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Abstract

The topic of this paper is hanging furniture. Nowadays, the principle of hanging furniture is applied
in many furniture groups: these are mainly kitchens, bathrooms but also living and office spaces. In
general, hanging furniture can be found in almost all definable furniture groups that interact with the
building structure. Furniture is suspended from vertical walls or structures but also from ceilings or
other auxiliary horizontal structures. The article defines the basic subdivision of suspended furniture
into shelving systems, upper cabinets, lower cabinets and ceiling cabinets. In addition to basic aspects
such as functionality of the furniture, principles of assembly and disassembly, manufacturability and
transportability, safety is an important aspect of hanging furniture. A comprehensive assessment of
the overall safety of the application of hanging furniture is required, which does not focus rigidly
on the furniture part of the issue, but also perceives the interaction with the building or structure
on which the furniture is hung. The paper describes the research started in this area, which is
divided into sub-areas: the construction material of the hanging furniture, the connecting fittings
of the hanging furniture structure, special connecting fittings, hanging fittings including anchoring
technology, and finally the material design of the supporting structure (wall, ceiling).
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material, hanging fittings

INTRODUCTION

Nowadays, when we have the possibilities to furnish
our homes with various furniture items according to
our liking and at the same time we try to make the
most of our small spaces for storing furniture items
[1]. One of the options is hanging furniture, whose
history is linked to the invention and patenting of the
dowel in 1911 in England by John Joseph Rawlings,
when it was an impregnated hemp cord, with bovine
blood [2]. Until then, dowels were made using wooden
blocks placed in drilled holes with a hand drill. The
invention of the plastic dowel in 1957, made of nylon
by Fischer S. It allowed us to hang even heavier objects,
as the function of plastic dowels was higher than
that of wooden dowels, including the development
of screw and bolt fasteners from the original
conventional nails [2]. Thanks to these advances, we
can now hang various objects on walls without much
difficulty. Another pioneer is chemical anchors. It is
a chemical reaction between two components that
starts its reaction after mixing the two components [2].
Thanks to this technology, we can hang much heavier
objects than was previously possible.

SJOIC

The History of Hanging Furniture

Hanging furniture is an integral part of our private
and public interiors. One important pioneer of
hanging furniture is the required String Wall
Storage System, when in 1949 its authors, Nisse and
Karin Strinning, won first place in a competition
for simple interior library furnishings [3]. It is
a modular wall storage system that allows its owner
to configure it according to his requirements by
purchasing individual modules, which he uses to
build the wall storage system in his home (Fig. 1).
An undeniable advantage is their further possible
variation in the sense of browsing the storage of
individual modules. The basic load-bearing element
is the metal ,grid® with which the individual
modules are fixed. This construction solution is
fixed to the wall using classic dowels and screws.
This modular system is manufactured today under
the brand name String.

Another important designer of hanging furniture
was Dieter Rams, who in 1960 designed the Vitsoe
wall system, which is to some extent directly based
on the String hanging system of 1949 [3]. Rams
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1: Example of the String 1949 wall storage systém [3]

simplified his design to aluminium profiles, on
which the individual bodies are placed according
to the height and proportion requirements of their
owner, made of bent metal flat profiles (Fig. 2). The
undeniable advantage of this furniture object is
its variability and the possibility of replacing the
individual bodies with others. This system is also
produced to this day.

2: Example of the Vitsoe wall system 1960 - Dieter Rams and
its design [3]

A later important hanging furniture element
is the Bookworm variable ,bookshelf“ designed
by Ron Arad in 1993 [4]. It is a system of dividing
partitions that are also the supporting element of the
whole structure and are connected by a common
moulded element. The original design was in
metal, but in agreement with Kartell, this design
was adapted to be manufactured in extruded PVC
and then subsequently in ABS [4]. This adaptation

3: Example of the 1993 Bookworm by Ron Arad and its design [4]
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subsequently allowed for greater bends in the
connecting element and therefore the subsequent
final shape. This system is still in production to this
day (Fig. 3).

