 1 could also be 

utilized when defining the load caused by the lighter load handling devices in case of 

different wheel materials. However, the inertial effect caused by the acceleration and 

deceleration of the hoisting load does not apply when considering the sill load since the load 

is static. The dynamic factor could be considered when lowering or lifting the load inside 

the elevator car. 

EN 81-20 and ASME A17.1 provides guidelines for calculating the loads during the loading 

and unloading loosely based on the load handling device used.  

For goods passenger elevator loaded with hand operated load handling device ASME A17.1 

guides to use the loading class A, where the combined weight of the handling device and the 

goods however shall not weigh over 25% of the rated load of the elevator. This 25% limit 

might easily be surpassed especially if the rated load of the elevator is low. If the weight is 

more than 25% of the rated ASME standard guides using the loading class C1. This creates 

a situation where the elevator loaded with hand operated load handling device needs to be 

designed according to the requirements of loading class C1 meant for industrial forklift 

loading. Loading class C1 also guides that the calculated load should be applied to two equal 

parts 765 mm apart, which is the assumed wheel track width of the forklift. Normally a wheel 
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track of this width is too wide for manual pallet truck and too narrow when compared with 

actual forklifts. In case the rated load of the elevator is big, the 25% proposed by the class A 

could already be a considerable weight and using class A might ignore some relevant design 

criteria. 

EN 81-20 guides the sill load calculations according to previously presented equations 5…7 

which also can interpreted to be loosely based on the load handling device used. In case of 

heavy handling device, the sill load should be calculated as 85% of the rated load according 

to Equation 7 and in case of standards good passenger elevator the sill load shall be 

calculated as 60% of the rated load according to equation 5. When considering the use of 

hand operated, manual load handling devices the 60% sill load should be followed in the sill 

load calculations. EN 81-20 does not consider the wheel track of the loading device but 

guides that the vertical force on the sill must be assumed to act centrally on the sill (EN 81-

20, 2020, p. 106). The definition of the heavy load handling device is not clear in the EN 81-

20, and this leaves some room for interpretation as to what is considered as heavy and what 

as light load handling devices. 

ASME A17.1 defines more clearly the loading class to be used based on the load handling 

device. The jump from loading class A to loading class C is however quite big regarding the 

assumed load caused by the transported goods and the load handling device and therefore it 

is meaningful to study the real loading conditions caused by the lighter load handling 

devices. This will also help in understanding the suitable sill load calculation according to 

EN 81-20 as the definition of the sill load is not clearly defined based on the load handling 

device used. 

There are also some limitations when considering the positioning of the load in the elevator 

car. EN 81-20 guides that the rated load shall be evenly distributed over three quarters of the 

car being in the most unfavourable position. However, in case of different load distribution 

conditions have been agreed after the initial negotiations with the customer, additional 

calculations shall be made according to those conditions and the worst-case shall be 

considered. (EN 81-20, 2020, p. 105.) However, practical experience has shown that getting 

accurate data from the customer is difficult and using for example predefined loading 

conditions from ASME standard seems to work better. 
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The ASME A17.1 assumption is that a concentrated load is positioned 1/4 times the inside 

width of the car from the center of the car and 1/4 times the inside length of the car according 

to Figure 1 and Figure 2 representing the most unfavourable position for the load. This 

assumption does not consider the actual sizes of the elevator cars or the type of goods to be 

transported. Therefore, studies based on commonly used pallet sizes should be made to 

understand the actual positions of the load and what possibilities there are for positioning 

the load inside the elevator car. 

2.3  Load handling devices 

This chapter introduces the load handling devices in the scope of this thesis work. This 

chapter includes the general introduction of the devices and the important technical 

specification to consider in the elevator strength analyses. 

Loading, moving, and unloading materials can be expressed as materials handling, which as 

such is not a production process and usually costs money rather than adding value for the 

product. Time used inefficiently in material handling is time lost from other more productive 

operations. Therefore, it is important that materials handling is as minimized or mechanised 

and automated as much as possible. Different kind of load handling equipment should be 

used to support the materials handling process and the equipment should also be selected 

according to the handled materials, available space, and capacities for example of an 

elevator. (Siddhartha, 2008, pp. 1–1-3, 2–11-13.) It is important to notice that the efficiency 

consideration applies to elevators as well. It does not make sense to load the elevator with 

small parcels but rather optimizing the available space and rated load using pallets makes 

much more sense. There is also limit to how much time should be used in loading/unloading 

the elevator versus just taking the elevator to destination floor with less load but faster 

loading/unloading. This is obviously dependent of the elevator travel time. 

Terminology and classification related to industrial trucks are specified in international 

standard ISO 5053-1. For the purposes of this thesis, the term “industrial truck” is not used, 

but all such devices are referred as “load handling devices.” According to the standard, load 

handling devices are wheeled vehicles having at least three wheel and can have powered or 

non-powered based mechanism. (ISO 5053-1, 2015, p. 1.) Due to the vast variance of 

individual load handling device types, it is not possible or meaningful to introduce all the 
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several types, but most common and suitable types regarding the scope of this thesis work 

are chosen. 

The load handling devices to be studied in this thesis are presented in Table 2 where the 

terminologies and descriptions are presented. 

 

Table 2. Load handling devices studied (ISO 5053-1, 2015, pp. 44,70). 

Thesis term 
ISO 5053-1 

term 
Illustration 

Description based on  

ISO 5053-1 

Counter- 

balanced 

forklift 

Counter- 

balanced lift 

truck 

 

 

 

Stacking lift truck fitted with fork 

arms on which the load, either 

palletized or not, is put in a 

cantilever position in relation to 

the front wheels and balanced by 

the mass of the truck 

Manual 

pallet truck 

Pedestrian 

propelled 

pallet truck 
 

Truck with wheels supporting the 

lifting fork arms for handling 

pallets, designed to be manually 

pushed, pulled, and steered, on a 

smooth, level, hard surface by a 

pedestrian operator using an 

articulated tiller, and designed to 

raise a load by pumping the tiller 

to a height sufficient for 

transporting. 
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Table 2 continues. Load handling devices studied (ISO 5053-1, 2015, pp. 45, 54). 

Thesis term 
ISO 5053-1 

term 
Illustration 

Description based on  

ISO 5053-1 

Electric 

pallet truck 
Pallet truck 

 

Pedestrian or rider-controlled non-

stacking lift truck fitted with 

forks. Electrical power source 

Reach truck Reach truck 

 

Stacking lift truck with outriggers 

where the load can be 

repositioned by moving the 

retractable mast 

 

The important load handling device features, when considering the loading and unloading 

load cases from elevator point of view, are 

- Self-weight of the device 

- Rated load capacity 

- Load center position 

- Wheelbase dimension 

- Front axle loading 

- Rear axle loading 

- Tyre size and type 

- Axle load to weight ratio 

These determine the loading applied on the sill and elevator car floor structure during the 

loading and unloading. Most meaningful features are the self-weight, rated load capacity, 

wheelbase dimension and the axle load weight ratios. With this information quite accurate 

calculations can be made. 
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2.3.1  Counterbalanced forklift 

Since the focus of this thesis is on the use of lighter load handling devices, the 

counterbalanced forklift is not introduced in detail. It is however meaningful to present the 

technical specification and dimensions as this is used also as a reference in the later analysis 

part. Forklift type used in the analysis is Toyota Traigo 48 with 1600 kg capacity. The 

technical specifications and dimension are presented in Table 3. 

 

Table 3. Forklift technical specification and dimensions (Toyota Forklifts, 2022). 
 

Toyota 

8FBEK16T 

Self-mass M [kg] 3002 

Rated load capacity QL [kg] 1600 

Total loaded mass MQ [kg] 4602 

Load center position c [ mm] 500 

Wheelbase dimension front b10 [ mm] 905 

Wheelbase dimension rear b11 [ mm] 180 

Front axle loading F1 [kg] 4092 

Front axle loading to total loaded mass ratio [%] 89 

Rear axle loading F2 [kg] 510 

Number of wheels front/rear 2/2 

Tyre size front 18x7-8 

Tyre size rear 15x4.1/2x8 

Tyre material Solid rubber 
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2.3.2  Manual pallet truck 

Manual pallet truck was chosen to be studied in this thesis because it is commonly used light 

load handling device with goods passenger elevators in buildings where use of 

counterbalanced forklift is not feasible and it is not covered in elevator standards in detail. 

For the purposes of this thesis work, four different manual pallet truck are presented in this 

section and further used in the analysis part. The provided information about the technical 

specifications of the pallet trucks by the manufacturers varies a lot so therefore it is 

meaningful to collect the data from each manufacturer and combine into single table in easily 

understandable format. The technical dimensions of a manual pallet truck can be seen in 

Figure 9 which is based on a manual pallet truck manufactured by Jungheinrich 

(Jungheinrich, 2022). All the technical dimensions are presented using the units in the Figure 

9. 

Figure 8. Technical dimensions of a counterbalanced forklift (Toyota Forklifts, 2022). 
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The technical specifications and dimensions of different manual pallet trucks from 

manufacturers Toyota and Jungheinrich can be seen in Table 4.  

  

Figure 9. Technical dimensions of a manual pallet truck (Jungheinrich, 2022). 
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Table 4. Manual pallet truck technical specifications and dimensions (Toyota Forklifts, 

2023) (Jungheinrich, 2022). 

 
Toyota 

LHM300 

Toyota 

LHM230 

Jungheinrich 

AM 15l 

Jungheinrich 

AM 30 

Self-mass M [kg] 105 63 65 86 

Rated load capacity QL [kg] 3000 2300 1500 3000 

Total loaded mass MQ [kg] 3105 2363 1565 3086 

Load center position c [ mm] 600 600 600 600 

Wheelbase dimension b11 [ mm] 340 364 370 390 

Front axle loading F1
1) [kg] 978 750 613 815 

Rear axle loading F2
1) [kg] 2100 1610 952 2270 

Rear axle loading to total 

loaded mass ratio [%] 

68 68 61 74 

Number of wheels front/rear 2/2, 2/4 2/2, 2/4 2/2, 2/4 2/2, 2/4 

Tyre size front [ mm] d85x75 d85x100 d50x70 d80x70 

1) Calculated based on the data from the manufacturer’s data sheet. 

 

Manual pallet trucks with different rated load capacities were selected for evaluating the 

differences between the different models. The dimensions of the selected options are similar 

with each other but the changes in the load capacity also creates variability in the rear axle 

loading which is important specification when considering the sill loading caused by the load 

handling device. The manual pallet truck with 3000 kg capacity is already considerable load 

and considering that manual pallet trucks up to 5000 kg capacity also exists, it definitely 

can’t be considered as light load. 

The number of wheels might vary between two and four depending on whether the device 

configuration has single or bogie type rear wheels. Both Toyota and Jungheinrich provides 
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both wheel types and the difference between the wheel types is presented in Figure 10, where 

the single wheel is the upper one and bogie wheel the lower one. Single fork wheel is 

preferred on even floors and enables easy turning whereas bogie wheels are better suited for 

uneven floors. The type of wheel for a manual pallet truck from elevator loading point of 

view is interesting because in the bogie wheel type the load is distributed between four 

wheels, therefore decreasing the induced point load which could be meaningful when 

engineering the elevator car floor, and car and landing sills. (Toyota Forklifts, 2023.) 

