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ABSTRACT
These guidelines are provided for preparation of papers accepted for
publication for The Proceedings of ELEVCON 2020, the 23rd International
Congress on Vertical Transportation Technologies that will be published in
the book ELEVATOR TECHNOLOGY 23. These guidelines are issued to
ensure a uniform style throughout the book. All accepted papers will be
published provided they arrive by the due date and they correspond to these
guidelines. Reproduction is made directly from author-prepared
manuscripts, in hardcopy form, in A4 paper size 297 mm x 210 mm (11.69
x 8.27 inches). To assure timely and efficient production of the congress
book with a consistent and easy to read format, authors must submit their
manuscripts in strict conformance with these guidelines.
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MANUSCRIPT

The maximum paper length is restricted to12 pages, including figures and tables.
The paper should have the following structure:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Title of the paper
Authors and affiliation
Keywords (6-8 words)
Abstract (100 – 150 words)
Introduction
Main body
Conclusions
Acknowledgements (if applicable)
References
Appendix (if applicable)
Biographical Details
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1.1

Page Layout, Spacing and Margins

The paper must be compiled in one column for all subsequent text. All text should
be single-spaced, unless otherwise stated. Typing should be left and right justified.
The margins must be exactly as follows:

Table 1. Margin settings for A4 size paper
Setting
Top
Bottom
Left
Right
1.2

A4 size paper
cm
inches
3
1.1
2
0.8
2.5
1.0
2.5
1.0

Preparation in electronic form

To assist authors in preparing their papers, this style guide for preparing digital
version of papers is hereby provided in Word.
1.3

Length and Font

All manuscripts are limited to a size of no more than twelve (12) and no less than
eight (8) single-spaced pages (A4 size), including abstracts, figures, tables and
references. The font type Arial with a size of twelve (12) points is to be used.
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2.1

TITLE AND ABSTRACT BLOCK
Title

The title should appear centered in bold letters, with each word capitalized at the
top of the first page of the paper with a size of eighteen (18) points and singlespacing, set to eighteen (18) points spacing before and after (Figure 1).

Figure 1. Paragraph setting for the paper title
The next line, should include the author(s) name(s), centred under the title at
fourteen points (14pt), single-spaced. Then, write affiliation including country in
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upper and lower-case letters, centred under the title at italic fourteen points (14pt).
In the case of multi-authorship, group the authors by firm or organization as shown
in the title of these Guidelines.
2.2

Key Words

Leave one blank line, then type "KEY WORDS:" in bold capital letters, followed by
5-8 key words. Note that ELEVCON does not provide a set list of key words,
therefore, include those key words which you would use to find a paper with content
you are preparing.
2.3

Abstract

Leave two blank lines under the key words. Indent 0.75 cm (0.3 in) from left and
right, and type "ABSTRACT:" in twelve (12) points bold Capitals followed by one
blank line. Start now with a concise Abstract (100 - 150 words) which presents briefly
the general thesis and conclusion of your paper. A reader should be able to learn
the purpose of the paper and the reason for its importance from the abstract.
Paragraph layout is to be set to twelve points (12pt) after.
3

MAIN BODY OF TEXT

Type text single-spaced, with paragraph layout set to twelve points (12pt) after
(Figure 2).

Figure 2. Paragraph setting for the body of the text
3.1

Headings

Major headings are to be in bold capitals without underlining, with a spacing of
twelve (12) points before and twelve (12pt) after (see Figure 3).
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Figure 3. Paragraph setting for major headings
Type subheadings (second-order headings) in bold upper case and lower-case
letters. Subheadings are on a separate line with spacing of zero (0pt) points before
and twelve (12pt) after (see Figure 4).

Figure 4. Paragraph setting for subheadings
Sub-subheadings (third-order headings) are to be typed in upper and lower-case
letters. Sub-subheadings are on a separate line with spacing of zero (0pt) points
before and zero (0pt) after (see Figure 5).

