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1 Summary of Changes 
 

1. General 
 

 Sheet size changed to 8.5x11. 

 Where possible we upgraded the images to 300 dpi. 

 

2. Rules Compliance Checklist 
 

 rule 4.2 – Specifications for heavy machinery  
all heavy machinery is listed in division 41. Material processing and handling equipment.  
For constructing the building the only heavy machinery that is needed is a forklift. All 
other house components are manipulated by manpower. 
 

 Rule 4-4 – Drawing(s) showing the location, contact area, and soil-bearing pressure of 
every component resting directly on the turf.  
drawings C101 and L 103 were added and updated in BIM model  
 

 Rule 4-5 –  Specifications for generators  
Generators meet sound level regulations as communicated with the US department 
organization. This Honda generator will supply enough power. Only the site lighting, see 
division 26, has to be foreseen from power.  

 

 Rule 4-6 – Specifications for all equipment, containers, and pipes that will contain fluids 
at any point during the event 
drawing L107 was added to the BIM model.  
Datasheets of the fabric of custom made water storage tanks can be found in the 
project manual in division 21 and division 22 
 

 Rule 4-7 –  Drawing(s) showing shimming methods 
Drawing S 103 was added to the BIM model  

 Rule 5-2  – Drawing(s) showing the location of all house and site components relative to 
the solar envelope 
drawing G 201-202 was added to the BIM model  

 Rule 8-1 – PV Technology Limitations Specifications for photovoltaic components  
Calculations and specifications of the PV wiring and connection were added in the 
project manual, division 26, see datasheets 
 

 Rule 8-5 Village Grid – Specifications for the photovoltaics, inverter(s), terminal box, 
meter housing, service equipment, and grounding means 
Meter housing and wire specifications were added in the project manual, division 26.  
Drawings A114, E 101 – 102 and E 202 were upgraded in the BIM model  
Specifications were added to the project manual in division 26, and division 23 (Niko 
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house control system) 
 

 Rule 8-5 Village Grid – Calculation of service/feeder net computed load 
per NEC 220 
Drawings E 621-627 were added to the BIM model  
Calculations can be found in the project manual, division 26, more specific: 26 05 00 
Common Work Results for Electrical Distribution  

 

 Rule 8-5 Village Grid – Site plan showing the house, decks, ramps, tour 
paths, and terminal box 
Drawings G 102 / E 102 / E 202 were upgraded in the BIM model  

 

 Rule 8-5 Village Grid - Elevation(s) showing the meter housing, main utility 
disconnect, and other service equipment 
Drawing E 201 was upgraded in the BIM model 

 

 Rule 9-1 – Container Locations Drawing(s) showing the location of all liquid 
containers relative to the finished square footage 
Drawings  A 101 and L 102 were upgraded in the BIM model  

 

 Rule 9-1 Container Locations – Drawing(s) demonstrating that the primary supply water 
tank(s) is fully shaded from direct solar radiation between 9 a.m. and 5 p.m. EDT or 
between 8 a.m. and 4 p.m. solar time on October 1 
Drawing A 102 was added to the BIM model  

 

 Rule 9-2 Team-Provided Liquids – Quantity, specifications , and delivery date(s) of all 
team-provided liquids for irrigation, thermal mass, hydronic system pressure testing, and 
thermodynamic system operation  
We are no longer using thermal storage systems in the E-cube  

 

 Rule 9-6 Thermal Mass _ Specifications for components of liquid-based 
thermal mass systems  
We are no longer using thermal storage systems in the E-cube  

 

 Rule 9-8 Water Delivery _ Drawing(s) showing the complete sequence of 
water delivery and distribution events  
drawings  L102 - 103 were added to the BIM model  

 Rule 9-8 Water Delivery – Specifications for the containers to which water will 
be delivered  
Datasheets of the fabric of custom made water storage tanks can be found in de project 
manual in division 21 and division 22.  

 

 Rule 9-9 Water Removal _ Drawing(s) showing the complete sequence of water 
consolidation and removal events  
drawing  L102 was added to the BIM model  

 Rule 9-9 Water Removal _Specifications for the containers from which water 
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will be removed  
Datasheets of the fabric of custom made water storage tanks can be found in de project 
manual in division 21 and division 22 
 

 Rule 11-4 Public Exhibit. Interior and exterior plans showing entire accessible 
tour route  
Drawings  F 602/ G 102 were added to the BIM model  

 

3. Architecture Design Narrative 

 Alternates are not allowed to be presented in materials that will be considered by the 
Architecture, Engineering or Market Appeal juries.  

 

 At the competition we will only show the current plan of the house.  
 
 

10.   Energy Analysis Results and Discussion 
 
An initial energy analysis of the house is added. Precise analysis of the as build version of the 
house will be ready by the start of the competition. 

 
      11.  Construction Specifications 
 

 DIVISION 09 – FINISHES 
 The metal grating will be used as flooring for the second floor hallway 
 

 DIVISION 11 – EQUIPMENT 
11 30 00 Residential Equipment specifications of electrical appliances were added  

 

 DIVISION 21 – FIRE SUPRESSION 
 21 10 00 Water Based Fire-Suppression Systems 
the stainless steel g-press piping system – vds wet, is approved for up to and including 
ordinary hazard class 3 

 

 DIVISION 22 - PLUMBING 
The water storage containers are custom made by Sioen.  
Specifications of the waterstorage tankfabric can be found in the datasheets.   
We will use two different kinds of PVC coats PES fabrics. B6303 PVC coating, for the 
fresh water containers. (B6303 coating can be used for fresh water and dry foods, you 
can find this information in the datasheets). B6000 PVC coating for the waste water 
containers.  

 DIVISION 26 – ELECTRICAL  
Manufacturer's specifications for all electrical equipment, devices and luminaries 
installed in this structure were added.  
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2 Rules Compliance Checklist 
 

RULE RULE DESCRIPTION LOCATION DESCRIPTION LOCATION 

Rule 4-2 Construction Equipment 

Drawing(s) showing the assembly and disassembly 
sequences and the movement of heavy machinery 
on the competition site O 101 -103 

Rule 4-2 Construction Equipment Specifications for heavy machinery PM: 41 62 23 

Rule 4-3 Ground Penetration 
Drawing(s) showing the locations and depths of all 
ground penetrations on the competition site E 101 

Rule 4-4 Impact on the Turf 

Drawing(s) showing the location, contact area, and 
soil-bearing pressure of every component resting 
directly on the turf C 101/ L 103 

Rule 4-5 Generators Specifications for generators  PM: 41 65 16 

Rule 4-6 Spill Containment 

Drawing(s) showing the locations of all equipment, 
containers, and pipes that will contain liquids at any 
point during the event 

L 101 
P 102-105 

Rule 4-6 Spill Containment 

Specifications for all equipment, containers, and 
pipes that will contain fluids at any point during the 
event 

PM: 22 10 00 Specs 
PM: 22 40 00 Specs 

Rule 4-7 Lot Conditions 

Calculations showing that the structural design 
remains compliant even if 18 in. (45.7 cm) of 
vertical elevation change exists PM: Struct. 5.12 

Rule 4-7 Lot Conditions 

Drawing(s) showing shimming methods and 
materials to be used if 18 in. (45.7 cm) of vertical 
elevation change exists on the lot S 103 

Rule 5-2 Solar Envelope Dimensions 
Drawing(s) showing the location of all house and 
site components relative to the solar envelope G 201-202 

Rule 5-2 Solar Envelope Dimensions 

List of solar envelope exemption requests 
accompanied by justifications and drawing 
references N/A 

Rule 6-1 Structural Design Approval 

List of, or marking on, all drawing and project 
manual sheets that have been or will be stamped by 
the qualified, licensed design professional in the 
stamped structural submission; the stamped 
submission shall consist entirely of sheets that also 
appear in the drawings and project manual PM: Struct. 5.1 

Rule 6-2 Finished Square Footage 

Drawing(s) showing all information needed by the 
rules officials to measure the finished square 
footage electronically G 101 
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Rule 6-2 Finished Square Footage 

Drawing(s) showing all movable components that 
may increase the finished square footage if 
operated during contest week N/A 

Rule 6-3 Entrance and Exit Routes 

Drawing(s) showing the accessible public tour route 
and the ground surface area that will be covered by 
organizer-provided walkway material C 102 

Rule 7-1 Placement 

Drawing(s) showing the location of all vegetation 
and, if applicable, the movement of vegetation 
designed as part of an integrated mobile system N/A 

Rule 7-2 Watering Restrictions 
Drawing(s) showing the layout and operation of 
greywater irrigation systems N/A 

Rule 8-1 PV Technology Limitations Specifications for photovoltaic components PM: 26 30 00 Specs 

Rule 8-3 Batteries 

Drawing(s) showing the location(s) and quantity of 
all primary and secondary batteries and stand-
alone, PV-powered devices  No batteries used 

Rule 8-3 Batteries 
Specifications for all primary and secondary 
batteries and stand-alone, PV-powered devices  No batteries used 

Rule 8-4 Desiccant Systems 
Drawing(s) describing the operation of the 
desiccant system 

 
M 105 

Rule 8-4 Desiccant Systems Specifications for desiccant system components PM: 42 31 16 Specs 

Rule 8-5 Village Grid Completed interconnection application form. 
Interconnection 
Application Form 

Rule 8-5 Village Grid 

Drawing(s) showing the locations of the 
photovoltaics, inverter(s), terminal box, meter 
housing, service equipment, and grounding means 

A 114 / E 101 – 102 
/ E 202 

Rule 8-5 Village Grid 

Specifications for the photovoltaics, inverter(s), 
terminal box, meter housing, service equipment, 
and grounding means PM: 26 31 00 Specs 

Rule 8-5 Village Grid One-line electrical diagram E 601 

Rule 8-5 Village Grid 
Calculation of service/feeder net computed load 
per NEC 220 

E 621 - 627 
PM: 26 05 00 

Rule 8-5 Village Grid 
Site plan showing the house, decks, ramps, tour 
paths, and terminal box 

G 102 / E 102 / E 
202 

Rule 8-5 Village Grid 
Elevation(s) showing the meter housing, main utility 
disconnect, and other service equipment E 201 

Rule 9-1 Container Locations 
Drawing(s) showing the location of all liquid 
containers relative to the finished square footage A 101 / L 102 

Rule 9-1 Container Locations 

Drawing(s) demonstrating that the primary supply 
water tank(s) is fully shaded from direct solar 
radiation between 9 a.m. and 5 p.m. EDT or 
between 8 a.m. and 4 p.m. solar time on October 1 A 102 
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Rule 9-2 Team-Provided Liquids 

Quantity, specifications , and delivery date(s) of all 
team-provided liquids for irrigation, thermal mass, 
hydronic system pressure testing, and 
thermodynamic system operation N/A 

Rule 9-3 Greywater Reuse 
Drawing(s) showing the layout and operation of 
greywater reuse systems N/A 

Rule 9-4 Rainwater Collection 
Drawing(s) showing the layout and operation of 
rainwater collection systems N/A 

Rule 9-6 Thermal Mass 
Drawing(s) showing the locations of liquid-based 
thermal mass systems N/A 

Rule 9-6 Thermal Mass 
Specifications for components of liquid-based 
thermal mass systems N/A 

Rule 9-7 Greywater Heat Recovery 
Drawing(s) showing the layout and operation of 
greywater heat recovery systems N/A 

Rule 9-8 Water Delivery 
Drawing(s) showing the complete sequence of 
water delivery and distribution events L 102 / L 103 

Rule 9-8 Water Delivery 
Specifications for the containers to which water will 
be delivered PM: 22 12 00 Specs 

Rule 9-9 Water Removal 
Drawing(s) showing the complete sequence of 
water consolidation and removal events L 102 

Rule 9-9 Water Removal 
Specifications for the containers from which water 
will be removed PM: 22 12 00 Specs 

Rule 11-4 Public Exhibit 
Interior and exterior plans showing entire accessible 
tour route F 602/ G 102 
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3 Architecture Design Narrative 

The architectural design of team Belgium’s 
2011 Solar Decathlon house aims to make a 
statement that the primary goal is not to 
make eye candy suiting the glamour of a 
public exhibition, but instead to demonstrate 
that a cost effective solar house can be within 
reach, thus allowing people to dream of what 
they may be able to afford. Besides this, we 
aim to illustrate that this restriction does not 
mean a loss of architectural qualities. 

While the design and realization of zero energy homes remains challenging, the technical feasibility of 
this proposition has already been demonstrated by previous Solar Decathlon competitions and other 
initiatives. The challenge ahead is therefore not only to design an attractive zero-energy house, but to 
accomplish this objective in a manner that is economically feasible for a large segment of the population. 
Houses remain very expensive commodities even when using current standards and techniques, 
therefore we have identified AFFORDABILITY as our pivotal criteria for the design of our house. In order 
to accomplish an affordable and attractive zero energy house, we have adopted the following principles: 

principle 1: people-energy 

There exists a strong tradition in Belgium (and many other parts of the world) for a DIY approach to 
housing, at least among some segments of the population. While major structural portions of a house 
are generally contractor built and supervised by professional designers, interior finishes and small 
alterations and additions are often completed by the owners with help of their families. This practice is 
primarily done out of cost considerations, as initial cost savings can be realized when owners complete 
some of the work themselves. In addition, important financing cost savings can also be realized since less 
money is needed from the bank. 

Building upon this DIY-approach we want to 
optimize the ability of people to assemble their 
own houses, safely and according to appropriate 
building standards. We have extended the DIY 
approach to all components of house 
construction, including foundations, structure, 
enclosure, interior finishes, and mechanical and 
electrical installations. For the 2011 Solar 
Decathlon we developed an affordable modular 
DIY “building-kit” for a zero energy house that is 
pre-engineered, factory built, and that can be 
easily assembled on-site without the need for 
special skills or equipment. By doing so, we 
empower people to build their own house by 

lessening dependence on financial institutions, special skills and trades, or equipment. To accomplish 
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these objectives we have placed some restrictions on the maximum weight and scope of each 
component of the house. We also developed guidelines regarding the means and complexity by which 
components are to be connected. 

The “building-kit” approach is aimed at providing an affordable house construction method that thrives 
on the energy that people are willing to invest when yearning for a home. Building upon a global DIY 
market, the approach is also intended to offer an alternative to trailer and modular home types. Our 
efforts can be seen as a further optimization of historic building-kit examples, such as the CECA house in 
Belgium and the Sears Roebuck houses in the US (as vividly illustrated by Buster Keaton in the 1920 silent 
movie “One week”). Some of the shortcomings of previous (and current) house kit systems is that they 
still demanded relative high skill levels, contained too many parts (~30,000 parts), were quite heavy 
(~50-100 Ton), and required onsite installation of most systems (electrical, plumbing,...). Our design 
eliminates these handicaps, by reducing weight (structural optimization), by reducing the number of 
parts (system integration), and by reducing skill level requirements (pre-assembly and convenient 
deployment procedures). 

Principle 2: Phased 

The house can be accomplished in several phases if so desired by the clients. Starting with a “starter 
unit” one can gradually upgrade the house. This includes upgrades to the PV system, interior finishes, 
extensions, etc. This strategy minimizes initial financial needs and thus reduces the financing costs. The 
house becomes more affordable by spreading the investment over time and by allowing people to finish 
it according to their own pace and budget (=less money from the bank). 

Principle 3: Plug and Play 

In previous editions of the Solar 
Decathlon, teams have often adopted 
a manufacturing approach whereby 
the entire house (or large segments 
thereof) are constructed off-site and 
subsequently shipped to Washington 
DC. The main advantage of this 
approach is that it warrants an easy 
and predictable on-site construction 
process. One of the disadvantages 
however, as revealed by some of the 
2009 teams, is that this approach 
results in a high level of structural 
redundancy because of the 
transportation requirements, and 
therefore increases cost. In line with our overall “building-kit” approach and emphasis on affordability 
our design exists of an on-site dry assembly process for our house using the plug and play principle. For 
example, we use a flexible base box that contains all technical amenities used in our house. Additional 
house systems plug into the base box, which also stands ready for future expansion. This system 
integration strategy for water distribution, heat pumps, and other related systems can significantly 
reduce costs. 
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Principle 4: Structural flexibility 

We use an open source industrial pallet rack system for the main structure. The benefits include the very 
low cost and availability of such systems, standardized and pre-engineered connection details that 
require no tools, and the fact that the performance of these systems is strictly regulated in existing 
building codes, including their seismic performance. These systems also allow for ample implementation 
flexibility as they come in various sizes and structural capacities.  

Principle 5: Passive Standard 

Rather than a restrictive objective, we use the passive standard as a directive to search for an optimum 
between the cost of limiting the energy demand and the cost of the PV system. We have adopted the 
passive house standard in a critical manner which implies performance standards for the building 
envelop. 

