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has big environmental benefits, that it is technically possible and that doing so does not have to be far 

from current construction methods. 

 

Bart van den Brink, 

Eindhoven, November 2020 
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Abstract 

Abstract 
The reason this thesis investigates the possibilities of reusing precast concrete elements is that in 

current practice, most old precast concrete buildings get demolished, whilst for new precast concrete 

buildings, new concrete has to be produced. This results in a lot of material use and CO2 emissions. If 

renovation of an old building is not possible, reuse of its precast elements may drastically reduce these 

material use and CO2 emissions. Therefore, this thesis aims to answer the following research question: 

How can the reuse of precast concrete elements from office buildings lead to sustainable apartment 

designs? To answer this question, a case study is performed, in which an apartment design is 

redesigned to facilitate the reuse of precast concrete elements from a number of available office 

buildings. The reason for focussing on recovered elements from office buildings is that in the 

Netherlands office buildings have the highest rate of vacancy of all building types. The reason for 

redesigning apartments is that in the last years there is a huge demand in the Dutch residential market. 

Before starting the case study, a literature study is carried out, which shows the relevancy and 

technical possibility of reusing precast concrete elements. In general, it can be stated that disassembly 

in combination with reusing elements is more time consuming, more costly, but also way more 

environmental friendly than demolition in combination with using new elements. Subsequently, it is 

investigated what would be the technical possibilities, problems and solutions regarding disassembly 

of office buildings and building with recovered precast concrete elements: the recovered elements 

generally have sufficient structural capacity for their new purpose. However, not all hollow core slabs 

and wall elements meet the required sound and fire insulation. 

For the case study, suitable available office buildings and an apartment design are found. The elements 

in the office building are listed and it is determined which ones are suitable for reuse. Then the original 

apartment design is redesigned with those suitable elements and judged on structural quality, 

material use, CO2 emissions, design quality and reusability. If this first redesign would be built, 69,4% 

less new concrete would be needed. In terms of CO2 emissions, a reduction of 46,2% would be 

accomplished. The latter is mainly caused by the lower production emissions due to the reduction of 

new concrete use. After the first redesign, the original apartment design is redesigned for a second 

time. The original design is altered even more, in order to achieve bigger reductions in material use 

and CO2 emissions. If this second redesign would be built, 89,6% less new concrete would be needed 

and a reduction of CO2 emissions of 60,9% would be accomplished. These bigger reductions are mainly 

caused by the increased reuse of precast elements, as a result of applying relatively thin hollow core 

slabs with sound and fire insulation and by altering the window positions of the apartment building. 

Lastly, the approach of redesigning, followed in the case study, is generalized for other precast 

concrete office buildings and apartment designs. Most of it applies to other type of precast concrete 

buildings as well. 

The thesis concludes that most of the elements from old office buildings are suitable for reuse in 

apartment buildings in terms of dimensions and capacity. Doing so leads to an enormous decrease in 

CO2 emissions from concrete production. The disassembly process of office buildings emits less CO2 

than the demolition process does. At the same time, the reuse of recovered precast concrete elements 

also reduces the amount of concrete waste. These three benefits are very likely to be similar for other 

type of precast concrete buildings as well. 

The shown possibility of creating an apartment building with recovered elements, that has good 

structural quality and considerable CO2 savings, whilst also allowing for future reuse of the elements, 

leads to the conclusion that this thesis shows how the reuse of precast concrete elements from office 

buildings can lead to sustainable apartment designs. 
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Introduction 

1. Introduction 
1.1. Motivation 

When precast concrete buildings are demolished, the structural elements such as walls, columns, 

beams and floors are crushed to be used as aggregate for new concrete or as road subbase material. 