Figure 5. Paragraph setting for sub-subheadings
Use decimal numbering for headings and subheadings
No indentation is required for headings.
3.2

Footnotes

Footnotes to the text should not be used.
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3.3

Illustrations and Tables

3.3.1 Placement:
Figures, drawings, tables, and photographs must be placed as close as practicable
to the reference in the text. Make sure that the figure is either in line with text, or
placed within a drawing canvas which is in line with the text, as in the example in
Figure 6:

into

Figure 6. An example for a drawing canvas in line with text
3.3.2 Captions
All captions should be typed in upper and lower-case letters, in italic, bold and
centered directly beneath the illustration, or above the table (see Table 1 and
Figures 1-4 for example). Use single spacing if they use more than one line. All
captions are to be numbered consecutively, e.g. Figure 1, Table 2, Figure 3.
Photographs: Photographs should be in black and white.
Drawings: it is advisable to use computer drawing software (such as Adobe
Illustrator™, Freehand™, Visio™, or drawing tools in MS-Word™) to create
illustrations. Do not create labels over shaded areas. Use line thickness of at least
0.3 mm.
3.3.3 Copyright
If your article contains any copyrighted illustrations or imagery, please include a
statement of copyright such as: © SPOT Image Copyright 20xx (fill in year), CNES.
It is the author's responsibility to obtain any necessary copyright permission. After
publication, your article is distributed under the Creative Commons Attribution 3.0
Unported License.
3.4

Equations, Symbols and Units

3.4.1 Equations
Equations should be numbered consecutively throughout the paper. The equation
number is enclosed in parentheses and placed flush right. Leave one blank line
before and after equations:
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𝑥
⃗ (𝑦 )
0 = 𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 = 𝒏
𝑧

(1)

where
a, b, c – the normal to the plane
x, y, z – plane coordinates
n – vectored annotation for the plane normal

Note to clearly differ between capital and lower-case letters. Avoid confusion
between the letter ‘o’ and the numeral zero (‘0’), as well as between the upper case
‘I’ and the numeral one (‘1’). Vectors and matrices in the equations should be clearly
indicated.
Variables used in any equations should be defined in the main text where they first
appear. If applicable, units of measurement should be given.
3.4.2 Symbols and Units
Use the SI (Système Internationale) Units and Symbols. Unusual characters or
symbols should be explained in a list of nomenclature.
3.5

References

References should be cited in the text, thus (Smith, 1987b), and listed in
alphabetical order in the reference section with APA style.
3.6

Biographical Details

Short biographical details of the authors.
5. CHANGES
Once your paper has been submitted in MS-Word™ (DOCX format) no changes to
it can be made. Consequently, please proofread your paper carefully and use spellchecking tools before sending.
6. ADOBE PDF™ FORMAT
Please also submit an Adobe PDF™ format version of your paper. (i.e., the paper
should be submitted in DOCX format, and in Adobe PDF™ format).
Papers (DOCX and PDF formats) must be submitted via e-mail only to marjaliisa@mlslift.com . The Adobe PDF™ file submitted must be identical to the DOCX
version that was submitted.
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The deadline for the submission of full papers is January 15th, 2023. Please,
take care to send the full paper on time!
The authors will receive feedback from the reviewers by the end of February
and the deadline for the submission of the final papers is March 31st, 2023.
After the reviewing process, the authors are entitled to present the paper in
the conference.
ACKNOWLEDGEMENTS (optional)
Acknowledgements of support for the project/paper/author are welcome.
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APPENDIX (optional)
Any additional supporting data may be appended, provided the paper does not
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Divider Beam Design as Part of the Standard
Elevator Design

Dr. sc. techn. Michael Merz
Hilti Corporation, Principality of Liechtenstein

Key words: elevator group configurations, divider beam, modular system, design
standard, quality control, process standard, design report, hoistway,
accident prevention, time saving

ABSTRACT
Divider beams can create headaches for project managers who must
provide separation walls in a hoistway that should host two or more
elevators. To avoid accidents during the handling and welding of heavy steel
material, the installation of the beams is often passed to the general
contractor or a subcontractor. Involving a third party requires design
drawings, a bidding process, coordination, inspection for acceptance and,
finally, the complaint procedure.
This paper introduces a new design method for installing divider beams as
part of the elevator installation process and discusses the multiple benefits
of this innovative solution.

