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Sammanfattning  
Marknaden för radio- och bredbandsinfrastruktur växer och efterfrågan efter högre 
bredbandskapacitet ökar exponentiellt. Populeringen förändras samtidigt och den snabba globala 
urbaniseringen ställer nya krav på städer och de största städerna kräver hög till mycket hög mobil 
nätkapacitet per kvadratkilometer. En högre frekvens möjliggör högre kapacitet men kräver 
närmare avstånd mellan nätverkskomponenter. Detta examensarbete undersökte därför 
möjligheten att producera radiobasstationer i betong för att möjliggöra ett icke-påträngande 
koncept i en stadsmiljö för att komma närmare användarna och minska avståndet mellan 
radiobasstationer. 
Projektet genomfördes genom en iterativ produktutvecklingsprocess där undersökningar och 
produktutveckling skedde parallellt. Projektet inleddes med en förstudie med avseende på 
implementationsmetoder för skåpet i stadsmiljö. Undersökningen resulterade i urbana möbler 
som den lämpliga lösningen, med avseende på utnyttjad betong, kostnader samt innovativitet. En 
kravspecifikation upprättades med avseende på en aktuell RBS på Ericsson som kompletteras 
med egna och marknadens krav för att skapa en icke-påträngande och attraktiv design. 
Koncept baserade på nuvarande urbana möbler urformades och soffan Hidden concept valdes i 
samverkan med Stockholms Trafikkontoret. The Hidden concept förädlades med avseende mot 
den etablerade kravspecifikation. Thermosiphonen identifierades som en nyckelkomponent som 
behöver undersökas ytterligare. Thermosiphonen behöver ett lågt arbetsljud för att undvika 
vandalism. Den påverkade även hela utformningen av soffan; djupet och längden och således 
träpanelerna. 
Det svenska cement och betonginstitutet (CBI) hjälpte till med undersökning av ett lämpligt 
betongrecept. Ingredienser för en hög beständighet lämplig för de etablerade kraven 
identifierades. CBI rekommenderade dock att skapa ett specifikt recept med tanke på svårigheten 
att fastställa exakta mängder ingredienser i en formel samt betongens känslighet mot 
omgivningen för att säkerhetställa en hög beständighet. 

Avhandlingen resulterade i riktlinjer för en anpassningsbar Radio Concrete Enclosure för 
stadsmiljön i Stockholm, som lämpar sig för den moderna, marina, allmäna och naturmiljöer. 
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Abstract  
The market of radio and broadband infrastructure is growing and the broadband capacity demand 
increases exponentially. The world population is also changing and the rapid rate of global 
urbanization is putting new strains on cities hence the largest cities require high to very high 
mobile network capacity per square kilometer. A higher frequency demands closer distances 
between the network components. This thesis therefore explored the opportunity to produce a 
radio base station in concrete to facilitate a non-intrusive concept in an urban environment, come 
closer to the end users and reduce the distance between radio base stations.  
The master thesis was conducted by an iterative product development process where the 
investigations and product development were parallel. The project initiated with a pre study 
regarding implementation possibilities for a RBS in the urban environment. The study 
recognized an urban furniture as the most suitable solution, with respect to utilized concrete, cost 
and innovativeness. A demand specification was established with respect to a current RBS at 
Ericsson complemented with own and market demands to create a non-intrusive and attractive 
design. 

Concepts with inspiration from current urban furniture was thereafter designed and the sofa 
Hidden concept were chosen in collaboration with the Stockholm Traffic Office. The Hidden 
concept was refined with respect to the established demand specification. The thermosiphon was 
identified as a key component that needs further examination. The thermosiphon need low 
working noise to avoid vandalism. It also affected the entire design of the sofa; the depth and 
length and thus the wood panels.  
The Swedish Cement and Concrete Research Institute (CBI) assisted the examination of a 
suitable concrete recipe. Ingredients for a high permanency concrete suitable for the established 
demands was identified. It was however recommended to customize a specific recipe due to the 
difficulty to determine the exact amounts of ingredients in a formula and the concrete´s 
sensitivity to the mold to collateral a high permanency.  

The thesis resulted in guidelines for a customizable Radio Concrete Enclosure that is 
implemented in the urban environment in Stockholm, suitable for the modern, marina, general 
and nature environment. 
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Nomenclature 
Notations and abbreviations in this thesis are presented in this chapter.   

  

Notations 

Symbol Description 

E Young´s modulus (Pa) 
r Water to cement ratio 

Abbreviations 
6320 Ericsson´s designation of the enclosure 6320, main remote cabinet. 
CAGR Compounded Annual Growth Rate 

CPTED Crime Prevention Through Environmental Design 
DAC Direct Air Cooling. A direct air flow cooling method. 

EQ Referred to as an earthquake-test. EQ2 is the test level. 
HEX Heat Exchanger. An enclosed cooling solution with separate air flows.  

ICT Information and Communication Technologies 
IEC  International Electro technical Commission 

NFR  Non Function Requirements 
RBS  Radio Base Station 

RC Resistance Class. Represents the level of an intrusive resistance test.  
RDU Remote Digital Unit 

RNC  Radio Network Controller  
RRU Remote Radio Unit 

UHPC Ultra high performance concrete 
UE User Equipment 
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1  INTRODUCTION 
This chapter first present the background of the project. The thesis purpose, delimitations, 
method and research questions are thereafter defined.   

1.1 Background 

The market of radio and broadband infrastructure is growing and the broadband capacity demand 
increases exponentially according to Ericsson´s mobility report in November 2014, which 
predicts a CAGR of 40% between 2014 and 2020 of all mobile data, and nine out of ten people 
aged six and over will have mobile phones by 2020 [1]. The world population is also changing 
and the rapid rate of global urbanization is putting new strains on cities. UNEP recently reported 
that the urban population of the world has grown rapidly since 1950 and the majority of the 
world’s population lives in urban areas today [2]. Both the World Urbanization Prospects and 
UNEP expects the urbanization to continue to grow by 2050 [2] [3] and WUP also emphasis that 
successful sustainable urbanization requires appropriate ICT [3]. Ericsson AB also claims that 
densely-populated cities require high to very high mobile network capacity per square kilometer. 
This may be achieved by increase the bandwidth in higher frequency bands, or by implement 
more cell sites to improve the capacity [1]. A higher frequency demands closer distances 
between each RBS which will occur when societies move from 4G to 5G. 
This project will therefore explore the opportunity to produce cabinets in concrete to facilitate a 
non-intrusive design in urban environment to come closer to the users and reduce the distance 
between radio base stations. The concrete cabinet may also have a lower  production cost than 
the current production.  
 

Infrastructure in the cities today 
Today telecom companies buy global sites and equipment, share network with other companies 
or rent capacity at specific locations to be able to provide data traffic network cover for their 
customers/users. City authorities suggest and offer areas to deploy equipment and they can also 
deploy equipment on roofs on buildings with a warrant and approval of the property owner.  
Ericsson does not currently supply any solution adapted for the urban environment.  

1.2 Purpose 
The purpose of the project is to develop a concrete cabinet suitable for outdoor public 
environment. Climate and visual performance is investigated. The work will be documented and 
presented as guidelines for future development. 
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1.3 Delimitations 

The project will proceed for 20 weeks which requires a delimitation regarding time. The thesis 
will result in guidelines for further work which limits the depth in knowledge searching. The 
project is preferred by Ericsson to cover a broad view rather than target one main problem. 
Ericsson has not determined a specific process or goals and will only act as guides during the 
project. The demand specification derives from the 6320 enclosure and the new concept includes 
the same interior equipment and fixed dimensions. The 6320 is a main remote base station that 
supply units on an antenna nearby. Radio signals in and out streams through cables hence signal 
penetration of concrete is not studied.  

1.4 Method 

The project will be conducted with an iterative product development process. The product 
development phases will be consulted with experts throughout the project and assistance from 
specialists within specific knowledge areas will be sought if needed. The project initiates with a 
pre-study with focus on concrete and concrete production methods as a request from the 
Ericsson. The pre-face involves literature and internet browsing.  A concrete developer will also 
be contacted for a deepened understanding and consulting during the project. The 6320 cabinet 
will partly be demounted in a 3D environment and investigated to determine the design 
limitations regarding the fixed equipment dimensions. The 3D programs Solid Works and Creo 
will be used for this purpose and for the design of the final concept. Similar cabinet products and 
design will be investigated and serve as inspiration for an ideation session. The concept ideation 
regarding function and design will follow with concepts with and without respect to the simpler 
demand requirements. The concepts will be evaluated and refined into a reasonable final 
implementation concept.   

1.5 Research questions 

Ericsson wants to explore the following: 
-   What’s a suitable look and feel. 
-   What’s the demand of noise for silence support system and how to achieve it. 
-   How to utilize the material and what production/molding/installation method is suitable. 

Also identify the key values of successful safe non-intrusive design together with thermal unit 
and industrial design. 
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2 FRAME OF REFERENCE 
This chapter begins with brief introduction of how the core network is built, how the network 
devices communicate and common terms are defined. Explanatory text of complementary 
knowledge outside the mechanical engineering process is thereafter described.  

2.1 Core network and common terms 

Core Network, that manages traffic between base stations and distributes it out to the permanent 
network, communicates with the RNC (Radio Network Controller). RNC in turn communicates 
with the RBS and sends and receives to UE (User Equipment) [4]. 

 

 

 

 

 

 

 

 

 

 

 
The traffic of a mobile phone communication is described in [4] in the following steps. The 
mobile phone sends a signal received by an antenna, which in turn sends the signal to the RBS. 
From there, the signal is sent to the RNC, which in turn communicates with the Core Network. 
There the call to the right recipient and the signal goes via the RNC further TLL RBS, antenna, 
and finally into the recipient's mobile phone or directly from the RNC to the wired network. 

What is a site 
A site is a location where many ingoing products are gathered to make the network function as in 
fig 2. 
 

 

 

 

 

Fig. 1. An overview of the core network and the cummunicationg equipments [4]. 

Fig. 2. A site containing a RBS, an antenna and a Minilink [4].  
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Typical units and terms in the core network are defined in [4] and there descriptions are: 

Radio base station 
Treats the radio signals. Digital-, radio- and DC units are included in the radio base stations. 
Also includes transmissions that magnify the signals before they send them away. Climate 
equipment (fans, A/C, enclosures) is also included. 

Antenna  
Receives and send radio signals between UE (user equipment) and the base station. 

Minilink 
Receives and send radio signals wireless between i.e. base stations and RNC. A minilink 
communicates with microwaves  and replace communication through cables in a network. 

Base station alternatives 

Main remote  
A base station where the signal treatment and radio is divided is called a main remote. It includes 
one main unit and one or several RRUs or RDUs. 

RRU 
Remote Radio Unit. To decrease losses in fiber cables the RRU is used. The RRU is mounted in 
the mast instead of be included in the base station, which keeps it closer to the antenna. 

RDU 
Remote Digital Unit. Instead of having a digital unit (DU) in a base station it could exist in the 
mast. This is advantageous when the ground lack space or cost much money. 

A typical component configuration is seen in fig. 3. 

 

  

Fig. 3. Components and their configuration in a RBS [4].  
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2.2 Concrete 

Almgren et al. describes concrete as an ideal construction material because of its persistent 
properties and is one of the most common building materials, often used in bearing structures. 
The persistence and design ability makes concrete suitable when a casting is expected to be 
robust and require low maintenance, for example furnishing and artwork in parks and urban 
environments but also smaller things like sculptures [5].  

Concrete is made of a mixture of two elements: cement paste and aggregates. The aggregate is 
sand and crushed stone, which usually represents at least three-quarters of the volume of 
concrete and affect the durability and structural performance, why it´s quality is of considerable 
importance. The cement paste consists of cement, chemical and material admixtures, air and 
water and represents the adhesive that binds the aggregate to a homogeny paste. The cement 
paste is fine porous, has lower strength and is more affected by moisture and temperature 
changes. The amount cement should therefore be minimized and the aggregate should be 
maximized in concrete. Filler is an aggregate of a very finely-ground material, about the same 
fineness as Portland cement, which, owing to its physical properties, has a beneficial effect on 
some properties of concrete, such as workability, density, permeability, capillarity, bleeding, or 
cracking tendency. An admixture can be defined as a chemical product which is added to the 
concrete mix for the purpose of achieving a specific modification, or modifications, to the 
normal properties of concrete. Silica fume and fly ash is examples of material admixtures. 
There are several types of concretes which can be used when particular properties are required. 
Almgren et al. makes a rough classification that creates three separations. There are concretes 
containing the different cementitious materials which are the most common today. The second 
types of concrete are high performance concrete. These concretes are basically modified to 
possess high strength or a low permeability for a particular use. This concrete generally contains 
one or more of the cementitious materials mentioned above, and usually a superplasticizer as 
well. The last type of concrete is lightweight concrete with a density significantly lower density 
than of concretes made with normal aggregates [5].  
 

Cure time and sensitivity 
The curing retains moisture in the slab so the concrete continues to gain strength. It also delays 
drying shrinkage until the concrete is strong enough to resist shrinkage cracking. Factors that 
affect curing:  

-   Time 
-   Temperature 
-   Moisture 

A precise curing environment is important.  During the first week to 10 days of curing it is 
important that the concrete not be permitted to freeze or dry out since this distresses the curing 
and causes physically related movements in the concrete. Thinner constructions are more critical 
to freezing. The concrete´s strength is measured after curing for 28 days in 20°C as a reference 
where ~ 90% of the strength is gained. 
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The strength and density is predominantly determined by the amount of water relative to the 
amount of binder in the concrete, the so called water to cement ratio, r. 

r = Water/cement 
 
Basically the lower the r the higher the strength of the concrete. A minimum r of about 0.3 is 
necessary to ensure that the water comes into contact with all cement particles. 
Almgren et al. highlights the advantages of low water/cement ratio as: 

-   Increased strength. 
-   Lower permeability. 
-   Increased resistance to weathering. 
-   Better bond between concrete and reinforcement. 
-   Reduced drying shrinkage and cracking. 
-   Less volume change from wetting and drying [5]. 

 

2.3 Different types of concrete 

There are several types of concrete. The concrete is easy to customize to improve properties for a 
specific purpose and the customization might lead to a new definition.  The concrete types in this 
chapter are described with support of Almgren et al.  

Pour concrete 
Pour concrete is a type of concrete that flows out simpler and thus suitable for being molded into 
more complex areas of the house. Pour concrete is more workable and flows better than standard 
concrete which makes gives the concrete a better envelopment of the reinforcement bars and 
reinforcement nets. Concrete resort is therefore especially appropriate where it can be harder to 
get to and casting. The concrete are therefore ideal for designs that require dense armor or areas 
that may be difficult to get to. You do not vibrate the concrete as much [5]. 

Fast drying concrete 
Types of concrete involves using various additives that make concrete cures faster, which really 
fits example, to catch the casting before winter or you have a tough schedule with builders who 
will come and help with the next step and want to speed up the process. Self-compacting 
concrete has a feature that allows the material to flow out in an extraordinary way. This gives the 
concrete a number of qualities that one as concrete workers are looking for: encloses rebar and 
steel mesh plate in a good way without vibration concrete unpack itself. Just as with floating 
concrete so have these characteristics the advantage that it means less workload for the working 
team. No vibrations that lead to repetitive strain injury are needed to pack the concrete. To pack 
the concrete is a fairly heavy work which is now reduced [5]. 