 

 

 

The wheel configuration might also lead to a confusion when reading the technical 

specification of a manual pallet truck manufacturers data sheet as the number of wheels 

influences on the presented axle loading. Therefore, it is important to compare the total 

loaded mass of the device to the front and rear axle loading values and understand the number 

of wheels in the configuration. 

Different manufacturers seem to have different way of express the loading values in 

reference to the number of wheels in the device configurations. Toyota defines for example 

for their LHM230 model the self-mass M as 63 kg and rated load capacity QL as 2300 kg. 

Which would lead to a total loaded mass of 2363 kg. When looking at the front and rear axle 

loading masses F1, 375 kg and F2, 805 kg from the data sheets it is clear that the expressed 

axle loadings are divided between the wheels since 375 kg and 805 kg only equals 1180 kg. 

Figure 10. Single and bogie rear wheels (Toyota Forklifts, 2023). 
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When further looking into the details of the device it is stated that the number of wheels is 

2/2, meaning two wheels in front and two wheels in the rear. When multiplying the axle 

loading with the number of wheels, it equals the total loaded mass of the device 2 * 375 kg 

+ 2 * 805 kg = 2360 kg. As this assumes there are two wheels in the front and two wheels in 

rear, the presented configuration is with the single fork wheels. In case of bogie fork wheels, 

the rear axle loading should be further divided between the four wheels to have the point 

load of individual rear wheel. 

Jungheinrich defines for their AM 15I manual pallet truck the self-mass M as 65 kg and rated 

load capacity QL as 1500 kg, leading to a total loaded mass of 1565 kg. The front and rear 

axle loading masses are F1, 613 kg and F2, 476 kg which can be read from the data sheet. 

Again, if summing the axle loading masses the mass would only be 1089 kg which does not 

correlate with the total loaded mass of the device, therefore further study should be 

conducted to understand the axle loading. The number of wheels for the AM 15I manual 

pallet truck is 2/4, meaning two wheels in front and four wheels in rear. This gives the 

assumption that the presented configuration in the data sheet is with bogie front wheels. 

However, Jungheinrich presents the axle loading in the data sheet so that the rear axle loading 

F2 should be multiplied with the number of forks but the front axle loading F1 is the total 

loading in the front wheels. When multiplying the rear axle loading 476 kg with the number 

forks and adding the front axle loading, it equals the total loaded mass of the device 2 * 476 

kg + 613 kg = 1565 kg. 

To further increase the complexity, the definitions of the axle loadings presented in the data 

sheets can vary between the manufacturer as well. Jungheinrich defines for their larger 

AM 30 model that the self-mass M is 86 kg and rated load capacity QL is 3000 kg, which 

leads to a total loaded mass of 3086 kg. The front and rear axle loadings are defined as F1, 

815 kg and F2, 2270 kg. Even though the number of wheels is again 2/4, the axle loadings 

are not divided between the wheels or forks, but by simply summing the front and rear axle 

loading values equals the total loaded mass of the device, 815 kg + 2270 kg = 3085 kg. 
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Because of the complexity of the data sheets, it can be assumed that even though the exact 

load handling device used in the loading of the elevator would be known, it still might lead 

to incorrect design load if the data sheets are not interpreted correctly. Therefore, for clarity 

and purposes of this thesis the axle loadings in the Table 4 are presented as the total loading 

between the front and rear of the device. For analyses the loadings are then further divided 

between the number of wheels to understand the point loads caused by the wheels 

2.3.3  Electric pallet truck 

Same as manual pallet truck, electric pallet truck is commonly used light load handling 

device with goods passenger elevators. The use of electrically powered pallet trucks has 

increased when consideration towards the well-being of operators has increased. From an 

ergonomic point of view the manual material handling tasks have the potential to be highly 

unsafe (Mudiyanselage, Nguyen, Rajabi & Akhavian, 2021, p. 1). Especially the pushing 

and pulling motion of e.g., pallet truck has seen to increase the risk of musculoskeletal 

disorders (Hoozemans, et al., 1998, p. 757). 

The side view and dimensions of an electric pallet truck can be seen in Figure 11. The figure 

represents the Jungheinrich EJE 114-120 electric pallet truck.  

 

 
Figure 11. Electric pallet truck technical dimensions (Jungheinrich, 2022). 
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The important load handling device features presented in section 2.2 applies also for the 

electric pallet truck and the technical specifications and dimensions of two different electric 

pallet trucks are presented in Table 5. 

 

Table 5. Electric pallet truck technical specification (Jungheinrich, 2022) (Toyota Forklifts, 

2023). 

 
Jungheinrich  

EJE 114 

Toyota  

LPE220 

 

Self mass M [kg] 405 826  

Rated load capacity QL [kg] 1400 2200  

Total loaded mass MQ [kg] 1805 3026  

Load center position c [ mm] 600 600  

Wheelbase dimension b11 [ mm] 363 370  

Front axle loading F1
1) [kg] 655 1513  

Rear axle loading F2
1) [kg] 1150 1513  

Rear axle loading to total loaded 

mass ratio [%] 

64 50  

Tyre size front [ mm] d85x95 d85x100  

1) Calculated based on the data from the manufacturer’s data sheet. 

 

For the axle loadings for electric pallet trucks there is also some room for interpretation. 

Jungheinrich presents the front and axle loadings simply between the two axles and 

multiplying the two will lead to a value of total loaded mass of the device. Toyota presents 

the axle loadings between three different wheels, castor wheel (1), drive wheel (2) and fork 

wheel (3) shown in Figure 12. 
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Figure 12. Electric pallet truck wheel configuration. Modified from Toyota figure (Toyota 

Forklifts, 2023). 

 

For the purposes of this thesis the front and rear axle loadings presented in the Table 5 are 

the total loading between the front and rear of the device. 

2.3.4  Reach truck 

Reach truck was selected as a load handling device to be evaluated in this thesis because it 

is used in the specific customer case, also used as a reference in this thesis. It is therefore 

meaningful and interesting to study a load handling device based on a real customer case 

and need. Also, the wheelbase dimension and size of the tyres are different from standard 

counterbalanced forklift but with similar total loaded mass. This changes the load 

distribution on the sill. 

The reach truck used in the analysis part is Still FM-X14. The side view and the technical 

dimensions of the reach truck can be seen in Figure 13.  
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The key features and specifications from section 2.2 also applies for the reach truck. The 

technical specifications and dimensions of the Still FM-X14 reach truck are presented in the 

Table 6. 

  

Figure 13. Reach truck technical dimensions (Still Finland, 2022). 
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Table 6. Still FM-X14 technical specification and dimensions (Still Finland, 2022). 
 

Still  

FM-X14 

Self mass M [kg] 3470 

Rated load capacity QL [kg] 1400 

Total loaded mass MQ [kg] 4870 

Load center position c [ mm] 600 

Wheelbase dimension b11 [ mm] 1167 

Front axle loading F1 [kg] 1950 

Rear axle loading F2 [kg] 2910 

Rear axle loading to total loaded mass ratio [%] 60 

Tyre size front [ mm] d285x100 
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3  Theory 

In this section the theory behind the elevator use and the loading related analysis are 

presented. The rules behind defining the use of the elevator whether it is passenger or goods 

passenger elevator, and different building types are discussed. Also, the customer case used 

as a reference is presented and how it can be categorized based on elevator use and building 

type. 

The critical components in the elevator system during the loading and unloading are 

discussed, critical load handing device parameters are presented and how to use those in the 

analysis. Also, the general analytical and FEM analysis and calculation rules of an elevator 

system are presented. 

3.1  High-rise elevator engineering 

Since the scope of the analysis are the high-rise elevators, it is seen meaningful to briefly 

present the key features of a high-rise elevator to further understand the analysis cases. There 

is no single universally accepted definition of what is considered a high-rise elevator. In this 

context an elevator with 150 m of travel or more would be considered high-rise, which also 

includes the presupposition that it is a traction elevator with a separate machine room. 

Number of major engineering challenges rise associated with the design of the high-rise 

buildings including construction methods, structural design and building elevator system 

design. The importance of a properly engineered elevator system is critical in high-rise 

elevators and therefore high-rise elevator was the chosen as the focus of the thesis. (Roberts, 

1998, p. 1.) 

Because of the high travel, the over-engineering causes more issues and engineering needs 

in the system level than elevators with lower travels. Additional weight in the sling or car 

because of strengthening might require bigger guide rails for example. With over 100 m of 

travel that could be a substantial cost increase compared to a low-rise elevator with 15 m 

travel. Same principle goes for all the components which are depended on the travel height. 

Therefore, avoiding over-engineering especially in high-rise elevators is crucial. 
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Different roping arrangement can be seen in Figure 14. The types which are feasible for 

high-rise elevators are 1:1 and 2:1 roping arrangements, which are also in the scope of the 

analysis part introduced later. 

 

 

Figure 14. Roping arrangements (Abad, 2016, p. 566). 

 

In addition to the roping arrangement, the position of the ropes in the car sling might vary. 

For 1:1 roping arrangement there is no additional pulley on the car sling, but the ropes are 

attached directly on the top beam of the sling. This type of suspension is referred to as top 

suspension (T). For 2:1 roping arrangement there are always one or two pulleys on the car 

sling to provide means for the arrangement. The pulley or two pulleys can be on top of the 

car sling, which is called top pulley (TP), or two pulleys can be below the car, which is called 

underslung parallel (UP). The 1:1 top suspension and 2:1 underslung parallel suspension are 

included in the analysis to understand any differences from the elevator loading point of 

view. UP is less common in high-rise application, but it was selected to be studied if this 

arrangement would produce substantially different stresses in components. 

3.2  Definition of the elevator use 

The definition of the elevator use is presented in this chapter. As the loading and unloading 

of goods is the focus of this thesis, the passenger elevators are not presented in detail, but 

the focus is on the goods passenger elevator definitions. Also, the main characteristics of a 

high-rise elevators and related suspension types are presented. 
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3.2.1  Definition rules 

The importance of a well-designed vertical transportation system is crucial in modern 

buildings. Passenger elevators need to provide adequate capacity and performance to achieve 

efficient movement and accessibility to all relevant areas in a building. Based on the type of 

building, additional elevators dedicated for goods, firefighting or evacuation service might 

be also required. (CIBSE, 2020, p. 5–2.)  

Goods passenger elevators are designed primarily to carry goods and passengers. Goods 

passenger elevators must comply with the applicable directives or standards like Lift 

Directive, either using standard EN 81-20, or a separate certification by a Notified Body. 

(CIBSE, 2020, p. 5–18.) Goods passenger elevators are not primarily intended for moving 

only passengers. However, also moving passengers with the goods is required for the goods 

passenger elevators. Therefore, the goods passenger elevator must meet the requirements for 

passenger elevators and any applicable loading-of-goods requirements. (Strakosch & 

Caporale, 2010, p. 347.) 