1. INTRODUCTION
It is common practice that elevator shafts for group configurations (duplex, triplex,
etc.) be constructed by the general contractor without partition walls. The front wall
of the hoistway is often left completely open. This reduces concrete construction
costs and eliminates the risk of complaints based on shaft evaluation and any
subsequent corrective work that would need to be carried out. It also provides
additional flexibility for the design of the elevator system which is often detailed only
after construction has started.
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In this case the elevator installer will use so-called divider beams to fasten the guide
rails. The design and procurement of the divider beams, which are typically made
from steel, usually takes place locally. This task, including installation, is generally
given to a local steelwork company. In some countries it is standard that the lift
company requires that the work be carried out as part of the hoistway construction.
It is then carried out under the responsibility of the general contractor.
Design and construction of the divider beam have an influence on the ride comfort
of the elevator, particularly on high-performance models. In case of emergency
braking in which the safety elements are deployed, divider beams that are
improperly installed can lead to the safety device losing sufficient contact with the
guide rails, something that can have fatal results. To ensure that the safety device
functions properly, there are strict requirements made regarding the maximum
horizontal displacement of the system consisting of guide rails and divider beam.
For high-performance systems these requirements are defined to ensure ride
comfort (vibration and noise development in the cabin, lobby and adjoining rooms).

Figure 1: Open hoistway for triplex configuration
The local definition and installation of the divider beam leads to the definition of a
large variety of solutions that mainly avoid quality inspections and controlling by the
elevator manufacturer in terms of central design and execution. As the system
consisting of divider beam and guide rails has a significant influence on the
elevator’s safety and ride comfort, a central, specific solution for the divider beams
would be very welcome.
In creating the divider beams, steel construction often prescribes massive I-beams
which have had anchor plates welded to them in the workshop and which then have
to be fastened to the shaft wall with anchors right on the construction site. The
solution chosen, particularly in seismic conditions, is to set anchor plates in concrete
to which the I-beams are welded during installation. Moving massive steel beams in
a cramped hoistway environment requires heavy lifting equipment while the welding
work can generate sparks. The installation of the divider beams is generally carried
out separately, before the assembly of the elevator system, and is concluded before
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work begins on installing the elevator. Due to the risk of accidents when handling
massive steel beams, and the fire risk associated with welding sparks, installation
of the divider beams is preferably given to a subcontractor.
The effort required to select, hire and instruct a subcontractor in terms of the correct
installation of the divider beam is significant. Nonetheless, there is still a risk that
there may be complaints, which require reworking, once the hoistway has been
officially evaluated. The necessary timeframe required for this advance work
reduces the amount of time given to put the elevator system into place. It could also
lead to a delay in the elevator system being handed over to the general contractor.
If the divider beams have been installed and approved by the elevator company,
connecting the rail bracket can prove problematic. Fastening holes generally have
to be drilled on site; preinstalled fastening holes must often be expanded. In certain
cases the rail bracket can also be welded to the divider beams. Due to the risks
associated with this work no other persons may work in the hoistway during this time
and fire protection must be ensured.

Figure 2: Installation of divider beams made from crude steel
The associated risk of accidents should be avoided, and the time required to perform
the related tasks is significant.
Quality assurance during the installation and during the elevator company’s
acceptance process, once the divider beams have been installed, is quite
demanding and difficult to achieve.
2. MODULAR SYSTEM FOR BUILDING SUPPORTING STRUCTURES
Standardized modular systems have been used for some time to create supporting
structures for fastening and laying out all types of supply lines in installation work in
the construction of buildings, facilities and both on- and offshore platforms. These
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systems have been extended to build platforms for positioning machines and
equipment, walkways, footpaths, etc.
Special profiles and connectors have been developed to allow modular systems to
be suitable for use in the construction of divider beams. The design is done with
manufacturer-specific design software which monitors the force loads of the entire
design and also determines the eventual deformation of the beams.
In elevator model design, modular systems can be integrated as a standard solution,
so that a centrally defined quality of divider beam design is achieved. With the
design of the elevator system the process of installing modular divider beams,
consisting of standard components, can also be centrally defined. This allows for
central control of the work quality. If the supplier of the modular system is able to
supply the system worldwide, globally uniform divider beam quality can be realized.
As modular systems generally consist of much lighter components compared to
standard steel beams, the entire installation of the elevator group configuration can
be redefined on location. The risk of accidents during installation can be reduced or
even eliminated.