Self-compacting concrete 
Self compacting concrete is looser than conventional concrete.  Additives and a modified 
composition of the aggregate fractions prevent the stone material from separation and sinking to 
the bottom. This concrete is time saving since it floats smooth and fast and the surfaces can have 
a satisfactory finish depending on selected form material. There is no need for vibrating the 
concrete [6].  
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Ultra high performance concrete 
Ultra high performance concrete (UHPC) is a class on concrete defined by its exceptional high 
strength and durability. The material is made by combining Portland cement, silica fume, quartz 
flour, fine silica sand, high-range water reducer, water, and steel or organic fibers. PCA [7] 
estimates the range of the material characteristics as:   

-   Compressive strength: 120 to 150 MPa 
-   Flexural strength:15 to 25 MPa 
-   Modulus of Elasticity: 45 to 50 GPa 

The use of UHPC has expanded to applications requiring high strength in narrow profiles, such 
as bridges and facades but also vaults and urban concrete sculptures. The material's unique 
combination of superior properties and design flexibility facilitated the architect's ability to 
create the attractive curved structures. Fehling et al. [8] states this material offers solutions with 
advantages such as speed of construction, improved aesthetics and impermeability against 
corrosion, abrasion and impact—which translates to reduced maintenance and a longer life span 
for the structure [8]. Vande Voort means that although too few applications of UHPC currently 
exist to allow a reliable comparison with normal concrete for average life-cycle durations and 
costs, most researchers agree the excellent durability properties of UHPC should increase the 
longevity of structures while minimizing maintenance costs [9]. Concrete furniture and creations 
in UHPC are shown in appendix 1.  

2.4 Reinforced concrete 

There are several ways to reinforce concrete. Reinforcement can be included during the molding 
or on site and is used to increase strength of concrete structures in several different ways. 
Reinforcement inhibits tensile, compressive and shear stresses and prevents cracking and 
distributes the load [10]. What kind of reinforcement needed depends of the requirements the 
concrete needs to fulfill.   

Fiber reinforced concrete  
Incorporation of fiber in concrete increases concrete's ductility and impact resistance, and 
provides better conditions to produce thin concrete structures. The fibers are mixed into the fresh 
concrete and anchored in cement paste when the concrete hardens. They form together with the 
concrete matrix fiber composites where the fibers give elasticity, crack and tensile strength of 
concrete's good qualities. Tensile stress in concrete usually means constructions parts loaded 
with bending moment.  There are three different fiber classifications with different properties 
and application: steel fiber, glass fiber and plastic fiber according to [5]. 

Steel fiber has high E-moduls and is the only fiber that can be used as force absorbing 
reinforcement. The fibers cannot totally replace conventional armoring for bearing structures. 
The fibers are usually dosed 20-75 kg/m3. Glass and plastic fibers are roughly dosed 1 kg/m3. 
There incorporation usually only affects the fresh concrete´s properties to prevent plastic 
shrinkages [5]. 
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Reinforcement bars and meshes 
Reinforcement bars and meshes are always made of hot-rolled hardened steel. The reinforcement 
is divided into tensile reinforcement, pressure reinforcement, shear reinforcement, crack 
reinforcement and distribution reinforcement. Pressure reinforcement are common for walls and 
columns. Shear reinforcement is used for flexural structurs such as beams and crack 
reinforcement refers to cracks due to temperature differences.  Reinforcement steel is always 
delivered in straight lengths and needs to be processed into the required form. Cutting, bending, 
tack welding and the reinforcements properties constitutes the cost for reinforcement, where the 
processing constitutes the major cost [10].  

 
Tensile reinforcement 
Tensile reinforcement is used wherever high tensile stresses is expected and designed so the 
reinforcement only carries the structure strains, without the concrete's own tensile strength. 
Reinforcement can be tensioned before or after casting, or untensioned where the reinforcement 
is completely unaffected by the tensile forces until the concrete construction is loaded. 
Constructions with tensioned reinforcement can withstand higher loads than those with 
untensioned reinforcement, before the maximal tension is reached [10].  

 

2.5 The concrete surface 

Herzell claims the concrete surface can be modified in two ways. The molds prefabricated 
visible surface creates a design that can be processed. The other way is to formwork a casted 
surface which provides many different design alternatives [6]. The molds for both options are 
made of the same conventional material. A mold must be tight in the joint and non-absorbing 
mold material creates the best smooth colored surface. 

 
Molds and formwork 
Prefabricated elements are normally manufactured in a horizontal form, which means that the 
forms are lying on the shop floor. Therefore, the molded side against the floor already has a form 
work design. The surface finish depends on the quality of the mold material. Plywood is the most 
common mold material for formwork and prefabrication. Other mold materials are made of steel, 
concrete, polyester, wood, gypsum and other ceramics. The mold material is selected based on 
two aspects: 

-   The number of elements with same base form 
-   The shapes of edges and other details 

The number cast cycles before the surface loses quality should also be considered in a cost 
conscious project. Formwork requires a more distinctive planning since formwork requires 
special conditions for satisfactory cast results. The formwork could also be prefabricated and 
added afterwards with formwork alternatives [6].  

 
Mold forms and surfaces  
Form-plywood creates a very good finish. Both steel and plywood forms have a risk for 
variances in grey tone. Plastic coated plywood forms are air tight thus confined air can only be 
eliminated vertically. The concrete must be vibrated more if the form material isn’t air absorbent, 
unless self-compact concrete is used. 
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The steel mold surface is usually used in smooth big layouts and in large series. The form can be 
used 200 – 400 cycles depending on form type and how it is used. A steel form gradually 
deforms after repeated use and the surface roughness may be affected by rust and scratches. The 
steel form is also air tight. 
Concrete mold surface is often used to create curved and more complex surfaces. They are 
created as a negative of the products form, the master. The concrete mold surface can be used for 
artwork of concrete with higher demands of accurate dimensions, or in combination with steel 
molds. The concrete mold life length is very long and suitable for very large series.  
Polyester form is manufactured with glass fiber. A full scale master is first created, in i.e. 
gypsum, which is built or sprayed on with plastic and glass fibers. The forms can be big and 
smooth and the master is used to duplicate more forms [6].  
 
Surface finish 
The surface finish can be varied by several methods which is illustrated in fig. 4. The fresh 
surface can be processed to obtain a desired surface. Some of the methods are tracing, 
embossing, raking and blasting. The result of these methods are very influenced by the tools 
used, the concrete´s consistence and especially the knowledge and accuracy of the employees. 
The mold forms and formwork together with the post processed methods offer numerous 
different types of finishes [6].  

 
 

 
 

 
 

 
 

 
 

 
Coloring  
The concrete can generally be colored in four ways; 

-   Pigmented concrete, the cement paste is added with pigment. 
-   Exposed aggregate, the aggregate is made visible in 3d dimension by casting against 

retard-treated mold surface. 
-   Exposed face by grinding, the aggregate is visible in two dimensions together with the 

filler or sand. 
-   Stained surface, the surface is coated with pigmented glaze 

The color is somewhat influenced of the type of cement and in some extent the additives. The 
aggregates have big influence and the pigments of course the biggest influence [6]. Pictures of 
different surface finishes are illustrated in appendix 2.  
  

Fig. 4. Different colors and surfaces finishes, scale 
1:1 [6].  
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Surface protection 
Concrete is often exposed to distressing attacks which can be generalized into three types of 
attacks:   

-   Frost attacks where water freeze inside the concrete and creates an internal destruction 
due to water´s volume increase. 

-   Reinforcement corrosion where the reinforcement area reduce simultaneously as the 
corrosion products. 

-   Chemical attacks where different chemicals penetrate the concrete which devour strength 
retention elements or produce mixtures in the concrete that swells [5].  

-    
Frost permanence  
Concrete must handle the volume increase of 9% that occurs when the pores freeze to ice. To 
obtain good frost permanence entraining additives is mixed into the concrete. These air bubbles 
are smaller than normal air bubbles and have a tendency not to flood. The most important 
parameters in addition the air pore system are: 

-   Water cement ratio, r, a lower r is more compact and less prone to ingest water. A low r 
also have less freezable water. 

-   Moisture cure, means the way in which the concrete surface is treated, the moisture 
standpoint. This counteracts plastic shrinkage cracks and drying shrinkage. 

-   Choice of cement, Anläggningscement provides better frost permanence than 
Byggcement and SH-cement [5].  

Reinforcement corrosion 
All outdoor concrete will eventually decompose of reinforcement corrosion. Either by corrosion 
initiated by carbonating or by chloride ingress, separately or together. The life length of the 
construction is determined by the concrete properties, the water cement ratio, and the thermal 
environment [5]. 
 

Chemical permanence  
Chemical attacks are divided into three subtypes. Substances that dissolves the concrete, 
substances that penetrates and reacts with substances in the concrete and soft water that dissolves 
the cement gel. Concretes persistence is determined by its chemical composition and 
permeability which is mainly affected of the r and amount of fine particles in the concrete [5].   
Driving rain is a significant factor that affects the attacks. It redistributes dirt depending on the 
facade´s material, size and design. The facade geometry and the wall´s absorption decide the 
way the rain streams and how quickly they subside. The surface can be impregnated to prevent 
salt penetration. This is done with hydrophobic agents that contain silanes and siloxanes that 
prevent water penetration. Another method is nano-technique that utilizes the material and 
reactions in extremely small dimensions. Hydroxylradical is produced and makes the surface 
hydrophilic, i.e. attracts water, which enables a water film between the dirt and the surface. 
Nanocrystalline titanium oxide is used for self-cleaning and air purifying concrete.  
Graffiti spray paints contain binders that densify the surface and prevent water and water vapor 
to diffuse out, which can lead to frost bursting damages. There are two types of protection 
according to [5]; permanent protection that is based on creating an extremely hard, smooth and 
pore-free surface in order to prevent / reduce the graffiti’s adhesion against the surface.  
The other type is a wax that is applied and melted on concrete structures exposed for graffiti and 
used without the change color, texture, or appearance. This method is better from an 
environmental perspective since no or few chemicals are used. Both methods require cleaning 
with warm water under a customized pressure [5].  
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2.6 Design against crime 

Crime prevention through environmental design, CPTED, is a method used by architects, city 
planners, landscape and interior designers to create safer community through the physical 
environment. Proper design and effective use of the built environment can lead to a reduction in 
the form and incidence of crime according to [11], who classify and describe the CPTED 
strategies as: 

Natural Surveillance 
Placing physical features and activities in ways that maximize the ability to see what's going on. 

Natural Access Control 
Utilizes properly located entrances, exits, fencing, landscaping, and lighting to discourage crime. 

Territorial Reinforcement 
Create a “sphere of influence" by utilizing physical designs such as pavement treatments, 
landscaping and signage that enable users of an area to develop a sense of proprietorship.  
Maintenance 
Maintenance and repair of landscapes since neglected and poorly maintained properties 
ultimately to the decline of an entire neighborhood are breeding grounds for criminal activity.  

2.7 Thermal solutions 

The existing thermal solutions at Ericsson are direct air cooling (DAC), heat exchange (HEX) 
and thermosiphon. The noise follows the air so the noise level is related to how close the fans is 
placed to the ventilation shaft, the closer it is the higher outside noise. All thermal solutions are 
dimensioned to a maximum noise level of 74dB. The advantages and disadvantages for each 
solution are defined with support of Ericssons thermal department [12].  

An even velocity distribution is best achieved according to [13] by avoiding sharp airflow bends 
immediately before and after the heat exchanger and by positioning the blowers on the exit side 
of the heat exchanger so they operate in a draw-through manner, i.e. pulling the air through the 
exchanger. Xetex also states that if the pressure drop each airstream undergoes while passing 
through the heat exchanger is very low, the airflow through it may be uneven. In such cases, 
uniform air flow can be achieved by placing a filter bank, or another restriction that creates a 
pressure drop, just before the exchanger [13].  

The air flow rate measures the air flow volume per hour, expressed as m3/h in this thesis, and is 
calculated by multiplying air velocity by the cross section area of a duct.  

 
Direct air cooling 
The direct air cooling (DAC) is an air-air solution that consists of a sucking axial or radial fan 
and a filter. The internal fan sucks in outside air through a filter. Air circulates and flows within 
the enclosure and the units and is exhausted out again. Fig. 5 illustrates a side view of a RBS 
with a DAC solution.  
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Advantages 

-   Low cost and cheap to use 
-   Energy efficient 
-   Suitable for high cyclic life; the 

battery will not die because of float 
charge, but of the cycling life 

-   Easy to integrate in an enclosure 
 
 

 
 
 
Disadvantages  

-   Needs maintenance since the using a 
fan will imply the usage of a filter to 
prevent dust from sneaking in the 
enclosure 

-   This method strictly depends on the 
ambient temperature and 
surrounding environment quality. 

Air cooled heat exchanger 
A heat exchanger is an air-air solution that consists of and external and one internal channel, 
each with two fans. The outside air never enters the internal cabinet as seen in fig. 6. 

 

 

 

 

 

 

 

Advantages 
-   High heat exchange efficiency 
-   Relative low noise 
-   Air-tightness: The inside of the 

enclosures is hermetically sealed 
from the outside air 

-   Low maintenance and operating 
costs  

 
 
Disadvantages 

-   High initial purchase cost 
-   Require relatively large footprint 
-   Higher process outlet temperature 

(10-20 oF above the ambient dry 
bulb temperature) 

Fig. 5. A DAC solution where air moves from right in the 
figure, through components, sucks upward and out [12].  

Fig. 6. The heat exchanger has separate air 
flows to protect the enclosed elements [12].  
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Thermosiphon 
A thermosiphon is similar to the heat exchanger but uses an air-liquid solution that utilizes the 
gravity phase shifting energy. External fans suck in air and cool the upper coil. The water flows 
down and cools the internal coil. Internal fans fan the internal coil and cool the inside. Hot air 
forms and heat the liquid in the internal coil which evaporates up to the upper coil where it 
condensates into liquid again and passes back to the inside [12]. Fig. 7 illustrates one current 
thermosiphon solution at Ericsson. 

 

 

 

 

 

 

 
Advantages  

-   Passive heat exchange with no 
moving parts  

-   Relatively space efficient 
-   The cooling or heating equipment 

size can be reduced in some cases 
-   Closed water loop 
-   No cross-contamination between air 

streams with coil type 

 

Disadvantages 
-   Requires particular positions for 

parts so the condensate can return to 
the evaporator part by gravity, 

-   Requires that the two air streams be 
adjacent to each other with the 
sealed tube type 

-   Requires that the air streams must be 
relatively clean and may require 
filtration

2.8 Regulations and managing agencies  

Cities tend to have their own colors and environmental furnishing regulations. The 
environmental furnishing is often expressed as guidelines that do not deviate considerably 
between cities. Sweden´s densely and most populated city Stockholm were considered to 
determine the implementing process and regulations for a park bench concept. Gothenburg was 
used to compare and distinguish similarities in the guidelines for larger cities. 

 
Stockholm and Gothenburg managing agencies 
Park benches and power cabinets in urban environment were examined since the demands on the 
6320 enclosure as a bench might have to fulfill demands of both. The urban benches were thus 
examined to collateral that the cities demand specification correspond to the results. Power 
cabinets fulfill comparable demands as a RBS and the demand specification for their 
employment was therefore investigated. 
 

Return air 

Outside air Exhaust air 

Supply air 

Enclosure 

Fig. 7. The thermosiphons internal and external parts 
are seperated to protect enclosed elements [12]. 

Heat-generating 
element 
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Managing agencies  
The traffic office (Trafikkontoret) is responsible for the maintenance of city streets and parks in 
terms of maintenance of lighting, cleaning, graffiti removal and snow removal and is the agency 
that manages the urban furnituring. The police are the licensing authority for land lease under the 
Public Order [14].  