When addressing issues of affordability in the context of zero energy house design, it is critically 
important to minimize the energy demand, especially considering the cost associated with installing a PV 
system. A delicate balance is sought between the cost of the PV system in relation to its surface area and 
efficiency, and the buildings overall energy demand. The added cost of a high performing envelop is 
offset by a reduced energy demand, allowing for a more affordable PV system. These are not fixed 
targets as the efficiency of PV systems increases and their cost decreases when newer technologies 
become available. Buildings also typically outlive their technical installations. Fortunately there are some 
certainties in this equation, namely to keep energy demand low, optimize direct solar gain/shading, and 
allow for PV system updates. Therefore, in order to assure long term viability of our design we adopt a 
passive house standard as our starting point and allow for periodic updates of the PV system, while also 
adopting passive solar design strategies. 
 

 

 

 

 

 

 

 

 

 



 
 

12 

4 Engineering Design Narrative  
 
Energy - heating, ventilation & air-conditioning 
 
One of the design goals is to apply the concept of ‘plug & play and affordability & flexibility’ throughout 
the whole design process. The design of the E-cube is aimed to demonstrate the different possibilities for 
creating an energy-efficient and sustainable environment with a minimum of resources. Both the (1) 
decisions made in the concept phase, (2) the engineering decisions and (3) the integration of technical 
building services were faced towards a sustainable solution for providing thermal comfort. This 
interaction between passive and active measures for reducing thermal loads is expected to provide an 
optimal result. 
 
Concept phase 
 
The E-cube is conceptualized as a simple rectangular building, whereby compactness is assured by 
optimizing the ratio of surface area to the building’s volume. Windows are placed at strategic locations to 
optimize solar gains in winter conditions and avoid overheating in the summer. In addition, the total 
number of windows are limited and are placed at architecturally interesting locations. The flat roof of the 
building provides space for solar panels and makes it possible to increase the energy gains. 
 
Secondly, we opted for the interior space not to be overly divided,  and thus create one large room. This 
concept has several thermal and spatial advantages, such as a great sense of spaciousness and the 
possibility to use natural ventilation flows as a measure to reduce heating and cooling loads. This single-
zone concept provides the possibility to use a simple, flexible heating/cooling distribution system. The 
technical facilities are located in a central area and heating/cooling energy is transported through a 
flexible water pipe system, with convection heating and cooling elements. 
 
Engineering 
 
The building envelope consists of flexible panels equipped with highly efficient thermal insulation. All the 
requirements to achieve a “passive house” standard are met: walls U-value = 0,12 W/m2K, windows U-
value = 0,6 W/m2K and an air tightness of  < 0,6 h-1. Also, solar shading is essential to either benefit from 
solar energy in winter conditions and keep solar radiation away in summer conditions. 
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Building services 

Fig. Building services scheme 
 
Besides the introduction of passive energy reducing measures, in order to accomplish a zero energy 
design, the remaining energy needs will be generated on-site in a sustainable way. To meet this demand, 
active systems (heat pump, …) are integrated. We have opted for a combined system for domestic hot 
water and heating in a single boiler. This concept is in line with our concept of 'plug & play, affordability 
and flexibility'. The boiler is initially driven by thermal solar collectors on the roof. A reversible heat pump 
is used as a back-up driver of the boiler in winter conditions. In summer, it is possible to use the 
reversible heat pump for cooling, so it is possible to provide domestic hot water and cooling at the same 
time. 
 
A system for mechanical ventilation with highly efficient heat-recovery (>80%) is integrated in the 
technical area. A summer bypass and dehumidification are provided for summer conditions to achieve an 
optimal environment. 
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5 Structural Calculations 

5.1 Personnel 
Design of the structure and structural calculations made by: 

Wieland Wuyts 
Student 2nd Master Civil Engineering at the Ghent University 
0032 485 424343 
wieland.wuyts@ugent.be 

Structural calculation checked by: 

Rolf Van Steenwegen & Klaas De Rycke 

5.2 Design Codes & References 
2011 Solardecathlon Building Code 

2011 Solardecathlon Rules & Regulations 

EN 1990 'Eurocode: Basis of structural design' 

EN 1991 'Eurocode: Actions on structures' 

EN 1993 'Eurocode: Design of steel structures' 

EN 1995 'Eurocode: Design of timber structures' 

The European design codes are used because the building will also be constructed in Belgium. If the SD 
rules are more severe than those prescribed in the Eurocodes the SD rules will be applied.   

5.3 Symbols used in the structural part of the project manual 
   Area 

 Exposure factor 

  Directional factor (wind loads) 

  External wind pressure coefficient  

  Internal wind pressure coefficient  

 Seasonal factor (wind loads) 

  Thermal coefficient 

  Second moment of area 
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  Radius of gyration 

 Yield strength 

  Bending moment 

  Normal force 

  Basic velocity pressure 

  Peak velocity pressure 

 Characteristic snow load 

  Shear force 

  Fundamental basic wind speed 

   Basic wind speed 

   Section modulus 

  Imperfection factor 

  Relative deformation 

  Slenderness 

 Partial safety factor  

  Reduction factor for the relevant bucking mode 

  Combination factor 

 Snow load shape coefficient 

5.4 Loads 

5.4.1 Dead Loads 
In this paragraph the dead loads will be determined. In this design stage the exact weight of non-
structural bearing elements such as wall panels is unknown. A conservative estimation is made for those 
elements.  

5.4.1.1 Roof 
Sandwich panel:  

PV-modules:    
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Roof finish   + 

5.4.1.2 1ste Floor 

    

Floor:   0,3    

Decking   +

5.4.1.3 Ground Floor panels 

 

    

Sandwich panel:  

Decking  0  +

5.4.1.4 Wall Panels 

 

    

Sandwich panel:  

Wall finish:   +

5.4.1.5 Structural steel elements 

 

    

The exact value of the dead loads of these elements is determined using: 

 

5.4.2 Live Loads 
SD Building Code:  Interior floors: 

    

EN 1991-1-4 (Eurocode 1 part 4): Residential Area -> Category A  

 

 Event condition is governing the design 

5.4.3 Snow Loads 
SD Building Code: Snow roof live load: 

 

EN 1991-1-4:  Access for normal maintenance -> Category H ->   

Snow loads: Locations is below 100m AMSL:   

 

Total Live load using the Eurocodes:  
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 Event condition is governing the design 

5.4.4 Wind Loads 
SD Building Code: 60 mph (3-sec gust) 

 

This is equal to a 10 min mean velocity of  1

 

 

EN 1991-1-1: Belgium 26,2 m/s (characteristic 10 min mean wind velocity) 

Lungu, D., Van Gelder, P.H.A.J.M., and Trandafir, R., 1996. Comparitive study of Eurocode 1, ISO and 
ASCE procedures for calculating wind loads, IABSE Report. Vol. 74, pp. 345-354, Delft, March 1996. 

It is very difficult to compare the different procedures for calculating wind loads. We can't just compare 
the basic wind speed, other factors like terrain influence and gust parameters are also different in these 
codes. In this document we use the Eurocode wind load procedure for permanent structures, instead of 
the SD building code which assumes temporary structures (the normal 3-sec gust wind speed in 
Washington D.C. equals 90mph instead of 60mph in the SD building code). 

5.4.4.1 Determination of the basic wind pressures 
In this paragraph the wind pressures will we determined as prescribed in the Eurocodes. The wind action 
is represented by a simplified set of pressures whose effects are equivalent to the extreme effects of the 
turbulent wind. Normally for each wind direction a different set of pressures is determined. Our building, 
the E-cube, has an almost square footprint, vertical walls and a flat roof. Thus for simplicity a set of 
pressure zones will be determined for one wind direction (the most severe), and all other wind directions 
will result in the same set of pressure zones. This method results in a small overestimation of the wind 
pressures for the other wind directions, this is a safe approach.   

5.4.4.1.1 Basic values 
The fundamental value of the basic wind velocity  is the characteristic 10 minutes mean wind 

velocity, irrespective of wind direction and time of year, at 10 m above ground level in open country 
terrain with low vegetation such as grass and isolated obstacles with separations of at least 20 obstacle 
heights. At the pre-event location in Belgium the fundamental value of the basic wind velocity is equal 
to: 

 

                                                           
1 : (Comparative study of Eurocode 1, ISO and ASCE procedures for calculating wind loads by Dan Lungu, 
Professor at the Technical University of Civil Engineering of Bucharest, Romania) 

 

http://www.citg.tudelft.nl/live/pagina.jsp?id=ec906edd-af0e-4ba1-bcd8-18e7e7cd73ab&lang=en&binary=/doc/paper8.pdf�
http://www.citg.tudelft.nl/live/pagina.jsp?id=ec906edd-af0e-4ba1-bcd8-18e7e7cd73ab&lang=en&binary=/doc/paper8.pdf�


 
 

18 

The basic wind velocity shall be calculated using the following expression: 

 

• The value of the directional factor   for various wind directions may be found in the National 

Annex. The recommended value is 1,0. 

• The value of the season factor  may be given in the National Annex. The recommended  

value is 1,0. 

5.4.4.1.2 Basic velocity pressure 
The basic velocity pressure  is calculated using: 

 

•  is the air density, which depends on the altitude, temperature and barometric pressure to be 

expected in the region during wind storms. The recommended value is 1,25 kg/m3. 

5.4.4.1.3 Terrain category 
The structure must be able to withstand wind actions in an terrain category II: an area with low 
vegetation and isolated obstacles (trees, buildings) with separations of at least 20 obstacle heights. This 
is a common situation in the countryside of Belgium. The terrain parameters for this Class II terrain 
category are the roughness length  and is the minimum height  are given: 

 

5.4.4.1.4 Shape profile of the velocity pressure 
The shape profile of the velocity pressure is depended of aspect ratio h/b. For buildings whose height h is 
less than b the shape profile is: 
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5.4.4.1.5 Peak velocity pressure 
The peak velocity pressure  at height , which includes mean and short-term velocity fluctuations, 

is calculated using using: 

 

•  is the exposure factor determined by figure 4.2 of EN 1991-1-1: 

 
For terrain category II at 20ft height (5,48m) the value of  is 2,0. 

The peak velocity pressure is than, taking into account the shape profile the velocity pressure: 

 

5.4.4.2 External pressure coefficients 
The external pressure coefficients  for buildings and parts of buildings depend on teh ratio h/d and 

the size of the loaded area , which is the area of the structure that produces the wind action in the 

section to be calculated. The external pressure coefficients are given for loaded areas A of 1 m2 and 10 
m2 for a specific type of building. Values for  may be used for the design of the overall load bearing 
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structure of buildings. These values will be determined below and will be used later on to design the 
steel load bearing frame (STOW structure).  

For vertical walls the external pressure coefficients and the division in pressure zones  are given below: 

 

 

For the design of the steel frame (A>10m2) the values of  for the vertical wall zones are given below. 

Than the wind pressure acting on the external surfaces  is obtains using the following expression: 

 

Zone A B C D E 

Cpe -1.20 -0.80 -0.50 0.80 -0.48 
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We [kN/m2] -1.03 -0.69 -0.43 0.69 -0.41 

 

The external pressure coefficients  for a flat roof and the division in pressure zones are given below: 

 

 

For the design of the steel frame (A>10m2) the values of  for the flat roof zones together with the 

external pressures  are given below. 

Zone F G H I 

Cpe -1.80 -1.20 -0.70 0.20 

We [kN/m2] -1.54 -1.03 -0.60 0.17 
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5.4.4.3 Internal pressure coefficients 
The internal pressure coefficient  depends on the size and distribution of the openings in the building 

envelope. For buildings without a dominant face, the internal pressure coefficient  is a function of the 

ratio of the height and the depth of the building, h/d, and the opening ratio μ for each wind direction θ. 
But it is permitted where it is not possible, or not considered justified, to estimate μ for a particular case 
then  should be taken as the more onerous of +0,2 and -0,3. We use this last assumption, this results 

in two possible internal pressures . 

Cpe Wi [kN/m2] 

0.2 0.17 

-0.3 -0.26 

 

5.4.4.4 Wind pressures on surfaces 
To determine the a set of wind pressures the internal and external pressures shall be considered to act at 
the same time. The worst combination of external and internal pressures shall be considered.  

 

This results in two set of wind pressures, the values are in kN/m2 

Zone A B C D E F G H I 

W (Cpi=0.2) -1.20 -0.86 -0.60 0.51 -0.58 -1.72 -1.20 -0.77 -0.34 

W (Cpi=-0.3) -0.77 -0.43 -0.17 0.94 -0.15 -1.29 -0.77 -0.34 0.43 

 

These pressures will be used to determine for example a line load on a structural roof beam. The 
derivation of this list of pressure zones used two assumptions. First for buildings with a height less than 
15 m the value of  may be taken as 1 and second we assume the friction forces are negligible which 

is a acceptable simplification. 
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5.4.5 Seismic Loads 
There are no requirements for seismic design in the SD building code, neither is the pre-event location a 
seismic zone. 

5.4.6 Transportation Loads 
The construction is build on site, there are no transportation loads to consider. 

5.5 Load combinations 

5.5.1 Ultimate limit states (ULS) 
To satisfy the ultimate limit state, the structure must not collapse when subjected to the peak of loads 
for which it was designed. The failure mechanisms that must be checked are bending, shear, 
compression/tension and buckling for elements of the structural system. For the whole structure sliding, 
uplift and lateral stability are checked. 

The load combination in Ultimate limit state is: 

 

 is a partial safety factor for dead loads , it's value depends on the nature of the effect caused by 

the dead loads.  

   For generally negative effects 

   For generally positive effects 

 is a partial safety factor for variable loads , it's value depends on the nature of the effect caused 

by the variable load (e.g. wind loads, live load)  

   For generally negative effects 

   For generally positive effects 

 is a factor for a combination of variable loads. It's purpose is to take in account the improbability that 

all variable loads will peak at the same time.  

  For live loads  

  For snow loads  

  For wind loads 

Note that  is not an algebraic summation because the load can be different in nature an occurrence. 

This method, prescribed by the Eurocode, is based on a probability of failure of 1/1000 during a lifetime 
of 100 years. 
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5.5.2 Serviceability limit states (SLS) 
To satisfy the serviceability limit state criteria, a structure must remain functional for its intended use 
subject to routine (everyday) loading, and as such the structure must not cause occupant discomfort 
under routine conditions. This implies that the deformations must be limited to certain values.  

The load combination in Serviceability limit state is: 

 

 is a partial safety factor for variable loads , the values are different than those used in ULS. 

  For generally negative effects 

  For generally positive effects 

The combination factors  are the same as those in Ultimate limit state. 

5.5.3 Summary of loads 
A summary of the loads acting on the structure is given: 

Dead Loads   

Roof 0.8 kN/m2 

Wall 0.5 kN/m2 

First floor 0.6 kN/m2 

Ground floor 0.6 kN/m2 

Structural steel 77 kN/m3 

 

Live Loads   

Interior 2.39 kN/m2 

Roof snow load 0.96 kN/m2 
 

 

Wind Loads [kN/m2] 

Zone A B C D E F G H I 

W (Cpi=0.2) -1.20 -0.86 -0.60 0.51 -0.58 -1.72 -1.20 -0.77 -0.34 
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W (Cpi=-0.3) -0.77 -0.43 -0.17 0.94 -0.15 -1.29 -0.77 -0.34 0.43 

5.6 Calculation methods - Resistance of cross sections 
Resistance of cross sections of structural members is verified according to Eurocode 3 part 1.2 section 
5.4. The calculation methods given in the following paragraphs, these calculations made automatically  in 
the structural program Powerframe from Buildsoft.  

5.6.1 Classification of cross-sections 
In Eurocode 3 four classes of cross-sections are defined, as follows: 

Class 1 cross-sections are those which can form a plastic hinge with the rotation capacity required for 
plastic analysis. 
Class 2 cross-sections are those which can develop their plastic moment resistance, but have limited 
rotation capacity. 
Class 3 cross-sections are those in which the calculated stress in the extreme compression fibre of the 
steel member can reach its yield strength, but local buckling is liable to prevent development of the 
plastic moment resistance. 
Class 4 cross-sections are those in which it is necessary to make explicit allowances for the effects of 
local buckling when determining their moment resistance or compression resistance. 

The classification of a cross-section depends on the proportions of each of its compression elements. A 
cross-section is normally classified by quoting the highest (least favourable) class of its compression 
elements.  

The limiting proportions for Class 1, 2, and 3 compression elements should be obtained from the tables 
below. An element which fails to satisfy the limits for Class 3 should be taken as Class 4. 