Figure 3: Profile of a modular divider beam and the connection of the
brackets
The modular system shown here consists of particularly rigidly designed, hot-dip
galvanized steel girders which, due to the special profile, support a very flexible
connection of attachments irrespective of manufacturer. Toothed C-profiles are
integrated in both sides of the girder profile. This supports the usage of Thammerhead bolts for fastening the rail brackets. The T-hammerhead bolts can be
moved independently in the C-profile, on both sides, for horizontal positioning of the
rail brackets, allowing simplified alignment of the guide rails. In addition to the
frictional connection during bolt fastening, the internal teeth create a form fit that
supports the stability of the connection. Drilling fastening holes or welding on the
construction site is therefore no longer necessary.
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The beams are fastened in special wall connectors having a U-shaped opening. The
wall connectors can be anchored to the walls independent of the beam using an
anchoring system similar to that which anchors the rail brackets to the shaft walls.
Mechanical or chemical anchors as well as casted into concrete anchor channels
can be used.
During installation, the preliminary work involved in fastening the wall brackets to
the wall includes usage and handling of compact components of low weight which
can easily be positioned and anchored by one person. Laser positioning systems
are particularly well-suited for use in positioning the anchoring holes. The actual
divider beam is placed in the U-shaped opening once both wall brackets have been
anchored.

Figure 4: Modular divider beam
The divider beam has modest weight (9 kg per meter) when compared to standard
steel beams, which are heavier by a factor of 2-to-3 and will therefore be heavier
and more difficult to handle in narrow shafts. The divider beam can be moved into
the hoistway and then placed in the wall bracket without any special lifting or hoisting
devices. The wall bracket design ensures that the divider beams are secured
against dropping or falling without any further arrangements or precautions.
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Figure 5: Installation of a modular divider beam
After correct horizontal positioning, which can also be used to align the guide rails,
the divider beam is clamped to the wall connector’s U-profile with through-bolts.
Installation of this type of divider beam can be safely carried out by a single person
in less than 30 minutes.
Simple installation requires only a few concise steps and can be well documented
in a standard process flow that can be made available to installers worldwide via a
centralized documentation system. This supports central quality assurance for a
uniform worldwide process for installing divider beams.

Figure 6: Bridging construction tolerances regarding shaft-depth
In terms of length and perforation, both wall brackets have been designed to support
specification-conforming fastening, in conjunction with the hole pattern in the divider
beams, even if the shaft depth includes structural tolerances. The system can bridge
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shaft-depth deviations up to +/- 40mm, allowing for all divider beams to be delivered
to the construction site at a uniform length and doing away with the need for
subsequent cutting to size.
3. TECHNICAL DESIGN OF THE DIVIDER BEAMS
The technical design of the divider beam is supported by a manufacturer-specific
calculation software, which is based on the high-performance RSTAB statics
program. FME analysis of mechanical components are based on ANSYS standard.
The design software has been certified by TÜV Süd.
Theoretical calculations and practical testing were carried out to determine technical
data which describes the characteristics of the beam profile and the wall connector.
These theoretical calculations and practical tests were created for both the individual
components as well as for the integrated system. The stress distribution in the
components and in the overall module were determined and documented in detail.
There is therefore extensive data available in the calculation software to serve as a
basis for the technical design.

Figure 7: Determining the technical data for the calculation software
The calculation software creates a comprehensive report on the system’s design.
The input data relating to the forces acting on the guide rails is documented, as is
the geometric positioning of the guide rails by means of the rail brackets on the
divider beam. This is supported by a schematic sketch of the divider beam. The
design process results in the suggestion of a specific beam profile and a suitable
wall bracket. Their capacity rate is also documented as it relates to the stresses in
the components. Additionally, the deflection of the divider beams is shown at the
point where the guide rails are attached to the divider beams.
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Figure 8: Excerpt from the report on divider beam design
An interface to the same manufacturer’s anchor design software supports the
simultaneous design of the anchorage for the divider beam to the shaft walls and
documents the different proposed anchor systems including their capacity rate.
Depending on the manufacturer's elevator model and the requirements for
maximum deformation of guide rails and divider beams under load, the flexibility of
the choice of beam profiles and wall brackets is limited. For each of these variations,
a detailed design can be carried out with the calculation software, the results of
which are then documented in a table. The table then serves as standard
specification for the various elevator models offered to customers.
This reduces local planning efforts, eliminates sources of errors and saves costs in
the design and installation for locally installed divider beams and also supports
central quality assurance in the design of locally installed divider beams.
4. THE ADVANTAGES OF STANDARDIZED MODULAR SOLUTIONS
In addition to quality and development, the supply chain also finds advantages in
the procurement of a uniform worldwide system for divider beams.
Centralization of procurement supports the implementation of economies of scale in
price negotiations. This, in turn, means that the cost of the modular system differs
less from the cost of locally procured solutions than might appear to be the case
when using local modular system prices as a basis.