An important suspension system of the first
decade of the 21t century is the ceiling suspension
system. This system had been used before, but in
2004 Jean Nouvel came up with an innovative
solution for a suspension system from the ceiling.
His creation is the Graduate ceiling hanging
shelving system from Molteni [5]. It is a shelving
system whose supporting structural element is
metal rods suspended from the ceiling, on which
shelves made of overhanging material are arranged
using adjustable stops. This system allows the
bookcase to be placed in a space without being tied
to the floor (Fig. 4).

4: Example of Graduate 2004 - Jean Nouvel and its structural
design [4]

Basic Classification of Hanging Furniture

Hanging furniture can be classified according
to several criteria: where it will be placed; what
function it will have in the interior; the size of the
hanging furniture; how it will be hung on the wall
(hanging hardware and dowels); what material the
construction will be made of; etc.

The most important factor is the location of the
hanging furniture in the interior. Hanging furniture
can be divided into four categories according to the
technical difficulty of hanging: shelves including
shelving systems, upper cabinets, lower cabinets
and ceiling cabinets (Fig. 5).

THE BASIC CATEGORISATION OF HANGING FURNITURE

Shelf systems  Upper cabinets  Lower cabinets Ceiling cabinets

5: Example of the basic categorisation of hanging furniture
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Shelving Systems

Shelving systems, or individual shelves, are the
most basic hanging furniture. This category has
been in use since ancient times, when massive
wooden planks were inserted into the resulting
holes in the walls (a niche, or also called a niche,
is usually a decorative depression in the thickness
of the masonry of a building.), which were stuck
and then walled both ends into the wall [6]. This
solution gave us a storage system for putting small
items on the walls, in this case just into the walls.
The development of separate shelves without
the need to be stuck into the wall, came with the
development of anchoring technology (dowels
themselves). This technical solution made it easier
to create storage or storage spaces on the walls.
Today, shelves and shelving systems are primarily
used to store small furniture items such as books,
crockery, jewellery, plants etc. We must not forget
the decorative items that are an integral part of our
interiors, e.g. various souvenirs from our travels,
statuettes, art objects, framed photographs, etc.

The methods of hanging shelves and shelving
systems can be divided into three different ways of
attaching them to the wall. The first way is that the
shelf itself has a hole drilled in it, using which and
a screw to attach the shelf to the wall. The second
way is that the shelf itself contains a hanging fitting
which allows it to be fixed to the wall. The third
and final way is by means of auxiliary support
elements which transfer the load-bearing capacity
of the shelves to themselves. These can be divided
into hanging spikes on which the shelf or shelving
system slides, and metal angles. The use of these
methods of attachment to the wall allows me to
make greater use of shelves and shelving systems in
our interiors (Fig. 6).

Upper Cabinets

Upper hanging cabinets are the category of hanging
cabinets that are most visible in kitchens, especially
for storing kitchen equipment (plates, bowls,
glasses, mugs, etc.) The depth of these cabinets is

6: Example of shelving systems and shelves including design
solutions in interiors [4]

generally half that of the lower hanging cabinet
category and therefore they are also subject to
fewer requirements, including variability in terms
of furniture hanging hardware, where they can
be divided into three groups according to their
location: in the cabinet, in the back of the cabinet
and, last but not least, part of the cabinet. When the
furniture hanging hardware in question is applied
to the construction material. In short, it becomes
part of the construction material, usually DTD and
MDEF. The category of hanging upper cabinets is
already a standard part of every kitchen cabinet,
especially in terms of the need to store kitchen
items, and mainly thanks to this category we use
the maximum space under storage.