[1] At the same time, for new buildings, new concrete has to be produced, which results of course in 

a lot of material use and CO2 emissions. This can be prevented by renovating the building instead of 

demolishing it; however, this is not always possible. Another possibility would be to reuse the 

elements or parts of them in new buildings, to reduce the use of new concrete. However, this is almost 

never done, due to several reasons. Alexandros Glias from the TU Delft gives a clear global overview 

of the difficulties and solutions of all the main aspects concerning the use of recovered precast 

concrete elements, showing the possibility and environmental benefits of using recovered precast 

concrete elements. [2] 

1.2. Goal and research questions 
The goal of this graduation project would be to show the possibility and environmental benefits of 

reusing recovered structural precast concrete elements as well, but focussing more on structural 

aspects, reusability and on the approach of designing with recovered precast concrete elements. As 

will be explained in next paragraph, the project will be narrowed down to the use of recovered precast 

concrete elements from to be demolished office buildings, in apartment buildings. Therefore the main 

research question will be: 

How can the reuse of precast concrete elements from office buildings lead to sustainable apartment 

designs? 

The most important sub questions are: 

What are the technical possibilities and challenges of using recovered precast concrete elements in 

new apartment buildings? 

What are the environmental benefits of using recovered precast concrete elements in new apartment 

buildings? 

What should be the approach of designing new apartment buildings with recovered precast concrete 

elements? 

1.3. Approach 
To reach the goal of the graduation subject and to answer the questions mentioned above, the main 

focus of the project will be on recreating an apartment design with recovered precast concrete 

elements from one or more structural vacant office buildings. 

The reason for focussing on recovered elements from office buildings is that in the Netherlands office 

buildings have the highest rate of vacancy of all building types. [3] Since a big part of these office 

buildings has structural vacancy, it means there is a huge stockpile of concrete which will eventually 

be demolished. And since a considerable amount of office buildings are built in precast concrete, it 

makes offices the best building type to use as donor for the recovered elements. [4] Only a small part 

of the office buildings is built with a demountable system, so it would be most relevant to use elements 

from systems which were not designed for disassembly. The latter consist of a large number of systems 

from different suppliers. However, most of these systems are quite comparable in terms of structural 

systems and details. Therefore it is assumed that the to be found solutions for one system will be 

applicable for most other systems as well. 
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The reason for redesigning apartments is that in the last years there is a huge demand in the Dutch 

residential market. Where Glias designed two story dwellings from recovered elements, designing 

multi (more than two) story apartments gives additional challenges in strength, stability and sound 

and fire requirements. Ideally a new apartment design would be based on the available recovered 

precast concrete elements, but a market for these elements does not yet exist. Therefore the case 

study in this thesis will have a direct link between the to be disassembled office buildings and the 

apartment design, without a recovered elements market in between. By redesigning an already 

existing design, it can only be adapted to the available recovered elements up to a certain limit, which 

keeps the new design realistic and thus relevant. And if it is possible and environmentally beneficial 

to redesign an existing apartment design with recovered elements, it is certainly possible and 

environmentally beneficial to do so with a new apartment design, which can easier be adapted to the 

available recovered elements. 

A literature study will be performed to get more insight into the relevancy, current situation and 

conducted research on reusing precast concrete elements. Afterwards, the relevant technical 

problems and solutions concerning the reuse of precast concrete elements will be addressed. 

Then the redesign process will be executed twice: once redesigning the apartment design and 

following it as close as possible and once redesigning the apartment design but adapting it if that leads 

to more reuse. Afterwards, the material use and environmental impact of both redesigns will be 

compared with the original apartment design and with each other. 

To increase the relevancy of the single case of this project, the approach of redesigning should be 

analysed and generalized to make it applicable for other cases as well. 
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2. Literature study 
2.1. Relevancy of reusing precast concrete elements 

Climate change and resource depletion are two important subject which are frequently discussed 

nowadays. In terms of materials, the construction sector is the sector which uses the most, namely 

half of all the non-renewable resources. In the European Union 12% of raw materials are used in the 

construction sector, of the minerals this is even 95% [5] Next to the resource depletion, this high 

consumption of resources has an influence on global warming as well. It can be stated that the 

construction sector is the least sustainable sector. Within the construction sector, the production of 

concrete requires most raw materials and generates the biggest CO2 emissions. [6] Next to that, the 

building demolition waste consists of more than 90% of stony materials like concrete. [7] 

For these problems, different solutions are being developed, aiming at the reduction of CO2 emissions 

and the reuse or recycling of concrete waste materials. Concrete waste is already reused at a very high 

rate of 90%, mainly for road base material. [8] The remaining part is recycled as aggregate material in 

new concrete or moved to the landfill. Although this might sound good in terms of circularity, recycling 

of concrete still costs a lot of energy and results in comparable CO2 emissions as for new granules. [8] 

Reusing the concrete as road base material is useful, but does not prevent new concrete from being 

produced since it is downcycling. 