16

Figure 9: Design of complex supporting structures in the hoistway with
modular systems
Cost advantages when installing the divider beam can additionally be realized
through time savings and the elimination of certain tools and devices for handling
the lighter material. Processing a reduced amount of steel in creating a defined
length of divider beams results in less energy being used to manufacture the divider
beams. Divider beams constructed from modular systems thereby make a
significant contribution to achieving defined CO2 reductions mandated by the
various elevator companies.
The great simplification of the installation of divider beams in connection with a
reduction of accident and error risks may, in individual cases, lead to the divider
beam package being transferred to the elevator installer from the general contractor,
which can contribute to a rise in both sales and profit.
In addition to solely designing divider beams, the design of modular system
components as well as the design software offer support in the design of complex
structures consisting of combined columns and separator beams. These become
necessary with the previously-mentioned habit of leaving the front wall of the
elevator hoistway open, so that a design must be created that is supported on the
floor and on the ceiling for anchoring the divider beam to the shaft front.
Similar challenges appear when the shaft walls have an inadequate load-bearing
ability, so that forces can only be directed to the ceiling slab recess. When divider
beams are required between two ceiling slab recesses due to the spacing between
the rail brackets, the design of a buttress between the ceiling slab recesses is
necessary.
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Figure 10: Modular supporting design in the hoistway with side walls of
insufficient bearing capacity
Even the standardization of solutions having complex dividing wall structures,
consisting of pillars and divider beams, reduces the possibility in individual cases of
having to redesign the entire rail fastening system to expand distances between the
rail brackets. This can lead to smaller rail profiles, with lower costs and effort, being
used during installation in the hoistway.
5. CONCLUSIONS
There are good reasons for omitting the design of an on-site partition wall in
hoistways for group configurations. The quality of the fastening and installation of
the guide rails is significant in regard to the elevator system’s safety and ride
comfort. Supporting structures must be erected to fasten the guide rails between the
elevator systems. Planning, design and installation of these supporting structures is
generally given to a local subcontractor. This process represents a significant
challenge for the central quality control process and carries considerable risks
related to accidents, added cost and time delays in installation.
In many industries modular systems have long been established for use in the
design of supporting structures. Worldwide suppliers of these modular systems
support global standards for modular-designed supporting structures in industry.
The modular systems have been expanded in such a manner that they are suitable
for use in the design of separation wall constructions for multiplex facilities in
elevator installation.
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Figure 11: Modular separation wall in the hoistway
The specification of standard solutions, based on this kind of modular system for
divider beams used in certain system models, allows for central quality control and
quality assurance relating to the construction of separation wall structures. The
standardization of the solution is accompanied by a unification of the installation
process, which is characterized by the handling of lightweight components that are
assembled on site without the need for separating or hot joining processes (such as
welding etc.). This supports an entire range of advantages relating to avoiding the
risk of accidents, as well as time and money savings, and the integration of the
installation of the separation wall system into the elevator system’s installation
process.
When the partition structure is specified, in standards, as an integral part of the
elevator system model the cost of providing it can be incorporated into the elevator
manufacturers' supply tools.
The great number of advantages posed by modular systems in creating separation
wall structures will, in all likelihood, lead to these solutions becoming established
worldwide in the future.

REFERENCES
(Elevcon 2010 – Elevator Technology 18)
M. Merz (2010); Practical Stress Behavior of Complete Rail Fastening Systems
(Elevcon 2014 - Elevator Technology 20)
M. Merz (2014); Modular Support Systems Replace Welded Support Structures
(Elevcon 2018 – Elevator Technology 22)
M. Merz (2018); Added Value of Anchors following an Approval/ Assessment Standard

19

BIBLIOGRAPHICAL DETAILS
Michael Merz is a member of Hilti’s Energy & Industry department where he holds
the position of a Global Segment Manager focused on supporting the global elevator
industry in improving productivity and quality of the site installation process. He has
been with Hilti since 1995 and has held various positions in logistics process
management, new product development, global sourcing, anchor marketing and
project management. Since the beginning of 2005 he has focused on the challenges
of fastening technology as applied in the elevator trade. Michael Merz holds a
master’s degree in mechanical engineering and business administration from the
Technical University at Darmstadt in Germany. He also graduated from the Federal
Institute of Technology at Zurich, Switzerland as Doctor of Technical Sciences.