The nature of the goods carried and the means of handling the goods often determines the 

width, depth, and height of the goods passenger elevator. Also, other types of goods should 

be considered apart from the usual type as this might impact on the door opening size for 

example. Therefore, it is meaningful to consider the overall dimensions and weight of the 

largest items to be transported and determine the dimensions according to that. The 

recommended internal width of the elevator car is the overall width of the goods to be 

transported plus 600 mm. This allows enough room also for the personnel, generally 

expected to travel with the goods. (CIBSE, 2020, pp. 5–18, 5–22.) (ISO 4190-2, 2001, p. 1.) 

Goods passenger elevators should be in a position that provides enough free space in front 

of the elevator entrance to manoeuvre the load handling device without restrictions. During 

the loading and unloading the effect on the elevator car sills and floor needs to be considered. 

The size and weight of the device and the number of wheels the device has, will influence 

on the point loading on the entrance sills and the elevator platform, and therefore needs to 

be considered in the elevator design as this may require the strengthening and stiffening of 

the car and landing sills, and the elevator sling. (CIBSE, 2020, pp. 5–19, 5–22.) (ISO 4190-

2, 2001, p. 1.) 
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3.2.2  Applications and customer case 

For goods passenger elevators there are multiple different applications where such solution 

can be used, like airports, department stores, shopping centres, hotels, and offices. When 

considering applications where more high-rise solutions are required hotels, offices and 

mixed-use buildings are the most likely alternatives. (CIBSE, 2020, p. 5–19.) 

The goods passenger elevators in hotels and offices should be in an area not normally 

accessed by the quests or tenants to prevent the use of the elevator for normal traffic. Since 

the goods passenger elevators are used for transporting large amount of goods, they should 

have robust finishes and rated load of 1600 kg or higher. In case any of the goods passenger 

elevators are out of use, one normal elevator should act as a back-up equipment for goods 

use. Therefore, it is important to have an elevator with possibly high travel, high speed, and 

capability also to transport goods in case needed. (CIBSE, 2020, p. 5–20.) 

One application for high-rise goods passenger elevator are high towers for high-voltage 

marine cable manufacturing. To manufacture these cables Vertical Continuous Vulcanizing 

(VCV) process is used to apply sufficient insulation for the cables. Long and continuous 

production line in a high tower is needed for the cooling of the cable in hanging vertical 

position. (The Wire Association International, 2023.) (NKT, 2022.) Example of NKT’s 

150 m tower in Karlskrona, Sweden can be seen in Figure 15. 

 

 
Figure 15. NKT high-voltage marine cable manufacturing tower (NKT, 2022). 
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KONE elevators with heavy MX100 machinery were provided to NKT’s Karlskrona tower 

to transport the required materials for cable manufacturing to the right floor. The provided 

elevator has capacity up to 7500 kg and is also considerably faster than typical goods 

elevator. Because of the high travel, high rated load and fast travel speed, a high-rise elevator 

is needed instead of standard goods elevator. Special engineering was required to meet such 

requirements and therefore the required technologies were tested in KONE high-rise 

laboratory in Tytyri, Lohja. (LinkedIn, 2022.) Discussions was held with the customer to 

understand the loading situation to formulate accurate load cases for the elevator 

engineering. It is important to have as specific details as possible about the goods to be 

loaded and the load handling device to be used. This allows the engineering department to 

design as optimized solution for the customer as possible. 

Commonly, elevator used for transporting high-voltage marine cable manufacturing 

materials is loaded with an EUR-pallet containing the required materials on an octagon 

shaped bin. Also, the spare parts of the extrusion machinery might need to be transported up 

the tower in the elevator. The elevator dimensions therefore are based on the space 

requirements of the machinery parts. Since the parts can be exceptionally long, this requires 

large elevator car. EN 81-20 elevator standard defines minimum rated load values based on 

the available elevator car area, and therefore with large available area also high rated load is 

required. Transporting the extruder machinery parts is not everyday action but elevator 

engineering is required to consider both situations, loading EUR-pallets and the extruder 

parts. Loading of the EUR-pallets can be carried out for example with a reach truck presented 

earlier in thesis. The positioning possibilities of the EUR and EUR2 pallets is analysed 

further in the thesis and FEM analysis is conducted using the reach truck as applied loading 

because of its unique features. 

3.3  Loading related analysis 

Elevator related analysis consists of many different load case scenarios which are evaluated 

from the strength, stability, deflection, and fatigue point of view. The target is to have 

sufficient lifetime, operation, and safety for the elevator. (KONE Oyj, 2017.) 

Normal operation scenario of an elevator covers the normal use with starts and stops, 

acceleration and deceleration, traveling at nominal speed and loading and unloading. Other 
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scenarios are safety situations which covers the safety and buffer stop load cases, seismic 

events which covers the seismic load cases defined in relevant standards, and other scenarios, 

which might include installation and maintenance related load cases for example. (KONE 

Oyj, 2017.) 

Most of the elevator analysis uses a quasi-static method which is an often used in the 

engineering practice to design structures which are subjected to dynamic loadings. Quasi-

static method yields result with acceptable accuracy, especially when acknowledging any 

uncertainties in the dynamic properties of the material, the conditions of the structural 

support and the dynamic loading characteristics. (Ambrósio, 2001, p. 19.) Therefore, the 

static forces which are applied in the calculations are multiplied by a dynamic factor which 

represents the dynamic effect of the given event. For most of the cases, the dynamic factors 

are extracted from the elevator standards. However, in some cases the standard factors 

cannot be used but the factors need to be either measured or extracted as a result of dynamic 

simulations. The dynamic factors for some of the most common load cases are presented in 

the Table 7 where it can be seen that the dynamic factor is heavily depended on the load 

case. As the loading of an elevator is quite static and controlled situation the dynamic factor 

for that specific load case is only 1,00. Therefore, the dynamic factor 1,00 is applied in the 

calculations for this thesis. (KONE Oyj, 2017). 

 

Table 7. Dynamic factors of load cases (KONE Oyj, 2017). 

Load case Dynamic factor 

Loading 1,00 

Normal operation 1,20 

Safety stop, progressive 2,00 

Buffer stop – spring or polyurethane (PU) 3,00 

Car jump – car side 2,00 

 

Safety factors are also required and are applied against material yield limit. The 

recommended safety factors ns can be seen in Table 8. Ductile and brittle materials have 

different safety factors due to the handling of local stress peaks. Ductile materials re-

distribute stresses that exceed yield and the local stresses do not reach the ultimate stress. 
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For brittle materials, the strength is limited by the local peak stresses reaching ultimate 

strength because brittle materials do not have sufficient yield properties. (KONE Oyj, 2017) 

 

Table 8. Safety factors for strength (KONE Oyj, 2017). 

Load case ns / Ductile materials ns / Brittle materials 

Normal operation 2 3 

Safety situation 1,33 2 

Seismic event 1 1,5 

Others 1,33…2 2…3 

Fatigue 1,5 1,5 

 

The safety factor to apply for the loading load case is 2 since it is part of elevator normal 

operation and ductile materials are used. Therefore, for example with material grade S355 

which has yield limit of 355 MPa, the allowed stress during the analysis is 355/2 MPa = 

177,5 MPa. 

During the loading of an elevator the load on the sill causes forces on the guide rail through 

the guide shoe contacts and the moment is distributed on all four guides. This causes forces 

on the guide rail in the X-direction. Since the load can also be unevenly distributed in the 

other direction there are also forces in the Y-direction through two guide shoes depending 

on the side of the uneven loading. (Hayder F. & Wisam H., 2009.) The reaction forces on 

the guide rail are illustrated in the Figure 16 and named Fx1, Fx2 and Fy. 
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Utilizing the sill loads, the guide rail reaction forces can be calculated. In case of symmetric 

load position on the sill the reaction force Fx,c can be calculated with the equation below 

where the Fs is the sill load in N, H is the distance between the guide shoes in vertical 

direction in mm and X is the distance from the sill load to the center of the guide rail line in 

mm. (KONE Oyj, 1995.) 

 

Fx,c=0,5
FsX
H

( 9 ) 

 

Since it is possible for the load to be placed eccentric to one side, two of the guides will exert 

a greater force than the other two. Assumption is that the load on the other side of the car 

will be approximately three times as much as on the other side. Therefore, 75% of the 

Figure 16. Forces acting on a guide rail (Hayder F. & Wisam H., 2009, p. 43). 
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moment is distributed to the two shoes on the other side of the car frame, hence chancing the 

calculation of the reaction force Fx according to equation shown below. (KONE Oyj, 1995.) 

 

Fx,e=0,75
FsX
H

( 10 ) 

 

The reaction force Fy calculation is based on the ASME A17.1 assumptions regarding the 

positioning of the load. According to the Figure 1 for loading class A and Figure 2 for loading 

class C, the assumption is that the load should be positioned offset to other side for amount 

equal to B/4. The reaction force Fy can be calculated with equation shown below, where the 

Fs is the sill load in N, B is the internal width of the car in mm and H is the vertical distance 

between the guide shoes in mm. (KONE Oyj, 1995.) 

 

Fy=
Fs0,25B

H
( 11 ) 

 

The assumption for the Fy reaction force calculation is that the load is positioned inside the 

car and not on the sill.  

3.3.1  Critical components and focus 

The critical components which are in the focus of loading analysis are defined in the elevator 

standards and can also be identified as a result of the elevator level FEM analysis. ASME 

A17.1 elevator standard identifies as critical components from the elevator loading point of 

view the sling top beam, sling uprights, sling lower beam, sills, floor, guide rails and 

brackets. (ASME A17.1-2016/CSA B44-16, 2016, pp. 44, 98, 145, 277-278.) 

Critical components can also be identified as a result of the FEM analysis. It helps in 

identifying the components which are under higher stress in different load cases. For 

example, ASME does not identify the upper car fixing as a critical component from the 
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loading point of view but that is still a component which is under stress during the loading 

situation and therefore should be considered in the analysis. 

Based on these, the components which are in the scope of the analysis are sling top beam, 

uprights, lower beam, upper car fixing bracket, elevator car side sill, floor, guide rails and 

brackets. The Von Mises stress distributions are observed from the selected components. 

This gives rough estimation about the stress levels in the sling-floor system and can be used 

for comparison between the different load cases. The guide shoe forces resulting from the 

different load cases are observed from the models and compared with the analytical 

calculations. Especially the comparison of the guide shoe forces resulting from the eccentric 

loading with the analytical estimations is interesting aspect. The highest guide shoe force 

values are utilized further in the guide rail-bracket models as an applied loading to 

understand the effect of the guide rail bracket position in relation to the guide shoe position. 

During the loading it is also interesting to see the displacement of the sling-floor system. 

Especially the displacement of the floor and sill when using the isolated sling platforms. 
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4  Analysis 

In this section the analysis is discussed and presented.  

The available car area in relation to commonly used pallet sizes is studied and compared 

with the load position assumptions from the ASME A17.1 elevator standard. This analysis 

is done to understand the validity of the provisions in ASME.  

The FEM analysis cases in the scope of this thesis are presented with rationales behind why 

the specific cases and combinations were chosen to be analysed. The analytical calculations 

which are meaningful regarding the scope of this thesis are presented. The FEM model 

created for the FEM analysis part and the important modelling related aspects are presented. 