Something which is not happening in construction practice yet is the reuse of concrete elements 

(walls, floors, columns, beams) as a whole. In this way the concrete is not downgraded and less energy 

and raw materials are needed for a ‘new’ concrete element. Moreover, the CO2 emissions of reusing 

elements will probably be lower than those of producing new elements. To reach the goal of the Dutch 

government to have a fully circular economy in 2050, reuse of concrete elements will be an important 

means to do so. [9] But if should be mentioned that if it is possible to renovate a building, this should 

be favoured above reusing concrete elements, since that costs even less energy and raw materials. 

When looking at the different building functions in the Netherlands, office buildings have the highest  

vacancy rate. In 2017, 16% of the 50 million m2 office floor area was vacant, see figure 1. Of this vacant 

office floor area, 65% is structural vacant, meaning not occupied for more than 3 years. [10] Reasons 

for this high vacancy rate are the aging population, need for flexible work spaces, people working at 

home, the economic crisis, stricter energy regulations for office buildings and the old office stock. 

When structural vacant office buildings are not suitable for renovation to for instance dwellings, they 

will be demolished. That means there is a large ‘stockpile’ of concrete which will eventually be 

demolished. In the last few years, the demolition rate has already gone up significantly. Since a 

considerable amount of these vacant buildings are built in precast concrete, they might be a good 

source of precast concrete elements which could be reused in new building projects. [4] 
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FIGURE 1: TOTAL OFFICE STOCK IN THE NETHERLANDS AND ITS ADDITIONS AND WITHDRAWALS [10] 

While office buildings have the highest vacancy rate, the demand is highest for residential buildings. 

It is estimated that the national shortage was between the 100.000 and 140.000 dwellings in 2018 and 

in the meantime this has even increased. [11] Recovered precast concrete elements could therefore 

be used well in the construction of new dwellings. 

In the past several buildings in the Netherlands have successfully been demounted while keeping the 

precast concrete elements intact, namely in Middelburg (1986), Vlaardingen (1999) and Maassluis 

(2000). [8] In Middelburg the precast concrete elements from a flat were reused to build 114 new 

dwellings. When demounting the elements the poor quality concrete joints between the elements 

gave away quite easily. Although it costed a lot of preparation and the costs were higher than 

expected, the project was carried out successfully. In Maassluis the intention was to reuse the 

elements in new buildings as well, but due to logistical and technical reasons, the elements were not 

reused. Next to that, the expected subsidy of the government was not granted. A more recent example 

of reuse of precast concrete elements is the planned disassembly of the office building Prinsenhof A 

in Arnhem. [12] The elements located in this building will be used in new utility and residential 

construction. Whether or not that will be a success has to be determined once the reuse is finished. 

In other European countries, a few precast concrete buildings were disassembled and their elements 

were used in new buildings as well. Firstly there is an office building in Vienna which was already 

constructed with the knowledge that it had to be disassembled a few years later. As a result, after 12 

years the building could be disassembled quite easily and two new buildings could be erected with its 

elements. The total costs were lower than for demolition and the use of new elements. [13] A 

comparable office building was built in Essen, Germany. After 5 years the office building was 

disassembled and built again at another location. Since it was designed for disassembly the total costs 

were lower as well. 