City of Stockholm – regulations and conditions 
Land lease is about to take up land for a purpose other than that for which the land is intended. 
The managing soil can vary.  Traffic Office (Trafikkontoret) is responsible for management and 
land lease of the city's streets, squares and parks. Within an area of zoning, one need to ground 
permits if it is intended to change the plot height significantly [14]. Trelje at the Traffic office 
stated in an e-mail that if the zoning indicates that the surface has a certain height, one do not 
ground permit to raise or lower the ground surface to the level that is in the zoning plan. 
Stockholm´s limit for the ground level change is ± 0,5m [15]. This was also supported by City 
planning office (SBK) in an e-mail. Both e-mail conversations are attached in appendix 3 and 4. 
Application for the ground permit is at the municipal building. Building permit is needed if a 
public place is built upon. However, park benches does not require building permits or 
notification duty according to the law of planning- and construction. 

Power cabinets in Stockholm 
Policies for design and placing of cable cabinets are established in a report from 2002. The 
emphasis in the study of power cabinets was on the significance of specific locations and strict 
requirements due to the magnitude of the consequences if the cabinet is vandalized.  The 
guidelines still apply today.  
 
Design guidelines 
The cabinets should be made of material that facilitates cleaning and removing graffiti. They 
should also be hard to access for unauthorized. The cabinets should be made of resistant 
materials that can be colored in the cities colors [16].  
 
Location guidelines 
Demands regarding foundations and fasteners depends on where the cabinet is located. The 
cabinets should either be place near each other and preferably grouped. The cabinets are 
normally located in the boundary between the park and adjacent pavement [16].  
 

Stockholm and Gothenburg city´s furniture guidelines 
The guidelines for urban furnishing were examined with emphasis on the design requirements 
but also to determine suitable locations. Gothenburg was also included in this examination to 
broaden the comprehension for urban furnishing. The architects at respective traffic office decide 
how an urban environment is furnished and what furniture to use. The reports described what 
should be considered when these areas are furnished and the guideline documents discloses in 
turn more detail how each area should be furnished.  
 

General principles for furnishing  
Walkways wider than four meters can be equipped with furniture zones. To get an orderly 
impression and to facilitate accessibility and maintenance should furniture in the street 
environment set in straight rows.  
Furniture should be chosen so that they fit together in terms of design and color scheme. If a 
single or few furniture is to be replaced it is generally replaced with the same type and color as 
previously [17]. 
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People with impaired function need to be considered in all furnishing. Deployment of furniture 
should be consistent and design individual furniture should be logical and easy to understand. 
The sofas for people with disabilities are straight seats and grip the armrest is an advantage and 
there should be space (approximately 1000 mm) for wheelchair or stroller next to a sofa / bench. 
It is important to be able to offer seats because people with mobility problems may be entirely 
dependent on the ability to sit and rest in order to move a certain distance. The number of sofas 
at each site is based on how attractive the place is and how frequented the trail is. Beside their 
location should be a place for someone in a wheelchair, walker or stroller that is at least 1 meter 
wide.  
Generally, one tend to want to sit where there is shelter, where there is high noise levels, where 
you can get sun when it's cool out there and where it the shade when the sun is strong. 
Depending on how the furniture is arranged it's easier or harder to communicate with each other. 
The ability socializing easier on benches and sofas are placed on close enough distance from 
each other that they can hold a conversation [17].  

 
General guidelines for design 
The generalized design demands were compiled from each respectively city guidelines report 
and summarized as general design demands: 

•   Backrest 
•   0.7 meter armrests that are easy to grip 
•   0,45-0.5 meters seat height 
•   40 mm thick wood for seat and backrest 
•   Painted boards as standard, 
•   Ground anchoring as standard 
•   Seat and backrest boards must be durable against damage and easy to replace. 
•   Furniture should be able to be laid with concrete foundation or be bolted 

Both cities distinguish park benches from park sofas. A park sofa offers back rest and a park 
bench lack the back support. These definitions will henceforth apply for the report as well.  

Location demands 
Gothenburg and Stockholm both divide the central city regions into sub zone. A zone 
characterizes the urban furniture with a specific design and color suitable for the environment. 
The furniture is selected by each cities traffic office. 
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Stockholm´s zone division 
Stockholm has divided the city into five classifications [17]; 

General and street environments. This category includes most of the city's public 
spaces. The standard for park environment furniture is in many cases common with the 
street environment. The general park and street environment is relatively flexible in the 
choice of furniture and many different models of furniture from the furniture program can 
be relevant here. 
Historic environment. This category includes, for example, the Gamla stan  and the 
many environments in Stenstaden. The furniture is specially adapted to fit the site's 
historic character. 
Modern environment. These environments design is more modern than the general. In 
these environments fit preferably furniture with a simple and modern expression. In this 
category there are quite a lot of flexibility in the use of street furniture from the furniture 
program. 
Quays and the marine environment. Stockholm marine environments are often 
characterized by cobbled quays and granite mercy toward the water. Furnishing may be 
in robust materials that withstand wear and tear from wind and water, and suitable for the 
marine character as unpainted wood, and granite. 
Nature environment. This category includes nature areas and nature as parks. The 
furniture has to be robust, simple and functional. 
 

Current assortment 
The furniture could be suitable for several environments and are classified accordingly by the 
traffic office. The sofa is Bergius from Malus that is classified as suitable for every environment 
except nature thus the nature label is faded. Bergius has the description seen in fig. 8 
 
 

 

 

 
Style 
Traditional sofa in Stockholm located in very many 
places in the city. 
Comes with armrests. Armrest with wooden cover 
should be elected, not armrest with bullet. 
Materials 
Frame 
Powder coated hot dip galvanized or zinc-plated steel. 
Wood: Oiled or varnished pine. 
 

Standard version: 
3 seated sofa with wooden armrest 1910 x 690 mm with 
two or four legs 
Variations 
Double Sofa 
Chair 
 

 
 
 
 
 

Fig. 8. Bergius dimensions and photo from the furnituring programme [17].  
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Gothenburg’s zone division 
Gothenburg has divided the city central into subareas. These areas put its imprint and serve as 
the base for furnishing of the street-, squares and park environments. The subareas are shown in 
fig. 9. 
 
 
 

 

 

 

 

 

 

 

 
Environmental suggestions 
For environmental and ethical reasons tropical wood is avoided. In environments that are 
extremely vulnerable, or where the ambient design based on tropical wood is used, however, this 
is waived. In such cases, the wood comes from an environmentally certified cultivation (FSC 
certified). Pressure-treated wood should not be used. In terms of color are renewable ingredients 
preferable to synthetic. Wood selected by the local nature such as oak, pine or ash. 
 
Influential own imprint 
Each city wants to have influence over the design, coloring and choice of material to create 
uniformity in the urban environment. The furniture must fit the environment and fulfill easy 
maintenance and environmental aspects. The cities have their own city colors, particular areas of 
Gothenburg and Stockholm have specific colors on the furnishing and environment and the 
street, squares and park furniture within also have specific coloring.  

Noise regulations 
There is no specific high level of fan noise for the urban environment. External industry noise 
generates sounds that are regulated and applicable within location adjacent homes such as patios 
and balconies. Guidelines for these locations depends on the week day and what the time of day 
[18] and is presented in tab. 1. 
 

 
 

Fig. 9. The maps shows the subareas in Gothenburg. Number 1-2 
represents Vallgraven, number three is Haga, number 4-9 represents 

Stenstaden and number 10-16 represents Other central areas [31]. 
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Tab.  1. Time and day noise level regulations from Stockholm Stad. 

Area Noise level [dBA] Highest noise [dBA] 

 Daytime 
07-18 

Evening  
18-22 

Sundays and holyday  
07 - 18 

Night time 
22 - 07 

Momentary noise 
night time 

22 - 07 

Workrooms for no 
noisy activity 

65 60 55 - 

Homes, and parks in 
neighborhoods 

55 50 45 55 

Areas for recreational 
buildings and outdoor 
activities where 
outdoor experience is 
significant 

45 40 40 50 

 

Fan noise was included in these definitions from Stockholm stad and was therefore included as a 
guideline. Note that the noise level was dBA. The police department claimed in an e-mail that 
the noise might be an issue that needed approvement, see appendix 5. 
Naturvårdsverket have other regulations regarding Stockholms nature and periurban parks and 
define the sound levels according to other definitions. The periurban was defined as an 
environment that accepted audible community noise during much of the time. These guidelines 
proposed noise to 45 dB (A) with a exceeding time of no more than 2 hours / day (at 06-22), 
which corresponds to 120 to 240 noise event [19]. 

 
Vandal resistance test 
Burglary standard is based on various threats and burglars. In addition to practical burglary tests 
other tests are performed, for example various pressure tests in which the test person tests the 
door rigidity and ingoing details strength. The longer it takes the more secure the locker. SSI is 
the responsible institution for the test. The test consists of defined burglary tools and a fixed 
effective time frame, which let the intruder pause and reconsider next move according to the SS-
EN 1627 standard. There are different existing classifications due to the purpose for and location 
of the cabinet and the description for the RC 2 according to SSI is: 
Total test time is 15 minutes of which effective attack time is 3 min. Intruders are expected to try 
to break through by simple vandalism. Attacks with smaller tools like screwdrivers (365 mm), 
hammer (145g) and wedges are executed on the lock, the frame and the hinges [20].  
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The dimensions of seating furniture  
Berglund classifies seating furniture accordingly to different principles by function (stool, chair, 
armchair, easy chair) environment (home, office, hospital), and by user (child, adult, 
handicapped). Based on the four sitting postures four categories are considered [21]: 

a.   Chair with fixed dimensions for sitting at a table 
b.   Adjustable office chairs 
c.   Chairs for slightly reclined postures 
d.   Easy chairs, from slight to significant reclining angles 

A classification that best correspond to the purpose of seating in urban environment according to 
traffic office is a mixture of chairs for slightly reclined postures and easy chairs reclining angles. 
Such chairs are found in foyers and waiting rooms or for resting where sitting isn’t for very long. 
Berglund doesn’t cover seating without backrest thus the guidelines were only applicable for 
sofas.  

A summary of relevant benchmarks that derived from both classifications is seen in tab.  2.  

Tab.  2. Berglund´s benchmarks for a chairs easy chairs reclined angles [21]. 

Benchmarks 
a.   Seat height front edge ca. 43 cm 
b.   Seat height a – 5 cm 
c.   Back support to top min 42  cm 
d.   Arm support height b + 23 cm 
e.   Arm support length 30 cm 
f.   Arm support length min 6 cm 

 

 
  



20 

 

3. THE PROCESS 
This chapter describes the work process. An investigation of the project´s limitation and relevant 
data to establish a demand specification is first presented. This was the basis for a subsequent 
idea generation. Essential requirements were identified and a demand specification with respect 
to these requirements was established and is presented.  A concept generation was conducted 
and one concept was refined with respect to demand requirements and wants. An investigation of 
a thermosiphon solution is lastly presented. 

3.1 Frame of reference of the implementation 
possibilities 

The project started with an examination of the 6320 enclosure to determine a simpler design 
limits and working condition and to determine how the project goals were translated to be 
measurably applied. The examination considered the demand specification, the system 
components and assembly. Specific essential requirements from the demand specification were 
chosen to not limit the project.  

The general specification outlines the generic environmental requirements for product that is 
intended to be installed outdoor which the product is expected to be exposed during its operation 
lifetime and transport. The specification is based on the 6000 series and is only revised as 
guidelines for the concrete cabinet.  
The specifications specify environmental requirement such as operating temperatures, humidity, 
pollution exposure, heat dissipation and mechanical requirement such as structural requirements, 
susceptibility to vibration, earthquake, transport/storage and handling. The requirements are 
established by specific standards. Where no standards exist Ericsson´s internal requirements and 
verification methods have covered. 
“No relevant or suitable test method exists in IEC 60068-2” implies that the requirement shall be 
verified either by documented Ericsson verification methods, construction methods or by 
verification of chosen components etc. 
 

Outdoor Use 
Outdoor environments are those where the product is directly exposed to outside weather 
conditions such as sunlight, rain, wind, and other climatic stresses. Earthquake resistance (EQ2), 
climate/thermal (water- and dust intrusion) is included.  
  



21 

 

1
 
 
2 
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Enclosure 6320´s current system components 

The enclosure has the dimensions 902x524x445mm and was assembled of four system 
components: 

 
-   Cooling unit (1) 
-   Server rack for 9-12U (2) 
-   Transmission (3) 
-   Terminal blocks (4) 

 

 

 

 
The system can be reconfigured as long as all current components are included. An example of a 
reconfiguration is seen in fig. 11 and fig. 12. 

 
 
 

 
 

 
 

 
 

 
 

This reconfiguration can thus represent a front view or a top view of the system if the enclosure 
was on it´s back. All system components can be mounted in different axis and still be earthquake 
resistance. 
 
Implementation solutions 
After the simpler design limitation and working conditions were determined the non-intrusive 
design term was reflected. Non-intrusive design was a new but undefined description at Ericsson 
to establish so called zero-sites and provide discreet ICT infrastructure solutions in urban 
environment. To be able to penetrate the urban environment non-intrusively, the solution could 
serve other purposes than just as a RBS, which became the authors’ interpretation of the term. 
Together with the ID department the term was also acknowledged to only be a part of the urban 
background, and not give the cabinet Ericsson´s characteristic features. 

Fig. 10. 6320´s components 
and configuration [32]. 

Fig. 12. 6320 from a 
front or top view [32]. 

Fig. 11. A reconfiguration of 6320´s 
components [32]. 
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If the cabinet also could add value to the environment it might ease the process to implement the 
solution with the managing authorities.  
There are broadly three implementations ways in the urban environment;  

-   Sub-ground; the cabinet can be buried. 
-   Building architecture; cabinet can be integrated in a facade, inside a house or server hall 

or be placed on a roof. 
-   Public environment; the cabinet can be in the public environment.  

The sub-ground and building architecture is not considered public since the cabinet would be 
integrated in structures. 

 
 

 
 

 
 

 
 

 
 

 
   

 
 

 
 

 

 

 
 

Evaluation 
The implementations suggestions were evaluated based on feasibility, level of innovation and the 
usability of concrete.  This excluded the building architecture since the facade integration is 
unnecessary when a cabinet can be placed indoors or on a roof, excluding the integration costs. 
A sub-ground solution doesn’t fully utilize the concrete material except as a door as a greater 
protection against vandalism and a more discreet enclosure in urban environment. A public 
environment solution would be a new concept and provide most information how to utilize the 
material and explore the design aspects in a more extensive way. 

Fig. 13. An ATM is an example of a building 
integrated solution [33]. 

Fig. 14. Top view of a site where electrical equipment 
has been buried [34]. 

Fig. 15. A solution could exist at squares or parks [35]. Fig. 16. An indoor mall or enclosed area would be an 
alternative for a solution [36]. 
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Idea generation 
An idea generation was thereafter conducted. The generation was based on the preliminary 
demand specification to have a broad view and with respect to the non-intrusive design 
definition. Current products and objects in urban environment were inspiration. The focus was 
on concepts suitable for urban and outdoor environment. The dimensions for the enclosure and 
the reconfiguration possibilities were considered during the idea generation. The idea generation 
resulted in three concept specializations presented below.  
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Concept one in fig. 17 was the 6320 in concrete placed as cable cabinets. Concept two in fig. 18 
was more attractive with led screens and should work as a commercial cabinet. Concept three 
was a park bench as seen in fig. 19. 
The concepts were presented for Ericsson for feedback and directions for further work. Concept 
one was considered unoriginal. Concept two got positive feedback since advertising is usual in a 
city, which might facilitate the acceptance for the concept. The location cost could also be shared 
with a commercial company that also might have connections within agencies. Concept three 
was original and had a discreteness value, and was considered the most innovative concept and 
thus chosen for further development.  
To precede the bench concept design guidelines and regulations for location in cities were 
investigated to examine how the demands impact the concept how to translate these requirements 
into specifications. 