The determination of the cross-section classification of the STOW elements is given in Annex C. This 
determination is done manually because of the rare cross-sections. 
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5.6.2 Axial tension 
For members in axial tension, the design value of the tensile force Nsd at each cross-section shall satisfy: 
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And at holes for fasteners the net cross-section shall satisfy: 

 

5.6.3 Axial compression 
For members in axial compression, the design value of the compressive force  at each cross-section 

shall satisfy: 

 

5.6.4 Bending about one axis 
In the absence of shear force, the design moment resistance of a cross-section without holes for 
fasteners may be determined for class 1 and 2 cross-sections as follows: 

 

For a Class 3 cross-section the design moment resistance of the gross section shall be taken as the design 
elastic resistance moment given by: 

 

5.6.5 Bending and axial compression 
In the absence of shear force, Class 3 cross-sections will be satisfactory if the maximum longitudinal 
stress  satisfies the criterion: 

 

Where  

This criterion is equal to the following expression for cross-sections without holes for fasteners: 

 

5.6.6 Shear 
The design value of the shear force  at each cross-section shall satisfy: 
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5.6.7 Bending, axial compression and shear 
If the design value of the shear force  does not exceed 50% of  the shear force may be 

neglected  and the resistance moments of bending and compression may be used. 

If the design value of the shear force  exceeds 50% of the design resistance of the cross-section 

is calculated using the expressions for 'bending and axial compression' with a reduced yield strength  

 

 

5.6.8 Flexural buckling 
The design buckling resistance of a compression member shall be taken as: 

 

Where:    for class 1, 2 or 3 cross-sections 

    is the reductionfactor for flexural buckling 

Values of the reduction factor  for the appropriate non-dimensional slenderness  and relevant 

buckling curve may be obtained from the following table: 
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The non-dimensional slenderness  is calculated using the following expression: 

 

Where: 

 

And , the slenderness for flexural buckling, is calculated using: 

 

 is the bucking length, this conservatively be taken as equal to its system length L.  
 is the radius of gyration about the relevant axis. 

For flexural buckling the appropriate buckling curve is determined from the following table: 
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5.6.9 Lateral torsional buckling 
The design buckling resistance moment of a laterally unrestrained beam shall be taken as: 

 

Where:    for class 1 or 2 cross-sections 

   for class 3 sections 

   is the reduction factor for lateral torsional buckling 

The value of  for the appropriate non-dimensional slenderness may be determined from: 
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The values of the imperfection factor  for lateral torsional buckling should be taken as: 

 for rolled sections 

 for welded sections 

The value of  may be determined from: 

 

 is calculated using annex F of Eurocode 3 part 1. 

5.6.10 Buckling: bending and axial compression 
Members with Class 3 cross-sections subject to combined bending and axial load shall satisfy: 

 

Where    

 

 

 

 

 

5.6.11 Buckling: bending, axial compression, torsional buckling 
Members with Class 3 cross-sections subjected to combined bending and axial force for which lateral-
torsional buckling is a potential failure mode shall satisfy: 
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5.6.12 Bolted connections 
The design resistances given apply to standard manufactured bolts of strength grades from grade 4.6 up 
to and including grade 10.9. The nominal values of the yield strength fyb and the ultimate tensile strength 
fub for these grades are given: 

 

Bolts subject to both shear force and tensile force shall in addition satisfy the following expression: 

 

Where  is the shear resistance: 

 

 

 is the tensile tress area of the bolt, values for standard diameters listed in the table below. 

 is a partial safetyfactor for bolts. 

 

 is the tension resistance: 
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5.7 Deflections 
The limiting values for vertical deflections given below are illustrated by reference to the simply 
supported beam shown: 

 

 is the sagging in the final state relative to the straight line joining the supports. 

 is is the pre-camber (hogging) of the beam in the unloaded state (not applicable in our building). 

 is the variation of the deflection of the beam due to the permanent loads immediately after loading. 

 is the variation of the deflection of the beam due to the variable loading plus any time dependent 

deformations due to the permanent loads. 

For buildings the recommended vertical deflection are given in the table below. These deflections are 
more severe than normally applied for a steel or wood framed buildings. This to prevent the failure of 
brittle finishes and to prevent visible deformations. 

   

Roofs L/300 L/500 

Floors L/400 L/500 

 
For buildings the recommended limits for horizontal deflections at the tops of the columns are: 
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5.8 Steel Frame - STOW structure 
The steel frame load bearing structure is normally applied for pallet racking in industrial building.  The 
STOW Pal Rack system consists of a full range of basic components and accessories. The fastening of the 
elements is very easy thus the structure can be build with basic tools. The dead weight of these  
components is relatively low. It's possible to assemble the structure yourself with help of some friends 
without needing a crane.  

The components are in mass production so they are easy and inexpensive to obtain. Stow racks and 
shelving components are normally finished in a high quality epoxy coating. For the E-cube some  
components have a galvanized finish in order to prevent rusting and to better withstand accidental 
damage to the finish. Other components have a powder coating finish to create a hard finish that is 
tougher than conventional paint, this is the standard finish of STOW elements. 
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5.8.1 Overview of the STOW structure 
A general impression of the E-cube STOW structure is given. 



 
 

39 

 

Detailed drawings can be found in the Annex A of the Structural calculation part of the Project Manual. 
The structural design was made in consultation with the architects. In this version the structural design is 
corresponding with the architectural design. 

The orientation of the structure (which facade is oriented to the north) is chosen by the author. This 
affects the structural calculations not at all. 

5.8.1.1 General load bearing system 
The vertical loads on the roof and first floor are transferred on the steel STOW joists. The joists are 
connected to the uprights. These uprights are bolted on top of the ground floor panels. The ground floor 
panels are supported by steel beams. A row of columns is also connected/supported with this  steel 
beam to assure alignment and to minimize the effect of different settlements. These beams are 
supported by foundation supports which can be adjusted to the correct height (more detailed 
information in chapter 12).  

The lateral stability in East-West is secured by the horizontal wind bracers located in the first floor an 
roof and by vertical wind bracers the North and South facade.  

In North-South direction the lateral stability is secured by extra support of the horizontal load bearing 
joists located near the facade and by the triangular framework between the columns. 

For visual guidance the drawings in annex A are recommended. 
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5.8.1.2 Most critical elements 
To limit the amount of calculations only the most critical elements of the structure are considered. These 
critical elements are shown in annex B. In part 7.3 structural stability and deflection are calculated for 
these critical elements. 

5.8.2 Components 

5.8.2.1 Joist PNB 0436/2 
The joist is composed of two cold-formed C-profiles made of steel grade S355MC. They form together a 
hollow box girder which is welded at both ends to connection plates. The connection plates are fitted 
with hooks for fastening the joist to the column. When attached the joist is secured by a bolt.  

 

For structural calculations the connection to the column is considered as hinged. 

The main specifications of this cross-section are given in Annex C.  

5.8.2.2 Upright PLU 16 
The uprights are cold-rolled profiles made of steel S355MC. The uprights have perforations to be able to 
fasted the joists on the uprights. The influence of these openings is incorporated in the manufacturer's 
specifications. A typical STOW frame element consists of two uprights connected by a triangular 
framework. 

 

The main specifications of this cross section are given in Annex C. 
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5.8.2.3 Diagonals  
Diagonals are placed between to uprights to reduce the buckling length of the frames. They are bolted 
on the uprights, we consider this connection as hinged. 

 

The main specifications of this cross-section are given in Annex C. 

5.8.2.4 Footplates 
The uprights are placed on footplates. This connection is also considered as hinged.   

 

5.8.2.5 Row spacer PNAG 0482 
Row spacers are installed between each pair of frames. They are fastened with one bolt at each side to 
the uprights. This connection is considered as hinged. 

 

The main specifications of this cross section are given in Annex C. 
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5.8.2.6 Horizontal wind bracings 
A horizontal wind bracing system consists of two crossed beams. They are bolted to clamps PNHBS70, 
the clamps are bolted on the joists.  

 

The cross-section of these horizontal wind bracings is the same as the diagonals used in the frames. 

5.8.2.7 Vertical wind bracings 
These wind bracings are custom made by STOW for the E-cube. They consist of 4mmx40mm tie rods 
which are tightened using a turnbuckle. The vertical wind bracers are bolted to the joists PNB 0436/2. 

The main specifications of the cross-section are given in Annex C. 

5.8.3 Structural calculations of the critical elements 

5.8.3.1 Critical element no. 1 

5.8.3.1.1 System and Loads 
The reference width of this beam is 1,05 m. The corresponding line loads on this joist are: 
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5.8.3.1.2 Results 
Bending moments [kNm] 

 

Shear forces [kN] 

 

 

Deflection due to variable loads [mm] 

 

 

Total deflection [mm]: 

 

 

5.8.3.1.3 Cross-section resistance and buckling check 
 

Results - Cross-section resistance check EC3 bar 1 

 
cross-section : @S@-PNB0436 orientation : 0.00 ° fy : 355.00 N/mm² 
 
 tensile force 0.00 % 
 compressive force 0.00 % 
 moment My' 33.59 % 

 moment Mz' 0.00 % 
 shear force Vz' 5.72 % 
 shear force  Vy' 0.00 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
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 moment My' and Mz' + normal force 33.59 % 
 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
bar is not subjected to tension 
 
detail design check : compressive force 
bar is not subjected to compression 
 
detail design check : moment My' 
distance from node 1 : 180 cm 
for combination ULS FC 1 
My = 5.09 kNm 
section class : 3 
Wely = 47.0 cm³ 
Mely.Rd = 15.17 kNm 
 
detail design check : moment Mz' 
bar is not subjected to bending Mz' 
 
detail design check : shear force Vz' 
maximum at node 2 
for combination ULS FC 1 
Vz = 5.66 kN 
Avz = 5.31 cm² 
Vz.Rd = 98.94 kN 
 
detail design check : shear force  Vy' 
bar is not subjected to shear force Vy' 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 1 : 180 cm 
for combination ULS FC 1 
N = 0.00 kN (tension), My = 5.09 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 10.45 cm², Wely = 47.0 cm³, Welz = 17.5 cm³ 
Npl.Rd = 337.25 kN, Mely.rd = 15.17 kNm, Melz.rd = 5.65 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
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bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 1 

 
cross-section : @S@-PNB0436 length: 360 cm orientation : 0.00 ° fy : 355.00 N/mm² 
buckling length in-plane = 360 cm buckling length out-of-plane = 360 cm 
Lat. torsional buckl. length(z'>0) : 180  (k = 0.50, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 360  (k = 0.50, kw = 1.00) 
 
 normal force, buckling in y'-plane 0.00 % 
 normal force, buckling in z'-plane 0.00 % 
 lateral torsional buckling 60.10 % 

 normal force and moment, buckling 0.00 % 
 normal force and moment, lateral torsional buckling 0.00 % 
 
detail design check : normal force, buckling in y'-plane 
bar is not subjected to compression 
 
detail design check : normal force, buckling in z'-plane 
bar is not subjected to compression 
 
detail design check : lateral torsional buckling 
distance from node 1 : 180 cm 
for combination ULS FC 1 
My = 5.09 kNm 
section class : 3 
Wely = 47.0 cm³ 
C1 = 0.97, Mcr = 17.82 kNm 
lambdaLTS = 0.97, sigmaLT = 0.49, chiLt = 0.56 
Mb.Rd = 8.48 kNm 
 
detail design check : normal force and moment, buckling 
bar is not subjected to compression nor bending 
 
detail design check : normal force and moment, lateral torsional buckling 
no risk for lateral torsional buckling 
lambdaLTS <= 0.40 
 

5.8.3.2 Critical element no. 2 
The joist is lateral supported with diagonal bars to minimize the horizontal displacements. We consider 
both the extreme positive and negative wind loads. This bar is loaded in vertical (roof wind loads) and 
horizontal (facade wind loads) direction. The results are given for both directions. 

The reference width of this beam is 0,75 m for the vertical loads on the roof. The reference width for the 
wind loads equals 1,48 m. Because of the combined loading in two directions the most critical situation is 
not obvious to know, different wind directions are considered.  
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5.8.3.2.1 South Wind 

5.8.3.2.1.1 System and Loads 
Horizontal loads: 

 

Vertical loads: 

 

5.8.3.2.1.2 Results 
Bending moments [kNm] 
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Shear forces [kN] 

 

 

Horizontal deflections due to variable loads [mm] (=total deflection) 
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Vertical deflections due to variable loads [mm]  

 

 

Total deflections [mm]  

 

 

 

5.8.3.2.1.3 Cross section resistance and buckling check 
The cross-section resistance of the elements is checked: 

 

The buckling resistance of the elements is checked: 
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The most critical elements to buckling are the diagonal bracers. Details of the cross section and bucking 
resistance for this element is given: 

 

Results - Cross-section resistance check EC3 bar 1 

 
cross-section : @S@-Diagonaal orientation : 90.00 ° fy : 355.00 N/mm² 
 
 tensile force 0.00 % 
 compressive force 11.63 % 
 moment My' 0.00 % 
 moment Mz' 1.51 % 
 shear force Vz' 0.00 % 
 shear force  Vy' 0.09 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 13.14 % 

 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
bar is not subjected to tension 
 
detail design check : compressive force 
maximum at node 4 
for combination ULS FC 16 
N = 6.74 kN 
section class : 3 
A = 1.80 cm² 
Npl.Rd = 57.93 kN 
 
detail design check : moment My' 
bar is not subjected to bending My' 
 
detail design check : moment Mz' 
distance from node 3 : 72 cm 
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for combination ULS FC 2 
Mz = 0.00 kNm 
section class : 3 
Welz = 1.0 cm³ 
Melz.Rd = 0.32 kNm 
 
detail design check : shear force Vz' 
bar is not subjected to shear force Vz' 
 
detail design check : shear force  Vy' 
maximum at node 3 
for combination ULS FC 2 
Vy = 0.01 kN 
Avy = 0.80 cm² 
Vy.Rd = 14.88 kN 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 3 : 72 cm 
for combination ULS FC 2 
N = 6.74 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
Npl.Rd = 57.93 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 1 

 
cross-section : @S@-Diagonaal length: 145 cm orientation : 90.00 ° fy : 355.00 N/mm² 
buckling length in-plane = 145 cm buckling length out-of-plane = 145 cm 
Lat. torsional buckl. length(z'>0) : 145  (k = 1.00, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 145  (k = 1.00, kw = 1.00) 
 
 normal force, buckling in y'-plane 33.07 % 
 normal force, buckling in z'-plane 64.15 % 
 lateral torsional buckling 0.00 % 
 normal force and moment, buckling 66.42 % 
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 normal force and moment, lateral torsional buckling 66.42 % 
 
detail design check : normal force, buckling in y'-plane 
maximum at node 3 
for combination ULS FC 2 
N = 6.74 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 1.39, chi = 0.35 
Nb.Rd = 20.37 kN 
 
detail design check : normal force, buckling in z'-plane 
maximum at node 4 
for combination ULS FC 16 
N = 6.74 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 2.09, chi = 0.18 
Nb.Rd = 10.50 kN 
 
detail design check : lateral torsional buckling 
no risk for lateral torsional buckling 
lambdaLTS <= 0.40 
 
detail design check : normal force and moment, buckling 
distance from node 3 : 72 cm 
for combination ULS FC 2 
N = 6.74 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiY = 0.35, chiZ = 0.18 
muy = -2.51, ky = 1.50, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : normal force and moment, lateral torsional buckling 
distance from node 3 : 72 cm 
for combination ULS FC 2 
N = 6.74 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
C1 = 1.13, Mcr = 0.91 kNm, lambdaLTS = 0.86, sigmaLT = 0.21 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiLT = 0.76, chiZ = 0.18 
kLT = 1.00, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.47 kNm, Melz.rd = 0.32 kNm 
 



 
 

52 

5.8.3.2.2 North Wind 

5.8.3.2.2.1 System and Loads 
Horizontal loads: 

 

Vertical loads: 

 

5.8.3.2.2.2 Results 
Bending moments [kNm] 
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Shear forces [kN] 

 

 

Horizontal deflections due to variable loads [mm] (=total deflection) 
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Vertical deflections due to variable loads [mm]  

 

 

Total deflections [mm]  

 

 

5.8.3.2.2.3 Cross section resistance and buckling check 
The cross-section resistance of the elements is checked: 

 

The buckling resistance of the elements is checked: 
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The most critical elements to buckling are the not the diagonal bracers because they are subjected to  
tension due to the wind suction. Details of the cross section and bucking resistance for the joist are 
given: 

Results - Cross-section resistance check EC3 bar 5 

 
cross-section : @S@-PNB0436 orientation : 0.00 ° fy : 355.00 N/mm² 
 
 tensile force 0.75 % 
 compressive force 0.00 % 
 moment My' 24.51 % 
 moment Mz' 10.23 % 
 shear force Vz' 1.85 % 
 shear force  Vy' 4.06 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 28.67 % 