  

Million m2 rentable floor area Million m2 rentable floor area per year 

 
Vacant 

In use 

Addition 

Withdrawal 
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2.2. Precast concrete in office buildings 
Before the eighties almost all office buildings were built in in situ concrete. In the eighties this changed 

rapidly and more and more office buildings were built with precast systems, most of which were 

standardized. [8] The structure type of these offices is in most cases hollow core slabs (HCS) with load 

bearing façade walls. For more than one nave, columns and beams support the HCS. Standardized 

precast systems were manufactured until about 15 years ago, although most systems still kept a 

certain form of standardization. [1] 

Half of the current office stock was built between 1980-1999, so the biggest share of vacant office 

buildings is also from this period. [14] These office buildings were built according to TGB (Technische 

Grondslagen voor Bouwconstructies) 1972 or TGB 1990 and VB 1974 (Voorschriften Beton) or VBC 

1990 (Voorschriften Beton - Constructieve eisen en rekenmethoden). [15] Like in the current 

Eurocode, the variable loads for office functions are much higher than for dwelling functions. 

According to Glias, the reinforcement steel quality of office buildings built after 1975 does not have 

to be subjected to testing. He also states that the possibilities of office buildings to be disassembled is 

smaller for buildings built after 1990, than for buildings built before 1990. [2] 

The durability of concrete is in general already very good, but internal concrete structures can even 

have a technical lifetime of 200 years or more. [16] In general, office buildings structures are internal 

structures, thus having a technical lifespan of 200 years. This is several times the functional lifespan 

of office buildings. 

  



11 
Literature study 

2.3. Material flowcharts 
n the current concrete material flowchart all structural vacant office buildings that cannot be 

renovated are demolished. Of this waste material, about 90% is used as road base material and the 

remaining part is recycled as aggregate material in new concrete, see figure 2. Only a very small 

amount is brought to the landfill. [8] 

According to Volkov, already in 1995 up to 20% replacement of natural aggregates with recycled 

aggregates was allowed without need of additional testing. [15] Despite being allowed, the use of 

recycled aggregates was still marginal in those days. As concrete companies nowadays start using 

recycled aggregates in their products, it is assumed that in the current concrete material flowchart 

20% of the aggregates consists of recycled aggregates. This is circa 10% of the concrete volume. 

The ratio between the use of in situ and precast concrete in new office buildings is not so easy to 

determine since different sources claim a different ratio. According to Naber, almost 100% of all 

currently built office buildings is built in precast concrete. [8] In this statement the foundation of the 

buildings is probably left out since that is often still made in situ. According to Cement&BetonCentrum, 

380 litre in situ concrete per capita per year is used for dwelling and utility construction. For precast, 

this is 280 litre per capita per year. [4] Taking the ratio between these numbers results in an ratio of 

58% precast and 42% in situ. As office buildings are built more often in precast concrete than 

dwellings, as an estimate for office buildings, 70% precast and 30% in situ are written in the figure. 

 

FIGURE 2: CURRENT CONCRETE MATERIAL FLOWCHART 
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In the new ideal concrete material flowchart that should be achieved in the future, a new stream is 

added, namely the disassembly of structural vacant office buildings back into precast elements. The 

amount of the structure of the office building that goes to the recovered elements stockpile should 

be as big as possible and the demolition waste should be minimized, see figure 3. A recovered 

elements stockpile is a stockpile where recovered elements can be brought to after disassembly of a 

building. There they wait to be bought by someone who wants to reuse them in a new building. From 

the demolition waste, nothing should go to landfill and only a small amount should be used as road 

base material. The remaining waste should be reused as grannulates in new concrete and maybe even 

cement, reducing the need for raw materials. The new apartment buildings should be build mainly 

with recovered elements form the stockiple and the amount of new concrete needed should be 

reduced as far as possible. If still needed, precast concrete should be prefered since that could be 

reused again easier. 

 

FIGURE 3: DESIRED CONCRETE MATERIAL FLOWCHART 
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2.4. Disassembly 
According to Glias disassembly has two main challenges. One is to salvage the materials in the highest 

quality as possible and the other is to find the markets to sell the salvaged materials.’ [2] The first 

challenge requires that the precast concrete elements are taken out of the office building with care, 

which is in great contrast to the demolition of buildings, in which it does not matter whether elements 

get damaged or not. Although precast elements could have dry connections, almost all of them are 

connected to each other by means of a wet connection. This connection consists of mortar and, if 

needed, reinforcement bars. To get the precast elements out of the structure, this wet connection has 

to be removed, which can be done in several ways. 