Fig. 18. A cabinet with an integrated 
LED screen for commercial 

purposes. 

Fig. 17. The enclosure as a 
simple concrete cabinet with 

lights. 

Fig. 19. A park bench concept with the components 
inside. 



24 

 

3.2 Establishing requirements 

Applying the demands mentioned in chapter 3.3 Demand specifications, a more specific 
specification was defined for the bench concept.  
EQ 2 demands  

-   An EQ test will not take place hence the design only takes robust construction and 
suitable material into account. The material and design of the concept will affect the 
earthquake resistance level. 

Non-Intrusive design  

The non-intrusive design was divided into two subclasses: 
 

-   Soft values  
The concept should add value to the urban environment by possess useful features 
and fulfill design demands for each city. 

 
-   Hard values  

The current demands required that the cabinet fulfills SS-EN 1627 RC2  standards 
and tolerate vandalism to an extent. The RC 2 classification only applies to vandal 
requirements that need to be fulfilled to collateral a tamperproof cabinet. Usage is 
not taken into account. This was the only vandal benchmark and was therefore 
included in the specification as a guideline. The guidelines and regulations from 
chapter 2.8 Regulations and managing agencies would apply as design and 
demand specification. 

 
Noise 
The noise level in the urban environment should fulfill specific requirement. 
 
Cooling solution 
The climate solution must be suitable for the European market. 
 
Material 
The concrete must be resistant to European climate and outdoor conditions in urban 
environment. 
 
Service and installation 
The cabinet must offer high serviceability. 
 
The requirements were translated into measureable parameters using international and Swedish 
standards together with 6320´s specifications. This general specification outlines the generic 
environmental requirements for a product that is intended to be installed outdoor and to which 
the product is expected to be exposed during its operation lifetime. The specification is based on 
the RBS 6k-series and was revised as representative demand specification guidelines for the 
concrete cabinet.  
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3.3 Demand specification 

Technical specification 
The specifications specifies environmental requirement such as operating temperatures, 
humidity, pollution exposure and heat dissipation. The requirements are established by specific 
standards and is presented in tab.  3. Where no standards exist Ericsson´s internal requirements 
and verification methods have covered. 
 
“No relevant or suitable test method exists in IEC 60068-2” implies that the requirement shall be 
verified either by documented Ericsson verification methods, construction methods or by 
verification of chosen components. 
 

Tab.  3. A summary of relevant parameters that derived from the 6320 enclosure´s demand specification. 

C
lim

at
e/

T
he

rm
al

   

Environmental 
parameters 

Unit Value NFR Code Standard 

Air pressure kPa 70-106 NFR9604 IEC 60068-2 

Solar radiation W/m² 1120 NFR9657 IEC 60721-3-4, 
4Kx 

Rain intensity mm/min 6 NFR9658 IEC 60721-3-4, 
4K2 

Salt mist Corrosion Sea and road salt. NFR9605 IEC 60721-3-3 
1C2 

Salt fog Corrosion 30 days NFR9668 Telcordia GR-487 

Flora Corrosion Presence of mould, fungus 
etc. 

NFR9607 IEC 60721-3-1, 
1B2 

T
em

pe
ra

tu
re

  Temperature m/s 50 m/s NFR9686 
IEC 60721-3-4, 

4K2 

IEC 60068-2 

Ericsson quality 

Change of temperature  -40 - +70°C 0,5K/min NFR9686 

Humidity % 5-100% NFR9686 

Absolute humidity % 0,26 - 40 g/ m³ NFR9686 

Temperature under wind -40 - 55°C Limitations NFR9686 
 
Outdoor Use 
Outdoor environments are those where the product is directly exposed to outside weather 
conditions such as sunlight, rain, wind, and other climatic stresses. Earthquake resistance does 
not provide any specific numbers but must be tested on a prototype, and is therefore not 
included.   
 
 
Ericsson requirements  
Minimize time on site 
High serviceability  
RC 2 and vandal resistant 
Low overall costs 
 

Design specification 
Non-intrusive design 
Customizable 
 

Own demands 
Utilize the warm air  
Create a realistic concept 
Design an attractive concept 
Hide the service door 
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3.4 Concept generation 

After the demand specification was further investigated park benches and sofas were chosen for 
further work. The park benches could be customizable and have a local imprint to be suitable in 
different environments and cultures. An idea generation was conducted with focus on benches 
and sofas.  
An inspiration-board was made from other concrete benches and sofas to inspire the concept 
ideation, presented in fig. 20. The dimensions and reconfiguration possibilities were considered 
during this ideation session and solutions for own demands were sought. The purpose of the 
concept generation was to explore function and design alternatives by create concept 
specializations. No proportions were considered for the concepts. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

3.4.1 Concept generation result 
The concept generation produced ideas that could be categorized into four sub concepts. The best 
ideas were summarized and are presented below.  
 
  

Fig. 20. The inspiration-board was established from urban furnitures with attractive features [37].  
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Curved concept 
The first concept had smooth concrete surface finish and a wooden seat to soften the cold and 
toughness from the concrete. The ideas in mind were to create a design that was differentiated 
from the typical concrete benches. The concept expressed a contemporary design with a curved 
shape that distinct the front from the back with a decline without a back rest as seen in fig. 21 
and fig 22. This angle would also facilitate the rising. This decline served as an incline against 
the back rest when this alternative was chosen. The curved shape in front of the back rest would 
facilitate the rising.   

 

 

 

 

 

Lounge concept 
The second concept was a boxy lounge concept with smoother edges. It had customizable back- 
and arm rests seen in fig. 23, where fig. 24 and fig 25 are examples of customizations. The ideas 
for the concept were to keep a simple design and integrate concrete features in the molding. The 
seat was the service door. 

  

Fig. 21. The curved concept with arm and 
back rest 

Fig. 22. Back view of the concept with back rest 
and one without any equipments.  

Fig. 23. An exploded view of the Lounge concept and the 
customizeable equipment 

Fig. 24. Lounge concept with a straight 
arm rest 

Fig. 25. Lounge concept with a back 
rest and round arm rest. 
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Oversized seat concept 

A material design synthesis of metal, wood and concrete formed the third concept. The concept 
offered more design options to present a higher customizability for the customer as seen in fig. 
26. The concrete cabinet was formed in two sizes, seen in fig. fig 27 and fig 28, and expressed a 
solid foundation, covered by an oversized seat winded in metal.   

 

 

 

 

 

 

 

 

 

 

  

Fig. 26. Exploded view of the oversized seat concept. The figures illustrates two 
sizes of the seat and cabinet, where the smaller  seat is seen with two colors.  

Fig. 27. The largest seat on the smaller cabinet. Fig. 28. The smallest seat with two arm rests on the a 
largest cabinet with black metal windings. 
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Hidden concept 

The last concept had a sharp and hard concrete finish that was distance with a wooden seat to 
soften the appearance, seen in fig 29. The service door was hidden in the wood seat, seen in fig. 
30 and fig. 31, and the wood panel in front and back covered the internal – and external airways 
of the cooling solution.  

 
 

 
 

 

 

 

 

 

 

 

 

 

 

3.4.2 Concept evaluation 
The customizability was considered since urban furniture suppliers offer several options. The 
customizability was in line with letting the city have their own influence and imprint. Ericsson´s 
Industrial design department also supported this approach. Essential features that emerged were 
the wood panel that could hide the climate solution.   
The oversize seat concept demonstrated several benefits. The seat complicated the access of the 
cabinet’s valve that was located below the seat. The seat also complicated urination from animals 
on the cabinet and in the valves. It also creates a space for the legs to support during rising. A 
bigger seat size also offers more seats.  The concept is illustrated in fig. 32 and fig. 33. 
  

Fig. 29. Front view of the service hatch on the 
Hidden concept. 

Fig. 31. The wood panels cover all 
sides of the cabinet except the gables. 

Fig. 30. Front view of Hidden concept with 
straight arm rests. 
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3.4.3 Meeting with Stockholm traffic office 
After creating more elaborated concepts a meeting was set up with the traffic office in Sweden 
on the 27/5 with Jean-Louis Dessalles, the architecture behind the Stockholm´s furniture 
programme 2014. The urban furnishing, the furniture report and important aspects were 
discussed and the concepts were presented with feedback. A key summary of the meeting is 
presented below. 
 
The urban furnishings 
There are no where to put the concept today since every urban environment is planned and 
furnished. The concepts should be considered in the detail plan during the planning stage, made 
by the exploitation office (Exploateringskontoret). The furniture in the report was not only 
considered for seating furniture in Stockholm, they have many catalogues. Stockholm´s color 
was not of major importance but the option should exist. A customizable concept was important. 
The environment requires a detailed number of benches and sofas according to guidelines. The 
concept also makes an imprint on all furniture in the area hence only one concept was not 
applicable. 
  
Concept feedback 
The oversized and hidden concept received good design critic, but questioned the Lounge 
concept due to the design.  
 
Important aspects 
Dessalles stressed the vandalism as a crucial element to consider. Concrete sculptures have been 
moved and need a proper foundation to stay in place. The noise from the fans was questioned 
and Desalles meant that the sound will trigger vandals to try to open the cabinet. A high 
serviceability was requested by easily replace broken arm- and back rests and removal of graffiti.  
 

3.4.4 Choice of concept 
With respect to the extent the concepts fulfilled the demand specification in chapter 3.3 Demand 
specification and the key elements from the meeting with the Traffic office the hidden concept 
was chosen for further development. The concept had an attractive design and useful features to 
improve.  
  

  

Fig. 32. Larger oversized seat creates 
seats from two directions. 

Fig. 33. The smaller seat 
makes room for one person. 
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3.5 Concept refinement with respect to demands 

After the choice of concept more elaborated solutions with respect to the demand specification 
from chapter 3.3 was implemented to the Hidden concept. The demand specification was 
translated into essential parameters and applied to the development of the final concept. The 
limiting elements and their influence for the final concept are derived in this chapter. 
 

3.5.1 Design limitation of components 
Component limitation 
The cooling system was the biggest component of the system which set the dimensions for the 
width and affected the height and depth. The server rack was 19 inches which also affects the 
configuration. Ericsson´s thermal department [12] also stressed that the digital units needed 8-10 
cm space in front of and in the back.  
 
Design parameters 
A seating position with high stability is characterized by the user to have a lot of support but 
poorer opportunity to be mobile and active. The body support surface is large, often through a 
reclined sitting position. Freedom of movement for the head, torso and arms are heavily 
restricted in such a "resting position", but the comfort is high and energy consumption low. A 
sitting position, low stability, such as upright posture, low back and no armrest provides a great 
freedom to move, but are energy intensive and will in the long be tiring. It is like comparing 
sitting in an armchair to sit on a bar stool [21].  
 

Importance of rise support 
Another important aspect Berglund stresses was the space underneath the seat for rising. It is 
desirable to be able to move the legs under the seat 60° for rising, but also to increase the 
capability to change posture. A sofa with 12-15 cm high legs or an equally high back of socket 
achieves this. Arm support facilitates the rising. Furniture that cannot achieve this demand 
should offer space that allows the heels to be moved backwards [21].  

Cooling solution 
The demand specification, see chapter 3.3 Demand specification, from the 6320 only qualifies a 
cooling solution that had working conditions below freezing, which excludes the current DAC. 
Heat pipes is a relative new solution for cabinets which is inefficient in comparison with the 
other solutions. A thermosiphon and an air heat exchanger both have external and internal air 
ways and demands the same air channels. A thermosiphon is more efficient thus less space is 
needed for required capacity and was therefore the best choice for the concrete cabinet.  The 
needed output was 3kW. 

 
Installation  
Time on installation site must be as short as possible to reduce costs. Cast a foundation on 
location was not acceptable. The cable graves in Stockholm´s environment classifies under 6052-
01 and are buried at a depth of 0,3 – 0,5m [22]. The ground needs to be dug to access these 
cables. The digging on the site could be utilized by integrate a foundation in the mold process of 
the cabinet. 
The most important issue of the cable installation was that they were invisible and inaccessible 
for unauthorized due to safety and vandalism [23]. 
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Service 
Service personnel must be able to access the cabinet for replacement and upgrades. The external 
and internal fans are most likely to be replaced frequently which stresses their accessibility. The 
server rack also requires easy access.  

This implied two ways to access the cabinet, in front or from above, which is illustrated in fig. 34 
and fig. 35. The gables were neglected after an analysis since the installation would be close to 
impossible. Only one service entry was chosen with respect to the risks of vandalism and 
environmental reasons.   

 
 

 
 

 
 

 
 

 
 
The desirable seat height was 0,45 – 0,5m according to Dessalles et al. [17] and Berglund [21] 
recommended ~0,42 m for a slightly decline seat. If the foundation were integrated in the casting 
the cabinet would be dug down, which excluded the option of a service door in the front, as 
shown in fig. 36. The service door would be under ground and not possible to open. 

 
   

 
 

 
 

 
 
 
Concrete 
A specific concrete could not be chosen since it is custom made for a particular purpose with 
calculated circumstances. What could be concluded was which kind of concrete that would 
satisfy the technical and environmental demands to a relative lower cost. The biggest cost of 
molding concrete is creating the mold form, manpower and lastly the concrete ingredients, 
except if a high performance concrete is used. The more complicated design, the more 
complicated the mold form and the higher the costs. A complicated design also might demand a 
mold form of a particular material that only sustains for a few cycles.  
Using reinforcement rebar would increase the strength significantly but also increase the overall 
cost and this will be a tradeoff.  

 0,3 - 0,5 m 

0,4 – 0,5m 
m  

Cable grave 

Cabinet 
Ground level 

Fig. 34. A service entry from the 
front would fulfill the demands with 

a cabinet on it´s long side. 

Fig. 35. An entry from the top would 
fulfill the demands with the cabinet 

on it´s back. 

Fig. 36. The cabinet would be dug down in the ground above or beside the 
cables. The position of the cabinet would control the height of the concept.  
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Concrete and reinforcement 
To examine a suitable concrete for the concept the Swedish Cement and Concrete Research 
Institute (CBI) was contacted. The demand specification in chapter 3.3 Demand specification 
was described and the purpose of the park bench concept was explained. The concept in fig. 23 
was shown to facilitate the understanding of the construction. 

Brandels [24] explained that concrete to these projects needs testing and verifications to ensure a 
suitable concrete for a particular purpose. The concrete´s sustainability was ensured since high 
compressive and tensile strength is significant for concrete.  The shown concept would fulfill the 
demand specification for vandalism but no guarantees against excessive vandalism. CBI 
scientists Malaga [25] and Mueller [26] both recommended UHPC for the cabinet to have a slim 
construction and ensure sufficient protection against vandalism. A delimitation was therefore 
established together with Ericsson that the concept guideline would fulfill RC 2. Part because the 
market demands was unknown for these products and established by a specific department at 
Ericsson, and also because some customers consider that they don’t need a RC 2 classification.  
This resulted in that reinforcement was excluded since it wasn´t needed to fulfil the demand 
specification.  The fiber reinforcing would be adequate. The glass fiber was chosen in consulting 
with Rodgers [27] at CBI since there was no bigger difference between steel and glass fibers 
other than the steel fibers eventually would rust.  The plastic fibers were neglected due to poor 
reinforcement performance for this specific project. 
 