 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
maximum at node 4 
for combination ULS FC 2 
N = 2.53 kN 
A = 10.45 cm² 
Npl.Rd = 337.25 kN 
 
detail design check : compressive force 
bar is not subjected to compression 
 
detail design check : moment My' 
distance from node 4 : 80 cm 
for combination ULS FC 25 
My = 3.72 kNm 
section class : 3 
Wely = 47.0 cm³ 
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Mely.Rd = 15.17 kNm 
 
detail design check : moment Mz' 
maximum at node 4 
for combination ULS FC 2 
Mz = 0.58 kNm 
section class : 3 
Welz = 17.5 cm³ 
Melz.Rd = 5.65 kNm 
 
detail design check : shear force Vz' 
maximum at node 5 
for combination ULS FC 25 
Vz = 1.83 kN 
Avz = 5.31 cm² 
Vz.Rd = 98.94 kN 
 
detail design check : shear force  Vy' 
maximum at node 4 
for combination ULS FC 2 
Vy = 2.59 kN 
Avy = 3.43 cm² 
Vy.Rd = 63.91 kN 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 4 : 80 cm 
for combination ULS FC 1 
N = 1.90 kN (tension), My = 3.34 kNm, Mz = 0.34 kNm 
section class Y : 3, section class Z : 3 
A = 10.45 cm², Wely = 47.0 cm³, Welz = 17.5 cm³ 
Npl.Rd = 337.25 kN, Mely.rd = 15.17 kNm, Melz.rd = 5.65 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 5 

 
cross-section : @S@-PNB0436 length: 160 cm orientation : 0.00 ° fy : 355.00 N/mm² 
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buckling length in-plane = 160 cm buckling length out-of-plane = 160 cm 
Lat. torsional buckl. length(z'>0) : 160  (k = 1.00, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 160  (k = 1.00, kw = 1.00) 
 
 normal force, buckling in y'-plane 0.00 % 
 normal force, buckling in z'-plane 0.00 % 
 lateral torsional buckling 51.88 % 
 normal force and moment, buckling 27.33 % 
 normal force and moment, lateral torsional buckling 54.40 % 

 
detail design check : normal force, buckling in y'-plane 
bar is not subjected to compression 
 
detail design check : normal force, buckling in z'-plane 
bar is not subjected to compression 
 
detail design check : lateral torsional buckling 
distance from node 4 : 80 cm 
for combination ULS FC 25 
My = 3.72 kNm 
section class : 3 
Wely = 47.0 cm³ 
C1 = 1.28, Mcr = 13.24 kNm 
lambdaLTS = 1.12, sigmaLT = 0.49, chiLt = 0.47 
Mb.Rd = 7.17 kNm 
 
detail design check : normal force and moment, buckling 
distance from node 4 : 80 cm 
for combination ULS FC 1 
N = 1.90 kN (tension), My = 3.34 kNm, Mz = 0.34 kNm 
section class Y : 3, section class Z : 3 
A = 10.45 cm², Wely = 47.0 cm³, Welz = 17.5 cm³ 
alfaY = 0.34, alfaZ = 0.34, lambdaSY = 0.35, lambdaSZ = 1.05, chiY = 0.95, chiZ = 0.57 
muy = -0.63, ky = 1.00, muz = -1.88, kz = 0.98 
Npl.Rd = 318.98 kN, Mely.rd = 15.17 kNm, Melz.rd = 5.65 kNm 
 
detail design check : normal force and moment, lateral torsional buckling 
distance from node 4 : 80 cm 
for combination ULS FC 25 
N = 0.95 kN (tension), My = 3.72 kNm, Mz = 0.17 kNm 
section class Y : 3, section class Z : 3 
A = 10.45 cm², Wely = 47.0 cm³, Welz = 17.5 cm³ 
C1 = 1.28, Mcr = 13.24 kNm, lambdaLTS = 1.12, sigmaLT = 0.49 
alfaY = 0.34, alfaZ = 0.34, lambdaSY = 0.35, lambdaSZ = 1.05, chiLT = 0.47, chiZ = 0.57 
kLT = 1.00, muz = -1.88, kz = 0.99 
Npl.Rd = 318.98 kN, Mely.rd = 7.17 kNm, Melz.rd = 5.65 kNm 
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5.8.3.2.3 East Wind 

5.8.3.2.3.1 System and Loads 
Horizontal loads: 

 

Vertical loads: 

 

5.8.3.2.3.2 Results 
Bending moments [kNm] 
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Shear forces [kN] 

 

 

Horizontal deflections due to variable loads [mm] (=total deflection) 
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Vertical deflections due to variable loads [mm]  

 

 

Total deflections [mm]  

 

 

5.8.3.2.3.3 Cross section resistance and buckling check 
The cross-section resistance of the elements is checked: 

 

The buckling resistance of the elements is checked: 
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The cross-section and buckling resistance is less critical than in south or north condition. Further details 
of this calculation are not required. 

5.8.3.3 Critical element no. 3 

5.8.3.3.1 System and Loads 
The joist is lateral supported with diagonal bars to minimize the horizontal displacements. The diagonal 
bar is considered as hinged. We consider both the extreme positive and negative wind loads. The joist is 
loaded in vertical (floor load) and horizontal (wind load) direction. The results are given for both 
directions. 

The reference width of this beam is 1,05 m for the vertical loads on the first floor. The reference width 
for the wind loads equals 2,34 m. 

Horizontal loads: two possibilities of wind loads considered, wind pressure (south wind) and suction (east 
wind). 
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Vertical loads: 

 

5.8.3.3.2 Results 
Bending moments [kNm] 
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Shear forces [kN] 

 

 

 

Horizontal deflections due to variable loads [mm] (=total deflection) 
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Vertical deflections due to variable loads [mm]  

 

 

 

 

 

5.8.3.3.3 Cross-section resistance and buckling check 
The cross-section resistance of the elements is checked: 

 

The buckling resistance of the elements is checked: 
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The most critical elements to buckling are the diagonal bracers. Details of the cross section and bucking 
resistance for this element is given: 

Results - Cross-section resistance check EC3 bar 1 

 
cross-section : @S@-Diagonaal orientation : 90.00 ° fy : 355.00 N/mm² 
 
 tensile force 12.97 % 
 compressive force 11.62 % 
 moment My' 0.00 % 
 moment Mz' 1.51 % 
 shear force Vz' 0.00 % 
 shear force  Vy' 0.09 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 14.48 % 

 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
maximum at node 3 
for combination ULS FC 26 
N = 7.51 kN 
A = 1.80 cm² 
Npl.Rd = 57.93 kN 
 
detail design check : compressive force 
maximum at node 4 
for combination ULS FC 48 
N = 6.73 kN 
section class : 3 
A = 1.80 cm² 
Npl.Rd = 57.93 kN 
 
detail design check : moment My' 
bar is not subjected to bending My' 
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detail design check : moment Mz' 
distance from node 3 : 72 cm 
for combination ULS FC 47 
Mz = 0.00 kNm 
section class : 3 
Welz = 1.0 cm³ 
Melz.Rd = 0.32 kNm 
 
detail design check : shear force Vz' 
bar is not subjected to shear force Vz' 
 
detail design check : shear force  Vy' 
maximum at node 4 
for combination ULS FC 49 
Vy = 0.01 kN 
Avy = 0.80 cm² 
Vy.Rd = 14.88 kN 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 3 : 72 cm 
for combination ULS FC 35 
N = 7.51 kN (tension), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
Npl.Rd = 57.93 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 1 

 
cross-section : @S@-Diagonaal length: 145 cm orientation : 90.00 ° fy : 355.00 N/mm² 
buckling length in-plane = 145 cm buckling length out-of-plane = 145 cm 
Lat. torsional buckl. length(z'>0) : 145  (k = 1.00, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 145  (k = 1.00, kw = 1.00) 
 
 normal force, buckling in y'-plane 33.06 % 
 normal force, buckling in z'-plane 64.12 % 
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 lateral torsional buckling 0.00 % 
 normal force and moment, buckling 66.39 % 

 normal force and moment, lateral torsional buckling 66.39 % 
 
detail design check : normal force, buckling in y'-plane 
maximum at node 4 
for combination ULS FC 48 
N = 6.73 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 1.39, chi = 0.35 
Nb.Rd = 20.37 kN 
 
detail design check : normal force, buckling in z'-plane 
maximum at node 4 
for combination ULS FC 48 
N = 6.73 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 2.09, chi = 0.18 
Nb.Rd = 10.50 kN 
 
detail design check : lateral torsional buckling 
no risk for lateral torsional buckling 
lambdaLTS <= 0.40 
 
detail design check : normal force and moment, buckling 
distance from node 3 : 72 cm 
for combination ULS FC 47 
N = 6.73 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiY = 0.35, chiZ = 0.18 
muy = -2.51, ky = 1.50, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : normal force and moment, lateral torsional buckling 
distance from node 3 : 72 cm 
for combination ULS FC 47 
N = 6.73 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
C1 = 1.13, Mcr = 0.91 kNm, lambdaLTS = 0.86, sigmaLT = 0.21 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiLT = 0.76, chiZ = 0.18 
kLT = 1.00, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.47 kNm, Melz.rd = 0.32 kNm 
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5.8.3.4 Critical element no. 4 

5.8.3.4.1 System and Loads 
The reference width of this beam is 1,05 m. The corresponding line loads on this beam are: 

 

5.8.3.4.2 Results 
Bending moments [kNm] 

 

Shear forces [kN] 

 

 

Deflection due to variable loads [mm] 

 

 

Total deflection [mm]: 
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To make sure that the vertical deflections should not exceed the limits more detailed calculations are 
made using the type of connection to the PLU16 uprights. The connection can be modeled as an elastic 
hinge, specified by the manufacturer  is equal to: 

 

Using this value the deflections are: 

Deflection due to variable loads [mm] 

 

 

Total deflection [mm]: 

 

 

5.8.3.4.3 Cross-section resistance and buckling check 
 
The detailed model was used to check the cross-section and bucking resistance. 
 

Results - Cross-section resistance check EC3 bar 1 

 
cross-section : @S@-PNB0436 orientation : 0.00 ° fy : 355.00 N/mm² 
 
 tensile force 0.00 % 
 compressive force 0.00 % 
 moment My' 41.19 % 

 moment Mz' 0.00 % 
 shear force Vz' 8.59 % 
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 shear force  Vy' 0.00 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 41.19 % 
 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
bar is not subjected to tension 
 
detail design check : compressive force 
bar is not subjected to compression 
 
detail design check : moment My' 
distance from node 1 : 180 cm 
for combination ULS FC 1 
My = 6.25 kNm 
section class : 3 
Wely = 47.0 cm³ 
Mely.Rd = 15.17 kNm 
 
detail design check : moment Mz' 
bar is not subjected to bending Mz' 
 
detail design check : shear force Vz' 
maximum at node 1 
for combination ULS FC 1 
Vz = 8.50 kN 
Avz = 5.31 cm² 
Vz.Rd = 98.94 kN 
 
detail design check : shear force  Vy' 
bar is not subjected to shear force Vy' 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 1 : 180 cm 
for combination ULS FC 1 
N = 0.00 kN (tension), My = 6.25 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 10.45 cm², Wely = 47.0 cm³, Welz = 17.5 cm³ 
Npl.Rd = 337.25 kN, Mely.rd = 15.17 kNm, Melz.rd = 5.65 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
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contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 1 

 
cross-section : @S@-PNB0436 length: 360 cm orientation : 0.00 ° fy : 355.00 N/mm² 
buckling length in-plane = 360 cm buckling length out-of-plane = 360 cm 
Lat. torsional buckl. length(z'>0) : 180  (k = 0.50, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 360  (k = 0.50, kw = 1.00) 
 
 normal force, buckling in y'-plane 0.00 % 
 normal force, buckling in z'-plane 0.00 % 
 lateral torsional buckling 87.99 % 

 normal force and moment, buckling 0.00 % 
 normal force and moment, lateral torsional buckling 0.00 % 
 
detail design check : normal force, buckling in y'-plane 
bar is not subjected to compression 
 
detail design check : normal force, buckling in z'-plane 
bar is not subjected to compression 
 
detail design check : lateral torsional buckling 
distance from node 1 : 180 cm 
for combination ULS FC 1 
My = 6.25 kNm 
section class : 3 
Wely = 47.0 cm³ 
C1 = 0.71, Mcr = 13.05 kNm 
lambdaLTS = 1.13, sigmaLT = 0.49, chiLt = 0.47 
Mb.Rd = 7.10 kNm 
 
detail design check : normal force and moment, buckling 
bar is not subjected to compression nor bending 
 
detail design check : normal force and moment, lateral torsional buckling 
no risk for lateral torsional buckling 
lambdaLTS <= 0.40 
 

5.8.3.5 Critical element no. 5 
This joists is not braced on both sides because were the second bar would be there is a stairway placed. 
If we don't take additional measures the joists horizontal displacements would be unacceptably high. 
Therefore we make sure that the stairway is rigid and connected at the top to the joist, so we can 
assume that on that side the joist is clamped. 
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The reference width for the wind loads is 2,34 m. There are no vertical loads on this joist. 

5.8.3.5.1 System and Loads 

 

5.8.3.5.2 Results 
Bending moments [kNm]  

 

Shear forces [kN] 
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Deflection due to variable loads [mm] (= total deflection) 

 

5.8.3.5.3 Cross-section resistance and buckling check 
The cross-section resistance of the elements is checked: 

 

The buckling resistance of the elements is checked: 
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The most critical element to buckling is the diagonal bracer. Details of the cross section and bucking 
resistance for this element is given: 

Results - Cross-section resistance check EC3 bar 1 

 
cross-section : @S@-Diagonaal orientation : 90.00 ° fy : 355.00 N/mm² 
 
 tensile force 17.34 % 
 compressive force 16.44 % 
 moment My' 0.00 % 
 moment Mz' 1.51 % 
 shear force Vz' 0.00 % 
 shear force  Vy' 0.09 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 18.85 % 

 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
maximum at node 3 
for combination ULS FC 7 
N = 10.05 kN 
A = 1.80 cm² 
Npl.Rd = 57.93 kN 
 
detail design check : compressive force 
maximum at node 3 
for combination ULS FC 9 
N = 9.52 kN 
section class : 3 
A = 1.80 cm² 
Npl.Rd = 57.93 kN 
 
detail design check : moment My' 
bar is not subjected to bending My' 



 
 

75 

 
detail design check : moment Mz' 
distance from node 3 : 72 cm 
for combination ULS FC 1 
Mz = 0.00 kNm 
section class : 3 
Welz = 1.0 cm³ 
Melz.Rd = 0.32 kNm 
 
detail design check : shear force Vz' 
bar is not subjected to shear force Vz' 
 
detail design check : shear force  Vy' 
maximum at node 4 
for combination ULS FC 9 
Vy = 0.01 kN 
Avy = 0.80 cm² 
Vy.Rd = 14.88 kN 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
distance from node 3 : 72 cm 
for combination ULS FC 7 
N = 10.05 kN (tension), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
Npl.Rd = 57.93 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 1 

 
cross-section : @S@-Diagonaal length: 145 cm orientation : 90.00 ° fy : 355.00 N/mm² 
buckling length in-plane = 145 cm buckling length out-of-plane = 145 cm 
Lat. torsional buckl. length(z'>0) : 145  (k = 1.00, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 145  (k = 1.00, kw = 1.00) 
 
 normal force, buckling in y'-plane 46.74 % 
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 normal force, buckling in z'-plane 90.67 % 
 lateral torsional buckling 0.00 % 
 normal force and moment, buckling 92.94 % 

 normal force and moment, lateral torsional buckling 92.94 % 
 
detail design check : normal force, buckling in y'-plane 
maximum at node 4 
for combination ULS FC 10 
N = 9.52 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 1.39, chi = 0.35 
Nb.Rd = 20.37 kN 
 
detail design check : normal force, buckling in z'-plane 
maximum at node 4 
for combination ULS FC 10 
N = 9.52 kN 
section class : 3 
A = 1.80 cm² 
alfa = 0.49, lambdaS = 2.09, chi = 0.18 
Nb.Rd = 10.50 kN 
 
detail design check : lateral torsional buckling 
no risk for lateral torsional buckling 
lambdaLTS <= 0.40 
 
detail design check : normal force and moment, buckling 
distance from node 3 : 72 cm 
for combination ULS FC 9 
N = 9.52 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiY = 0.35, chiZ = 0.18 
muy = -2.51, ky = 1.50, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.61 kNm, Melz.rd = 0.32 kNm 
 
detail design check : normal force and moment, lateral torsional buckling 
distance from node 3 : 72 cm 
for combination ULS FC 9 
N = 9.52 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 1.80 cm², Wely = 1.9 cm³, Welz = 1.0 cm³ 
C1 = 1.13, Mcr = 0.91 kNm, lambdaLTS = 0.86, sigmaLT = 0.21 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.39, lambdaSZ = 2.09, chiLT = 0.76, chiZ = 0.18 
kLT = 1.00, muz = -3.77, kz = 1.50 
Npl.Rd = 10.50 kN, Mely.rd = 0.47 kNm, Melz.rd = 0.32 kNm 
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5.8.3.6 Critical element no. 6  
This PLU frame is braced only at the upper half of the frame. The loads are applied as point loads where 
the joists are fastened to the frame. At this connections no lateral movements of the frame are allowed. 
The effective area for one upright for vertical loads is 1,05x3,70m = 3,89m2. 