4.1  Available car size analysis 

As previously presented in the literature review section, elevator standard ASME A17.1 

proposes that the concentrated load shall be assumed to be in a position that will produce the 

maximum stress. Proposal in ASME for this position is distance equal to B/4 from the center 

of the elevator car, where B is the internal width of the car. There is no consideration in 

ASME regarding the size of the elevator car or size of the transported goods. Elevator car 

sizes for rated loads 2500 kg and 5000 kg was studied to understand how standard EUR or 

EUR2 pallets fit inside the elevator cars for the presented rated loads. EUR2 pallet also 

resembles closely 40 x 48” pallet in North America. 

The analysed car floor sizes are based on the EN 81-20 requirement of a maximum available 

elevator car area in respect to the rated load according to Figure 5. For rated load 2500 kg 

the available car area is 5 m2. For rated load 5000 kg the maximum car area can be calculated 

using the EN 81-20 rule to add 0,16 m2 for every 100 kg added on top of 2500 kg. Therefore, 

for 5000 kg rated load the maximum available car area is 9 m2. Based on these requirements 

the car sizes for each rated load were selected based on the standard sizes KONE offers for 

these rated loads. For rated load 2500 kg the available car size is 1800 mm x 2700 mm and 

for rated load 5000 kg 2600 mm x 3400 mm (Figure 17). The elevator car door opening size 

will also impact on the type of goods that can be transported. For elevator with 2500 kg rated 
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load, the door offered as a standard is horizontally opening door with 1300 mm or 1400 mm 

wide opening. In case bigger door opening is required it needs to be specially engineered. 

For elevator with rated load 5000 kg there is no standard size doors available, but those are 

always checked case by case. ISO 4190-2 standard proposes car sizes for goods elevators 

with horizontal sliding doors. Based on the information in the standard the door opening can 

be maximum the same than the elevator car width. (ISO 4190-2, 2001, p. 16.) 

 

 

 

The door opening sizes do not restrict the loading of EUR or EUR2 pallets. However, in case 

larger objects needs to be transported with the elevator, the door opening needs to be 

considered. As an example, the elevator for marine cable manufacturing where the smaller 

doors would accommodate the daily operation of transporting the EUR-pallets. Larger doors 

are still needed to be able to transport the required machinery parts with the elevator. 

Therefore, it is important to have the discussions with the customer to understand even the 

largest possible goods to be transported.  

Figure 17. Available car sizes based on rated loads 
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2D CAD (Computer Aided Design) application was used to study how the EUR and EUR2 

sized pallets fit inside the presented elevator cars. The pallets fitted inside the 2500 kg rated 

load elevator car can be seen in Figure 18.  

 

 

 

The dimension 450 mm resembles the ASME’s proposal to position the load equal to 

distance B/4 from the car center. It can be seen that the EUR pallet meets the ASME proposal 

quite well and the center of gravity of the EUR pallet is 450 mm from the center of the car 

when positioned in the corner. Since the EUR2 pallet is wider than EUR pallet it does not 

quite meet the ASME proposal. The moment caused by the EUR2 pallet is however smaller 

since it is closer to the center of the elevator car. Therefore, for rated load 2500 kg the ASME 

proposal can be assumed to be valid. 

For rated load 5000 kg, the distance equal to B/4 is 650 mm. When pallets are fitted inside 

the elevator car, center of the EUR pallet is 860 mm from the center of the elevator car 

(Figure 19).  

Figure 18. 2500 kg elevator car with pallets 
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The turning moment based on ASME A17.1 for the rated load 5000 kg and car width  

2600 mm can be calculated with Equation 3, assuming loading class C. 

 

KC=9,807
m
s2 �

QB
4
�=9,807

m
s2 �

5000 kg* 2600 mm
4

�=31873 Nm  

 

If the turning moment is calculated based on the studied position of the EUR pallet the 

turning moment is 

 

KC=9,807
m
s2 *5000 kg*860 mm=42170 Nm  

 

The example shows that calculating the turning moment only based on the ASME proposal 

would give over 10000 Nm lower turning moment compared to the actual situation. Based 

Figure 19. 5000 kg elevator car with pallets 
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on the study, the ASME proposal for the load position works for the smaller elevator cars. 

For larger elevator cars, the actual load can be positioned further from the center of the car 

than what is proposed in ASME. The studied load positions are used also in FEM analysis 

presented further. 

4.2  Calculation cases overview 

Since elevator as a system is complex and modular with many different available options 

from standard offering to special engineered solutions, it is impossible to cover all the 

different possibilities within one thesis. It is also not necessary to cover all the different 

possibilities since the goal of the thesis is to compare the different load cases to understand 

the applicability of the current loading classes. Therefore, specific example cases are chosen 

to be analysed in the scope of this thesis and the cases are selected so that meaningful 

comparison can be done between the different load handling devices and load cases 

presented in the elevator standards. 

The calculation is done on the applicable parts analytically and additionally utilizing FEM. 

The analysis cases in the scope of this thesis can be seen in Table 9 and Table 10 where the 

different loading situation combinations are presented and numbered. Numbering the load 

cases helps with identifying the load cases when reporting and analysing the results. As the 

focus of the thesis is the loading of goods in high-rise elevators, the chosen suspension types 

to be analysed are 1:1 T suspension and 2:1 UP suspension. The focus however will be on 

the 1:1 T suspension type and couple example cases are analysed with 2:1 UP for 

comparison. The two different car sizes presented in the available car size analysis are also 

used in these calculation cases. The positioning of the load on the sill is also considered in 

the analyses since the effect of eccentric loading vs center loading is seen as an interesting 

aspect. The effect of eccentric loading is not widely studied before and only some 

assumptions has been made regarding for example the moment distribution to the guide 

shoes in case of eccentric loading. The effect of loading an empty elevator car vs loading a 

car with load already inside is analysed as well. This is an interesting aspect to study as the 

standards propose to use empty car when analysing the elevator loading. The analysis also 

gives comparison opportunity between loading the elevator car gradually as opposed to 

applying the high load on the sill at once. Horizontal impact on the car sill in case of un-
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levelling between the car and landing, and acceleration caused by fast braking inside the 

elevator car with heavy mass are also analysed. The horizontal impact on the sill in case of 

un-levelling is an identified issue, but something that has not been analysed before and 

therefore seen as an interesting aspect to analyse in this thesis. The braking inside the 

elevator car is analysed with forklift since that is mostly applicable load handling device 

with that load case. Braking inside the elevator car with forklift has not been studied before 

and the common understanding is that it might be more critical situation than the standard 

sill loading load case. 

  

Table 9. Analysis cases in the scope of this thesis, Q=2500 kg 
 

Load cases Car size A / 2500 kg 

  
 

Eccentric 

loading 
Center loading 

Sill 

impact 

  1:1 1:1 2:1 1:1 

Lo
ad

in
g 

de
vi

ce
s 

Forklift  1   

Toyota LHM300 13 2   

Toyota LHM230 14 3 31 16 

Jungheinrich AM15I  4   

Jungheinrich AM30  5   

Jungheinrich EJE 114  6   

Toyota LPE220 15 7   

Reach truck  8   

St
an

da
rd

 lo
ad

 

ca
se

s 

EN 81-20, 0,6*Q  9   

EN 81-20, 0,85*Q  10   

ASME A17.1, A  11   

ASME A17.1, C1  12   
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Table 10. Analysis cases in the scope of this thesis, Q=5000 kg 
 

Load cases Car size B / 5000 kg 

  
 

Eccentric 

loading 

Center 

loading 

Braking 

inside 

Load in 

car 

  1:1 1:1 2:1 1:1 1:1 

Lo
ad

in
g 

de
vi

ce
s Forklift  18  29  

Toyota LHM300 27 19 32   

Toyota LHM230 28 20   30 

Toyota LPE220  21    

Reach truck  22    

St
an

da
rd

 lo
ad

 

ca
se

s 

EN 81-20, 0,6*Q  23    

EN 81-20, 0,85*Q  24    

ASME A17.1, A  25    

ASME A17.1, C1  26    

 

As the focus of the thesis is on the smaller load handling devices the analysis will include 

the four different manual pallet trucks and two different electric pallet trucks. To lower the 

total amount of load cases, only two manual pallet trucks and one electric pallet truck are 

considered in the Q=5000 kg analysis. The forklift is included for comparison purposes as it 

is the load handling device identified in the elevator standards at some, previously introduced 

level. Reach truck is included since it is used in a specific customer case and because of its 

unique features compared to the other load handling devices. The comparison between the 

forklift and smaller load handling devices provides indication regarding the applicability of 

the current loading classes presented in the standards and used within KONE.  

4.3  Analytical calculations 

Analytical calculations include the sill loads calculated according to the equations presented 

in the elevator standards and guide rail reaction forces in X and Y-directions considering 

center and eccentric loading. 
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Based on the rated load, the sill loads for the standard load cases are determined based on 

Equations 2 and 4 for the ASME load cases and Equations 6 and 7 for the EN 81-20 load 

cases. The calculated sill loads can be seen in Table 11. 

 

Table 11. Sill loads for standard load cases 

 Car size A / 2500 kg Car size B / 5000 kg 

Load case Sill load, N Sill load, N 

EN 81-20, 0,6Q 14710 29420 

EN 81-20, 0,85Q 20840 41678 

ASME A17.1, A 6129 12258 

ASME A17.1, C1 19613 39227 

 

The loads caused by the specific load handling devices can be calculated based on the 

technical specifications studied from the manufacturer’s data sheets. The loads to be applied 

as the sill load for the load handling devices can be seen in Table 12. The calculated sill 

loads will be applied as total load on the specific areas of the sill depending on the wheel 

size of the load handling devices. When comparing the sill loads caused by the load handling 

devices to the sill loads calculated for the standard load cases, especially for the 2500 kg 

elevator the heavier devices already exceed the standard limits. Therefore, the low rated load 

already limits the use of different load handling devices. 
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Table 12. Sill loads for load handling devices 

 Load handling device Sill load, N 

Counterbalanced forklift Toyota 8FBEK16T 40143 

Manual pallet truck 

Toyota LHM300 20601 

Toyota LHM230 15794 

Jungheinrich AM 15l 9339 

Jungheinrich AM 30 22268 

Electric pallet truck 
Jungheinrich EJE 114 11282 

Toyota LPE220 14843 

Reach truck Still FM-X14 28547 

 

Using the sill loads from Table 11 and Table 12, the dimensions of the selected elevator cars 

and Equations 9…11, the guide rail reaction forces can be calculated. The reaction forces 

were calculated for all the load cases and considering the two different elevator car sizes.  

 

Table 13. Guide rail reaction forces 

Load case Guide rail reaction force 

 Q = 2500 kg Q = 5000 kg 

 Fx,c Fx,e Fy Fx,c Fx,e Fy 

EN 81-20, 0,6*Q 2764 4146 1740 6881 10322 5026 

EN 81-20, 0,85*Q 3916 5874 2465 9749 14623 7120 

ASME A17.1, A 1152 1728 725 2867 4301 2094 

ASME A17.1, C1 3685 5528 2320 9175 13763 6701 

Toyota 8FBEK16T 4609 6913 2900 9390 14084 6858 

Toyota LHM300 3226 4839 2030 4819 7228 3519 

Toyota LHM230 2968 4452 1868 3694 5541 2698 

Jungheinrich AM 15l 1755 2632 1104 2184 3277 1595 

Jungheinrich AM 30 3410 5116 2146 5209 7813 3804 

Jungheinrich EJE 114 2120 3180 1334 2639 3958 1927 

Toyota LPE220 2304 3457 1450 3472 5208 2536 

Still FM-X14 4609 6913 2900 6677 10016 4877 
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4.4  FEM models 

To analyse the cases presented in the Table 9, FEM models were created using Ansys 2023 

R1 FEM software. The geometries were mostly done using Creo 7 CAD software and then 

exported to Ansys Workbench where the modifications and simplifications were done using 

the Spaceclaim extension. Ansys Mechanical was used to carry out the structural analysis of 

the models. Overall, three different models were created. Two based on the car sizes and 

rated loads, and one additional model for studying the guide rails and guide rail brackets. 