If no reinforcement is present in the connection, the connection might be broken by applying force on 

it. Wet mortar connections often have a considerable lower strength than the surrounding concrete. 

This weakness of the connection is one of the main reasons that precast concrete is more suitable for 

reuse than in situ concrete. HCS without a structural concrete topping, for instance, can often be 

disconnected from each other by lifting one floor slab. This causes the unreinforced and weak mortar 

connection between the slabs to break. Afterwards, the remains of the connection can be hammered 

off. 

If reinforcement is present in the connection, as is often the case, other techniques and equipment 

have to be used to remove the connection. Common techniques for this are diamond sawing and 

pneumatic hammering. A more advanced techniques could be hydrodemolition. With a diamond saw, 

very precise saw cuts can be made and little material is lost. The disadvantage, however, is that a 

diamond saw produces most noise, compared to other disassembly or demolition tools. [8] With a 

pneumatic hammer, the mortar can be destroyed, but there is a very big chance that the 

reinforcement and the concrete of the elements itself will be damaged as well. Next to that, the 

vibrations of the hammer cause building workers to have complaints about their hands and arms. 

Lastly, hydrodemolition is a relatively new technique which uses high water pressure to blast away 

the concrete bit by bit. The reinforcement bars stay intact during the process which offers unique 

possibilities of reusing the old reinforcement bars. However, most hydrodemolition machines can only 

treat a flat surface. 

During the lifetime of the elements and during the disassembly and transport, elements might have 

been damaged. Concrete corners or edges might have spalled, or reinforcement might have been 

corroded, for instance. In a case study about the majority of the Finish precast concrete apartment 

blocks built between 1960 and 1989, it was concluded that frost damage occurred in only 7,3% of the 

blocks and that corrosion occurred in only 5,7% if the blocks. [17] The majority of these cases occurred 

in the sandwich façade panels in which part of the concrete was subjected to the outside whether. 

This means that the damages of indoor concrete elements during its lifetime are almost negligible. 

Most damage occurs during or after disassembly. When for instance wall elements are not sawn at 

the original connection, end reinforcement might not be sufficient anymore and the wall could get 

damaged during transport. Or parts of the edge of floor or wall elements might spall off during prying. 

Although disassembly should take place with great care, damages like this cannot be completely 

prevented. Therefore these damages should be repaired after disassembly. Repairing and adapting 

the precast elements to make them suitable for reuse could best take place at the disassembly site or 

storage site, since on the new construction site the elements should be present complete and as short 

as possible. 
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According to Volkov the technical points to take into account before disassembling an element are: 

internal forces and moments in the element at the point of a potential disconnection, safety of the 

rest of the structure after the element disconnection and rebar position inside the element. [15] 

In case of precast concrete, there are hardly any bending moments in the connections because the 

elements are statically determined. This makes it easier to disconnect the different elements, 

compared to in situ concrete. If the saw cut is not made at the connection, but very close to it, the 

bending moments will still be small. 

When a precast building was build, the elements were put in place in a certain order and some of 

them were temporarily supported. When demounting the same structure, the order of disassembling 

the elements is more or less the reverse. This may also imply that some elements need a temporarily 

support again in order for other elements to be disassembled. If for instance floors are sawn at some 

distance from their support they have to be supported in order for them not to fall down. Therefore, 

a thorough examination of the stability of the building structure during disassembly has to be made 

before starting the disassembly process. In this way, the building workers, who are generally closer to 

the structure and equipment than in a demolition case, can do their work safely. 

Lastly, it is important to know the rebar position inside the recovered elements. This position has 

influence on the mechanical and environmental properties of the element. Since most offices that will 

be disassembled were designed and built before the arrival of the Eurocode, things like cover, 

anchorage length or bonding might not be sufficient anymore. If that is the case, the element can be 

adapted and/or used in a function with less requirements. Therefore it is important to know on 

beforehand where to make the saw cut. 
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2.5. Disassembly vs demolition 
When disassembly is compared to demolition there are of course a lot of differences. Important 

factors that may differ are the time it takes to disassembly or demolish a building, the costs of 

disassembly or demolition and the environmental impact of disassembling or demolishing a building. 