5.8.3.6.1 System and Loads 

 

5.8.3.6.2 Results 
The bending moments, shear forces and deflections of this element are negligible. The uprights are 
mainly subjected to axial compression. 

The normal forces are [kN]: 
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5.8.3.6.3 Cross-section resistance and buckling check 
The buckling resistance of the elements is checked:  The cross-section resistance of the elements is 

checked: 

 

  

For an upright details of the cross-section and buckling resistance is given: 

Results - Cross-section resistance check EC3 bar 2 

 
cross-section : @S@-Kolom 100 STOW orientation : 0.00 ° fy : 355.00 N/mm² 
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 tensile force 0.00 % 
 compressive force 13.08 % 
 moment My' 0.13 % 
 moment Mz' 0.00 % 
 shear force Vz' 0.00 % 
 shear force  Vy' 0.00 % 
 moment My' + shear force Vz' 0.00 % 
 moment Mz' + shear force  Vy' 0.00 % 
 moment My' and Mz' + normal force 13.12 % 

 moment My' and Mz' + shear force Vz' and Vy' + normal force 0.00 % 
 
detail design check : tensile force 
bar is not subjected to tension 
 
detail design check : compressive force 
maximum at node 5 
for combination ULS FC 8 
N = 26.17 kN 
section class : 3 
A = 6.20 cm² 
Npl.Rd = 200.09 kN 
 
detail design check : moment My' 
maximum at node 6 
for combination ULS FC 9 
My = 0.00 kNm 
section class : 3 
Wely = 8.4 cm³ 
Mely.Rd = 2.71 kNm 
 
detail design check : moment Mz' 
bar is not subjected to bending Mz' 
 
detail design check : shear force Vz' 
bar is not subjected to shear force Vz' 
 
detail design check : shear force  Vy' 
bar is not subjected to shear force Vy' 
 
detail design check : moment My' + shear force Vz' 
contribution of shear force Vz' is negligible 
 
detail design check : moment Mz' + shear force  Vy' 
contribution of shear force Vy' is negligible 
 
detail design check : moment My' and Mz' + normal force 
maximum at node 6 
for combination ULS FC 8 
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N = 26.02 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 6.20 cm², Wely = 8.4 cm³, Welz = 18.5 cm³ 
Npl.Rd = 200.09 kN, Mely.rd = 2.71 kNm, Melz.rd = 5.97 kNm 
 
detail design check : moment My' and Mz' + shear force Vz' and Vy' + normal force 
contribution of shear force is negligible 
 
detail design check : torsion 
bar is not subjected to torsion 
 

Results - Buckling check EC3 bar 2 

 
cross-section : @S@-Kolom 100 STOW length: 236 cm orientation : 0.00 ° fy : 
355.00 N/mm² 
buckling length in-plane = 169 cm buckling length out-of-plane = 138 cm 
Lat. torsional buckl. length(z'>0) : 236  (k = 1.00, kw = 1.00) 
Lat. torsional buckl. length(z'<0) : 236  (k = 1.00, kw = 1.00) 
 
 normal force, buckling in y'-plane 24.37 % 

 normal force, buckling in z'-plane 15.39 % 
 lateral torsional buckling 0.15 % 
 normal force and moment, buckling 24.36 % 
 normal force and moment, lateral torsional buckling 15.43 % 
 
detail design check : normal force, buckling in y'-plane 
maximum at node 5 
for combination ULS FC 8 
N = 26.17 kN 
section class : 3 
A = 6.20 cm² 
alfa = 0.49, lambdaS = 1.01, chi = 0.54 
Nb.Rd = 107.40 kN 
 
detail design check : normal force, buckling in z'-plane 
maximum at node 5 
for combination ULS FC 8 
N = 26.17 kN 
section class : 3 
A = 6.20 cm² 
alfa = 0.49, lambdaS = 0.49, chi = 0.85 
Nb.Rd = 169.99 kN 
 
detail design check : lateral torsional buckling 
maximum at node 6 
for combination ULS FC 9 
My = 0.00 kNm 
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section class : 3 
Wely = 8.4 cm³ 
C1 = 1.13, Mcr = 7.59 kNm 
lambdaLTS = 0.63, sigmaLT = 0.21, chiLt = 0.88 
Mb.Rd = 2.38 kNm 
 
detail design check : normal force and moment, buckling 
distance from node 5 : 24 cm 
for combination ULS FC 8 
N = 26.15 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 6.20 cm², Wely = 8.4 cm³, Welz = 18.5 cm³ 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.01, lambdaSZ = 0.49, chiY = 0.54, chiZ = 0.85 
muy = -0.40, ky = 1.09, muz = -0.88, kz = 1.12 
Npl.Rd = 107.40 kN, Mely.rd = 2.71 kNm, Melz.rd = 5.97 kNm 
 
detail design check : normal force and moment, lateral torsional buckling 
maximum at node 6 
for combination ULS FC 8 
N = 26.02 kN (compression), My = 0.00 kNm, Mz = 0.00 kNm 
section class Y : 3, section class Z : 3 
A = 6.20 cm², Wely = 8.4 cm³, Welz = 18.5 cm³ 
C1 = 1.13, Mcr = 7.59 kNm, lambdaLTS = 0.63, sigmaLT = 0.21 
alfaY = 0.49, alfaZ = 0.49, lambdaSY = 1.01, lambdaSZ = 0.49, chiLT = 0.88, chiZ = 0.85 
kLT = 1.00, muz = -0.88, kz = 1.12 
Npl.Rd = 107.40 kN, Mely.rd = 2.38 kNm, Melz.rd = 5.97 kNm 
 

5.8.4 Point load connections 

5.8.4.1 Fastening of the vertical wind bracings 
The vertical wind bracings are bolted to joists PNB 0436/2. The maximal axial force in ULS equals (see 
part 13.3.3.2) 

 

If we use bolts M14 6.8 the shear resistance of the bolt is calculated: 

 

The expression for the resistance of bolts if  (do not overtighten the bolt) equals 
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5.8.4.2 Fastening of the horizontal wind bracings 
The horizontal wind bracings are bolted to a clamp which is fastened to a joist PNB 0436/2. The maximal 
axial force equals (see part 13.3.3.1) 

 

If we use bolts M10 5.8 the shear resistance of the bolt is calculated: 

 

The expression for the resistance of bolts if  (do not overtighten the bolt) equals 

 

5.8.4.3 Fastening of the solar panels 
In this design stage the solar panels are not yet specified, in a later version of the project manual the 
fastening of these panels will be determined. 

5.9 Roof panels 
The roof will consist of sandwich panels perpendicular to the direction of the STOW joists. A sandwich 
panel consist of stiff PU-insulation squeezed between two plywood panels. On the sides there are 
wooden stiffening beams. The sandwich panels will be fabricated by "Unilin". 

5.10 Wall panels 
The walls will consist of sandwich panels, a standard panel will be 1,05m wide and 2,37m height (two 
panels will be placed on top of each other). The panels support on the floor panels, for lateral stability 
they will be connected to the STOW frames PLU16 or joists PNB0436/2. These sandwich panels will be 
fabricated by "Unilin".  

5.11 Ground floor panels 
The floor sandwich panels are 1,05m wide and approximately 3,9m long. They and will be places in the 
same direction as the STOW joists PNB0436/2. It's likely that an intermediate support will be needed for 
the 3,60m span of one panel.  

The Floor panels will support the whole structure above, local reinforcement of the panels directly 
underneath the STOW uprights may be required.  

These sandwich panels will also be fabricated by "Unilin". 

5.12 Foundations 
The whole STOW structure (including roof, wall and first floor panels) are placed on the ground floor 
panels. These panels are supported by steel UPN 160 beams as shown by the drawings below.  
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The UAP beams are supported by scissor jacks which can be adjusted to the desired height. The load 
bearing capacity of one jack is 3000 kg (6614 lb). 

 

The top plate of each jack is bolted on two points to the UPN beams so that we can assume lateral  
stability in one direction. The bottom plates are bolted to the distribution plate, this connection provides 
lateral stability in the other direction.  
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The jacks are placed directly under the STOW uprights. The results of the cross-section resistance of the 
UPN beams are given [0-1, failure above 1.00]. 

 

Detailed specifications of an UPN 160 cross-section are given in Annex C.   

The loads on the ground floor panels may be adjusted due to the dead weight of technical installations, 
water tanks used as thermal mass, etc. Furthermore the dead weight of the sandwich panels is probably 
overestimated which is a save approach for structural calculations of elements. At this design stage we 
make an estimation, with the information available, of the maximum loads on the footings are [kN]. 

X
Y Z

UPN 160 
Load distribution 
plate 
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The dimensions of a load distribution plate are determined by the maximum load 21,91 kN. The 
maximum 71,8 kN/m2. This gives us a minimum surface of 0,30m2 for one footplate. For example stiff 
square footplates of 0,6m by 0,6m can be used to spread out the loads. Probably in future the size of the 
footplates can be reduced because of the conservative estimations made earlier. 

5.13 Overall stability 

5.13.1 Uplift 
The whole structure is subjected to the most negative combination of loads which results in the peak 
uplift condition. The footings can only support downwards forces. The deflections of the structure for 
the most negative uplift condition are [mm]: 

 

The structure is locally distorted upwards, further more minimal the forces (most negative uplift 
condition) on the footings are given [kN]: 
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For the highlighted footing the vertical force equals zero. Thus we will need tie downs on the corner of 
the structure to prevent local uplift. The vertical forces (most severe uplift condition) on the footings 
when using tie downs at the corners of the structure are [kN] 

 

The vertical deflections are [mm]: 
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5.13.2 Sliding 
There is friction of the load distribution plates on the ground and the tie-downs can be placed at an 
angle to be able to take horizontal loads. The horizontal load are given [kN]: 

 

The horizontal forces are acceptable to be taken by the tie downs. Furthermore there are a lot of 
footplates which take the horizontal loads by friction. No additional measures have to be taken regarding 
sliding of the structure. 

5.13.3 Lateral stability 
The deflections in the x and z direction are checked. Furthermore the resistance of the wind bracing 
elements is checked. 

5.13.3.1 Deflections in the z-direction 
Deflections [mm] 
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5.13.3.2 Deflections in the x-direction 
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5.13.3.3 Resistance of the wind bracing elements 
The cross-section resistance of these elements will be checked. These elements are modeled as tie rods 
so no bucking resistance check is required. 

5.13.3.3.1 Cross-section resistance of the horizontal wind bracings 
Values in % (100%=failure) 

 

For the calculations of the bolted connections the axial forces are given [kN] 
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5.13.3.3.2 Cross-section resistance of the vertical wind bracings 
Values in % (100%=failure) 

 

For the calculations of the bolted connections the axial forces are given [kN] 
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5.13.3.3.3 Cross-section resistance of the frame diagonals 
Values in % (100%=failure) 
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5.13.3.3.4 Buckling resistance of the frame diagonals 
Values in % (100%=failure) 
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Annex A: Structural drawings 
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Annex B: Most critical elements & Loads 
Roof: South Wind 

 

 

 

Zone F: -1 72 kN/m2 Zone G: -1 20 kN/m2 Zone F: -1 72 kN/m2 

Zone H: -0 77 kN/m2 

Zone I: +0,43 kN/m2 or -0,34 kN/m2 

Critical element no. 1 

Critical element no. 2 

Critical element no. 6 
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1st floor: Liveloads 

Critical element no. 3 

Interior Live Load:  
+2 39 kN/m2 

Interior Live Load:  
+2 39 kN/m2 

Critical element no. 4 

Critical element no. 5 

Critical element no. 6 
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South Facade: East Wind 

 

South Facade: West Wind 

Zone A:  
-1 20 kN/m2 

Zone B:  
-0 86 kN/m2 

Critical element no.  
 

Critical element no.  
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Critical element no. 5  
 

Zone A:  
-1 20 kN/m2 

Zone B:  
-0 86 kN/m2 
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South Facade: South Wind 

 

East Facade: South Wind 

Zone D:  
+0 94 

 

Critical element no. 5  
 

Critical element no.  
 

Critical element no.  
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Zone A:  
1 20 kN/m2 

Zone B:  
-0 86 kN/m2 
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Annex C: Specifications of Elements 

Joist PNB 0436/2 

 

A = 10,45 cm² 
Iy = 375,62 cm4 
Iz = 43,63 cm4 
Wy = 46,95 cm³ 
Wz, = 17,45 cm³ 
iy = 6,00 cm 
iz = 2,04 cm 
Wpl,y = 57.2 cm³ 
Wpl,z = 20.0 cm³ 
Avz = 5.31 cm² 
Avy = 3.43 cm² 
fy =  355 N/mm2 

E = 210 GPa 
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G = 8.3 kg/m 
 

Cross-section classification: 

Webs subjected to bending:    Class 3 

Internal flange elements:   Class 1 

 The cross-section is classified as a Class 3 section 

Upright PLU 16 
 

 

A = 6.20 cm² 
Iy = 92,4 cm4 
Iz = 33,4 cm4 
Wy = 18,5 cm³ 
Wz = 8,4 cm³ 
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iy = 3,6 cm 
iz = 2,2 cm 
Wpl,y = 23,0 cm³ 
Wpl,z = 13,4 cm³ 
Avz = 1,88 cm² 
Avy = 2,27 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 5.3 kg/m 
 

Section Class 3 according to Eurocode 3. "When all the compression elements of a cross-section are Class 3, its 
resistance may be based on an elastic distribution of stresses across the cross-section, limited to the yield 
strength at the extreme fibres."  



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

112 

 

Diagonal for frame bracing 

  

A = 1.80 cm² 
Iy = 3.3 cm4 
Iz = 1.5 cm4 
Wy = 1.9 cm³ 
Wz = 1.0 cm³ 
iy = 1.4 cm 
iz = 0.9 cm 
Wpl,y = 2.3 cm³ 
Wpl,z = 1.5 cm³ 
Avz = 0.58 cm² 
Avy = 0.80 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.4 kg/m 
 

Section Class 3 according to Eurocode 3. "When all the compression elements of a cross-section are Class 3, its 
resistance may be based on an elastic distribution of stresses across the cross-section, limited to the yield 
strength at the extreme fibres."  

These bars are also used as horizontal wind bracings. 
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Spacer PNAG 0482 

  

A = 1.63 cm² 
Iy = 1.0 cm4 
Iz = 3.6 cm4 
Wy = 0.6 cm³ 
Wz = 1.9 cm³ 
iy = 0.8 cm 
iz = 1.5 cm 
Wpl,y = 1.1 cm³ 
Wpl,z = 2.2 cm³ 
Avz = 0.72 cm² 
Avy = 0.64 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.3 kg/m 
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Diagonal for vertical wind bracing 

  

A = 1.60 cm² 
Iy = 2.1 cm4 
Iz = 0.0 cm4 
Wy = 1.1 cm³ 
Wz = 0.1 cm³ 
iy = 1.2 cm 
iz = 0.1 cm 
Wpl,y = 1.6 cm³ 
Wpl,z = 0.2 cm³ 
Avz = 1.60 cm² 
Avy = 1.60 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.3 kg/m 
 

This bars are used as vertical wind bracings. They are subjected to axial tension only because they are considered 
as tie rods. 
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Beam UPN 160 
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6 Detailed Water Budget 
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7 Summary of Unlisted Electrical Components 
 

According to the different Standards in America and Belgium, many of our products will not have UL-Certification. 
All non-listed components will comply with European regulations. 
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8 Summary of Reconfigurable Features 
 

We don’t have any plans to include reconfigurable features in our design.
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9 Interconnection Application Form 
 

Team Belgium – Ghent University 
Lot Number: 116 

 
PV Systems 

Module Manufacturer Short Description of Array DC Rating of Array 
(sum of the DC ratings) 

Sanyo HIP-215NKHA5 4 arrays, of 9 modules in series, in parallel 36 x 215 Wp = 7740 
Wp 

Total DC power of all arrays is         kWp 

INVERTERS 

Inverter 
Manufacturer 

Model Number Voltage Rating (kVA or KW) Quantity 

SMA Sunny Boy 4000 US 600 V 4 kW @ 240 V AC output 2 
Total AC power of all inverters is       kW. 

The following information must be included in the project manual or construction documents. If located in the 
construction documents, list the drawing locations in this section of the project manual. 

1. One-Line Electrical schematic – the loads do not have to be detailed. (BIM-model drawing E-601) 
2. Calculations of service/feeder net computer load and neutral load (NEC 220) (BIM-model drawing E-103) 
3. Plan view of the lot showing the house, decks, ramps, tour paths, the service point and the distribution 

panel or load center. (BIM-model drawing L-101) 

Provide the Team’s “Electrical Engineer (Thomas Delameillieure)” contact in the “Team Officer Contact Info” 
database on the Yahoo Group as required per Rule 3-2.  