Initially, the guide rails and brackets were included in the larger models with sling and car. 

The model proved to be too complex and heavy calculation-wise, and therefore increasing 

the uncertainty of the model. Based on these rationales it was decided that the guide rail and 

guide rails brackets were modelled and analysed as an own model.  

Using the sling models, the applied loading was varied using the data from different load 

handling devices and load cases from the standards. Maximum allowed roller force for the 

largest roller guide shoe was used as applied loading in the guide rail – bracket model to 

understand the effect of bracket positioning. 

All the steel parts in the models were S355 structural steel and top surface of the floor was 

plywood. The main material properties assigned in the models can be seen Table 14. 

 

Table 14. FEM model material properties 

Material Density / kg/m3 
Young’s Modulus / 

GPa 

Poisson’s 

ratio 

Structural steel 7850 200 0,3 

Plywood 678 7,4 0,3 

 

Nonlinear FEA analysis was performed for all the models to account for the correct 

redistribution of the loads especially with the spring platform beams stopper bolt contacts. 
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4.4.1  Sling models 

The sling models consisted of basic sling structure with spring isolated platform beams, 

floor, and car side sill. The overall picture of the created FEM model with the main 

components named can be seen in Figure 20. 

 

 

 

The comparison between the two models can be seen in Figure 21 where the rated loads and 

applicable car floor sizes are presented.  

Figure 20. Overall view of the FEM model 
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The model included isolated platform beams meaning that the interface between the car sling 

and car has isolation springs to increase the ride comfort. Basic goods elevators do not have 

any isolation features because ride comfort may not be seen as an important feature when 

considering only goods use. Since the scope of the thesis is to study the high-rise goods 

passenger elevators, isolated beams were seen as a feature which would most likely be 

included in this type of elevator. The isolated platform design was also selected because less 

studies were available for this type of solution. The isolated beams were modelled utilizing 

spring elements in Ansys Mechanical. Springs were modelled between the platform beam 

and flat bar, which the car floor is attached to. The platform beam, springs, flat bar, floor 

structure and the interface can be seen in Figure 22.  

Different number of springs and longitudinal stiffnesses were applied for the springs for 

different rated loads. For the rated load 2500 kg stiffness of 54,7 N/mm was applied, and for 

5000 kg stiffness of 73,2 N/mm was applied. These corresponds to the actual springs used 

in sling designs with similar rated load values. Joints were utilized in modelling the stopper 

bolts for the platform beams. With the stopper bolts, the vertical movement of the springs is 

restricted to 14 mm. 

 

Figure 21. FEM model comparison 
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Since the guide rails and guide rails brackets were modelled as an own model, the guiderail 

and guide shoe connections were idealized as a spring connection in the sling models. 

Springs with longitudinal stiffnesses corresponding to the stiffness of the guide shoe-guide 

rail connection were attached with rigid elements to the guide shoe interfaces on the sling 

structure. Using springs in creating the connection gives an effortless way to read the guide 

shoe forces from the model as the resulted spring force. This method also provides the 

flexibility of the connection to the model. Spring connection can be seen in Figure 23.  

 

 

Figure 23. Guide shoe-guide rail connection with springs 

Figure 22. Spring platform in Ansys Mechanical 
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All the beam profiles and plate parts were modelled with shell elements. Sill profile was 

modelled with solid elements. All the bolts were modelled as beam elements connected to 

their holes by rigid elements and no pretension was applied because it is not meaningful in 

this study. Frictionless contacts were used between the components which are in contact with 

each other by bolt connection. Bonded connections or shared topology were used in case of 

welded connections. These were seen as accurate enough modelling method considering the 

scope of this thesis. 

Finite element mesh of the structure can be seen in Figure 24. Element size of 10 mm was 

applied. Platform beams and flat bars had increased curvature capture that was required to 

have proper connection points for the isolation springs.  

 

 

 

The way the loads were applied in the model varied based on the desired loading situation. 

Cases analysed were center loading, eccentric loading, sill impact, forklift deceleration 

inside the elevator car, and loading with load in the car. 

For the center loading, the load was applied the symmetrically on the sill profile. Eccentric 

loading was applied offset from the center. Load representing the sill impact was applied 

Figure 24. Sling model mesh 
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horizontally on the sill profile. Loading caused by forklift deceleration inside the elevator 

car was applied on the positions of the forklift wheels. Forklift deceleration consisted of the 

vertical axle loadings provided in the manufacturer’s datasheet and horizontal force equal to 

30% of the vertical axle loading (EN 1991-1-1, 2002, p. 26). 

To represent the 1:1 T suspension, remote displacement where displacement was fixed in Y-

direction was added to a remote point. Remote point was attached to the top beam with 

deformable elements. For the 2:1 UP suspension, the remote displacements were added on 

beams on the lower beams representing the positions of the rope pulleys. The ground 

connections of the guide rail springs were fixed, adding the boundary condition in the ZX-

plane. The car mass was applied in a remote point attached to upper car fixings and three 

sides of floor by rigid elements. For the Q=2500 kg model car mass 2000 kg was applied 

and for Q=5000 kg applied car mass was 4000 kg. Sill load was applied on the sill profile 

on an area representing the loading device wheel dimensions. Example of loads and 

boundary conditions can be seen in Figure 25 for 1:1 suspension and Figure 26 for 2:1 

suspension. The difference between the application of forces between center and eccentric 

loading can be seen in Figure 27 and Figure 28. In eccentric loading it is assumed that EUR-

pallet is loaded and therefore there is 400 mm from the center of the wheels to the edge of 

the sill. The boundary conditions and loads for load cases 16, 29 and 30 can be found in 

Appendix 1. 
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Figure 25. Loads and boundary conditions, 1:1 suspension 

Figure 26. Loads and boundary conditions, 2:1 suspension 
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Figure 27. Applied sill load, center loading 

Figure 28. Applied sill load, eccentric loading 
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4.4.2  Guide rail – bracket model 

The guide rail – bracket model included one T140-3 guide rail and two guide rail brackets. 

This type of guide rail is the largest standard guide rail and is used especially in elevators 

with high loads and speeds. The cross-section dimensions of the T140-3 guide rail can be 

seen in Figure 29. The brackets were simple bended brackets with thickness of 10 mm. 

Structural steel material was applied for all parts with properties from Table 14. 

 

 

 

Guide rail was modelled with solid elements and brackets were modelled as shell elements. 

Frictionless contacts were applied between the brackets and the bolts were modelled as beam 

elements connected with rigid elements to the holes. Guide rail was connected to the brackets 

with frictionless contacts and rigid joints were utilized in modelling the guide rail clips. 

Brackets were supported with fixed support representing the fixing to the shaft wall. This 

type of fixing creates stiffer connection than in reality, but it was seen as sufficient approach 

for the purposes of this analysis. The ends of the guide rail were supported with frictionless 

support allowing the movement in x-z plane but constraining the movement in y-plane. 

Figure 29. T140-3 guide rail cross section. Picture modified from Monteferro (Monteferro 

America, 2023). 
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Loads were applied on guide rail on areas representing the guide shoe geometry. Two 

different load positions were considered in the analysis. Loads were applied on areas 

representing the roller contact area to guide rail. First, the guide shoe forces were applied on 

the same positions as the brackets. In second position the guide shoe forces were applied  

300 mm below the brackets. Vertical distance between the l guide rail brackets were  

3000 mm. This type of analysis was conducted to understand the positioning of the brackets 

in relation to the guide shoes during loading. The applied loads were 3500 N, and 9700 N. 

3500 N equals the maximum roller force for the largest available roller guide shoe. 9700 N 

is the highest guide force observed from the analytical guide rail reaction calculations. The 

loads were applied in opposite direction between the lower and upper position to represent 

the loading situation. The boundary conditions and loads can be seen in Figure 30.  

 

 

 

  

Figure 30. Guide rail-bracket model boundary conditions and loads 
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Mesh of the FEM model can be seen in Figure 31. Tetrahedral solid elements were used for 

the guide rail and quadratic shell elements for the brackets.  

 

 

  

Figure 31. Guide rail-bracket mesh 
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5  Results 

The results of the FEM analysis are presented in this chapter. The sling model results are 

divided between the two different rated loads and includes component level equivalent Von 

Mises stress distribution, guide shoe force and sling displacement results. The guide rail-

bracket results include the guide rail deformations and Von Mises stress distribution in the 

brackets. 

5.1  Rated load 2500 kg 

For rated load 2500 kg results are divided in to three different parts based on the loading 

type. First set of results includes the load cases 1…12 where centered loading was analysed 

for all the load handling devices and standard load cases. Second set includes load cases 

13…18 where the results for eccentric loading with selected load handling devices were 

analysed. Third set includes the load cases 19…20 where the horizontal sill impact was 

analysed with selected load handling devices. Since rated load of 2500 kg is relatively low, 

some assumptions were made regarding the load handling devices. Many of the devices in 

fully loaded condition, meaning self-mass plus the rated load capacity exceed the rated load 

limit of the elevator. Therefore, the assumption was made that the total mass of the load 

handling device is equal to the elevator rated load 2500 kg. The axle load of the device was 

calculated based on that assumption and the load percentage between the front and rear axles. 

The results include the total and Y-direction maximum displacements, component level 

maximum Von Mises stress values for upper car fixing, sill, upper beam, lower beam and 

upright, and the guide shoe forces. 

The figures of component level stress distributions can be seen in Figure 32, Figure 34 and 

Figure 33. Because of high amount of calculation cases only figures from one example case 

are presented. 



69 
 

 

 

 

 

   

 

Figure 33. Sill and lower beam stress distribution 

Figure 34. Upper car fixing and upper beam stress distribution 

Figure 32. Uprights stress distribution 
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The Von Mises stress values for the load cases 1…12 with center loading can be seen in 

Table 15 and Figure 35. Stress values were obtained by filtering data in Ansys to only show 

the maximum stresses in the selected components. The modelling method of the bolt 

connections shows high stress peaks near the holes so the peaks because of the modelling 

were ignored. The local stress peaks can also be ignored because the fatigue assessment is 

not part of the thesis. The most variance in the stresses can be seen in upper car fixing and 

sill. Especially high peaks can be seen with load cases 8 and 10 in the sill stresses. This is 

due to location of the points where the loads were applied on the sill. Other than that, the 

stress levels are quite low in all load cases and there is not much differences. 