Top cabinets are not only found in kitchen
cabinets, in some cases they are also used in other
rooms of a given interior. The main function is
still to store items. A possible typical example,
specifically in my home. When we were limited
by the size of the bathroom space including other
spaces to find a solution to store towels and hygiene
products without having to place them in another
room. The resulting solution was hanging overhead
cabinets that were placed over the entry door to
the room and positioned above the built-in toilet
bowl. Where hygiene products and towels were
stored separately, of course. Another use is living
room walls, which are not as massive as in the
last century. In some cases these living walls took
up one entire wall in a room [6]. Nowadays these
living walls have been replaced by smaller storage
units either placed on the floor or, for maximum
use, hung on the wall of the room. A separate group
is specifically the hanging overhead cabinets in
office spaces, which mainly store massive binders
of important documents. This group should be
particularly taken into account when selecting the

hanging hardware and its connection (Fig. 7).

7: Example of another use of upper hanging cabinets in
interiors [4]
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Lower Cabinets

Bottom hanging cabinets are the category of
hanging furniture that shows up most in bathroom
design from a practical standpoint, as previous
locations of bathroom cabinets reached the
floor. But the effect of moisture and water in the
bathroom resulted in surface degradation in the
lower part of the cabinetry that was in direct
contact with the floor. One way to prevent the
degradation of the cabinet is to hang it on the wall.
This solution prevents unwanted degradation of
the enclosure and allows cleaning underneath the
enclosure, as environmental hygiene is an integral
part of any sanitary facility. This category and
its hanging is solved by means of special hanging
fittings for lower hanging bodies from Haffele [7].
Another possible solution is the classic hanging
fitting for hanging upper cabinets. Alternatively,
a solution by inserting a profile between the sides of
the cabinet, in which holes are drilled and fixed to
the wall using anchors.

Lower hanging cabinets are also appearing more
in interiors instead of bathrooms. Their variety
and design solutions allow for application in
kitchens, living rooms, bedrooms and other interior
rooms. The reason for this use is primarily due to
environmental hygiene. Built-in kitchen units are
a typical example. Who among us has ever cleaned
up the accumulated dust underneath the base units
of a kitchen cabinet? Perhaps someone who has
never cleaned it has come to the conclusion that they
cannot clean the area so thoroughly. The frequent
removal of the skirting board results in fatigue of
the plastic grip material of the rectifier leg with the
skirting board. An innovative solution to limiting
the access of dirt under the kitchen base units is the
isolation strips, which prevent dirt and liquids from
entering under the kitchen unit. The use of hanging
the lower cabinets on the walls achieves the result
of easy access to a more hygienic environment. This
solution can be more visible in other rooms of our
interiors (Fig. 8). The disadvantage of this category
of hanging furniture is their depth for hanging and
the load of these furniture items. The solution to this

8: Example of the use of hanging lower cabinets in interiors
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problem is the new design solutions for the hanging
itself, which the manufacturers are guarding and
patenting.

Ceiling Cabinets

A special separate category is the hanging of ceiling
cabinets, the method of hanging which, for some
of us, may seem an unconventional solution, but
in some cases there is no other option than just
anchoring them to the ceiling, since the partition in
question does not have the appropriate parameters
for the classic hanging of upper cabinets. An
example of this solution was implemented in
the last half of the 20" century in the Brno-Lesna
district, where the parameters of the partition were
not suitable enough for classic anchoring of upper
cabinets. The subsequent solution was to suspend
the upper cabinets from the ceiling. This solution
solved the problem of the unsuitable partition
parameters without the kitchen being without
upper storage spaces.

Currently, hanging cabinets from the ceiling
is a very unusual solution for kitchen units. This
category is mostly used just above the kitchen islands
that are placed into the kitchen cabinet space, these
islands are incorporated into the kitchen cabinet
space (Fig. 9). The important parameter for hanging
these cabinets is just the ceiling structure and its
composition.

9: Example of the current use of ceiling cabinet suspension
in interiors

A separate category of overhead suspension of
furniture items in interiors and exteriors from
the ceiling structure are various chairs or ,sofas®.
An important parameter is their anchoring to the
ceiling structure. Thus, we must not overlook the
fact that this type of furniture item will be subjected
to a lot of load, as its users can weigh up to around
120kg. For these purposes, we must choose
a suitable anchoring system with a combination of
suspension elements that will support the structure.