2.5.1. Time 
It is common knowledge that disassembling a building takes more time that demolishing a building. 

But how big this difference is differs per building and source. According to Naber, the disassembly of 

a certain standard office building in Rotterdam would take 30 weeks, while demolishing it would only 

take 22 weeks. [8] In this case, disassembly would take 36% more time than demolition. According to 

Glias the time needed for the disassembly of a series of office buildings in Amsterdam would be 2,5 

times more than for demolishing the same buildings. [2] Next to these theoretical cases, the real 

disassembly of an apartment building in Middelburg also took much longer than demolition would 

have taken. The preparation time alone already took two years. [8] 

There are several reasons why disassembly takes more time than demolition. First of all, the building 

workers have to work with great care in order to not damage the elements. This takes more time than 

with traditional demolition in which it does not matter if elements get damaged. Disassembly is also 

more labour intensive than demolition. More building workers are needed to measure and cut the 

elements, for which they use relatively small machines. During disassembly, building workers are 

closer to machinery and moving elements than with demolition. Therefore extra attention has to be 

paid to the safety of the building workers, which takes extra time. Compared to demolition, more time 

and effort has to be paid to inspecting the building on beforehand to determine the state of the 

elements and to make a disassembly plan. Afterwards, repairs of the elements might be needed, 

something which takes extra time as well. Lastly, demolition companies have little to no experience 

with disassembling buildings so the tools and processes have not been optimized yet. In the beginning, 

this inexperience will take more time, compared to an optimized demolition process. 

Some of the reasons mentioned before, like the inexperience of demolition companies with 

disassembly, may be solved in the future, when disassembling concrete buildings has become 

common practice. In the future, determining the state of the elements can take less time if each 

building has a database with all its elements and their according properties. 

2.5.2. Costs 
In general it can be stated that disassembling a building costs more money than demolishing a 

building. However, the costs of new concrete elements should be added on top of the costs of 

demolishing to give a good comparison. 

The standard office building in Rotterdam, mentioned before, would cost 835 thousand euros to 

disassemble, according to an estimation of Naber. Demolishing the same building would cost 520 

thousand euros, making disassembly 60% more expensive than demolition. [8] When these extra costs 

are divided over the useable square meters of floor area, this will be 31,59 euro per square meter. 

New HCS costs between the 45,- and 55,- euro per square meter. The reused floor slabs seem cheaper, 

but the costs of sawing them to size and possible repairs still have to be added. In many cases, the 

sound insulation properties of recovered floor slabs have to be increased when the slabs are reused 

in dwellings. This requires for instance adding a floating floor. Adding of all these costs to the initial 

costs of 31,59 euro per square meter results in reused floor slabs costs between the 52,64 and 70,57 

euro per square meter. [8] This is about 20% higher than new HCS. When other precast elements in 

the building, like the walls, would have been reused as well, this difference might decrease. And if the 
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HCS would be reused in as long as possible pieces, less sawing would be needed and the costs per 

square meter would decrease as well. 

According to Glias, recovered HCS from the office buildings in Amsterdam would be cheaper than new 

HCS when they are more than 7 m long. He also states that disassembly costs 3,5 times more than 

demolition. [2] In every single part of the process, disassembly costs more compared to demolition, 

see figure 4. 

 

FIGURE 4: COMPARISON OF DISASSEMBLY AND DEMOLITION COSTS [2] 

In the case of the real disassembly and reuse case in Middelburg, the costs were higher than 

demolition would have costed, because of the special equipment and the time that was spent on the 

project. [8] On the other hand, the disassembly and reuse case in Vienna costed only 63% compared 

to demolition and using new elements. This is mainly the result of the fact that the building was 

already designed for disassembly. [13] Reasons that make the disassembly process more expensive 

are that more people have to be involved, reparations that have to be carried out on the recovered 

elements, additional new material that has to be applied to the elements to meet the sound and fire 

requirements, extra measures and materials that are needed to protect the building workers, 

marketing costs for the sale of recovered elements and the inexperience of demolition companies 

with disassembly. The extra costs due to inexperience will reduce over time when disassembly 

becomes common practice.  