Production method 
Furthermore, the production was discussed. The strength of concrete is sensitive to a thermal and 
humid environment and must be molded under controlled circumstances to ensure satisfactory 
strength and permanency results [27]. The concrete cabinet should therefore be molded under 
controlled circumstances in a plant and be transported to the site. Thus assembly of the system 
components would be in the plant to minimize the time on site.  
A question of how to lift the cabinet properly for a transport arose for investigation. 

 
Mold form 
The material of the mold form for a bigger cabinet depends on the number of intended cabinets 
and the quality of the surface finish. A form that facilitated a smooth surface finish was 
considered sufficient for a scaled model and a real prototype for Ericsson in a later phase.  
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3.6 Climate solution investigation 

The thermosiphon was an essential and dominant component that needed to further investigated 
for successful concept.  There are three different existing thermosiphons at Ericsson that offers 
different mounting solutions, see fig. 37. The thermosiphon supplier is Panasonic who doesn’t 
offer an assortment of thermosiphons but only customized solutions. Therefore, it was assumed, 
with support from Ericsson´s thermal department, that the different types of thermosiphons could 
be customized in any of the shown configurations with a 3kW capacity.  
 

 
 

 
 

 
 

 
 

Tab.  4 below show the size and capacity of the three current thermosiphons. The sizes illustrate 
the largest dimensions on each respective axis since these dimensions were the prominent to take 
into account. 

Tab.  4. The overall dimensions and properties of each thermosiphon. 

Effect 10 kW 5 kW 1,4 kW 

Size [mm]     

Internal airflow 2550 m3/h 800 m3/h 440 m3/h 

External airflow 2450 m3/h 1200 m3/h 560 m3/h 

The diagonal gable measurement illustrates the inlet for the 5 kW thermosiphon. The horizontal 
dimension illustrates the external inlet for the 10 kW and 1,4 kW thermosiphon. All 
thermosiphons are dimensioned for a high noise level of 74 dBA. The normal noise levels were 
difficult to estimate since it depends on the data traffic.  

 

  

Fig. 37. The thermosiphon to the left is the 10kW, the one In the middle the 5kW and the one 
to the right is the 1,4 kW [32]. 
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3.6.1 Thermosiphons’ mounting alternatives 
The 10 kW and the 1,4 kW both had an internal condenser with  a 90° rotation from the external 
evaporator. This configuration will be referred to as “rotated configuration”. The internal air 
flows back to front in a rotated configuration as seen in fig. 38. The 5 kW had the air flows in the 
same line but from opposite directions, see fig. 39. 

 

 

 

 

The climate solution for the concept was assumed to be able to be mounted both ways. The 
thermosiphons internal airways also required an 80-100 mm space for the supply and return air 
to flow through the internal components. This is illustrated in fig. 40. 

 

 

 

 

 

3.6.2 Capacity translations to concept 
The customization was approximately linear since the capacity is related to the volume of the 
elements in the evaporator and the condenser. The needed internal- and external airflow and size 
derived from the 5 kW thermosiphon. This was the latest configuration and therefore most 
reliable for a realistic transfiguration of efficiency, and also because a 3 kW configuration would 
be similar to this construction. A 3 kW would have the characteristics seen in tab.  5. 
  

80 – 100 

  

Return air 

Outside air Exhaust air 

Supply air 

80 – 100 

Fig. 39. The air flows separelty in opposite 
streams with a vertical cnofiguration. 

Fig. 38. The air flows are crossed but separated 
with a 90° configuration.  

Fig. 40. The heat generating element needs space in 
front and back to ensure a sufficient air flow. 

Heat-generating 
element 
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465 

423 

Tab.  5. A thermosiphon with theoretical values to fulfill a capacity of 3kW. 

Effect 3 kW 

Size [mm]   

Internal airflow 480 m3/h 

External airflow 720 m3/h 

 

A thermosiphon with this capacity will keep a concrete cabinet with 30mm walls at 0 degrees as 
the coldest temperature and always 10 degrees above the outside temperature according to [12]. 
This could be utilized by exposing the concrete of the cabinet to the users.  
 

3.6.3 Concept thermosiphon assemble alternatives 
Air flows  
The thermosiphon could be mounted in different ways, as long as the cool air flows in front and 
out the back out the 19"-mounted equipment. The transmission and terminal block components 
were not in need of or had own cooling. The air moves the simplest way, which almost always is 
the shortest distance, why air mazes and channels are built [12]. 
 
Mounting possibilities 
The system components were assembled virtually with respect to the thermosiphons mounting 
alternatives, redesign alternatives and the mounting restrictions to deepen the understanding of 
how the internal airways would flow.  

A high service demand required easy access to all components, especially the server rack. The 
service door was on top hence the service was from above. The transmission and terminal blocks 
couldn’t be too far apart from the digital units since that would complicate the cabling. 
The thermosiphon consists of two green parts where the lighter color represents the internal part 
and the darker green the external part. The subrack is grey and the server rack is black. An 
assumed air labyrinth is brown. All air flows are assumed and consulted with Ericsson´s thermal 
department. 
The non-rotated thermosiphon was included in this configuration. The air flow moves against the 
wall and through the sub rack and to the back of the thermosiphon, as seen in fig. 41 and fig. 42. 
The air flow was not ideal since the wall was close to the exhaust. The position of the sub rack 
would complicate service. The internal fans would be hard to reach since the external part covers 
the internal part.  
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Another non-rotated thermosiphon with a server rack was configured, seen in fig. 43 and fig. 44. 
The air also flows against the wall, up and through the sub rack and then to the back of the 
thermosiphon. The sub rack would be easy to service but the air flow was more complicated than 
the first assembly. The internal fans would be hard to reach.  

 

 

 

 

 

This configuration included a rotated thermosiphon and is seen in fig. 45 and fig. 46. The air 
flows over and through the sub rack and under the server rack to the back of the thermosiphon. 
The sub rack would be easy to service and the internal fans would be accessible.  

 

 

 

 

 

Fig. 42. Back view of return air flow that goes 
through the sub rack and back to the internal part. 

Fig. 41. Front view of supply air flow from a non-
rotated thermosiphon in front of the sub rack. 

Fig. 44. Back view of return air flow that goes through 
the sub rack and back to the internal part. 

Fig. 43. Front view of supply air flow from a non-rotated 
thermosiphon from the side and in front of the sub rack 

Fig. 46. Back view of a rotated thermosiphon´s return 
air flow through the sub rack and back to the internal 

part. 

Fig. 45. Front view of a rotated thermosiphon´s 
supply air that flows from the top of the sub rack. 
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Noise reduction measures 
Noise from the cabinet generates from the external fans. Noise reducing measures for the cabinet 
could be following measures according to the thermal department at Ericsson [12]: 

-   Build air flow labyrinths 
-   Use sound silencer 
-   Use bigger fans 
-   Regulate data traffic to prevent high operational fans 

The thermosiphons are dimensioned for a maximum of 74 dBA and the noise level regulation for 
urban environment was assumed to be 45 dBA with respect to the report from Åkerlöf.et al. [19] 
and the regulations seen in tab.  1. This together with the importance of a silent cabinet to 
prevent vandalism stressed by the Traffic office in chapter 3.4.3 Meeting with the managing 
agency led to a new dimension of a thermosiphon. The cabinet´s dimensions were variable 
within the proportional and attractive design frames and therefore chosen to be the reshaped.  
To decrease the working noise level for a realistic concept the thermosiphons condenser and 
evaporator was over-dimensioned. The exact effect on the noise level cannot be calculated 
nevertheless a noise decrease was definite. The volume of the evaporator and condenser for the 5 
kW was used since it was assumed that a 66% increase in capacity would be sufficient. Both the 
evaporator´s and condenser’s angle could be decreased.  

The thermosiphon´s theoretical dimensions for the internal- and external parts as presented in 
tab.  6. 

Tab.  6. Theoretical dimensions and capacities for the evaporator and condenser of a 5kW concept.  

Effect 5 kW 

Part External Internal 

Size [mm]    

Total volume [mm3] 60929482 45251532 

 Example configurations [mm] 

Length 400 390 410 390 410 420 

Height 275 265 270 215 225 200 

Width 555 590 550 540 490 540 

Internal airflow 800 m3/h 

External airflow 1200 m3/h 

 
The example configurations are read vertically for each part and illustrate approximate design 
dimensions that fulfill the fixed volumes and is illustrated in fig. 47 and fig. 48. The depth is 
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fixed in the figures. The figures are presented in a front view hence the depth of the view is 
considered as the width from a top view.   
 

 
 

 
 

 
 

 
 

The height was not as variable as the width and length due to the required size and angles of the 
evaporator and condenser. The size of the thermosiphon regulated other component to during the 
design process. 
 
Wood panels 
The wood panels was regulated by the depth of the external part of the thermosiphon. The depth 
regulated the total height of the panels. The external part was limited by the angle of the 
condenser and the total volume. The wood panel´s height was therefore not as variable as 
assumed. The size of the boards was however variable but with respect the ventilation solution. 
 

Air flow inlet and exhaust 
The air could flow in and out the thermosiphons external part in different air channels and in 
different ways. The air could flow from the sides, under and straight through the front panel, see 
fig. 49 and fig. 50.  More air channels would facilitate the air flow to the inlet and ease the 
required suction of the external fans.  
 

 
 

 
 

 

 

The inlet and exhaust air flows could draw attention or trouble users hence discreet channels are 
preferred. Longer channels require larger parts and would also weaken the front and back panel 
against vandalism.  
  

Fig. 47. The external part is wide and short. The 
external part is narrow and high.  

Fig. 48. The external part is narrow but high. The 
internal part is wider and shorter.  

Fig. 49. Possible air exhaust through the back wood 
panel. 

Fig. 50. Possible air inlets through the front wood 
panel. 
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4  Final concept 
This chapter presents the result based of the arguments and considerations from chapter 3. The 
product description is first described. The implementation process is explained and the design 
and customizeabilities are thereafter presented. An pre-site and on-site mounting suggestion 
sequence is thereafter presented with respective fixing described. The lock system and 
complicated subassemblies are described within this section. Key component is lastly described. 

4.1 Product description 

The Radio Concrete Enclosure (RCE) is a park bench or sofa that is suitable for urban 
environment, see fig. 51. The RCE provides 12U to support antennas.  
 
 
 

 
 

 
 

 
 

 

 

 

4.1.1 Implementation process 
The ground needs to be dug to access the power cables and install fiber cables. The ground is 
simultaneously dug to make place for the RCE. This is preferably planned in advanced with the 
exploitation office. The cabinet will be transported to the site and lifted into the excavation as 
seen in fig. 52. The lower part of the cabinet serves as a foundation. 

Lifting cables are fastened under the lower edge of the cabinet to be able to lift it. The cabinet 
has been assembled at the production plant and only needs to be installed on site.  

  

Fig. 51. The Radio Concrete Enclosure fully equiped and assembled. 
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4.1.2 Design considerations 
The RCE has a modern lounge look but a sharp discrete design which makes it suitable for 
different environments. The RCE is preferably included in a detail plan in collaboration with the 
exploitation office. It is likely that modern environment are planned where the RCE design 
would be suitable.  

The concrete is visible on the sides and have sharp chamfering to amplify the strength of 
concrete. The wood panel covers and provides a warmer look to the cold and hard concrete. The 
gap seen in fig. 53 between the RCE and ground gives the cabinet a floating and leaner look. 
This gap is also essential for the lifting cables to be attached for the lift and transport. The front 
panel and gap also assists the rising movement. The height is in the upper range of the guidelines 
to maintain a better seat posture by preventing a low seat position. This will also facilitate the 
rising.     

There are room for excessed cable lengths on the sides of the cabinet after installation.  

  

Fig. 52. RCE lifted in the ground and installed. Fig. 53. The gap and low end of the 
front wood panel. 
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Lights are attached in the gap to light up the bench and highlight the concrete surface. A warmer 
light would give more warmth to the concrete. A figure with lights is seen in appendix 6. 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

The seat height is 480mm, the width 1480mm and the seat depth is 400mm. The back rest is 
250mm high to provide a laid back posture with the back or elbows resting against the support.  

The equipment of RCE consists of robust materials, is customizable and have a simple design 
hence fulfill the criteria for all environments in Stockholm except historical locations, see 2.8 
Regulations and managing agencies. 

480  
 

710  1800 

1350 

1480 

400  

250  

660  

Fig. 54. Side view and 
dimensions of RCE.  Fig. 55. Front view and dimensions of the RCE. 

Fig. 56. Top view and dimensions of the RCE. The upper 
dimension represents the seat wide and the lower the back rest 

wide. The dimension to the right represents the seat depth. 
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The lower part of RCE serves as a foundation 385mm under ground. The top of the cover is 
32mm below ground and the cable entry is 347mm below ground level.  

 

 

 

 

 

 

 

 

 

4.1.3 Customizability 
The cabinet is customizable and offer two different arm and back support to the customer in a 
specific sort of wood and color. The support component´s sizes offer one modern lock and one 
more ergonomically design with respect to Berglunds guidelines. The guidelines are applied to 
the larger support components in fig. 58. All figures in this chapter have the modern support 
components. The smaller arm and back rest fulfill the guidelines to an extent.  

  

32  

385  

Ground level 

Fig. 57. An overview of the RCE above and below the ground level, marked as a 
green line. The service cover is 32mm below ground and the cable entry through the 

lock is 347mm below ground.  The foundation is 385mm deep. 

315 

Fig. 58. An exploded view of the support components. The larger components are design with respect 
to Berglunds guidelines. The smaller support components have the modern lock.  
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The concrete could also be colored and the surface finish is variable as seen in fig. 59 and fig. 
60. The descriptions for each alternative is shown in tab 7. 
 

 
 

 

 

 

 

 

 

 

Tab.  7. Descriptions of the type of boards and concrete surfaces in fig. 58 and fig. 59. 

Concrete  Wood 
White cement, yellow pigment, white 
marble 1-3mm 

a Walnut 

White cement, red 225 pigment, rosewhite 
marble 1-3mm  

b Red Oak 

White cement, yellow and red pigments, 
white marble 3mm 

c Oak 

Acid washed white cement, cobolt pigment, 
white marble 0-4mm 

d Light Oak 

White cement, Bay ferrox pigment, white 
marble 0-4mm 

e Grain Wood 

Cement rolled surface of white concrete f Ash 

The RCE could be without any support components and will still have a modern lock, as seen in 
fig. 61 and fig. 62. Figures of the RCE in realistic environments are seen in appendix 6 and 7.  

  

Fig. 60. Rendered boards that illustrates 
alternative types of wood.  

Fig. 59. Color and surface alternatives due to 
pigments, type of cement and sizes of aggregates. 

Scale 1:1 [6]. 

Fig. 61. Front view of the RCE without support components. Fig. 62. Side view of the 
RCE. 
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4.2 Concrete cabinet components assembly 

The assemble mounting order is presented below as a mounting suggestion.  The mounting is 
divided into a pre site and on site mounting. The pre site mounting is sub divided into an interior 
and an exterior order. 

 

4.2.1 Pre site mounting 
The pre site mounting process is presented in a transparent cabinet to simplify the illustration of 
the component´s position and mounted sequence.  
 

 

 

 

 

 

Interior mounting 
The server rack is first fixed to the cabinet, seen in fig 64. The rack is preferably lowered empty 
due to the additional weights from the sub mounted components. The server rack lies flat and is 
glued to the concrete floor with PL600, seen in fig. 65. This avoids holes in the floor and allows 
greater tolerances. The glue could be pasted after the interior cables been mounted to ensure 
suitable positions for every component.  
 