 

Table 15. Von Mises stress, Q=2500 kg, center loading 

Load case Stress, Von Mises / MPa 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

1, Forklift 324 365 82 243 131 

2, Toyota LHM300 233 315 70 171 112 

3, Toyota LHM230 216 286 68 157 108 

4, Jungheinrich AM15I 136 171 53 94 91 

5, Jungheinrich AM30 245 320 72 180 114 

6, Jungheinrich EJE 114 161 206 60 113 96 

7, Toyota LPE220 172 222 62 123 99 

8, Reach truck 324 510 82 243 131 

9, EN 81-20, 0,6*Q 202 300 66 147 105 

10, EN 81-20, 0,85*Q 278 422 76 207 121 

11, ASME A17.1, A 103 128 52 62 82 

12, ASME A17.1, C1 263 202 74 195 118 
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The effect of eccentric loading was observed by analysing three different load cases. The 

stress values obtained for these load cases can be seen in Table 16. When the stresses from 

the eccentric loading are compared with the center loading stresses with similar load 

handling devices, there is not many differences. The stresses in the sill and upper car fixing 

for example increases slightly with the eccentric loading. Overall, the stress levels are quite 

low and well under the material yield limit. 

 

Table 16. Von Mises stress, Q=2500 kg, eccentric loading 

Load case Stress, Von Mises / MPa 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

13, Toyota LHM300 244 270 93 181 117 

14, Toyota LHM230 226 240 85 167 113 

15, Jungheinrich AM15I 182 185 62 132 103 

 

The guide shoe forces were also observed from the model. As the center loading is statically 

determined situation, the guide shoe forces observed from the model matched very well with 

the analytically calculated values Fx,c presented in Table 13. Therefore, the guide shoe force 
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Figure 35. Von Mises stress, Q=2500 kg, center loading 
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results from the center loading load cases are not meaningful to present. The guide shoe 

forces from the FEM models in eccentric loading load cases 13, 14 and 15 can be seen in 

Table 17, where Fx1,e is the opposite side of loading and Fx2,e is the loading side. The guide 

shoe forces on the loading side are slightly higher than on the non-loading side but not 

significantly. Based on these results, 75% of the moment is not transferred to the loading 

side guide shoes. 

 

Table 17. Q=2500 kg, eccentric, X-direction guide shoe forces 

Load case Guide shoe force / N 

 Fx1,e Fx2,e 

13, Toyota LHM300 3174 3214 

14, Toyota LHM230 2924 2961 

15, Jungheinrich AM15I 2277 2307 

 

The effect of 2:1 suspension type was analysed, and the stress distribution and displacement 

results can be seen in Table 18. The stresses or displacements are not significantly different 

if compared to the analysis with 1:1 suspension. Only some differences in the upper beam 

and lower beams stresses due to the location of the suspension. 

 

Table 18. Von Mises stress, Q=2500 kg, 2:1 suspension 

Load case Stress, Von Mises / MPa Displacement / mm 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright Y-direction Total 

31, Toyota 

LHM230 
202 286 75 170 104 14,9 15,7 

 

The total and Y-direction displacement values were observed from the FEM model as well. 

The Y-direction displacement shows only the displacement in Y-direction and total 

displacement shows a square root of the sum of the square of X-, Y- and Z-directions. Both 

are observed to emphasize that most of the displacements are in the Y-direction. The 
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displacement is observed from the sill since that is where the maximum displacement occurs 

in the model. The displacement results for the center loading load cases 1…12 and eccentric 

loading load cases 13…15 can be seen in Table 19. Almost all the displacements are over 

10 mm and with the highest loading, the displacement reaches almost 20 mm. Most of the 

displacement comes from the platform beam springs. 

 

Table 19. Q=2500 kg, displacement 

Load case Displacement / mm 

 Y-direction Total 

1, Forklift 19,3 20,0 

2, Toyota LHM300 16,3 16,6 

3, Toyota LHM230 15,4 15,9 

4, Jungheinrich AM15I 11,6 11,7 

5, Jungheinrich AM30 16,7 17,0 

6, Jungheinrich EJE 114 12,7 12,9 

7, Toyota LPE220 13,3 13,5 

8, Reach truck 19,1 19,8 

9, EN 81-20, 0,6*Q 15,5 16,1 

10, EN 81-20, 0,85*Q 19,4 20,3 

11, ASME A17.1, A 9,9 10,1 

12, ASME A17.1, C1 16,8 17,3 

13, Toyota LHM300 16,1 16,5 

14, Toyota LHM230 15,3 15,7 

15, Jungheinrich AM15I 13,2 13,3 

 

Horizontal sill impact was also analysed in case of unleveling between the landing and car. 

Maximum stress in the model occurs in the sill structure (Figure 36) but overall, the stress 

levels are quite low. The impact caused by the load handling device is difficult to estimate 

because of the speed and the deceleration of the mass influences on the applied load. The 

occurrence of possible horizontal sill impact is probably very low and considering that the 
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loads are not moved fast inside the elevator, the significance of this load case to elevator 

design is negligible. 

  

 

5.2  Rated load 5000 kg 

For rated load 5000 kg the results are also divided in three different parts. First set includes 

load cases 18…26 where center loading was analysed for selected load handling devices and 

standard load cases. Second set includes load cases 27 and 28 where eccentric loading was 

analysed with two different load handling devices. Third set of results includes more special 

load cases 29, 30 and 31. Load case 29 is braking inside the elevator car, load case 30 is 

loading with load already inside the elevator car and load case 31 is analysis with 2:1 

suspension type. 

The results include the total and Y-direction maximum displacements, component level 

maximum Von Mises stress values for upper car fixing, sill, upper beam, lower beam and 

upright, and the guide shoe forces. 

Figure 36. Sill stress, horizontal sill impact 
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The Von Mises stress values for the load cases 18…26 with center loading can be seen in 

Table 20 and Figure 37. With the Q=5000 kg model, there is much more variance in the 

stresses between the load cases. There is clear difference between the light load handling 

devices/low standard requirements and heavier load handling devices/high standard 

requirements. In many of the heavier cases stresses are well over the yield limit of the 

material and with lighter cases like load case 20 or load case 25, the stresses are well below 

the yield limit of the material. 

 

Table 20. Von Mises stress, Q=5000 kg, center loading 

Load case Stress, Von Mises / MPa 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

18, Forklift 651 522 174 450 250 

19, Toyota LHM300 356 354 135 231 188 

20, Toyota LHM230 287 269 125 177 174 

21, Toyota LPE220 273 252 123 166 171 

22, Reach truck 469 377 151 320 212 

23, EN 81-20, 0,6*Q 482 568 153 330 215 

24, EN 81-20, 0,85*Q 676 805 177 466 251 

25, ASME A17.1, A 241 237 118 137 164 

26, ASME A17.1, C1 636 457 172 440 244 
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The stress distribution results for the Q=5000 kg eccentric loading load cases 27 and 28 can 

be seen in Table 21. Similarly like with Q=2500 kg eccentric loading, there is not much 

difference in the stress levels when compared to the center loading. Because of the load 

positioning on the sill, there are 40-50 MPa higher stresses in the eccentric load case. 

 

Table 21. Von Mises stress, Q=5000 kg, eccentric loading 

Load case Stress, Von Mises / MPa 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

27, Toyota LHM300 374 409 200 235 203 

28, Toyota LHM230 308 312 154 180 186 

 

The guide shoe reaction forces were also observed from the eccentric loading models. Guide 

shoe reaction force results can be seen in Table 22 where Fx1,e is the opposite side of loading 

and Fx2,e is the loading side. The guide shoe forces on the loading side are again slightly 

higher than on the non-loading side but not significantly. 
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Figure 37. Von Mises stress, Q=5000 kg, center loading 
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Table 22. Q=5000 kg, eccentric, X-direction guide shoe forces 

Load case Guide shoe force / N 

 Fx1,e Fx2,e 

27, Toyota LHM300 4791 4840 

28, Toyota LHM230 3697 3727 

 

The effect of 2:1 UP suspension type was analysed, and the stress distribution and 

displacement results can be seen in Table 23. Also, with the Q=5000 kg model, the 

differences are in the upper beam and lower beam stresses between the suspension types, but 

there are no major differences from the elevator loading point of view. 

 

Table 23. Von Mises stress, Q=5000 kg, 2:1 suspension 

Load case Stress, Von Mises / MPa Displacement / mm 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

Y-

direction 
Total 

32, Toyota 

LHM300 
322 354 69 252 183 20,0 20,8 

 

The total and Y-direction displacement values were observed from the FEM model. The 

displacement is observed from the sill since that is where the maximum displacement occurs 

in the model. The displacement results for the center loading load cases 18…26 and eccentric 

loading load cases 27 and 28 can be seen in Table 24. The displacements with the Q=5000 kg 

range from 17 mm to 38 mm. The displacements with the high loading load cases includes 

also high deformations from the components where the yield limit is exceeded substantially, 

like observed in the stress results. 
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Table 24. Q=5000 kg, displacement 

Load case Displacement / mm 

 Y-direction Total 

18, Forklift 32,5 36,1 

19, Toyota LHM300 22,1 22,8 

20, Toyota LHM230 18,9 19,4 

21, Toyota LPE220 18,3 18,7 

22, Reach truck 25,8 28,0 

23, EN 81-20, 0,6*Q 29,2 30,5 

24, EN 81-20, 0,85*Q 37,7 39,7 

25, ASME A17.1, A 17,3 17,7 

26, ASME A17.1, C1 32,2 35,2 

27, Toyota LHM300 24,1 28,2 

28, Toyota LHM230 20,4 23,4 

 

Braking with forklift inside the elevator car was once load case analysed with the Q=5000 

kg model. The overall stress distribution can be seen in Figure 38. 

 

 

Figure 38. Braking inside the elevator car stress distribution 
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The component level stress results can be seen in Table 25. The stresses are well below the 

yield limit and does not cause as high stresses as the sill loads. The horizontal load 

considered due to the deceleration of the forklift was based on the EN 1991-1-1 assumption. 

 

Table 25. Braking inside the elevator car results 

Load case Stress, Von Mises / MPa 

 
Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright 

29, Forklift 339 87 186 140 251 

 

The Q=5000 kg model was also analysed considering load already inside the car during the 

loading. The analysis was done considering one or two EUR-pallets inside the elevator car 

with the previously analysed positions. The stress and guide shoe reaction force results can 

be seen in Table 26. The overall stress levels are lower when more mass is added on the 

opposite side of the loading inside the car. The additional mass balances the car and therefore 

lowers the stresses and guide shoe forces caused by the sill load. This confirms the EN 81- 20 

standard requirement that car should be assumed empty when applying the sill load, because 

that causes the highest stresses. 

 

Table 26. Results, Q=5000 kg, load in car 

Load case 

 

Stress, Von Mises / MPa 

Guide 

shoe force 

/ N 

 
 Upper car 

fixing 
Sill 

Upper 

beam 

Lower 

beam 
Upright Fx,c 

30
, T

oy
ot

a 

LH
M

23
0 

One 

pallet 
248 267 141 141 205 2550 

Two 

pallets 
201 269 156 85 216 1397 
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5.3  Guide rail – bracket 

The guide rail deflection between the brackets was observed from the FEM as the result of 

the analysis. Two loading situations were considered. In first situation the load was applied 

in the same level as the brackets and in the second loading situation the load was applied 

300 mm below the brackets. The maximum deflections between the brackets for the two 

loading situations can be seen in Table 27. With load applied on the same level as the bracket 

the maximum deflection occurs in the position of the load and the magnitude is very low. 