 
Please see the “SD2011_Microgrid_Interconnection_Process_v1” file located the Files/Rules/Team 
Interconnection Process section of the Yahoo Group for more details on the interconnection process.  
Please see the “Grid Interconnection Process for Teams” file on the Yahoo Group for more details on the 
interconnection process and the Terminal Box Mounting Panel. 
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10 Energy Analysis Results and Discussion 

10.1 General design approach 
 

In order to come to an energy efficient design, we have used an iterative design process to minimize the 
anticipated energy demand for team Belgium’s 2011 Solar decathlon house. During this process, a balance is 
sought between often conflicting requirements such as the need to conserve energy for heating and cooling 
purposes,  the need to optimize solar gains,  the need to optimize passive cooling,  and other needs such as the 
desire to provide ample visual access to the surrounding environment.  During the conceptual design phase we 
have adopted the following initial design options:  

° the passive house design standard, which stipulates overall energy consumption standards as well as the 
performance of individual components and assemblies (thermal insulation performance, air tightness, ….).  
° a compact building volume to minimize envelope energy losses or gains, 
° a two story house with open floor plan and open section in order to improve cross ventilation and maximize the 
thermal mass. 
 
Rather than to use these criteria as rigid design requirements, we have used an iterative design process to check 
their validity and relative importance.  The primary energy demand for space heating and cooling was determined 
by means of an iterative design process whereby critical design parameters were changed and evaluated. To date, 
this process was completed with the help of two different simulation software packages (EPB,  PHPP and TRNSys).   

 

10.1.1 EPB 

 

The EPB-software (offered by the Flemish Energy Agency - VEA) proves that the house is compatible with the 
current energy performance rules. The house has a high performance concerning: 
· energy performance level (E-level, maximum for a private building: E80) Thanks to solar panels, a zero-energy 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

121 

building is obtained. 
· insulation level (maximum for a private building: K45, and Umax). The level depends on a high performance 
envelope (usage of optimale insulation, PIR) and building-compactness (a cube has a compactness = 1) 
· indoor climate (ventilation and overheating). 

 

 

The design sees to the passive house standard as the heating demand is concerned: < 15kWh/m2 for n50 = 1/h, 
what is a realistically achievable value. 

 
Out of this analysis one can conclude that solar shading in the plane, witch is applied in the E-cube, is the best 
choice to decrease the cooling demand and the overheating (maximum 17500 Kh). 
 

 
 
The modular envelope panels allow to compose the envelope to compoundaccording specific needs and 
preferences. Likewise, one can choose the performance level of the building. Out of this analysis we can conclude 
that solar shading in the plane is the best choice to decrease the cooling demand and the 
overheating. 
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10.1.2 PHPH 
The PHPP-software (Passive House Planning Package) approves that the building is compatible with the current 
energy performance rules on the passive house standard. Crucial are: 

· air tightness: 0,6/h 
· heating and cooling demand < 15 kWh/m2 
 
In several other climate zones (Washington, Las Vegas, North-Canada), the house copes with the passive 
standards, thanks to the modular construction that allow a reconfiguration of wall and glass panels without 
attacking the concept of the Ecube. 
 

10.1.3 Analysis with TRNsys 
 
To make valid choices at every step of the process the simulation program TRNSys was used to study the 
impact of various design decisions on the total energy demand (heating and cooling loads). 
 
In the conceptual design phase the building geometry has been implemented in the simulation software 
to determine a suitable geometry and placement of openings. For example the schematic design 
included  a skylight that covered a large section of the roof, simulations showed however that this 
resulted in  too much internal solar heat gains, after which it was decided to omit this design feature. 
Also, several parameters were adjusted to look for passive cooling techniques. We saw we could drop 
the total cool loads without  using active techniques. 
 
 

 

Fig. 1: Cool and Heat loads 

 

TRNSys was also used to dimension the HVAC system. Different options were evaluated for example, we 
compared an air-based system (air – to – air heat pump) with a water- based system      ( sun collector 
with an air to water heat pump). We have seen that this last option is the most efficient .   
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The energy needed to provide the E-cube in thermal comfort will reach of 45% of the total energy consumption. 
Using Trnsys sumulations in several climate zones (Ukkel, Washington, Las Vegas and North-Canada), an analysis 
was made to explore how this consumption can be optimalised. 

 
 
 
Types of blinds: 
Lamellae obstruct accession of the sun in summer and let them pass in winter, witch results in a reduction of 
cooling demand in the first and heat demand in the second situation. The optimum of energy demand and the 
dimensions of the lamellae change when the distance between them varie. 

 
Two types of automatic blinds, both controlled by an analysis of the total amount of sunlight that is recieved by 
the glass surface, are simulated. Type 2 contains an extra temperature regulation. Useful solar heat gains are 
utilized, and have a major influence by minor setpoints of the amount of sunlight on the glass surface. 
Glass supplemented with a film reduces accession of the sun. As a result there are limited solar gains. The cooling 
demand will decrease in summer, but the heating demand will rise in winter.  
The energy requirement can be reduced by a variation in the number of wall and glass panels, thanks to the 
modular construction of the E-cube.  
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The total energy demand can be reduced by nearly 1/3 by using one of upper systems. Automatical solar blinds of 
type 2 will result in the highest effectiveness. Lamellae are the second best. These have these have the advantage 
that they do not need energy. 

 
 
Discussion, Preliminary Conclusions, and Next Phase 
 

In the conceptual design phase the building geometry has been implemented in the simulation software to 
determine a suitable geometry and placement of openings. Changes were made when initial design features were 
deemed to energy intensive or too expensive, or a combination thereof.  For example the schematic design 
included an operable skylight that covered a large section of the roof. Simulations indicated however that this 
design feature resulted in much unwanted internal solar heat gains and that the feature would require extensive 
shading devices to counteract this effect. Subsequently, it was decided to omit this design feature as it would 
have increased the cost of the house too much, thus not yet fitting the overall criteria of affordability.  Also, 
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several parameters were adjusted to look for passive cooling techniques, such as implementing thermal mass in 
the top of the E-cube and using night ventilation.  

When selecting an appropriate heating and cooling approach, we have made a trade-off between energy 
efficiency and affordability (which included ease of installation on the National Mall). An air- to-air heat pump 
system was adopted with convection heating and cooling units.  TRNSys was used to dimension the HVAC system. 

Other building related energy demands (cooking, warm water,...) were simply calculated.  

Finally, the overall energy demand for the building was calculated by simply adding the various energy 
expenditures.  This initial energy balance represents a conservative estimate of all energy expenditures by simply 
adding them together, assuming a worst case scenario where all energy events occur simultaneously. This 
estimate resulted in required PV size of approximately 7kWp in order to accomplish a zero-energy design.  

In the next phase we will take into account the probability that various energy loads occur simultaneously and 
develop controls or guidelines to prevent some simultaneously energy events from happening. This will 
accommodate a leaner overall design and allow the use of a smaller PV system that is more affordable.  
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11 Construction Specifications 

11.1.1 00 01 01 Project Title Page 
 
Title:    Team Belgium Solar Decathlon 2011 

Universiteit Gent 
  
Date:    April 2010 - October 2011 
 
Construction Site:  Technicum - Universiteit Gent 

Sint-Pietersnieuwstraat 41 
9000, Gent 
Belgium 

 

Core Student Team: 

Project manager:  Michael Arens 
Project Architects:  Toon Vermeir  

Pieter Jan De Loof 
    Ruben Rottiers 
    Dietwin van de Walle 
    Thomas Delameillieure 
Sponsoring and Events:  Charlotte Vyncke 
Structural Design:  Wieland Wuyts    
 

Advisors: 

General:    Steven Van Dessel 
Arnold Janssens 

Technical Installations:  Michel De Paepe 
    Donald Desmet 
Building enveloppe:  Marc De Kooning 

Stéfanie Mangé 
Interior design:   Bert Gellynck 

Lionel Devlieger 
Structural design:  Rolf Van Steenwegen 

Klaas De Rijcke 
Environmental Analysis  Jelle Laverge 
    Marc Delghust 
 
Team Belgium Website: http://www.solardecathlon.ugent.be/ 
Team Belgium Contact:  teambelgium.sd2011@gmail.com

http://www.solardecathlon.ugent.be/�
mailto:teambelgium.sd2011@gmail.com�
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11.2 DIVISION 01 – GENERAL REQUIREMENTS 

11.2.1 01 10 00 Summary  

11.2.2 01 50 00 Temporary Facilities and Controls 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  01 54 26 Temporary scaffolding and platforms 
 

1.2. SUBMITTALS 

A.  custom made by team Belgium page according to document page 466 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  custom made by team Belgium 
  

 
2.2. PRODUCTS 

A.  multiplex temporary platform 
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11.3 DIVISION 05 – METALS 

11.3.1 05 05 00 Common Work Results for Metals 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  05 05 23 Metal Fastenings  
 

1.2. SUBMITTALS  

A.  http://www.stow-group.com/VL/producten/gepalletiseerde-goederen-2507.aspx 
 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

 
A.  STOW International nv  

   Industriepark 6 B  
8587 Spiere-Helkijn  
Belgium  
www.stow-group.com 
 

 
2.2. PRODUCTS 

A.  Bolts, washers, and nuts (zinc plated) 
 

http://www.stow-group.com/VL/producten/gepalletiseerde-goederen-2507.aspx�
http://www.stow-group.com/�
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11.3.2 05 12 00 Structural steel framing 

1.1 SECTION INCLUDES 

Part 1 GENERAL 

A.  05 12 13 Architecturally-expodes structural Steel Framing  

B. 05 12 23 Structural Steel for Buildings 
 

1.2 SUBMITTALS 

A. see datasheet 05 12 13 page 179 

B. No datsheet available, custom made by  team Belgium and professional metalwork according 
to construction document  C101, S101 S 102 

2.1 MANUFACTURER 

Part 2 PRODUCTS 

A.  STOW International nv  
   Industriepark 6 B  

8587 Spiere-Helkijn  
Belgium  
www.stow-group.com 
 

B.  VERCO Metaal  BVBA 
Wissenstraat 10  
9200 Sint-Gillis-Bij-Dendermonde 

 Belgium 
 T: +32 (0)52 21 90 15  
 info@vercometaal.be 

 
 

2.2 PRODUCTS 

A.  - Upright PLU16  
- Diagonals for frame bracing  
- Joists PNB 0436/2  
- Spacer PNAG 0482  
- Horizontal wind bracings  
- Vertical wind bracings  

http://www.stow-group.com/�
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B. UPN 160 profile 
 

11.3.3 05 50 00 Metal Fabrications 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  05 51 00 Metal Stairs 
A.  05 51 00 Metal Pan Stairs 
B.  05 53 00 Metal Gratings Stairs 

  C.  05 52 00 Metal Railings  
 

1.2. SUBMITTALS 

A./B./C .www.echelle-europeenne.be/nl/trappen/treden-en-roosters/kant-en-klaar-trap 
 
  

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A./B./C l’Echelle Europeenne Gent 
 New Orleansstraat 16B 
9000 Gent  
Belgium 
+32( 0)3/830.35.57 
 echelle.gent@telenet.be   
www.echelle-europeenne.be 

   
   

2.2. PRODUCTS 

A. Prefabricated metal staircase 
B.  Metal railings staircase  
C.  Metal gratings stairs 
 
 
 
 
 
 
 
 
 

http://www.echelle-europeenne.be/nl/trappen/treden-en-roosters/kant-en-klaar-trap�
mailto:echelle.gent@telenet.be�
http://www.echelle-europeenne.be/�
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11.3.4 05 59 00 Metal Specialties 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  05 59 00 Adjustable Metal Foundation Support  
 

1.2. SUBMITTALS  

A.  http://www.gereedschapbestellen.nl/vmchk/-/hand-werkplaatsgereedschap/hijs-
hefmiddelen/schaarkrik-3-ton 

 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Handelsonderneming van Rossum 
Koperslagerstraat 23 
5405 BS Uden 

 Netherlands. 
info@gereeddscapbesteelen.nl 
www.gerredscapbestellen.nl 
 

2.2. PRODUCTS 

A.  Standard Scaffolding Jack 3 ton 
 
 

 

 

 

 

 

 

 

http://www.gereedschapbestellen.nl/vmchk/-/hand-werkplaatsgereedschap/hijs-hefmiddelen/schaarkrik-3-ton�
http://www.gereedschapbestellen.nl/vmchk/-/hand-werkplaatsgereedschap/hijs-hefmiddelen/schaarkrik-3-ton�
mailto:info@gereeddscapbesteelen.nl�
http://www.gerredscapbestellen.nl/�
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11.4 DIVISION 06 – WOODS, PLASTICS, and COMPOSITES 

11.4.1 06 12 00 Structural Panels 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  06 12 16 Structural Insulated Panels 
 

1.2. SUBMITTALS 

A.  No datsheet available, custom made by  team Belgium and UNILIN according to 
document  A 111, A113,  A312, A 322 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A/B/C  Unilin bvba - division Systems 
Waregemstraat 112 
B-8792 Waregem 
Belgium 
Sales_Systems@unilin-systems.com 
Tel. +32(0)56 73.50.91 
www.unilin-systems.com  

 
2.2. PRODUCTS 

A.  Thermally Insulated and finished Structural Panels for Floor 
  Thermally Insulated and finished Structural Panels for Wall 
 Thermally Insulated and finished Structural Panels for Roof 

mailto:Sales_Systems@unilin-systems.com�
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11.4.2 06 40 00 Architectural Woodwork 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  06 42 00 Wood Paneling 
 

1.2. SUBMITTALS 

A.  No datasheet available, custom made by  team Belgium and UNILIN according to 
document  A 111 

 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Unilin bvba - division Systems 
Waregemstraat 112 
B-8792 Waregem 
Belgium 
Sales_Systems@unilin-systems.com 
Tel. +32(0)56 73.50.91 
www.unilin-systems.com  

 
2.2. PRODUCTS 

A.  Interior wood partitions panels  
  

 

 

 

 

mailto:Sales_Systems@unilin-systems.com�


Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

134 

 

11.4.3 07 50 00 Membrane Roofing 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   07 53 23 EPDM Roofing 
  

1.2. SUBMITTALS 

A.  http://www.irs-europe.be/nlProfDakEpdmEVA.html 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  I.R.S nv 
Europalaan 73 
9800 Deinze  
België 
Tel. 09 321 99 21 
Fax 09 371 97 61 
E-mail : info@waterdicht.be 
www.irs-europe.be 
www.waterdicht.be 

 
2.2. PRODUCTS 

A.  I.R.S.-EPDM Roofing Membrane EVALASTIC: color white  

http://www.irs-europe.be/nlProfDakEpdmEVA.html�
mailto:info@waterdicht.be�
http://www.irs-europe.be/�
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11.4.4 07 70 00 Roof and Wall Specialties and Accessories 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   07 71 23 Manufactured Gutters and Downspout 
  

1.2. SUBMITTALS 

A. tbd  
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  I.R.S nv 
Europalaan 73 
9800 Deinze  
België 
Tel. 09 321 99 21 
Fax 09 371 97 61 
E-mail : info@waterdicht.be 

  
2.2. PRODUCTS 

A.  Manufactured Roof downspout in EPDM 
 

  

 

mailto:info@waterdicht.be�
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11.5 DIVISION 08 – OPENINGS 

11.5.1 08 10 00 Doors and Frames 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   08 11 16 Aluminum Doors and Frames 
  

1.2. SUBMITTALS 

A.  see datasheets 08 10 00 page 188 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Reynaers Aluminium  
Oude Liersebaan 266 
B-2570 Duffel 
Belgium 
T. +32 (0)15 30 85 00 
F. +32 (0)15 30 86 00 

2.2. PRODUCTS 

info@reynaers.com 

A. Thermally insulated aluminum door CS 104 profile  
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11.5.2 08 14 00 wood doors 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   08 14 73 sliding wood doors 
  

1.2. SUBMITTALS 

A.  -sliding system: 
see datasheet 08 14 73 page 189 
-sliding doors:  
No datsheet available, custom made by  team Belgium according to document  A581 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  -sliding system:  
ROB NV Louage & Wisselinck 
 Stationsstraat 221 
 8850 Aardooie 
 Belgium 
T:+32(0)51744801 
 info@rob.be  
www.rob.be 
-sliding doors: made by team Belgium 

 

2.2. PRODUCTS 

A. -Sliding system: single roll sliding system with stops 
   -Slidng doors  

  

mailto:info@rob.be�
http://www.rob.be/�
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11.5.3 08 50 00 Windows 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   08 51 13 Aluminum Windows 
  

1.2. SUBMITTALS 

A.  see datasheet 08 50 00 page 194 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Reynaers Aluminium  
Oude Liersebaan 266 
B-2570 Duffel 
Belgium 
T. +32 (0)15 30 85 00 
F. +32 (0)15 30 86 00 
info@reynaers.com 