 

 

 

 

The server rack components are thereafter mounted and fixed with two M5,5 screws to the rack, 
explained more detailed under “Server rack mounting”.  

  

Fig. 63. A transperant model of the concrete cabinet to facilitate the 
illustration of the interior mounting. 

Fig. 64. An empty server rack is first 
placed on the floor. 

Fig. 65. The server rack lies flat to 
the floor, viewed in a split cabinet. 

1 
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The ventilation is mounted from the inside on the back and in the front of the cabinet with 
six10mm screws, seen in fig. 68 and fig. 69. A gasket is required between the concrete and the 
ventilation to prevent water and dust intrusion. Screws are not exposed on the outside to prevent 
intrusion.  

 

 

 

 

The lock rails are thereafter mounted on each gable with three M7,5 screws, seen in fig. 70, and 
the hinges are screwed to the back wall with two M5 screws, seen in fig. 71.  

 

 

 

 

 

The thermosiphon is mounted on top of the server rack on a mounting rail, seen in fig. 72, and 
attached on the rail with an M10 screw on each side, seen in fig. 73. 
  

Fig. 67. A closer view at the  
subrack components. 

Fig. 66. The subrack is mounted 
followed by the included components. 

Fig. 69. The ventilation is mounted  
from the inside. 

Fig. 68. The front and back ventiltions are 
mounted before the thermosiphon. 

Fig. 70. The lock rails are fixed to the 
cabinet cables with three M7,5 screws. 

Fig. 71. The three hinges are 
attached to the cabinet with two 

M5.5 screws each. 

2 

3 

4 
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Sub assembly description 
A specific sub mounting of the server rack and thermosiphon and is presented to facilitate the 
mounting understanding of each sub assembly.  
 

Server rack mounting 
The server rack assemble consist of the mounting of six components. The mounting occurs from 
the top and the components are mounted from right to left in a front-top view. All components 
are fixed to the server rack with M5,5 screws. The transmission is first mounted nearest the cable 
entry gable. The ½ U plate is mounted next to the transmission. The subrack is thereafter 
mounted with the digital units. Lastly the PDU is mounted leftmost.  
 

 

 

 

 

 

 

 

 

Fig. 72. The thermosiphon is lowerd 
and attached to the server rack. 

Fig. 73. A lock rail is mounted on the server rack 
with two M5,5 screws and  fix the thermosiphon 

with one M10 screw on each side 

Fig. 74. The transmision is first 
mounted. 

Fig. 75. The ½ U air stopper is 
mounted next to the transmission. 

Fig. 76. The sub rack is mounted 
after the ½ U plate. 

Fig. 77. The PDUs are mounted in 
the sub rack. 

Fig. 78. The DUs are mounted 
next to PDUs. 

Fig. 79. The PDU is lastly 
mounted above the sub rack. 

5 

2.1 2.2 2.3 

2.4 2.5 2.6 
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Component disposition 
The new component disposition due to the interior cable mounting and to facilitate the air flow 
through the digital units. Fig. 80 shows the side view and fig. 81 the top view for service and 
mounting. 

 

 

 

 

 
Thermosiphon mounting 
The external fans are mounted top-down on the external part and fixed with M5,5 screws on a 
rail that is attached on the outside. The internal fans are mounted front to back on the internal 
part and attached with M5,5 screws. The mounting are seen in fig. 82. The fans are mounted in a 
fan housing and attached with four screws and nuts each.  An exploded view of both fans is seen 
in fig. 83.  

 

 

 

 

 

 

 

  

Fig. 80. A side view of the mounted 
server rack components. Fig. 81. A top view to illustrate 

the component configuration. 

Fig. 82. The external and internal fans mounting positions. Fig. 83. An exploed view over the external fan to 
the left an the internal fan to the right. 
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Rotating lock rail 

Bottom washer 

Rubber gasket 

Door 

Top door rail 

Top washer 

Removeable board´s lock 

Rotating lock 

Wood plug 

Removeable board 

Exterior mounting 
The panel rail is screwed at the front and back with two Ø10mm each and the wood panels are 
attached with screws, see fig. 84. The rails are 6mm thick. The rails cover the sides of the 
ventilation components, see fig. 85. 

 

 

 

 

 
 
Door mounting and lock system 
The door assembly is seen in fig. 86. The rubber gasket strip is glued to the steel door. The two 
lock wood boards are mounted with the rotating lock that is passing through the wood board, a 
top washer on the mounting rail, the door and lastly fixed with a washer and a nut. The holes are 
hidden with wood plugs.  

 

 

 

 

 

 

The door is thereafter fixed to the ingoing hinges with two M5.5 screws and the top wood panel 
is lastly mounted on the top rails with M10 screws, seen in fig. 87 and fig. 88. 

  

Fig. 85. A left and right view of the  rails 
covering the sides of the ventilation. 

Fig. 84. The front and back rails are mounted on the cabinet with 
two 10mm screws each. The wood panel is fixed on the rails. 

Fig. 86. An exploded view of the door assembly. 
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If arm and back support is required, then it is mounted below the wood panel to the same hole as 
the locking bolt. This is due to minimize leakage openings.  The back support is lastly mounted 
on the door. 
 
Door opening 
The removable board needs to be removed. This board has two wood plugs that are detached and 
two fixed locks, see fig. 89. The locks are fixed inside the board and fasten in the door rail in fig. 
90. The board is fixed between the back rails and the arm rests. If no arm rests are attached the 
removable board is fixed with a rail. 

 

  

 

 

 

 

  

Fig. 87. The door is attached to the 
hinges. 

Fig. 2. The two other hinges are laso fixed on the cabinet´s long 
back side. 

Fig. 89. The removeable board is fixed sideways 
between the back panel rail and the arm rest.  

Fig. 90. The lock fix the board upwards. The 
removable board is transperent in the figure. 
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Fig. 91. The locks fix the two wood boards to the 
door rail. The locks are hidden under wood plugs. 

Locking system 
Two wood boards have a 90° rotating lock. The locks are opened with one of two different keys, 
one square key and one triangular key.  

 
 

 
 

 
 

 
 

The locks are mounted with a washer from below and from the top and is fixed on a wood board. 
The lock top is hidden below a wood plug.  

 

 

 

 

 

 

  

Fig. 92. There are two types of 
lock; one with a square top and 

one with a triangular top. 
Fig. 93. The locks rotate and fix 

under the lock rails on the cables. 
The door and top wood panel is 

transperant in the figure.  
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4.2.2 On-site mounting 
The on-site mounting is the installation of the cabinet and all cables routed and fixed.  

 
Cables mounting 
The cables are mounted on rails to stabilize and ensure required radius of the cables. The cables 
are routed through the concrete cabinet with an angle to ensure the cable´s radius and mounting 
routes, to obstruct water and dust and to simplify the installation by having the cables in an 
appropriate reach.  

 
Exterior cable mounting 
The exterior cables are mounted in cable clips screwed to a rail that in turn is attached to the 
cabinet.  

 
 
 

 
 

 

  

 
 
 
If the cables are to long there is space on the sides of the cabinet to put these, illustrated in fig. 
94. The cables are routed through a PG cable gland bushing on the sheet lock, seen in fig. 94, 
one rubber flange and one rubber bushings to prevent water and dust intrusion, all seen in fig. 95. 
The lock is lastly attached to the cabinet with M7,5 screws.   

Fig. 34. The cover is fixed on the cabinet 
and protects the cables. The cables enter 

the cover through PG  glands. 

Fig. 95. The cables are mounted 
inside the cover on a rail and routed 

through a bushing and flange.  
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A close up on the fixing is seen in fig. 96 under the sheet lock. The rubber bushing in fig. 97 is 
attached on a housing with two M5,5 screws each. The housing is fixed with two M7,5 screws 
on the cabinet. The cables are fix in a clamp on the rail in fig. 98 with two M5,5 screws. The rail 
is fixed to the cabinet with two M7,5 screws.  
 
Illumination 
The illumination are mounted on-site if required.  

Fig. 96. The exterior cable mounting inside the 
cover.  

1 

2 

Fig. 97. Exploded view over the housing and rubber 
bushing assemble.  

1 

Fig. 98. Exploded view over the rail and cable clamps. 

2 
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Interior cable mounting 
The cables are routed through a rubber bushing, see fig. 103, and attached to a rail that is 
mounted on the cabinets gable wall, see fig. 102. The cables are fixed in cable clips and clamps 
on the rail that is attached to the cabinet gable wall with two M7,5 screws. The power cable is 
Ø24mm and thicker than the other Ø18mm cables. The power cable requires tighter mounting 
and is therefore routed through a metal clip and cable house that tightens with a screw and nut 
seen in fig. 101. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

Fig. 99. Power blocks mounted on a more 
outward going rail to suit the power cable 

radius. Fig. 100. Terminal blocks on a rail fixed with three rail end stops.  

Fig. 102. The cables are fixed in clamps and clips attached to a rail . 
The rail is fixed on the cable wall.  

Fig. 103. The rubber bushing is fixed in the inclined cable entry. . 

Fig. 101. An overview of the interior cable routes, 
fixing and mounting to the terminal blocks.   

1 
2 

3 

4 

1 

2 

3 

4 
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Terminal blocks mounting 

The terminal blocks are mounted to mounting rails and fixed with rail end stops, see fig. 104 and 
fig. 105.  The mounting rails are attached to the cable wall.  

The terminal blocks are mounted on the same gable as the cable inlet in front of the server rack 
to shorten the cable length. Additional terminal blocks could be mounted on the walls on the 
long sides. 
 

 

 

 
  

Fig. 104. View over the interior cables and 
terminal blocks inside the cabinet. 

Fig. 105. Side view of the relation of the 
interior cables and server rack. The 

concrete cabinet is transperent. 
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4.3 Component description 

Main components are described and presented in this chapter. Relevant dimensions are 
presented for each component. 

Concrete cabinet 
A side view of the molded RCE is shown in fig. 106. The concrete cabinet in a Phenol film-
coated plywood form to get a smooth surface and should contain the ingredients in tab. 8.  The 
walls are 30mm to attain thicker walls than similar benches [28] and also have room for 
reinforcement bars. The lower part of the cabinet serves as a 385mm deep foundation in the 
ground, best seen in fig. 107. The sides are the only exposure for eventual vandalism with 
weapons and therefore have thicker walls of 90mm, best seen in fig 108. The top view in fig. 108 
also illustrates the mounting view. 

 

 

 

 

 

 

 

 
 

Table 8. A list of concrete ingredients for a suitable recipe. 

 

 

 

  

Concrete	  mix	  
0-‐4	  cross	  
Base	  cement	  
Elkem	  982	  silica	  
OmyaCarb	  –	  2	  
Glass	  fiber	  6mm	  
Water	  
Glenium	  51	  
Micro	  Air	  
VCT:	  0,32	  

388 

412 

1620 

245 

620 

856 Fig. 106. The concrete cabinet. 

Fig. 107. Front view of the RCE. 

Fig. 108. Top view of the RCE. 
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The angled cable entry seen in fig. 109 was satisfactory for all cable radiuses and facilitated 
straight mounting and routing for both the exterior and interior cables. The angled also prevents 
water better than the straight alternative. The interior cable entry is measured 485mm from the 
top.  

 

 

 

 

 

 
 

 
Server rack 
The server rack in fig. 110 has standard 19" dimensions. The rack is glued to the bottom of the 
concrete. Fig 111 shows the 1,5U holes and fig. 112 and fig. 113 shows the dimensions.  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

513 

1161 

290 

CC 482,6 

Fig. 109.  Closer view of the cable 
entry through the RCE. The RCE is 

divided and shows half the inlet.  

Fig. 110. The server rack 

Fig. 111. The 
holes are 1,5U.  

Fig. 112. Server rack 
dimensions. 

Fig. 113. Server rack depth. 
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Subrack 
The subrack, seen in fig. 114, is mounted in the server rack with four screws. The 19" equipment 
are mounted vertically to the subrack with four M5,5 screws, from the top view seen in fig. 115. 
The transmission and the ½ U plate are mounted horizontally with six M5,5 screws. Fig. 116 
shows the depth of the subrack. 

 
 

 
 

 
 

 
 

 
 

  

167,5 

482,6 

CC 465 

352,8 

Fig. 114. The sub rack. 

Fig. 115. Top view of sub rack dimensions. 

Fig. 116. The sub rack depth.  
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Thermosiphon 
The thermosihon has a rotated configuration, seen in fig. 117. The external part, represented as 
the grey dimensions in the fig. 118 and fig. 119 are positioned from front to back. The internal 
part is positioned from left to right, represented by the black dimensions. The total volume for 
each part is bigger than the respective part in the 5kW solution. These dimensions suit a 7kW 
solution.  
 

 

 

 

 

 

 

 

 

 

 

Tab.  9. The thermosiphon´s theoretical capacity and dimensions. 

 

 

 

 

All values in tab.  9 are theoretical and approximate based on volumes and linear comparison to 
the existing 5kW thermosiphon solution in tab.  6.  

Effect [W] 7 kW 

Part External Internal 

Size [mm] 
Length Height Width Length Height Width 

496 251 856 610 197 511 

Total volume [mm3] 106 568 576 61 406 870 

External airflow 2100 m3/h 

Internal airflow 1100 m3/h 

251 

610 

856 

Fig. 117. The thermosiphon. 

Fig. 118. The external front and internal side view. 

511 

496 

197 

Fig. 119. The internal front and external side 
view. 
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Fans 

The external and internal fans in fig. 120 and fig. 121 are DC axial compact fans. The fans were 
created as a space reference for the thermal department at Ericsson to determine suitable fan 
onwards. Reference data from similar solutions with comparable size and technical requirements 
were chosen for this concept and are shown in tab. 10.  

 

 

 

 

 

Tab.  10. Capacity specifications of two reference fans from Ebmpapst. 

Compared to the thermosiphon´s external and internal airflow capacity in tab.  9 the fans could 
generate more air flow than required, keeping in mind that the thermosiphons values was 
overdimensioned.  

 

 
  

 External Internal 

Size  200Ø x 210 x 52  160Ø x 170 x 41 

Reference data   

Type  6318 /2TDH4P-007  6448 

Size [mm]  172 x 160 x 51  172 x 150 x 51 

Nominal voltage [V]  48 V  48 V 

Min temperature [°C] -20°C -20°C 

Max temperature [°C]  75°C  72°C 

Air flow [m3/h] 930 m3/h  410 m3/h 

Sounds pressure level 75 dB  57 dB 

Fig. 120. The external fan Fig. 121. The internal fan 
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Wood panels 
The wood panels cover the ventilations components. All wood boards have the same lengths, 
seen in fig 112. The front and back wood boards are identical with the dimensions shown in fig. 
123. The top boards have customized boards for the locking system, shown in fig 124. 

 

  

 

Front and back wood panel 
The front and back wood panels are made of 
coated redwood. The panel consists of one 
whole top plank and six carved out planks on 
each side for the ventilations, seen in fig. 125. 
The distance between the boards are 9,75mm. 

The hollow space is 856mm wide. The board 
is 11,25mm at this part, shown in fig. 126. 

The seat wood panel consists of two lock 
boards that has been carved out for the lock 
configuration the the rail. Another special rail 
is made for easy removal when the cabinet 
needs to open. The rail for the back panel and 
the rail for the arm support prevents the plank 
moving sideways and the lock prevents it from 
be taken off. The other four planks are regular. 