When load is applied 300 mm below the brackets, the maximum deflection occurs lower in 

the guide rail and the amount of deflection is much higher. 

 

Table 27. Guide rail deformations 

Load position Maximum deflection / mm 

 
3500 N guide 

shoe force 

9500 N guide 

shoe force 

Level with brackets 0,2 0,6 

Below the brackets 1,5 4,1 

 

The positions where the deflections were observed can be seen in Figure 39.  
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Figure 39. Guide rail deflection 
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6  Analysis and discussion 

This chapter present the most important findings from the results by analysing and 

comparing the stress distribution, displacement, and guide shoe force results. The results 

from the guide rail and bracket model are also discussed and analysed. 

For the Q=2500 kg model there was no high deviation in the stress values between the 

different load cases. The stress values are in most cases under the 355 MPa yield limit of the 

material grade. Since the purpose of this study is to compare the different loading situations 

and not create compliant sling structure design, the safety factors are not considered in the 

comparison. From the observed components the highest variance in stresses between the 

load cases can be seen in upper car fixing and sill. This is expected since the load is applied 

directly on the sill and therefore causing high stress in the sill structure. Sill load also causes 

high moment on the upper car fixing. Moment in the upper car fixing is further increased 

because of the spring platforms and rigid modelling of the elevator car. 

The load handling devices used in the eccentric loading load cases 13, 14 and 15 were the 

equivalent as the devices used in the center loading load cases 2, 3 and 7. Therefore 

comparing the stress results between these load cases is meaningful to understand the effect 

of eccentric loading in component level stress values. The component stress value 

comparison between the eccentric and center loading load cases can be seen in Figure 40.  
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The position of the load affects the sill stress values between the center and eccentric loading. 

The center versus the eccentric loading was analysed with both Q=2500 kg and Q=5000 kg 

models, and the results were similar. The center loading causes roughly 17% higher stresses 

on sill than the eccentric loading. The reason for the sill stress deviation comes from the 

positioning of the stiffeners (Figure 41) in the sill structure. Since the positioning of the load 

handling device changes in relation to the stiffeners it influences the stress values. 

 

 

 

For the Q=5000 kg model there was more deviation in the stress values between the different 

load cases. For real-life application, the sling model which was modelled for the analysis of 

this thesis is not sufficiently robust for the higher loads since the component level stresses 

can reach almost 700 MPa, which is way over the material yield limit 355 MPa. Meanwhile, 

the light load handling devices and ASME A class loading do not cause as high stresses, and 

stresses in some load cases are below the yield limit of the material. With higher rated loads 

the importance of knowing the type of load handling device and the mass of the single piece 

of goods is more important than with the lower rated loads. Similarly to Q=2500 kg, the 

Q=5000 kg analysis with eccentric loading show stress variance on the sill because of the 

position of the stiffeners. In the Q=5000 kg model, the eccentric loading causes higher 

stresses in the sill than the center loading. This indicates that the position of stiffeners affects 

the stresses more than simply considering eccentric or center loading. Therefore, it would be 

beneficial to check both load positions on the sill during the strength analysis to understand 

which causes higher stresses. Only considering other load position could lead to missing 

some critical design limits. 

Figure 41. Sill stiffeners 
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When comparing the stresses caused by the light load handling devices with the standard 

load cases it can be seen that for Q=2500 kg, the ASME 25% is too low even compared to 

the lightest load handling devices. Using the C loading class 80% rule would work better 

even with the light load handling devices and possibly wouldn’t be an overengineered 

solution. The 60% sill load rule from the EN 81-20 would match best with the light load 

handling device loadings of the standard sill load cases. For the Q=5000 kg elevator even 

the 25% rule from ASME would work with the lighter manual load handling devices. The 

85% and 80% rules cause exceedingly high stresses and therefore would require a lot 

stronger structure than what the model is used for the purposes of this thesis. It can be 

assumed that engineering the elevator with rated load 5000 kg to comply with the 80% or 

85% would be an overengineered solution in case only light load handling devices are used. 

Since the positioning of load affects the stress distribution in sill, also the wheelbase 

dimension should be considered in the analysis. Currently ASME A17.1 standard defines for 

loading class C, that the sill load should be distributed equally between two points 765 mm 

apart. Based on the load handling device study, the 765 mm is somewhere between the actual 

wheelbase dimensions of manual or electric pallet truck and forklift or other similar heavy 

devices like reach truck. The studied manual and electric pallet truck had wheelbases 

between 340 mm and 390 mm. Wheelbase of the studied forklift was 905 mm and reach 

truck 1167 mm. Comparison can be made between the load case 18, which was forklift 

loading for Q=5000 kg and load case 29 which was ASME C1 load case for Q=5000 kg. 

ASME C1 sill load 80% of the rated load matches quite well with the load imposed by the 

fully loaded forklift in this case. In this comparison, the stresses on the sill deviates between 

the two load cases. Since the 765 mm proposed in ASME is closer to the stiffeners in the sill 

structure, it causes lower sill stresses than the forklift loading. So, knowing the used load 

handling device and positioning the stiffeners in this type of sill structure to the most 

beneficial position based on the wheelbase would be an optimal solution. However, since 

the information from the customer regarding the exact load handling device to be used could 

be difficult to get, the stiffeners should be placed in positions which results in lowest stresses 

in the structure. Based on the study, the highest stress is caused when the load is applied far 

away from the stiffeners. Therefore, the load should be placed on the sill in positions which 

would lead to highest stresses in the particular design rather than using predefined distances 

like 765 mm. Using the 765 mm rule could lead to an insufficient design in case the highest 

stresses would be caused by some other wheelbase distance. EN 81-20 does not give any 
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specific rule for the load placement with the 85% sill load rule. EN 81-20 only states that 

load should be centrally placed on the sill, leaving it up for the engineer to select how far 

from each other the centrally placed points are. This way the load can always be placed in 

positions which would result in highest stresses. 

The placement of the EUR and EUR2 pallets was analysed to understand how the pallets fit 

inside the example elevator cars for rated loads 2500 kg and 5000 kg. With the 2500 kg car 

size, the load placement was very well aligned with the ASME proposal. However, with the 

5000 kg car, it is possible to position the EUR-pallet further away from the center of the 

sling, causing more turning moment than what is expected in the ASME proposal. Therefore, 

it would be better to consider the load placement from the car wall instead from the center 

of the sling. This would always position the load as close to the wall as possible and far away 

from the center, and therefore causing highest turning moment. The analysed load placement 

was also utilized in the FEM analyses load case 30, where the loading was analysed with 

load already in the car. The analysis shows that the load already inside the elevator car 

balances the sill load caused by the load handling device and therefore is not that critical 

load case as loading an empty car. This is already considered in the elevator standards as 

well, that the loading should be analysed assuming the car is empty. The analysis with load 

already inside the car also causes lower stresses and displacements than the forklift load case 

for the 5000 kg model. Even though the rated load of the elevator is the same, it does matter 

whether the user is gradually loading the elevator with multiple EUR-pallets with smaller 

load handling device versus loading the elevator with device which has total mass close to 

the rated load limit of the elevator. This affirms the statement that with the higher rated loads, 

the load handling device to be used affects the elevator engineering even with the similar 

rated loads. 

One load case also considered the forklift braking inside the elevator car. EN-1991-1 

proposal for the horizontal load caused by the forklift during the acceleration and 

deceleration was considered in the analysis. The stresses, displacements and guide shoe 

forces are not as high as with the load case where loading was applied on the sill. Since sill 

load is already defined in the elevator standards, the braking inside the elevator car does not 

cause any increased stresses which based on this study should be considered in the elevator 

loading strength analysis. 
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Example load cases with 2:1 suspension were analysed to understand whether the type of 

suspension is a relevant factor when considering the elevator loading. The analysis shows 

that the stress distribution between the 2:1 and 1:1 suspensions does not change drastically. 

Only differences are in the top beam and lower beam stresses which is already expected 

since the suspension positions change. Therefore, it can be assumed that the suspension type 

is not relevant factor from the elevator loading point of view and it does not need to be 

differentiated in the loading classes for example. 

The displacements were observed from the sill for both sling models to understand how 

much displacement is caused by the sill loads. Since the model has spring isolated platform 

beams, the compression of the springs causes majority of the displacement in the sill during 

the loading. With the Q=2500 kg model, the highest displacement of 20 mm occurs with the 

forklift load case considering the 100% of the rated load as the sill load. With the  

Q=5000 kg model the largest displacements can reach up to 40 mm with the highest loads. 

However, since the stress values are already well over the allowed limits for the Q=5000 kg 

model, it can be assumed that the deformation of the components is already significant 

causing higher displacements. But with the lower loads the displacement of the sill reaches 

values over 10 mm which could be significant during the loading. This might cause issues 

for example with manual or electric pallet truck with short distance to the ground. When 

front wheels are inside the elevator car causing the displacement in the floor, the load 

handling device could get stuck on the landing side sill which does not move with the floor. 

The maximum levelling accuracy of ± 20 mm defined in EN 81-20 might even be exceeded 

in some cases which is difficult to handle since much of the displacement comes from the 

compression of the springs. It also should be noted that the other parts of the hoisting system 

of the elevator, which are not considered in this thesis, may cause additional displacement 

to the car during loading. 

When comparing the eccentric loading guide shoe reaction forces from FEM model with the 

calculated analytical values there is a significant difference in the results. The result from 

the analytical calculations gives roughly 33% higher guide shoe force values compared to 

the FEM model. This high deviation already influences the dimensioning of the guide rails, 

guide rail brackets and restricts the available guide shoes. The guide shoe force results from 

the FEM models shows that there is not much difference in the X-direction guide shoe force 

between the loading and non-loading side. The structure with sling, floor, sill, and car is 
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relatively rigid which means that the moment is transferred quite equally to the guide shoes 

in the X-direction. The rigid modelling of the car frame does emphasize the moment transfer 

to the non-loading side, but the car flexibility is not expected to change the situation 

drastically. It can be assumed that the 75% is highly overrated estimation regarding how the 

force is distributed between the guide shoes in the X-direction. Overestimated guide shoe 

forces could lead to over-engineered solutions since the dimensioning of the guide shoes, 

guide rails and brackets are based on the guide shoe force values. This is especially critical 

in high-rise elevators since the cost of guide rails and brackets has bigger influence than in 

elevators with lower travel. 

The guide rail-bracket model was analysed with the highest guide rail force reaction found 

in the analysed models and highest allowed roller force for the largest roller guide shoes. 

The load was placed in the positions of the brackets and also 300 mm below the brackets to 

understand the influence of the bracket placement in relation to the guide shoe during the 

loading. When the load was applied in the position of the bracket there was only 0,2 mm of 

deflection with the lower guide shoe force and 0,6 mm with the higher guide shoe force. 