Special Suspension Furniture

A separate category is special hanging furniture,
which is in the development stages of the various
manufacturers and developers of furniture items.



Overview of Hanging Furniture and its Construction

10: Example of specialty hanging furniture

Typical indicators are unusual dimensions and
special technical and structural solutions for hanging
on the wall (Fig. 10). This category can be found at
furniture fairs and in private interiors or public
spaces. This type of hanging furniture is still very
expensive to produce, including the technology and
design solutions used. For these purposes, specialised
suspension fittings are designed and guarded by the
manufacturers. With the development of technology
and design solutions this category will reach all

interior spaces in the future.

Materials and Methods

Hanging furniture is an integral part of our homes,
public interiors and exteriors. In earlier times,
hanging furniture was not very common with the
development of furniture fittings and anchoring
fixtures (dowels), hanging furniture has become
a common part of our homes. Nowadays we
have many ways of attaching hanging furniture
to building materials (concrete, brick, aerated
concrete, board materials, plasterboard, etc.)
using various furniture fittings, systems, and most
importantly, wall anchors.

Construction Material for Hanging Furniture

Today we have many board materials with different
finishes for the production of hanging furniture. The
most widely used board materials are particleboard
(DTD) and medium-density fibreboard (MDF). Solid
wood boards are another widely used material [8].

Classification of Construction Materials
by Manufacture

Agglomerated materials can be divided according to
production into solid wood boards (spars, biodesks),
plywood boards (PD, slats), particleboard (DTD),
fibreboard (MDF, HDF), flat chipboard (OSB) and
lightweight board materials (honeycomb board) [8].

Fasteners for Hanging Furniture Construction

Each piece of furniture includes connecting
hardware that allows us to join the individual
furniture pieces into a body. The most important
connecting hardware for hanging furniture is the

corner connection between the top piece (the floor)
and the side pieces (the sides). It also depends on
the position of the top piece, whether it is loaded or
inserted these parameters can affect the strength
and rigidity of the cabinet [9].

Basic Categorization of Fasteners

The most common fasteners for corner joints
are wooden pins, screws, industrial fasteners,
confirmers, fastener slats, eccentric fasteners,
trapezoidal fasteners, spherical eccentric fasteners,
and other specific fasteners from various
manufacturers [10].

Special Fasteners

Each fastener manufacturer have their special
fasteners which they have patented for their own
purposes. The undeniable advantage of these
special fasteners is their variability and their special
solutions for placement in the parts themselves. The
disadvantage of these connecting fittings is their
financial aspect and also their more complicated
installation in the parts and subsequent connection
to the bodies.

Hinged Fittings

Hanging hardware is an integral part of hanging
furniture. They can be classified according to
their load-bearing capacity and their design in
the furniture body [11]. There are three major
manufacturers of furniture fittings in the furniture
industry: Hafele, Hettich, Blum and other smaller
manufacturers of furniture fittings.

Dowels

A dowel is an insert for fastening screws, bolts,
threaded rods in rigid, inflexible materials, most
commonly masonry buildings or building board
materials. Dowels are usually made of plastic, the
better quality dowels of nylon and there are also
metal variants (steel, stainless steel, brass) for which
the term anchor is used [11]. There are many types
of construction materials and mounting options,
and many types of special dowels are produced.

Types of Dowels

Dowels can be classified according to the material
produced, as well as their use in different building
materials. For different types of building materials
we select dowels designed for them. For example,
we have: steel, frame, universal, expansion, special
dowels for the building material [2]. Next, we
should focus on which dowel will carry what. After
selecting the dowel, drill a hole in the wall where
the dowel will be placed. The hole for the dowel
should be deep enough, and wide enough for easy
placement of the dowel. Before placing the dowel,
the drilled hole must be cleaned of any remaining
drilling material. Then we can install the dowel,
and the remaining parts that the dowel will carry.