Other important factors that influence the costs are the amount of saw cuts that have to be made and 

the distance over which the recovered elements have to be transported to the storage site or new 

building location. 

2.5.3. Environment 
Both Naber and Glias compared demolition and the use of new precast recycled concrete elements 

with disassembly and the use of recovered elements. Naber compared the global warming potential 

(GWP), the human toxity and the shadow costs of the two options. Glias compared the GWP and 

shadow costs as well, and next to that also the abiotic depletion. Naber did calculations for reuse of 

HCS in both a design for a series of dwellings and an apartment building. It turned out that 69% of the 

dwelling floor could consist of recovered elements, whilst 31% had to be new elements as a result of 

block outs. For the apartment design, this ratio turned out to be 71% to 29%. [8] In the calculation of 

Glias, who did a calculation for the reuse of all kind of precast elements in a design for a series of 

dwellings, 87% of the structure could consist of recovered elements. 

According to Naber, the GWP of disassembling an office building and reusing half of the recovered 

HCS is 35% lower than for demolishing the same building and recycling the granules in new concrete 

floor slabs. For the human toxicity, this difference is 57%, in favor of disassembly. Both percentages 
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are for a transport distance of the recovered slab of 10 km. If this distance is increased to 50 km, the 

difference in GWP is only 9%, but the difference in human toxicity is still 50%. [8] 

According to Glias’ calculations the GWP of disassembling office buildings and reusing the recovered 

elements is 75% lower than for demolishing the same buildings and using new recycled concrete 

elements. For abiotic depletion, this difference is 70%, in favor of disassembly. Both percentages are 

for a transport distance of the recovered elements of 50 km. At about 500 km, the GWP and abiotic 

depletion of disassembly and demolition equalizes. [2] 

Both Naber and Glias compared the shadow costs of recovered and new precast concrete elements, 

although Naber only did this for HCS. Shadow costs are the costs that should be paid in order to 

achieve the environmental targets, so the compensation costs for environmental pollution by the 

building process. The shadow costs of using recovered HCS in a dwelling are 81% lower than for new 

recycled concrete HCS. For using them in an apartment complex, they are between the 83% and 63% 

lower, depending on the type of reused HCS. [8] The shadow costs of using recovered elements in a 

dwelling is 79% lower than for using new recycled concrete elements. [2] 

The main reason for the big difference in GWP is the fact that recycling concrete or producing new 

concrete has giant CO2 emissions, compared to reusing concrete. This is due to the crushing of 

concrete debris and the production of cement. Although disassembly alone has bigger CO2 emissions 

than demolition, this is nothing compared to the CO2 savings of reusing concrete elements instead of 

producing new ones. The GWP has by far the largest share in the shadow costs and is thus the main 

reason for the big difference between shadow costs of disassembly and demolition. The reason that 

in Nabers case the difference in GWP was less than in Glias’ case was that an finishing floor had to be 

applied on the recovered floor slabs. This finishing floor had about 3 times as much influence on the 

GWP as the recovered slab itself. [8] Lastly, transport of the elements had a considerable impact on 

the GWP and the abiotic depletion, but little impact on the human toxicity. 

2.5.4. Working conditions 
When disassembly and demolition are compared in terms of working conditions, there are big 

differences as well. 

In a demolition process, a lot of dust is created by breaking concrete or stony materials. For 

disassembly, the breaking and sawing is considerable less, so less dust will be created. This is better 

for the building workers, but also for the surroundings. However, it has to be mentioned that in 

general, buildings workers are closer to the breaking and sawing in a disassembly process, than in a 

demolition process. 