2.2. PRODUCTS 

A. Thermally insulated aluminum windows CS 104 profile 

mailto:info@reynaers.com�
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11.5.4 08 80 00 Glazing 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   08 81 00 Glass Glazing 
  

1.2. SUBMITTALS 

A.  See datasheets 08 80 00 page 196 
 

1.3. RELATED SECTIONS 

08 11 16 Aluminum Doors and Frames 
08 51 13 Aluminum Windows 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Saint-Gobain-Glass Benelux. 
Rue des Glaces Nationales 
5060 Sambreville 
Belgium 
glassinfo.fr@saint-gobain-glass.com  

 www.saint-gobain-glass.com 
  

2.2. PRODUCTS 

A. Triple glazing CLIMATOP MAX 
 

mailto:glassinfo.fr@saint-gobain-glass.com�
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11.6 DIVISION 09 – FINISHES 

11.6.1 09 60 00 Flooring 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   09 62 00 Specialty Flooring 
  

1.2. SUBMITTALS 

A.   http://www.echelle-europeenne.be/nl/trappen/treden-en-roosters/maasroosters 
   See drawing A102 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A. l’Echelle Europeenne Gent 
 New Orleansstraat 16B 
9000 Gent  
Belgium 
+32( 0)3/830.35.57 
 echelle.gent@telenet.be   
www.echelle-europeenne.be 

   

2.2. PRODUCTS 

A. flooring second floor hallway: industrial metal gratings 

http://www.echelle-europeenne.be/nl/trappen/treden-en-roosters/maasroosters�
mailto:echelle.gent@telenet.be�
http://www.echelle-europeenne.be/�
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11.6.2 09 90 00 Painting and Coating 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.   09 91 23 Interior Painting 
 
  

1.2. SUBMITTALS 

A.  see datasheet 09 91 23 page 198 
 

2.1. MANUFACTURER 
Part 2 - PRODUCTS 

   
A./B.  Tintelijn   

verkortingstraat 53  
9040 Gent ( St.-Amandsberg) 
Belgium 
 info@tintelijn.be  
www.tintelijn.be  
 

2.2. PRODUCTS 

A. Ecotec paint / Ecotec Pro aqua lak 
  

mailto:info@tintelijn.be�
http://www.tintelijn.be/�
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11.7 DIVISION 10 – SPECIALTIES 

11.7.1 10 28 00 Toilet, Bath, and Laundry Accessories 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  10 28 16.13 residential Bath Accessories 
 
    

1.2. SUBMITTALS 

A.  see datasheet  10 28 00 page 201 
   
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  FACQ  N.V. 
Industrieweg 12 
9032 Wondelgem 
Belgium 
T +32 (0)9  396 31 02 
www.facq.be  

  sales@facq.be 
 
    

2.2. PRODUCTS 

A. Towel bar 50 cm 296247 
  Toilet paper dispenser 296261 
  Towel hook 296261 

 

http://www.facq.be/�
mailto:sales@facq.be�
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11.7.2 10 57 00 Wardrobe and Closet Specialties 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  10 57 23 Closet and Utility Shelving 
   

1.2. SUBMITTALS 
 

A.  -shelving: see datasheet 10 30 00 page 208 
   -wheels: www.doehetzelfdepot.be/wieltje-nl-2-3.html 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  -shelving:  
 AVASCO INDUSTRIES N.V. 

Cardijnlaan 6 
8600 Diksmuide 
Belgium 
Tel. +32(0)51 50 08 11  

 
-wheels: 
hout- & bouwcenter Van den nest 
Doorsteeklaan 1 
9308 Hofstade 
T: +32 (0)35/21 58 43  
info@vandennest.be 
www.vandennest.be 
 

 
2.2. PRODUCTS 

A.  -shelving: AVASCO CLICKER 
  - wheels: PVC wheels ( 40 kg) 

mailto:info@vandennest.be�
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11.7.3 10 70 00 Exterior Specialties 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  10 71 13 Exterior Sun Control Devices 
   

1.2. SUBMITTALS 

A.  see datasheet 10 70 00 page 202 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Helioscreen N.V. 
   Dijkstraat 26 B 

9160 Lokeren 
Belgium 
Tel +32 (0)93489000 
info@helioscreen.be 
www.helioscreen.be 

 
2.2. PRODUCTS 

A. external fibre solar shading , electrical operated Smartscreen EVE 063 105 TPC 

 

 

 

 

mailto:info@helioscreen.be�
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11.8 DIVISION 11 – EQUIPMENT 

11.8.1 11 30 00 Residential Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  11 31 13 Residential Kitchen Appliances 
B. 11 31 23 Residential Laundry Appliances 
    

1.2. SUBMITTALS 

A.  -     Cook Top Induction : 
www.whirlpool.be:80/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/3/prodid/33

832 
 

  
- Combi Microwave/oven: 

see datasheet 11 30 00 page 204 

 
- Refrigerator: 

see datasheet 11 30 00 page 204 

- Dishwasher: 

see datasheet 11 30 00 page 204 

- Deco Hood 

see datasheet 11 30 00 page 204 

 

   -     Coffee machine:  

http://www.whirlpool.be:80/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/19/prodid/35
340 

 
B.  -     Cloth Washer: 

http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/3/prodid/33832�
http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/3/prodid/33832�
http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/19/prodid/35340�
http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/1/subcatid/19/prodid/35340�
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http://www.whirlpool.be:80/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/3/subcatid/11/prodid/34
573 

 

 

 
-  Cloth Drier: 

- see datasheet 11 30 00 page 204 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

  A./B.  Whirlpool Benelux NV 

   Nijverheidslaang 3/1 

   1853 Stroombeek-Bever 

   Belgium 
   T:+32 (0)2 263 32 42  
   www.whirlpool.com 

    
 

   
2.2. PRODUCTS 

A. Cook top Induction hob : ACM 754 LX 
  Speed over + microwave function: AMW 593 IX 
  Full door dish: ADG 9643 TR 
 Coffee machine: ACE 010 IX 
 Deco Hood AKR 016 IX 
 Combi freezer refrigorator: WBE 34132 A++S 
       
B.  Cloth Washer  product number: PURE 1485 
  Cloth Drier  product number:  AZA 1485 
 
 
 
 
 
 
 
 

http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/3/subcatid/11/prodid/34573�
http://www.whirlpool.be/app.cnt/whr/nl_BE/pageid/pgwpproddtl001/catid/3/subcatid/11/prodid/34573�
http://www.whirlpool.com/�
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11.9 DIVISION 12 – FURNISHINGS 

11.9.1 12 30 00 Casework 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  12 35 30.13 Kitchen Casework 
   
B. 12 35 30.23 Bathroom Casework 
   
C.  12 36 19 Wood Countertops 
  
  

1.2. SUBMITTALS 

A.  see datasheet 12 30 00 page 208  
   
B.  No datsheet available, custom made by  team Belgium according to document A 305   

product: melamine chipboard 
  http://www.hanssenshout.be/plaatmateriaal/melamineplaten 
 
C.  design by team Belgium 

product: betonplex 
http://www.hanssenshout.be/plaatmateriaal/betonplex 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.   AVASCO INDUSTRIES N.V. 
Cardijnlaan 6 
8600 Diksmuide 
Belgium 
Tel. +32(0)51 50 08 11  
www.avasco.be 

B. /C. wood products:  
HANSSENS HOUT N.V. 
Port Arthurlaan 90 

http://www.hanssenshout.be/plaatmateriaal/melamineplaten�
http://www.hanssenshout.be/plaatmateriaal/betonplex�
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` 9000 Gent 
Belgium 
Tel. +32(0)92509650 
www.hanssenshout.be 
 info@hanssenshout.be 
 

  
2.2. PRODUCTS 

A.   Avasco clicker 
 
B. bathroom furniture in melamine chipboard 

C. betonplex kitchentop 

 

http://www.hanssenshout.be/�
mailto:info@hanssenshout.be�
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11.9.2 12 40 00 Furnishings and Accessories 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  12 40 00 Table Accessories 
B. 12 43 00 Portable lamps 
C.  12 45 00 Bedroom Furnishings 
  

1.2. SUBMITTALS 

A.  Product datasheets 
B.  Product datasheets 
C.  Product datasheets 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  t.b.d 
B.  t.b.d 
C.  t.b.d 
 

2.2. PRODUCTS 

A. t.b.d 
B. t.b.d 
C. t.b.d 
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11.9.3 12 50 00 Furniture 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  12 58 00 residential Furniture 
   

1.2. SUBMITTALS 

A.  t.b.d 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  second hand shop 
 

2.2. PRODUCTS 

A.         dining table+ chairs 
  2 sofa’s 
  living table 
  book shelves 
  masterbed 
  bunkbed 
  desk 
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11.10 DIVISION 21 – FIRE SUPRESSION 

11.10.1 21 10 00 Water Based Fire-Suppression Systems 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A. 21 11 00 Facility  Fire-Suppresion Water-Service Piping 
 B.  21 13 00 Fire Suppression Sprinkler Systems 

   
1.2. SUBMITTALS 

A.  see datasheet 21 11 00 page 210 
 B: see datasheets 21 13 00 page Error! Bookmark not defined. 

 
 

2.1. MANUFACTURER 
Part 2 - PRODUCTS 

A./B.  Tyco Fire Protection Products 
E19 Business Park - Battelsesteenweg 455 - Gebouw D, 
2800 Mechelen 
Belgium 
Tel: +32 (0) 15285555  
mvandaele@tyco-bspd.com 
www.tyco-fsbp.com 
 
 
  
 

2.2. PRODUCTS 

A. G-press piping system, stainless steel 
B. residential sprinklers , quick response  
  TFP 400/  TFP 415/ TFP 450 / Riser Manifold 
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11.10.2 21 40 00 Fire-Suppression Water Storage 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  21 41 16 Elevated Storage Tanks for Fire-Suppression Water 
  

1.2. SUBMITTALS 

A.  No datsheet available, custom made by Sioen according to document  L107 
 
see datasheets 21 40 00  page 252 for more information about the fabric of the     
container 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Sioen Industries NV 
  Fabriekstraat 23 
 8850 Ardooie  

 Belgium 
            T + 32 51 74 09 00  

corporate@sioen.be 
www.sioen.com 

2.2. PRODUCTS 

A. flexible container:  B6000 PVC coated PES fabric bag  
 
  

 

 

 

 

 

mailto:corporate@sioen.be�
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11.11 DIVISION 22 – PLUMBING 

11.11.1 22 10 00 Plumbing Piping and Pumps 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  22 11 16 Domestic Water Piping 
B.  22 11 23 Domestic Water Pumps 
C.  22 12 00 Facility Potable-Water Storage Tanks 
D.  22 13 13 Facility Sanitary Sewers 
 
   

1.2. SUBMITTALS 

A.  see datasheets 22 11 16 page 253 
B.  see datasheets 22 11 23 page  322 
C.  No datsheet available, custom made by Sioen according to document  L107 

see datasheets 22 12 00  page 330 for more information about the fabric of the container 
D.  see datasheets 22 13 13 page 332 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Henco NV 
 Toekomstlaan 27  

2200 Herentals 
 Belgium 
 T: +32 14 28 56 60 
 www.henco.be 
 info@henco.be 
 

VSH Fittings B.V. 
Oude Amersfoortseweg 99    
1212 Hilversum 
Nederland 
T:+31 (0)35 6884211  
info@vsh-fittings.com 
www.vsh-fittings.com 

 

 

http://www.henco.be/�
mailto:info@henco.be�
mailto:info@vsh-fittings.com�
http://www.vsh-fittings.com/�


Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

154 

 
 

B. NV GRUNDFOS BELLUX SA  
Boomsesteenweg 81-83  
B-2630 AARTSELAAR  
Belgium 
Tel 0032 3 870 73 00  
Fax 0032 3 870 73 01  
E-mail: infobellux@grundfos.com 

 
C.  Sioen Industries NV 
  Fabriekstraat 23 
 8850 Ardooie  

 Belgium 
            T + 32 51 74 09 00  

corporate@sioen.be 
www.sioen.com 
 

D.  FACQ  N.V. 
Industrieweg 12 
9032 Wondelgem 
Belgium 
T +32 (0)9  396 31 02 
www.facq.be  

  sales@facq.be 
 

2.2. PRODUCTS 

A. Henco multilayer piping system + VSH flow control system 
B. CMBE 3-3 pump  
  Liftaway system grundfos KP pump 
   Alpha 2 25 60 circulation pump 
C. flexible containerbag :  B 6303 PVC coated PES fabric bag  
  Waste water flexible containerbag: B 6000 PVC coated PES fabric bag 
D.  PVC sanitary piping  system 

  

mailto:infobellux@grundfos.com�
mailto:corporate@sioen.be�
http://www.sioen.com/�
http://www.facq.be/�
mailto:sales@facq.be�
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11.11.2 22 40 00 Plumbing Fixtures 

22 41 00 Residential Plumbing Fixtures 
 

 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  22 41 13 Residential Water Closets, Urinals, and Bidets 
B.  22 41 16 Residential Lavatories and Sinks 
C.  22 41 23  Residential Shower Receptors and Basins 
D.  22 41 39 Residential Faucets, Supplies and Trim 
   

1.2. SUBMITTALS 

A./B./D. see datasheet  22 41 00 page 155 
C.  no datasheet avalaible, Custom made by team Belgium and I.R.S according to document 

A 582 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A./B./D.  FACQ  N.V. 
Industrieweg 12 
9032 Wondelgem 
Belgium 
T +32 (0)9  396 31 02 
www.facq.be  

   sales@facq.be 
 

 
C.  I.R.S. NV 

Europalaan 73 
9800 Deinze  
Belgium 
T +32(0)9 321 99 21 
www.waterdicht.be 
info@waterdicht.be 

 
 

http://www.facq.be/�
mailto:sales@facq.be�
mailto:info@waterdicht.be�


Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

156 

 
 

  
 

2.2. PRODUCTS 

A.  residential water closet: gelux 317040 
B.  residential lavatory: Floronde rond 243440  
  Residential sink: KUBUS KBX 210 530 
C.  EPDM shower bag /basin 
D.  faucet shower: Tempesta duo 377 
  Faucet Lavatory : 295647 
  Faucet kitchen: ACTIVE 311729 
  Shower thermostat: 29568 
  Shower hoseGROHFLEX 226730  
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11.12 DIVISION 23 – HEATING, VENTILATING AND AIR-CONDITIONING (HVAC) 

11.12.1 23 09 00 Instrumentation and Control for HVAC 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  23 09 33 Electric and Electronic Control System for HVAC 
   

1.2. SUBMITTALS 

A.  see datasheets 23 09 00  page 355 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A/B/C/D NIko NV 
Industriepark West 40 
9100 Sint-Niklaas 
 Belgium 
www.niko.be 
T: +32 37789000 
 Karin.mussche@nikoprojects.be 

2.2. PRODUCTS 

A. Niko Home Contol system 
    
  

  

 

 

http://www.niko.be/�
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11.12.2 23 30 00 HVAC Air Distribution  
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  23 31 00 HVAC Ducts and Casings 
B. 23 37 00 Air Outlets and Inlets 
   

1.2. SUBMITTALS 

A.  See datasheets 23 31 00 page 369 
B.  See datasheets 23 37 00 page 379 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A./B. Lindab NV  
Zeeschipstraat 149  
9000 Gent 
Belgium 
T:+32 9 385 50 11 
info@lindab.be 
www.lindab.be 

2.2. PRODUCTS 

A.  air Duct Safe Sytem: round ventilation ducts 
B.  displacement diffuser: Theater diffuser 
  

  

 

 

 

 

 

 

mailto:info@lindab.be�
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11.12.3 23 50 00 Central Heating Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

 A.         23 50 00  Central Heating Equipment 
B.  23 56 00  Solar Energy Heating Equipment 
 
   

1.2. SUBMITTALS 

A.  See datasheet 23 50 00 page 380 
B. See datasheet 23 56 00 page 400 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A./B. Daikin Europe N.V. 
Zandvoordestraat 300 
BE-8400 Oostende 
Belgium 
T.: +32 59 55 81 11 
F.: +32 59 55 88 99 
www.daikin.be 

 Bulex 
 

2.2. PRODUCTS 

A. Daikin Altherma Heatpump 
Inside Unit: Daikin Altherma EKHBX008BA6WN 

  Outside Unit: Daikin Altherma ERLQ008BV3 
Boiler Bulex  RS 100 

 
  B.     Solar Collectors Heating EKHTS 260 AC 

  
 
 
 

http://www.daikin.be/�
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11.12.4 23 60 00 Central Cooling Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  23 60 00 Central Cooling Equipment 
  

1.2. SUBMITTALS 

A.  See datasheet 23 50 00 page 380 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A Daikin Europe N.V. 
Zandvoordestraat 300 
BE-8400 Oostende 
Belgium 
T.: +32 59 55 81 11 
F.: +32 59 55 88 99 
www.daikin.be 