©|
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The Building Material Used

Nowadays, we have many options for building
masonry materials to build walls, from load-bearing
walls to partition walls in interiors. Walls can be
made of the following materials: stone, burnt brick,
concrete, plasterboard, aerated concrete, hollow
bricks (blocks), polystyrene and wood panelling [2].

Concrete

Concrete is a mixture of cement, aggregate, water
and additives with reinforcing bars. The main
properties of concrete include: High compressive
strength but low tensile strength (about 10% of the
compressive strength). An important component
of concrete is the reinforcing bars or rebar,
which compensates for the low tensile strength
(steel + concrete = reinforced concrete) [2].

Masonry

Compared to concrete, masonry is a considerably
more diverse anchorage substrate with varying
texture and strength. The main components include
burnt clay or concrete or other material. Masonry
can be classified according to: The type of lump
masonry (e.g., burnt brick, natural stone, or aerated
concrete). Further, by type of wall (e.g., single-layer,
double-layer). And according to the strength and
density of the piece masonry [2].

Slab material

Slab building materials are thin-walled and
generally have low strength e.g gypsum
plasterboard, gypsum fibreboard or particleboard,
fibreboard, plywood etc. They are used to construct
non-load bearing walls or partitions, and are also
used as cladding material [12].

Mechanical and Physical Properties
of Hanging Furniture

For hanging furniture and its interrelationship with
the supporting element (wall). They are an integral
part of the physical and mechanical properties that
will determine the final values of this study and
subsequent experimental measurements. Of the
mechanical properties of the materials, the values
of Strength = failure and Stiffness = deformation, or
Toughness are particularly important, but these are
not indicative for this work [9]. Furthermore, from
the physical properties, the values of the densities
of the materials will be particularly important for
this work. To obtain these physical and mechanical
properties, at least the basic dimensions and data
will be necessary, which will influence the results of
the actual experimental measurements. An integral
mechanical part in testing, and especially in normal
use in our homes, will be the application of forces
or also the application of loads to the hanging
furniture (body). Where the load will not only be
applied to the body, but will mainly be transferred to
the hanging hardware and from it to the supporting

10

anchor (hook, screw, etc.) and then to the anchor
(dowel) itself placed in the drilled hole of the wall
(supporting material). In particular, pressure will
be applied to the anchor and also to the anchoring
element, and bending will be applied to the anchor
itself. These main mechanical properties will
influence the resulting measurement values and,
more importantly, the hanging furniture itself [13].
Part of this work is just the appropriate selection
of both the structural material (the body) and the
supporting material (the wall) to obtain the best
experimental testing results. When maximum loads
are applied to hanging furniture, three types of
failure and deformation of the integrity of the body
and its connection to the wall can generally occur.

1. The failure can be caused by overloading the load
capacity of the hanging body and the so-called
shearing of the anchoring technique or the
hanging material occurs, or the material fatigues
under a greater load than planned (Fig. 11).

2. The breach may be caused by improper use
of the anchor or anchors, or by the type of
masonry of the wall on which the body has just
been hung (Fig. 12).

3. Breach may be caused to some extent by the
incorrect use of the connecting fittings, where
the subsequent use or load.

4. Has not been taken into account. Or it may be
caused by the improper use of the construction
material of the body, where again the load
applied in normal use may not have been taken
into account (Fig. 13).

RESULTS

Suspension furniture is still an unexplored and
untested scientific discipline worthy of investigation.

Hanging furniture and its issues are divided into
four research sections: When the first research
section has already been completed. And its results
will soon be published. The section itself dealt
with research on the connecting hardware used
in hanging furniture. The fasteners were divided
into 2 categories of three types of fasteners each.
The first category is called glued = fixed connection,
which includes wooden pins, connecting slats,
and embedded pens. The second category is called
mechanical = disassembled connection, which
includes screws, fasteners and eccentrics. It has
been tested using two methods in compression
and tension. The disassembled connections using
confirmatives were the best. Of the bonded joints,
fastener slats performed best. However, connections
using eccentrics performed the worst.