Top wood panel 
The top panel have three different types of boards. A regular board, one customized board for the 
lock system and one removable board. The regular board is identical with the top board of the 
front and back panels. The board for the lock system is carved out 7mm for the top rail. These 
board have 27mm deep Ø23mm countersunk and 15Ømm through hole for the lock system, 
shown in fig. 127. The removable board has a 15 mm deep Ø23mm countersunk where the lock 
is fixed and 15Ømm through hole. The distance between the boards are 6,50mm.  

 

  

1640 

Fig. 122. Top view of a regular wood board. 

42,5 

37,5 

Fig. 123. Side panels board 
dimensions. 

50 

35 

Fig. 124. Seat board 
dimensions. 

Fig. 125. Back view of the side panels. The top board is a regular 
board and the other six are carved. 

856 

Fig. 126. Top view of a hollow side board. 

Fig. 127. The upper board shows the carved space for the top rail 
lock. The board below shows the carved space for the top rail.  
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Ventilation  
The ventilation components, shown in fig 128, are mounted from the inside of the RCE. The 
ventilation component should have a similar color as the concrete (or the wood panel) to be 
concealed. Fig 129 illustrates the same color as the concrete. A gasket is placed between the 
ventilation and the concrete. The ventilation has holes on the bottom as an air inlet and exhaust, 
shown in fig. 130. A close up from the inside is shown in fig. 131 and an outside close up in fig. 
132.  The bent edges are 25mm with two 7Ø mm holes each.  

 

 

 

 

 

 

 

 

 

 

Wood panel cover 
The wood panels cover the ventilations in the front and at the back, shown in fig 133 and fig. 
134. 

  

906 

270 

60 
Fig. 128. The ventilation component. 

Fig. 129. Front view and dimensions of the ventilation. 

Fig. 130. Top view and depth dimension. 

Fig. 131. Close up on a back view 
of the ventilation.  

Fig. 132. Close up on the front holes 
of the venlitation 

Fig. 133. The  ventilation behind the wood 
panel. Note that the top board is regular 

without a space for the ventilation. 

Fig. 134. Outside view of the cover the panel 
provides. 
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4.4 Cooling solution 

The thermosiphon has a rotated configuration with a capacity of 7kW. The theoretical air flows 
are externally 2100 m3/h and internally 1100 m3/h. A ½ U plate is mounted in the server rack and 
a plate cover is mounted on the ½ U plate and the top of the thermosiphons internal part to impel 
the air through the 19" equipment, shown in fig. 135. 
 

Internal air flow 
The air flows through the internal part and is forced down through the components on the server 
rack due to the top air cover, shown in fig. 136. The ½ air divider prevents the air from flowing 
past the digital units below the server rack, shown in fig. 137. The exhausted air circulates under 
the server rack and back to the internal part again. The digital units are 100mm from the concrete 
floor.  
 
 

 

 

 

 

 
 

 
 

 
 

 

 

 

 
Fig. 136. The air cover is mounted on the 
internal part and the ½ U plate to impel 

the air through the digital units. 

Fig. 137. The ½ U plate, mark as green, in the 
figure, prevents the air to flow from the 

internal part under the digital units. 

Fig. 135. The internal air flow.   
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External air flow 

The ventilation inlet and exhaust are directed to the ground to not arouse suspicion with air flows 
from the entire panel.  The inlet and exhaust are 169mm from the ground. The outside air flow is 
shown in fig. 138 and the exhaust air flow is shown in fig. 139. 
 

 

 

 

 

Sound level 
The thermosiphon is over-dimensions, the fans are bigger and also over dimensioned which 
should be sufficient measures to obtain a low sound level. Data could also be regulated if 
necessary.  

 

 

 

  

Fig. 139. The exhaust air flows through the external part 
and exhaust under the back panel. 

Fig. 138. The outside air flows through the inlet under 
the front panel and through the external part. 
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4.5 Demand specification completion 

Non-Intrusive design 
The non-intrusive design was divided into two subclasses from the demand specification in 
chapter 3.3 Demand specification, which are presented here.  

Soft values 
The cabinet add value to the environment by offering seating and indirect better network signals.  

Passive protection in the urban environment, CPTED, is a method that should be applicable 
during the planning and deployment of the cabinet: 

 
-   Natural Surveillance 

The cabinets should be installed in open areas, i.e. parks or marinas. Preferably noisy 
environments so any potential noise from the cabinet isn’t heard.  

 
-   Natural Access Control 

The cabinets should be installed where people are. Lightning is an easy but vital 
arrangement that keeps vandals away. 

 
-   Territorial Reinforcement 

The sofas or benches could together with lights and other furniture be arranged as the 
highlight of the park. The RCE could also have a fixed sign or engraving on the surface. 

 
-   Maintenance 

Maintenance and repair of the cabinets and the surroundings is important to uphold.  
 

Hard values 
The cabinet has hidden locks and inward hinges which complicates the intrusion. The front and 
back wood panel also protects the door from exposure and to be revered with a longer tool.  
 

Serviceability 
The service occurs from the top with an overview of the components. All cables and components 
are visible and easy to replace or upgrade, shown in fig. 140.  The thermosiphon fans are easy to 
reach and exchange and the external part could easily be cleaned if necessary, shown in fig. 141.  
 
 

 
 

 
 

 
 
	   	  

Fig. 141. The thermosiphon´s fans are 
accessable which facilitates the service. 

Fig. 140. A top overview that displays all components. 
The air cover is removed in the figure.  
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5 Discussion and Conclusions 
Considerations during the process in chapter 3 and discussion regarding the result in chapter 4 is 
presented in this chapter. The conclusions are based on the discussion and the formulated 
research questions in chapter 1.6 Research questions. 

5.1 Discussion 

5.1.1 Discussion of methodology 
Ericsson did not have specified goals and methodology hence the project is best referred to as a 
Black box project where a new knowledge is explored with unknown expectations. New 
knowledge areas within cooling solution and suitable concrete led to broad investigations and 
was very time consuming. The air flow, mounting possibilities and the fundamental construction 
of the thermosiphon was particularly difficult. Experts were consulted during these phases but 
had to brake down essential information to explain core knowledge which made it difficult to 
understand relations. Delimitations were determined during the project to narrow down the 
project. It was hard to establish project limitations since one goal was to create a realistic 
implementation concept. The demand specification was difficult to establish since demands of 
concrete might not be the same as for the current cabinet. It was also hard to not consider a boxy 
design when the current cabinet and components had that design while bended concrete is made 
of UHPC that is expensive and difficult to create a simple assemble within. It was also hard to 
create a suitable model since both KTH and Ericsson lack the equipment to mold concrete and 
create a suitable mold form. Essential questions arose during the project, such as: 

-   Where could the RCE be located in relation to antennas to facilitate their position? 
-   Will the concrete cabinet block or obstruct the data traffic? 
-   How can vandals with intrusion equipment such as sledgehammers be prevented? Where 

is the line drawn for the extent of violence included in vandalism? 

These were examples of questions during the project that were investigated but decided to be 
excluded to delimit the project. The delimitation was often decided every two weeks and 
therefore a time consuming factor.  
 

5.1.2 Final concept discussion  
Design aspects 
The RCE illustrates a balance between design and requirement and represents guidelines that 
describes the trade offs between these elements. A more attractive design would have another 
back rest. A more ergonomic design would focus on Berglund´s guidelines and a more functional 
design would cover the whole ventilation components to cover them completely.  Berglund’s 
guideline dimensions for seating have probably been applied by the city authorities and the 
dimensions are therefore similar in their guidelines. These dimensions were implemented as 
guidelines and not rules to attain higher design freedom. The RCE has a lounge look and 
therefore has a lower back rest. Other urban furniture suppliers do not fulfill the guidelines 
strictly. Dessalles mentioned during the interview that some guidelines could be discarded, as 
long as the seating regulations are fulfilled nearby or in other ways.  
 
Concrete and mold forms 
The cabinet has a square design to keep an overall low cost for a mold form and to facilitate the 
encasement of reinforcement bars during the molding. The UHPC is more expensive but could 
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be used without reinforcement bars to provide a strong construction. UHPC facilitate thinner 
construction and is therefore used by design firms for complicated and persistent designs. These 
designs complicate the mold form hence generates higher costs.  Concrete furniture with similar 
design as the RCE are usually made by artists and not construction companies. Companies mold 
floors, walls or infrastructure on site with a special concrete mix. Ericsson could build own mold 
forms due to the straight design for testing. The wall thickness derived from similar concrete 
designs and are thick enough for reinforcement bars to fit if required. Other concrete sofas made 
of UHPC are thinner, approximately 10-20mm. The RCE should have a slightly decline angle for 
the water to runoff.  
The figures of the concrete surfaces in the report are shown to illustrate alternatives that could be 
suitable for different environments or cultures.  
 
Resistance test specifications 
The RC demands for a power cabinet was not established but descriptions and CAD-models 
indicated a distinct key to unlock the cabinet. The RC 2 classification for the 6320 enclosure was 
therefore the only benchmark for a tamperproof cabinet. Ingoing hinges and wood panels to 
protect the door greatly complicate or could even remove these steps in the burglary test, which 
might have to be tested for this classification.  The classification wouldn’t be the problem; the 
problem is the concretes low ability for horizontal forces on the walls. A sledgehammer would 
probably wreck the cabinet without reinforcement bars. RC 2 might not fulfill customer 
requirements for an urban environment in Sweden but be classified as sufficient for customers in 
other countries, i.e. private neighborhoods or areas with enclosures. 
 
Thermosiphon 
The thermosiphon was supposed to be over-dimensioned to a capacity of 5kW instead of 3kW. 
The cabinet however got a better proportional design with 1800 x 620 x 450 mm, where 450 is 
the height over the ground, and the thermosiphon therefore got a bigger size since Dessalles 
stressed the importance of a silent system. The low height of the external and internal parts might 
not be appropriate to sustain the sufficient angles of the evaporator and condenser. The 
relationship between the external and internal air flow also needs to be further investigated. 

Assemble mounting 
The server rack is glued to the concrete floor to avoid holes in the concrete. PL600 is a very 
strong concrete-metal glue that will keep the rack in it´s position. The thermosiphon is mounted 
on the server rack with two MM7,5 screws. The thermosiphon is thereby fixed in x,y and z 
directions and is not likely to move since the concrete cabinet will be static.  
 
Service 
The cable entry was determined from a service perspective. Three potential entries were 
evaluated, shown in fig. 142. The entry needed to be below ground level.  

 

 

 

 
1 

3 

2 

Fig. 142. The three possible cable entries.  
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The entry from the floor, number 1, was neglected since the entry would be 780 mm below the 
up end. The mounting would be complicated same as the cable routing and service.   
The entry straight from the side, number 2, would either imply an unacceptable routed radius for 
the power cable or the connector to the power cable needed to be mounted further from the wall. 
This entry could however be used if the connector to the power cable was mounted on a long 
side and the power cable was routed straight in to it.  
The angled entry, number 3, was satisfactory for all cable radiuses and facilitated straight 
mounting and routing for both the exterior and interior cables. The angled also prevents water 
better than the straight alternative.  

 
Wood panels 
The wood panels could cover the whole ventilation with a smaller distance between each board. 
This alternative was not perceived as attractive and therefore neglected. The back support should 
stretch to the back of the bench. This could not be created with ingoing hinges without 
complicate the opening of the service door hence the removable board and the position of the 
back support.  
 
Air flow  
The air inlet and exhaust could achieve a larger amount of air flow with entries from several 
directions, see fig. 49 and 50 on p.39. If a larger air flow facilitates the fan suction and thus 
reduce the work level of the fans is not known. It is not known but could be assumed that the 
exhausted air will have less pressure with more air flow ways. The current air inlet and exhaust 
was chosen to direct air away from persons to avoid attention. It was assumed that air flows from 
the sides of the panels were easier to detect. This designs would also expose the ventilation 
unless the thermosiphon was smaller and more centered hence the wood panels could serve as air 
labyrinths.    
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5.2 Conclusion 

The conclusion is based on demand specification and the research questions in chapter 1.5 
Research questions. 
 
What’s a suitable look and feel? 
The enclosure 6320 is encapsulated in a park bench to blend in and suit an urban environment. 
The RCE was designed as a customizable bench or sofa to not only have non-intrusive 
characteristics but to also add value to the urban environment. The customizability of the cabinet 
and the possibility to choose a surface finish creates the option for an own imprint to the 
customers. City authorities require an own imprint with specific colors, equipment and 
sometimes surface design. The choice of wood, wood panel color and the concrete surface and 
color are therefore variable to offer a custom-made solution suitable for a specific location or 
environment. 
 
What’s the demand of noise for silence support system and how to achieve it. 
The demand of noise could not be established for this specific purpose since it is a new concept. 
Stockholm City guidelines of noisy environments in tab.11 might serve as guidelines.  
 

Tab. 11. Time and day noise level regulations from Stockholm Stad. 

Area Noise level [dBA] Highest noise [dBA] 

 Daytime 
07-18 

Evening  
18-22 

Sundays and holiday  
07 - 18 

Night time 
22 - 07 

Momentary noise night 
time 

22 - 07 

Workrooms for no noisy 
activity 

65 60 55 - 

Homes, and parks in 
neighborhoods 

55 50 45 55 

Areas for recreational 
buildings and outdoor 
activities where outdoor 
experience is significant 

45 40 40 50 

 

The noise varies with the time and location. E-mail exchange with authorities stated that the 
concept must be assessed, see appendix 5. An estimation of noise demands specific for a similar 
concept is probably not established and must be determined for each case depending on location 
and environment. The thermosiphon on the RCE is over-dimensioned which should facilitate to 
achieve a sufficient sound level. Other noise measures such as build air flow labyrinths, use a 
sound silencer, mount bigger fans or regulate data traffic would be necessary.  
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How to utilize the material and what production/molding/installation method is suitable.  
The RCE utilizes concrete to blend in in urban environments and is designed as a robust park 
bench or sofa for seating. The lower part of the RCE serves as a fundament in the ground. 

The production must occur under controlled circumstances due to concrete´s curing sensibility to 
temperature and moist. This especially applies to thinner constructions such as the RCE walls of 
30 mm. The concrete should cure for 28 days in 20°C as a reference where ~ 90% of the strength 
is gained to ensure a sufficient result. A sufficient strength might be obtained before 28 days 
with a thinner construction but the risk of freezing is greater. The mold form is determined with 
respect to the number of elements with same base form and the shapes of edges and other details, 
and also the number of molds and for a specific surface finish. 
 
The concrete mix in the model consists of:  

Tab. 12. The concrete models specific recipe. 

Concrete	  mix	   Kg	  
0-‐4	  cross	   27,97	  
Base	  cement	   20,94	  
Elkem	  982	  silica	   6,35	  
OmyaCarb	  –	  2	   3,14	  
Glass	  fiber	  6mm	   1,47	  
Water	   3,71	  
Glenium	  51	   0,7	  
Micro	  Air	   0,07	  
VCT	   0,32	  

 

This is a high performance glass fiber concrete that is suitable for an urban environment. The 
silica gives the concrete a lower permeability and higher electrical resistivity by increasing the 
time to initiation of corrosion by reducing the rate of penetration of chloride ions into the 
concrete.   OmyaCarb-2 is filler that reduces the content and dependency of binders which 
reduces carbon footprint and improve the workability of the adhesives. Glenium 51 is a super 
plasticizer that helps reduce the amount of water. Micro air is an admixture that stables the air 
bubbles and greatly improves the stability of air-entrainment. 