2.2. PRODUCTS 

A.  Daikin Altherma Heatpump 
Inside Unit: Daikin Altherma EKHBX008BA6WN 

 Outside Unit: Daikin Altherma ERLQ008BV3 
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11.12.5 23 70 00 Central HVAC Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  23 72 00 Air-to-Air Energy Recovery Equipment 
   

1.2. SUBMITTALS 

  A.  see datasheets 23 72 00 page 390 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A. Daikin Europe N.V. 
Zandvoordestraat 300 
BE-8400 Oostende 
Belgium 
T.: +32 59 55 81 11 
F.: +32 59 55 88 99 
www.daikin.be 

 

2.2. PRODUCTS 

A. Daikin Heat Recovery VAM250FA8VE 
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11.12.6 23 80 00 Decentralised HVAC Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  23 82 00 convection heating and cooling units 
   

1.2. SUBMITTALS 

  A.  see datasheets 23 82 00 page 409 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A. Daikin Europe N.V. 
Zandvoordestraat 300 
BE-8400 Oostende 
Belgium 
T.: +32 59 55 81 11 
F.: +32 59 55 88 99 
www.daikin.be 

2.2. PRODUCTS 

A. Daikin fancoil  unit FWM08CTN 
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11.13 DIVISION 26 – ELECTRICAL 

11.13.1 26 05 00 Common Work Results for Electrical Distribution 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  26 05 19 Low-Voltage Electrical Power Conductors and Cables 
B. Branch Circuit Load Calculation / Feeder and Service Load Calculation 

   

1.2. SUBMITTALS 

A.  see datasheet 26 05 00 page 417 
B. see calculations page 431 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Wieland Benelux 
Bosstraat 22 
1050 Brussel 
Belgium 
+32 (0) 2 640 80 40  
www.aecinfo.be 

 
 
 
 Kabelwerk Eupen AG 

Malmedyer Strasse 9 
4700 Eupen  
 Belgium 

 +32/ 87/597-000 
www.eupen.be 
info@eupen.com 

  

2.2. PRODUCTS 

A. DISTRIBUTOR: GST18I3V 3PI V SW  
GESIS KNX ( USB INTEFACE) 

http://www.aecinfo.be/�
http://www.eupen.be/�
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GESIS EIB-V ENOCEAN GATEWAY 
GESIS RCSWITCH 2 CH  
CONNECTORS WITH CABLE 
INSTALLATION CABLE F2 3G1,5mm2 XVB3G1.5 R 100 100m 0,4978 
INSTALLATIION CABLE F2 3G2,5mm2 XVB3G2.5 R 100 250m 0,7157 
INSTALLATION CABLE F2 3G6mm2 XVB3G6 R 50 50m 2,0287 
HARMONIZED CABLE H07 VKT BLAUW EUPEN 2,5mm2 V0BST2,5B R 100  
HARMONIZED CABLE H07VKT ZWART EUPEN 2,5mm2 V0BST2,5N R 100  
HARMONIZED CABLE H07VKT BLAUW EUPEN 10mm2 V0BST10B R 100  
HARMONIZED CABLE H07VKT ZWART EUPEN 10mm2 V0BST10N R 100  
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11.13.2 26 20 00 Low-Voltage Electrical Distribution 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  26 24 00 Switchboards and Panelboards 
   

1.2. SUBMITTALS 

A.  see datasheets 26 20 00 page 439 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Schneider electric  
   Dieweg 3 
   1180 Ukkel 
   Belgium 
   + 32 (0) 2 373 75 02 
   www.schneider-electric.be 

 
 

2.2. PRODUCTS 

A.  Cupboard pragma plus Box plus 24510 
Door BOXPLUS 245010 
Differential release FREEDIS 40 A, 300 mA 
Differential release FREEDIs 40 A, 30 mA 
Automat FREEDIS 10 A 
Automat FREEEDIS 16 A 
Automat FREEDIS 20 A 
Automat FREEDIS 32 A 
Magnetic Switch CT 
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11.13.3 26 70 00 Low-Voltage Distribution equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  26 27 19 Multi – Outlet assemblies 
 
B.         26 27 26 Wiring Devices 
  

1.2. SUBMITTALS 

A.  see datsheet 26 70 00 page  447 
 

1.3. RELATED SECTIONS 
  A.  23 09 00  

 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  NIko NV 
Industriepark West 40 
9100 Sint-Niklaas 
 Belgium 
www.niko.be 
T: +32 37789000 
 Karin.mussche@nikoprojects.be 

 

    b+b Automations- und Steuerungstechnik GmbH 
    Klingenweg 17 
    64385 Reichelsheim 
                                              Germany 
                                              www.bb-steuerungstechnik.de 

http://www.niko.be/�
mailto:Karin.mussche@nikoprojects.be�
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                                                T: + 49 6164/ 912057 
     support@bb-steuerungstechnik.de 

 
 
B.  Wieland Belelux 

Bosstraat 22 
1050 Brussel 
Belgium 
+32 (0) 2 640 80 40  
www.aecinfo.be 

 
    ERIKS nv 

Boombekelaan 3, 
B-2660 Hoboken, 
Belgium 
T: +(32) 3-829 26 11 
www.eriks.be 
e-mail: info@eriks.be 

 

2.2. PRODUCTS 

A. NIKO OUTLET 
 ENOCEAN IP-GATEWAY 
   
 
B. RC SWITCH 4CH  
 RC SWITCH 2CH  

FRAME 
   FRAME 2 FOLD 
   PROTECTOR PROFILE 
 

http://www.aecinfo.be/�
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11.13.4 26 30 00 Facility Electrical Power Generating and Storage Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  26 31 00 Photovoltaic Collectors (roof) 
 
   

1.2. SUBMITTALS 

A.  see datasheet  26 31 00 page 456 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Sanyo Benelux 
Antwerpsesteenweg 491A 
2500 Lier  
Belgium 
Tel :  ++32/3.451.21.50 
Fax : ++32/3.451.21.55 
sales@sanyo.be 

   
 

2.2. PRODUCTS 

A. Sanyo HIP-215NKHA5 
 

 

 

 

 

 

 

 

mailto:sales@sanyo.be�
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11.13.5 26 50 00 Lighting  
             

  

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  26 51 13 Interior Lighting Fixtures, Lamps, and Ballasts 
B. 26 56 29 Site Lighting 
 
  

1.2. SUBMITTALS 

A.   see datasheet 26 50 00 page 465 

B.  http://www.dewalt.be/nl/powertools/productdetails/catno/DC019/ 

http://www.stanleyworks.be/product_detail/Klemzaklamp/SkuDetail.ctlg?ObjectID=95-
891 

 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Delta Ligth NV  
Muizelstraat 2  

            8560 Wevelgem 
         Belgium  
          + 32 56 435 735 
 info@deltalight.com 
 www.deltalight.com 
B. De Walt 

Nieuwlandlaan 7 
Industriezone Aarschot B156 
3200 Aarschot  
Tel: 070 / 220 063 
info@dewalt.be 

 

http://www.dewalt.be/nl/powertools/productdetails/catno/DC019/�
http://www.stanleyworks.be/product_detail/Klemzaklamp/SkuDetail.ctlg?ObjectID=95-891�
http://www.stanleyworks.be/product_detail/Klemzaklamp/SkuDetail.ctlg?ObjectID=95-891�
mailto:info@deltalight.com�
http://www.deltalight.com/�
mailto:info@dewalt.be�
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2.2. PRODUCTS 

A. microline 30 modules T16 down compressed MIC – PC SBL PROFILE 
B. Heavy-Duty werkplaatsverlichting op accu of netstroom 
 Klemzaklamp - 95-891 
        
  

 

http://www.dewalt.be/nl/powertools/productdetails/catno/DC019/�
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11.14 DIVISION 27 – COMMUNICATIONS 

11.14.1 27 20 00 Data Communications 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  27 41 19 Portable Audio-Video Equipment  

A.  27 41 00 Audio-Video Systems 
   

1.2. SUBMITTALS 

A.  http://www.sony.be/lang/nl/product/hcs-home-cinema-projectors/vpl-vw85 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Sony Belgium 
   Da Vincilaan 7 D1 
                       19935 Zaventem 
   Belgium 
   +32 (0)70 222 130 

www.sony.be 
 

2.2. PRODUCTS 

A. home cinema projector VPL-VW85 
 

 

 

 

 

 

 

 

 

http://www.sony.be/�
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11.14.2 27 40 00 Audio Video Communications 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  27 41 19 Portable Audio-Video Equipment  

A.  27 41 00 Audio-Video Systems 
   

1.2. SUBMITTALS 

A.  http://www.sony.be/lang/nl/product/hcs-home-cinema-projectors/vpl-vw85 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Sony Belgium 
   Da Vincilaan 7 D1 
                       19935 Zaventem 
   Belgium 
   +32 (0)70 222 130 

www.sony.be 
 

2.2. PRODUCTS 

A. home cinema projector VPL-VW85 
 
 

 

http://www.sony.be/�
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11.15 DIVISION 28 – ELECTRONIC SAFETY AND SECURITY 

11.15.1 28 30 00 Electronic Detection and Alarm 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  28 31 00 Fire Alarm 
   

1.2. SUBMITTALS 

A.  www.tyco-fire.com/TFP_translate/TFP922_NL.pdf 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Tyco Fire Protection Products 
E19 Business Park - Battelsesteenweg 455 - Gebouw D, 
2800 Mechelen 
Belgium 
Tel: +32 (0) 15285555  
mvandaele@tyco-bspd.com 
www.tyco-fsbp.com 

 
 

2.2. PRODUCTS 

A. fire alarm  
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11.16 DIVISION 32 – EXTERIOR IMPROVEMENTS 

11.16.1 32 10 00 Bases, Ballast, and Paving 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  32 14 26 Wood paving 
   

1.2. SUBMITTALS 

A.  Custom made by team Belgium 
 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  custom made by team Belgium according to document page 466 
 

2.2. PRODUCTS 

A.  multiplex flooring for walkways and terraces(reused temporary flooring from build up) 
 

 

 
 

 

 

 

 

 

 

 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

175 

11.17 DIVISION 41 – MATERIAL PROCESSING AND HANDLING EQUIPMENT 

11.17.1 41 60 00 Facility Mobile Plant Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  41 62 23 Forklift trucks 
B. 41 65 16 Mobile Generators 

 
   

1.2. SUBMITTALS 

A. 
 www.toyotaforklifts.nl/SiteCollectionDocuments/Lokale%20documenten%20TMHNL/PDF%20files/7FG-
D+2007297+english.pdf 

 
B. http://www.justhonda.co.uk/pages/HondaEU30is.htm 

 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A. Toyota material handling Belgium 
Fotografielaan 47-49 
B -  2610  Wilrijk 
T +32 (0)3  820 76 31 
F  +32 (0)3 830 17 99 
M +32 (0)476 471 103 
www.toyota-forklifts.be 

B.  Honda Beglium NV 
Doornveld 180-184 Sphere Business park, Zoning 3 
 1731 Zellik  
Belgium  
cco@honda-eu.com 
www.fl.honda.be 
+32 2/620 11 34 

 

2.2. PRODUCTS 

           A. forklift Toyota diesel 7FD35 (3,5 ton reach 5,5m) 

http://www.toyota-forklifts.nl/SiteCollectionDocuments/Lokale%20documenten%20TMHNL/PDF%20files/7FG-D+2007297+english.pdf�
http://www.toyota-forklifts.nl/SiteCollectionDocuments/Lokale%20documenten%20TMHNL/PDF%20files/7FG-D+2007297+english.pdf�
http://www.justhonda.co.uk/pages/HondaEU30is.htm�
http://www.toyota-forklifts.be/�
mailto:cco@honda-eu.com�
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B. portable Honda generator: EU 30 iS (49dB(a) at 7m @ 1/4 load)  
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11.18 DIVISION 42 – PROCESS HEATING, COOLING, AND DRYING EQUIPMENT 

11.18.1 42 31 16 Dessicant Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  Dehumifidier 
   

1.2. SUBMITTALS 

A.  see datasheet 42 31 16 page 467 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Munters Belgium SA 
   Rue du Progrés 5 

4821 Dison 
Belgium 
info@muntersbelgium.be 
www.muntersnv.be 
 
 

2.2. PRODUCTS 

A.  portable dehumifidier: MCS 300 
 

 
 

 
 
 
 
 
 
 
 
 
 

mailto:info@muntersbelgium.be�
http://www.muntersnv.be/�
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11.19 DIVISION 48 – ELECTRIC POWER GENERATION 

11.19.1 48 10 00 Electrical power Generation Equipment 
 

1.1. SECTION INCLUDES 

Part 1 – GENERAL 

A.  48 19 16 Electrical Power Generation Inverters 
   

1.2. SUBMITTALS 

A.  see datasheet 48 10 00 page 469 
 

2.1. MANUFACTURER 

Part 2 - PRODUCTS 

A.  Linea Trovata 
   Zelebaan 124 
   9160 Lokeren 
   tel +32 9 336 53 64 
   www.lineatrovata.com 

 

2.2. PRODUCTS 

A. Sunny Boy 700 US 
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12 Datasheets  

05 12 00 Structural steel framing  
Upright PLU 16 

 

 

A = 6.20 cm² 
Iy = 92,4 cm4 
Iz = 33,4 cm4 
Wy = 18,5 cm³ 
Wz = 8,4 cm³ 
iy = 3,6 cm 
iz = 2,2 cm 
Wpl,y = 23,0 cm³ 
Wpl,z = 13,4 cm³ 
Avz = 1,88 cm² 
Avy = 2,27 cm² 
fy =  355 N/mm2 
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E = 210 GPa 
G = 5.3 kg/m 
 

Diagonal for frame bracing 

  

A = 1.80 cm² 
Iy = 3.3 cm4 
Iz = 1.5 cm4 
Wy = 1.9 cm³ 
Wz = 1.0 cm³ 
iy = 1.4 cm 
iz = 0.9 cm 
Wpl,y = 2.3 cm³ 
Wpl,z = 1.5 cm³ 
Avz = 0.58 cm² 
Avy = 0.80 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.4 kg/m 
 

Section Class 3 according to Eurocode 3. "When all the compression elements of a cross-section are Class 3, its 
resistance may be based on an elastic distribution of stresses across the cross-section, limited to the yield 
strength at the extreme fibres."  

These bars are also used as horizontal wind bracings. 
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Spacer PNAG 0482 

  

A = 1.63 cm² 
Iy = 1.0 cm4 
Iz = 3.6 cm4 
Wy = 0.6 cm³ 
Wz = 1.9 cm³ 
iy = 0.8 cm 
iz = 1.5 cm 
Wpl,y = 1.1 cm³ 
Wpl,z = 2.2 cm³ 
Avz = 0.72 cm² 
Avy = 0.64 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.3 kg/m 
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Diagonal for vertical wind bracing 

  

A = 1.60 cm² 
Iy = 2.1 cm4 
Iz = 0.0 cm4 
Wy = 1.1 cm³ 
Wz = 0.1 cm³ 
iy = 1.2 cm 
iz = 0.1 cm 
Wpl,y = 1.6 cm³ 
Wpl,z = 0.2 cm³ 
Avz = 1.60 cm² 
Avy = 1.60 cm² 
fy =  355 N/mm2 

E = 210 GPa 
G = 1.3 kg/m 
 

This bars are used as vertical wind bracings. They are subjected to axial tension only because they are considered 
as tie rods. 

 

 

 

 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

183 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

184 

 

 

 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

185 

 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

186 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

187 

 



Team Belgium – Ghent University 
Teambelgium.sd2011@gmail.com 

 

 
 

188 

08 10 00 Doors and Frames 
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08 50 00 Windows  
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08 81 00 Glass Glazing  
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09 90 00 Painting and Coating  
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10 28 00 Toilet, Bath, and Laundry Accessories  
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10 70 00 Exterior Specialties  
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11 30 00  Residential appliancesj 
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12 30 00  
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12 30 00 Casework  
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21 10 00 Water Based Fire-Suppression Systems 
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21 40 00 Fire-Suppression Water Storage  
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22 10 00 Plumbing Piping and Pumps 
22 11 16 Domestic Water 
Piping  
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21 10 00 Domestic water pumps
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22 12 00 Facility potable water storage tanks 
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22 13 13 Facility Sanitary Sewers
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22 41 00 Residential Plumbing Fixtures 
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23 09 00 Istrumentation and control for HVAC 
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23 30 00 HVAC Air Distribution  
 

12.1.1.1 23 31 00 HVAC Ducts and Casings 
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12.1.1.2 23 37 00 Air Outlets and Inlets  
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23 50 00 Central Heating  Equipment  
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23 70 00 Central HVAC Equipment  
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23 56 00  Solar Energy Heating Equipmentpnt 
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