The next research section will test the hinge
fittings used in hanging furniture. The attachment
of the back to the hanging body will need to be
considered in this research section. Since according
to the fit of the back, a certain type of hanging
hardware is used. The hanging hardware can be
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11: Graphical treatment of the problem 1. failure of hanging furniture
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12: Graphical treatment of the problem 2. breach of hanging furniture

13: Graphical treatment of the problem 3. failure of hanging furniture

divided into embedded in the body, loaded on the
back of the body and laterally attached to the body
and the category itself is the hanging hardware
that is part of the body. In this research section, it
will be necessary to predefine the most used hinge
fittings for a given categorization. Subsequently, the
manufacturers of the fittings themselves will have to
be taken into account. Furthermore, the dimensions
of the test bodies and the number of test bodies will
have to be defined in order to obtain objective results.

Another subsequent research section will be
research into the construction materials used in
hanging furniture. It will be necessary to analyse
the overall physical-mechanical properties of the
structural materials in question, followed by their
statistical evaluation. The course will be similar to
the previous research sections.

The last research section will be the use of
anchoring material in the walls on which we
hang the hanging furniture. This section is not yet
predefined it will have to be defined.

DISCUSSION

Overall, hanging furniture is still a potential
hazardous furniture item in the home. In terms of
its hanging. Inappropriate way of hanging corpora
on walls and ceilings can cause unwanted events
e.g. personal injury at worst, at best it can damage
other things underneath. The hanging of furniture
cabinets is not so much a matter of getting it right,
it always depends on the installation and who
is doing the installation. The assembler chooses
the right anchor according to their discretion and
experience. Others have the hanging furniture
mounted by a shared service called an hourly man
or by a company whose hanging furniture users
buy and then have anchored to the wall or ceiling.
Part of this research on hanging furniture will take
into account the selection and definition, based on
scientific knowledge, of the correct use of anchoring
techniques for hanging corpuses. A separate
category is the occasional painting of walls and
ceilings in the home. In this case, we can take the
hanging furniture down from its placement on the

11
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wall or ceiling. After the painting activity is completed,
we put the hanging furniture back in its proper
place. Frequent handling of the hanging furniture
in terms of taking it down and putting it back can
cause wear and tear on the anchoring technology.
Possibly to the hanging hardware and the corner ties
of the cabinetry itself. At the same time, the correct

recommended loads set by the manufacturer of the
hanging furniture should be observed. If we choose
the wrong anchoring technique and its suspension,
we may unintentionally reduce the maximum and
recommended load without meaning to. When
hanging furniture, we have to take into account
more factors that affect it than we might expect.

CONCLUSION

Hanging furniture is a hot topic in modern interior design. In addition to aspects such as the
functionality of the furniture, the principles of assembly and disassembly, manufacturability and
transportability, safety aspects are essential. A comprehensive assessment of the topic of suspended
furniture, including the interaction with the building or structure on which it is suspended, is
necessary for an overall safety assessment of the application of suspended furniture. Such research
has not yet been carried out. The article describes the division of the research in this area into
individual sub-areas: the construction material of hanging furniture, the connecting fittings of the
hanging furniture structure, special connecting fittings, suspension fittings and, of course, anchoring
technology, as well as the material design of the supporting structure (wall, ceiling). The text presents
the results of the first part of this research, concentrating on the mechanical and physical properties
of hanging furniture. The principles of the physical interaction between the suspended furniture and
the supporting material are described. The basic types of failure are defined: overloading of the load
capacity of the hanging body causing so-called shear of the anchoring technique, inappropriate use
of an anchoring element with insufficient load capacity, improper use of the connecting hardware
of the hanging element. Research will continue in other formulated areas. The section developed so
far holds promise for a comprehensive picture of the topic with the aim of defining critical moments
and recommendations for the safe use of suspended furniture in interiors.
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