The concrete is more environment friendly than other concrete mixes which also generates an 
argument for the cabinet. The life length is difficult to approximate since the prediction of the 
wear must be establish by a qualified source.  
The concrete mix has a low r which is prone to ingest water and also counteracts freeze damages. 
The recipe lack hydrophobic agents that contain silanes and siloxanes against chemical 
substances and should preferably be treated with wax [29], i.e. StoCryl or StoPox against graffiti.  
 
The RCE should be assembled at the production factory and only have the cabinet installation 
and cables routing at the location to minimize time on site. The ground needs to be excavated to 
reach the cables at an approximately depth of 0.3-0,5m. The ground is simultaneously dug to fit 
the RCE. The additional digging for the RCE is a small effort that doesn’t require much time.  
The RCE is transported from the factory to site and lifted in the excavated ground, installed and 
clogged.  
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6 Recommendation and future work 
Recommendations and guidelines for further work is presented in this chapter.  

6.1 Recommendations 
Concrete and reinforcement 
It is recommended to contact CBI and a professional mold form company or artist to ensure a 
satisfactory result. The concrete cabinet needs professional help with mold forms and a 
customized concrete mix since these are essential components to fulfill the demand specification. 
Concrete recipes are often in secrecy by the companies. The ingredients are usually known but 
not the amounts which are crucial for a successful concrete mix.  
Reinforcement bars are essential for a better vandal protection. The damaged concrete could be 
repaired with shotcrete or pour concrete, depending on the damages. The walls could be thicker 
to prevent the reinforcement to rust, if they ever will. The rust process might not even begin with 
a life expectancy of 10 years might. The weight might be a problem. An empty cabinet weighs 
approximately 105 kg and a full approximately 165 kg. This might not be enough for a steady 
position. The cabinet could therefore be placed in a global base frame before being lowered into 
the ground to add volume and utilize the covering ground as resistance to movement.  
 
 
Design aspects 
It is recommended for Ericsson to either involve the Traffic office in a design process or comply 
with the city guidelines or Berglund’s recommended dimensions for seating for a successful 
project. Stockholm traffic office requested rendered pictures with wood that has been in an 
outdoor environment for a longer time to evaluate the design. The wood boards change color 
when it´s worn of sunlight and rain. The concept will then have a look as in fig. 143. 

 
  

Fig. 143. A hypothetical RCE look after years of weather wear.  
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Lock system 
The cabinet could have other configurations to complicate an intrusion by an attack of the locks.  
 

 
 

 
 

 
 

 
 

 
 

 
The locks could be visible with different key opening outlines. This would seem like regular nuts 
to the public and complicate and confuse an intruder. Next step could be to have the same set of 
locks but also hide them under wood plugs.  
 
 

 
   

Fig. 144. Wood screw fasteners with a key lock appereance 
might complicated an intrusion.  
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6.2 Future work 
Cooling solution 
The thermosiphon is the central component that needs to be further investigated for a successful 
concept. The thermosiphon sets the depth and height of the park bench leaving the width as the 
only variable. This affected the height of the wood panels where a trade off for a more attractive 
design was made over functionality. The depth became variable to an extent when the cabinet is 
buried. This will in turn affect the serviceability and installation of cables.  
 

Vertical ground cooling 
A cooling solution that could be suitable is ground cooling. Since the Traffic office wants more 
than one concept in one place one pump could support several cabinets. A vertical cooling 
system would cost more due to the preparatory measurements but could reduce the total cost if 
that cost were shared. The cabinets would not require an air inlet and would therefore be a more 
water- and dust proof enclosure that produces less noise.  
 
Concrete cabinets 
Concrete cabinets could be categorized into three classifications with respect to the design of the 
mold form: 

Easy Moderate Difficult 
 

 
 

 
 

 
 

The easy concrete cabinet is only possible with other cooling solutions than thermosiphons are 
used, such as heat pips or vertical cooling pumps.  

The moderate cabinet has space for ventilation. This cabinet is identical to the difficult cabinet 
but without the formed edge. The edge gave the cabinet a floating look, made space for lights 
and was the natural space to put ropes during the lift into the ground.  
The difficult cabinet is more difficult due to the edge. This edge requires a more advanced design 
of the mold form.  
The level of effort of creating respective mold form is not established and must be consulted 
with experts.  The classification is made with respect to the level of designs and should serve as 
guidelines.  
 
The concrete walls are 30mm thick which might not be enough for the outdoor wood panel rails 
to fasten. The indoor mounting does not require strong fixing and could be complemented with 
glue if necessary. 
 
Cable entry 
The angled cable entry is 100 mm below ground, but the top of the cap is 32mm from the ground 
level. If this is suitable or not depends on regulations which has not been investigated.  

Fig. 145. A hypothetical design scale with respect to moldability. 
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1.  Concrete bench creations in UHPC 
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Fig.146. Examples of creations in UHPC. 
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2.  Concrete surfaces by ingredients, post-processing and mold 
forms 

 

  

 

  

White cement 
Yellow color pigments 
white marble 
Giallo Siena 1-3, 3-6 mm. 
White cement 
Pigments: Red 225 
Rosenwhite 1-3, 3-5 mm 
Cast against the smooth shape. 

White cement 
Pigments: Yellow + two red 
White marble 0-0.3, 0-1, 0.6-1.6, 0.3- 
3 mm 
Cast against the smooth shape. 

Acid Washed: 
White cement 
Pigment: cobalt blue 
White marble 0-4mm 

White cement 
Pigment: Bayferrox 420 
Baskarpsand 
White marble 0.8-3, 3-8 mm 
Yellow Dolomite 8-16 mm 

White cement 
Pigment red 225 
Rosenvit 0-3 mm, 0-4 Dalaporfyr mm 
Feldspar 3-6 mm, Verdi Alpi 6-9 mm 

Untreated smooth surface  
A sprinkle dry charge sprinkled on the 
surface after the peeling and steel 
troweling. A steel disc smoothen the 
surface afterwards. 

Rough-polished surface 
A float of sandpaper is used before the 
use of wire brush or broom and tool 
surface in one direction. 

Brushed surface 
Stroked with a soft broom. 

Smooth brushed surface 
Stroked with a soft brush. 

Stippled surface  
Stippling is performed after 1-2 hours 
with a broom that sloughs against the 
concrete immediately after steel 
troweling. 

Sheet metal form 

Fibre board form, the wire 
side 

Phenol film-coated 
plywood form 

Form of coated, polished 
form plywood. (Lighter 
surface at second casting) 

Form of plastic-coated 
form plywood, 
birch. 

Fig.147. Examples of concrete surfaces with 
different ingredients [6]. 

Fig.148. Examples of post  mold 
treated surfaces [6]. 

Fig.149. Examples of surface finishes 
due to mold formsurfaces [6]. 
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3.  E-mail conversation with Ylva Kvist Trelje  
 

Presented in a chronological order: 
 
Andreas Fridlund 
må 2015-04-20 13:11 

Hej Ylya! 

Jag är en femteårsstudent på KTH som jobbar i ett projekt där jag undersöker möjligheten att placera ett föremål, i 
storlek parkbänk eller reklampelare, i en urban miljö. Jag är intresserad av att veta hur förhandlingen ser ut mellan 
Stockholms stad och uppdragsgivaren samt intressenters inflytande, t.ex. stads- eller landskapsarkitekter?  

Vad har ni för krav och/eller riktlinjer för att bevilja ett tillstånd, om vi antar att det är en bänk av betong eller 
reklampekare? Dessa kommer fraktas till plats och innehåller elektronik vilket medför 
att kabeldragning blir nödvändig. Frågan är generell och avser ingen specifik gata. Om detta är nödvändigt för 
bedömandet av tillståndet kan vi anta en gata i centrala Stockholm, t.ex. Sveavägen eller Strandvägen.  

Med vänliga hälsningar,  
Andreas 

 
Ylva Kvist Trelje <ylva.kvist.trelje @stockholm.se> 
må 2015-04-20 13:26 

Hej Andreas, 

Tack för din förfrågan. 

1)    Vad gäller parkbänkar så föreligger ingen bygglovs- eller anmälansplikt enlig plan- och bygglagen. Däremot krävs 
ett tillstånd från markägaren som representeras av Stockholms trafikkontor. 

2)    Reklampelare kräver bygglov och ett startbesked behöver meddelas innan pelaren får uppföras. Se vår hemsida för 
checklista på de handlingar som behöver inlämnas till oss vid en ansökan om lov för skylt. 

http://www.stockholm.se/ByggBo/Bygglov/a-o-lanksidor/Checklistor/ 

Staden har även ett skyltprogram som anger hur skyltning får utföras i 
staden: http://www.stockholm.se/ByggBo/Bygglov/Verksamheter/Skyltar/ 

 
Ha en fortsatt trevlig dag! 
Med vänlig hälsning, 
Ylva Kvist Trelje, sakansvarig arkitekt 
Arkitekt SAR/MSA, RIBA/ARB 
Stadsbyggnadskontoret  
Bygglovsavdelningen / enheten för verksamheter 
Tekniska nämndhuset 
Fleminggatan 4 
Box 8314, 104 20 Stockholm 
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Andreas Fridlund 
on 2015-04-22 15:37 
 
Hej igen! 
Om kablar ska dras och kopplas till parkbänken, likt ett kabelskåp, måste marken grävas upp, och för detta krävs ett 
bygglov antar jag, och även markupplåtelse?  

 

 

 

 

 

 

 

 

 

 

Hur ser instruktionerna och kraven ut för kabelskåp som finns placerade i urban miljö idag, se bifogad bild.  
/Andreas 
 
 
Ylva Kvist Trelje <ylva.kvist.trelje @stockholm.se> 
on 2015-04-29 13:21 

Hej, 

Nej bygglov för grävarbete som inte ändrar marknivåförhållanden eller skapar något nytt utrymme under mark är 
inte lovpliktigt. 

Markägarens tillstånd behövs dock. 
Ha en fortsatt trevlig dag! 
Med vänlig hälsning, 

Ylva Kvist Trelje, sakansvarig arkitekt 
Arkitekt SAR/MSA, RIBA/ARB 

 
Andreas Fridlund 
ti  2015-06-09 11:13 
 
Hej igen Ylva! 
Snart slut på frågor. 
 
Du skrev tidigare att:  
"Nej bygglov för grävarbete som inte ändrar marknivåförhållanden eller skapar något nytt utrymme under mark är 
inte lovpliktigt. Markägarens tillstånd behövs dock". 
Om jag gräver ett fundament och lägger kablar under och sedan fyller igen, så ingen markhöjd ändrats eller 
utrymme under har skapats, men det ligger rör och kablar under, kräver det speciellt tillstånd eller endast 
markägarens? 
/Andreas 
 
Ylva Kvist Trelje <ylva.kvist.trejle@stockholm.se> 
ti 2015-06-09 11:20 
 
Beskriven åtgärd är inte bygglovspliktig. 
Ha en fortsatt trevlig dag! 
Med vänlig hälsning, 
  
Ylva Kvist Trelje sakansvarig arkitekt 
Arkitekt SAR/MSA, RIBA/ARB 

Fig.150. Attached picture in e-mail to 
Trelje. 
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4.  Email-conversation with SBK Byggfrågor 

 

Presented in a chronological order: 
 
To:  
Administration SBK Byggfrågor <Byggfragor.SBK@stockholm.se> 
fr 2015-05-08 12:43 

Jag frågade din kollega hur bygglov såg ut för kabelskåp, som bifogad bild. Jag utformar en urban betongmöbel som 
ser ut som bifoga bild, som kommer ha ett fundament och en del kablar dragna och därför behöver det grävas.  

 

 

 

 

 

 

 

/Andreas 

 
Administration SBK Byggfrågor <Byggfragor.SBK@stockholm.se> 
fr 2015-05-08 13:00 
 
Hej Andreas 
Jag kan inte se att bygglovsplikt infaller i detta fall. Det är skillnad om det skulle vara en urban möbel som skulle 
placeras för att ha funktion som en stödmur och därav uppfattas som en stödmur eller om den till sin storlek skulle 
vara flera meter lång. 
Skulle den däremot placeras mot en fasad kan det vara tal om en fasadändring. 
   
Vänlig hälsning 
Anna Rösén 
STADSBYGGNADSKONTORET 
BYGGLOVSAVDELNINGEN/ RÅDGIVNINGSSEKTIONEN 
Adress: Tekniska Nämndhuset, Fleminggatan 4 
Box 8314, 104 20 Stockholm 
Telefonnummer 08-508 27 300 
Observera att ovan lämnad information baseras på en ofullständig kunskap om alla detaljer i det specifika ärendet. 

 
Andreas Fridlund 
ti 2015-05-12 13:26 

När man hyr platsen av Stockholms stad, betalar man för storleken av använd plats eller bara ett tillstånd? Eller hur 
ser prissättningen ut? 

 
Administration SBK Byggfrågor <Byggfragor.SBK@stockholm.se> 
on 2015-05-13 10:38 

Hej Andreas, 
Om det ni vill göra inte kräver bygglov men att den ska utföras på stadens mark så bör du prata med 
Exploateringskontoret som är den avdelningen på kommunen som ansvarar för kommunens mark och eventuella 
markavtal. 
Med önskan om en trevlig dag! 
Magnus 
Stadsbyggnadskontoret Bygglovsavdelningen 
Fleminggatan, Box 8314, 104 20 Stockholm 
Telefon, jourtelefon, 08-508 27 330  

Fig.151. Attached pictures in e-mail to SBK. 
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5.  E-mail conversation with the police department 
	  
	  
Till: Polismyndigheten registrator Stockholm 
Ämne: Tillstånd om markupplåtelse (E-post till polisen i Stockholms län) 
25 maj 2015 10:20 
 
Arende: Tillstånd om markupplåtelse 
Meddelande: Hej! 
Jag sitter i ett projekt där en urban betongbänk ska placeras i en stadsmiljö. Kräver den tillstånd från polisen eller 
enbart Trafikkontoret? Gäller detta tillstånd då i max 3 år? (ansökan om användning av offentlig mark) På er 
hemsida står följande, om nu bänken klassificeras som bord(?); Vad som kräver tillstånd Placering av skylt, bord 
eller scen Störande buller, vissa kommuner kräver tillstånd (ansök hos polisen) 
 
Vidare vad definieras som störande buller och vid vilken ljudnivå anses ljudet som störande? Bänken kan inneha en 
fläkt som då kommer låta. 
 
Tack på förhand! 
 
Med vänliga hälsningar, 
Andreas 
 
Från: AB Tillståndsenheten ordningslag  
Skickat: den 26 maj 2015 09:44 
Till: Polismyndigheten registrator Stockholm 
Ämne: SV: Tillstånd om markupplåtelse (E-post till polisen i Stockholms län) 
 
Hej 
Min bedömning är att detta kräver polistillstånd för användande av offentlig plats. 
Sök för den tid ni önskar, så får vi göra bedömning därifrån. 
Gällande störande buller så är det ljudnivåer som pålning, nitning och stenkrossning som kräver  
polistillstånd enligt ordningslagen. Annars är det miljöförvaltningens riktlinjer som gäller. 
 
Patrik Karlsson 
Handläggare 
Rättsavdelningen Stockholm 
 
Förvaltningsrätt 3 
Telefon: 010-563 79 46 
Polismyndigheten 
106 75 Stockholm 
Besök: Bergsgatan 48 Ort Stockholm 
Telefon till polisen: 114 14 
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6.  RCE in suitable environments with respect to the furnishing 
guidelines 

Fig.152. Example environtments for the RCE. 
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7. RCE in darker environments 

Fig. 153. Darker example environments for the RCE to illustrate the illumination beneath. 