When loads were applied 300 mm below the bracket position the deflections increased to 

1,5 mm for lower guide shoe force and 4,1 mm for higher guide shoe force. The maximum 

allowed deflection for guide rails and the fixings are 5 mm in EN 81-20 (EN 81-20, 2020, 

pp. 108-109) and 3 mm in ASME A17.1 (ASME A17.1-2016/CSA B44-16, 2016, p. 98). 

With the higher guide shoe force the ASME limit would be already exceeded. The position 

of 300 mm below the brackets equals to 10% of the 3000 mm distance between the guide 

rail brackets. According to EN 81-20 this is still a position where the bending due to sill 

forces could be ignored (EN 81-20, 2020, p. 106) and the maximum deflection of 4,1 mm is 

below the EN 81-20 requirement. Conclusion can be made regarding this study that the 

position of the brackets in relation to the guide shoes is important during the loading and is 

something that should be considered when placing the brackets in layout on the guide rail 

line. Also noteworthy is that for most calculated guide shoe forces, there is not a standard 

roller guide shoe available because of the force limits. 
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6.1  Answers to the research questions 

This chapter includes the answers and discussion related to the research questions presented 

in the introduction. 

What are relevant loading requirements for goods passenger elevators which are not loaded 

with counterbalanced forklift 

The loading caused by the lighter load handling devices is usually lower than with the 

heavier devices because of the high self-mass of the heavy devices. The sill structure does 

not need to be as robust as with the heavier devices causing higher sill loads. Also, the guide 

rail reaction forces are lower with the lighter load handling devices. With the higher sill loads 

also the forces transferred to the upper car fixing are increased. All these points influence 

the elevator engineering and usually more robust designs also costs more. These are however 

more applicable for the higher rated loads than lower. The two rated loads 2500 kg and  

5000 kg included in the analysis shows quite big deviation in how the stresses varies between 

the different load handling devices and elevator standard load cases. 

What is loading caused by lighter load handling devices? 

Most critical loading caused by lighter load handling devices is the sill load. Lighter load 

handling devices are more balanced compared to the larger devices in sense of how the load 

is divided between the axles. Smaller axle load causes lower sill load and therefore affects 

the elevator engineering. Also, the number of manual or electric pallet truck wheels influence 

on how the load is distributed between the axles. Like described in the manual pallet truck 

section, the manufacturer data sheets are not always clear describing the number of wheels 

and the load distribution. The information about the load handling device to be used might 

be difficult to get from the customer and customer could also have many kinds of similar 

devices in use. Therefore, the elevator analysis should always consider the worst-case 

scenario. Worst-case scenario is that the pallet truck only has two wheels in rear and two 

wheels in front, so the load is distributed on minimum number of wheels. 

Stresses caused by the sill load are most critical and therefore the elevator car should be 

assumed empty when applying the sill load in the analysis. The wheelbase of the device and 

the position of the load on the sill have an effect especially on the stresses on the sill and the 

interface between the sill and the floor. Since there is a huge variance of different kind of 



89 
 

load handling devices, defining some specific wheelbase to use in the analysis might not be 

meaningful. Instead, the worst-case based on the specific sill design should be checked. In 

case some wheelbase for light load handling device should be specified it would, based on 

this study be something between 340 mm and 390 mm. Most of the forks in light load 

handling devices are designed based on the standard EUR or similar pallets and therefore 

there might not be as big of a variance in the wheelbase dimensions as with bigger devices. 

Would it be beneficial to define a new loading class for goods passenger elevators loaded 

using lighter load handling devices? 

Based on the studies within this thesis it would be beneficial to define a new loading class 

for goods passenger elevator loaded using lighter load handling devices. Since the loading 

classes are now based on the ASME terminology, re-defining all the loading classes would 

be beneficial. Proposal for the new loading classes would be to collect the relevant standard 

requirements from different standards under the new loading class definitions with the 

relevant design criteria which are not defined in the standards. New loading classes should 

include some of the following information for example:  

- Sill load to be applied as percentage of rated load based on different standards. 

- Rated load limits should be defined for when the consideration of different sill load 

limits is critical. For rated load 2500 kg for example it should be defined that ASME 

25% sill load should not be used if the elevator is loaded with any kind of load 

handling device, but the ASME C class should be followed. Further studies should 

be conducted to understand what the reasonable rated load limit is where it is more 

critical to consider the correct sill load percentage. 

- Design criteria 

o Positions of the brackets in relation to the guide shoes during 

loading/unloading 

o Considering the load position on the sill and checking the worst-case scenario 

based on the sill design. The area on which the load is placed representing 

the wheel should be considered. Standards only define “points” but applying 

the load on a reasonable wheel area would better represent the actual loading. 
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Line or point loads might cause unnecessary stress peaks not representing 

reality. 

o In a case where the occurrence of sill load is high, the fatigue of components 

under heavier stresses should be considered. Based on the study, at least sill, 

upper car fixing, or floor structure should be checked against fatigue. The 

loading occurrence is also something that should be discussed with the 

customer to understand the effect on fatigue of components. Previous study 

also identified some fatigue concerns in a diagonal welded lap joint. The sling 

structure was however different compared to the study in this thesis. 

o In case of spring isolated platform beams, the FEM calculations models 

should include the sling and floor to see the displacements with the specific 

sill loads and the stresses when the platform stopper bolts come in contact. 

Based on current calculation practices, the floor and sling are usually 

calculated separately. 

o In case of a large car, the position of load should be considered more carefully 

and checked whether there are more critical positions than what is proposed 

in the standards. For smaller cars, at least the ASME standard proposals for 

load placement seems to work. 

Also, the total mass of the equipment and goods seems to be more relevant than only 

considering the load handling device to be used. Therefore, it would be important to get 

some information about the goods to be transported from the customer as well. In case an 

elevator with rated load of 2500 kg is loaded with single pallet weighing 2000 kg with 

manual pallet truck, definitely the 80% or 85% sill load rule should be followed in the 

engineering. Purely defining the loading classes based on the load handling devices does not 

take this into consideration. This is especially important with lighter load handling devices 

where the total mass to device own mass ratio might be remarkably high. Meaning that heavy 

loads can be moved with light device.  
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7  Conclusions 

The elevator loading was analysed in this thesis with a focus on high-rise elevators and 

lighter load handling devices. The elevator standards EN 81-20 and ASME A17.1 and 

building standard EN1991-1-1 were studied to find the current engineering rules related to 

elevator loading. Different load handling devices and the important technical specification 

were studied, and the elevator use scenarios and elevator features related to the scope of the 

thesis were presented. One customer case was presented briefly to emphasize the need for 

goods passenger elevator solutions in high-rise elevators. 

The analysis included analytical calculations of sill loads based on the elevator standards 

and technical specifications of the load handling devices. Analytical calculations of the guide 

shoe reaction forces were also done for comparison and FEM model validation purposes. 

FEM analyses were conducted for two different sling-floor-car models with rated loads 

2500 kg and 5000 kg, Also, a guide rail-bracket model was analysed to understand the guide 

rail deformations during the loading of an elevator. 

The analysis showed that there is bigger difference between the stresses and displacements 

caused by different load handling devices and standard load cases in the higher rated load 

elevators than in the lower rated load elevators. The differences were relatively small with 

the lower rated load. In the higher rated load elevator, the differences were bigger and 

choosing the correct sill load calculation rule during the elevator engineering is more 

relevant. Also, the floor displacement was observed in different load cases and the use of 

spring isolated platform beams seems to increase the floor displacement momentarily during 

loading. 

Simple guide rail-bracket assembly analysis showed the importance of positioning the guide 

shoes at the same level with the brackets during loading to reduce the guide rail deflection. 

Analytical guide shoe reaction force estimations for the eccentric loading were found to be 

quite overestimated and further study should be made to understand the real force 

distribution between the guide shoes during eccentric loading. 

Current loading class definitions were found to be insufficient. Definitions in ASME A17.1 

rely on the load handling device to be used. Jump from loading class A to loading class C is 
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quite big and therefore increases the strength requirements of the structures especially with 

higher rated loads. The EN 81-20 definitions are not so clearly based on the load handling 

device to be used but only states that 85% of the rated load should be used as the sill load in 

case of heavy load handling device. However, the total mass of the load handling device and 

transported goods is more important than only considering the load handling device type. 

The manual or electric pallet trucks might have very high rated load values which might 

already be close to the rated load limit of the elevator and relatively low own mass. With 

heavier devices, the own mass of the device is usually majority of the total mass when 

considering the imposed loads.  

The objectives set in the beginning were met quite well. Meaningful comparison was made 

between the standard load cases and different load handling devices. Based on the results, 

conclusions were made regarding the improvement needs for current loading class 

definitions and what kind of design criteria would be good to include. The model created for 

the purposes of this thesis does not represent any existing sling or car design, but the model 

was created following good engineering practices and with an accuracy which allows the 

comparison of different loading situations. The validity of the results could be increased by 

creating a similar physical model and performing testing. 

To understand the actual guide shoe reaction forces caused by the eccentric loading, further 

study should be conducted. Based on this thesis study, a conclusion can be made that the 

assumption of 75% of the force is distributed to the other side guide shoes seems very over-

estimated. Further study could include more specific FEM models with the car model 

included to have the correct flexibility and physical validation where the guide shoe reaction 

forces could be measured. The floor displacement with the spring isolated platform beams 

should be validated with physical tests. Analysis in this thesis shows large displacement 

values especially with the higher loads. To apply the overall findings and conclusion of this 

thesis to any sales documentation or engineering instructions, the process of discussing with 

customer regarding elevator solutions presented in the thesis should be further studied and 

understood. 

Based on the results, especially ASME standard lacks loading class definition between the 

25% and 80% sill load rules. The 60% rule from the EN 81-20 standard better describes the 

lighter load handling devices in sense of the imposed load. EN 81-20 standard would need 

further clarity on when the specific sill load percentages should be used. New loading classes 
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should collect the information from the different standards regarding the elevator loading 

with relevant design criteria not included in the standards. 
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Appendix 1. Figures of different loading situations 

 

Braking inside the elevator car boundary conditions and loads 

 

Load in car boundary conditions and loads 



2 
 

 

Horizontal sill impact boundary conditions and loads 

 


	1  Introduction
	1.1  Background and goals
	1.2  Terminology
	1.3  Exclusions

	2  Literature review
	2.1  Previous study
	2.2  Loading related elevators standards
	2.2.1  ASME A17.1
	2.2.2  EN 81-20
	2.2.3  EN-1991-1-1
	2.2.4  Limitations

	2.3  Load handling devices
	2.3.1  Counterbalanced forklift
	2.3.2  Manual pallet truck
	2.3.3  Electric pallet truck
	2.3.4  Reach truck


	3  Theory
	3.1  High-rise elevator engineering
	3.2  Definition of the elevator use
	3.2.1  Definition rules
	3.2.2  Applications and customer case

	3.3  Loading related analysis
	3.3.1  Critical components and focus


	4  Analysis
	4.1  Available car size analysis
	4.2  Calculation cases overview
	4.3  Analytical calculations
	4.4  FEM models
	4.4.1  Sling models
	4.4.2  Guide rail – bracket model


	5  Results
	5.1  Rated load 2500 kg
	5.2  Rated load 5000 kg
	5.3  Guide rail – bracket

	6  Analysis and discussion
	6.1  Answers to the research questions

	7  Conclusions
	References