When comparing the noise levels of different tools used in demolition, it turns out that most of the 

demolition equipment has a comparable noise production. Only the diamond saw stands out, with 

133 dB, see table 1. The diamond saw is seldom used in demolition and often in disassembly, meaning 

that the noise levels for buildings workers in a disassembly process will be higher than in a demolition 

process. On top of that, in a demolition process, building workers are often further away of the 

machines, and thus the noise, compared to a disassembly process. What is similar for both cases is 

that all the demolition equipment produces more noise than the legally allowed 85 dB, meaning that 

all building workers who work with demolition equipment have to wear ear muffs. [18] 
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TABLE 1: COMPARISON OF NOISE PRODUCTION OF DEMOLITION EQUIPMENT [8] 

Equipment Level of noise 

Pneumatic wrecking hammer 109 dB(A) 

Pneumatic diamond drill 100-125 dB(A) 

Diamond saw 133 dB(A) 

Concrete- and debris breakers 107-112 dB(A) 

 

More than half of the building workers in the demolition sector have complaints about vibrations. [8] 

Most of the vibration problems are caused by the pneumatic hammer. Whether building workers in 

disassembly projects have more or less complaints than in demolition projects is thus different per 

project, because the use of pneumatic hammer varies per project. 

As mentioned before, in a disassembly project building workers are generally closer to machinery and 

moving elements than in a demolition project. To prevent danger, extra attention has to be paid to 

the safety of the building workers. 
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2.6. Systems designed for disassembly 
Although disassembling precast concrete elements and reusing them almost never takes place, there 

were some systems in the past which were designed for disassembly, some of which are still available 

today. Dolkemade addresses the five major precast concrete systems from the 90’s. They all have 

square columns and floor elements with standardized geometry. [1] The columns directly support the 

floor slabs, see figure 5. Except from Mxb-5, all systems make use of protruding steel pins in the 

columns which fit into the holes in the corners of the floor slabs. 

 

FIGURE 5: FIVE MAJOR PRECAST CONCRETE SYSTEMS FORM THE 90’S [1] 

All these systems use mortar in the joints and gaines, which makes them less suitable for disassembly. 

The systems were designed with a bigger focus on quick assembly than on disassembly, so mortar 

joints were the most efficient way to connect the elements. However, this implies that the systems 

are more difficult to disassemble and reuse than one would expect from systems designed for 

disassembly. One other reason that most of the described systems are not used anymore is because 

office layouts have become less standardized over time, making standardized systems less suitable.  
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2.7. Conclusion 
It was shown that the production of concrete has a high impact on global warming and resource 

depletion. With the current situation in both of these aspects, it can be stated that reusing precast  

concrete elements instead of producing new ones would be very relevant. Via real and fictional 

disassembly and building projects it was shown that it is technical possible to reuse precast concrete 

elements in new buildings. However, there are only a few examples of this in practice. Reasons for 

this are the increased time and costs of a disassembly project, compared to a demolition project. 

Therefore, Naber opts for the introduction of a CO2 tax for construction and subsidies for projects 

which make use of recovered precast concrete elements. [8] To give the market practical experience, 

some pilot projects which use recovered precast concrete elements should be initiated by the 

government. When disassembly and using recovered elements are becoming common practice, the 

increase in time and costs will become smaller, compared to demolition and using new elements. 

According to Naber, at some point disassembly will even score better than demolition at aspects like 

time, costs, and working conditions, see figure 6. 

 

FIGURE 6: DEVELOPMENT OF NEGATIVE ASPECTS IN DISASSEMBLY, OVER TIME, COMPARED TO A REFERENCE VALUE 

FOR DEMOLITION [8] 
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3. Technical possibilities, problems and solutions 
3.1. Type of elements 

Most office buildings have load bearing façade walls with HCS on top. [15] When the floor area is 

bigger and the HCS cannot span from façade to façade, columns and beams form the support in the 

middle. All the HCS are 1,2 m wide and there are several standard thicknesses: 150, 200, 260, 320 and 

400 mm. [8] In almost all cases, the HCS are connected to each other by means of a structural topping 

with reinforcement. This ensures they work together as one floor plate and are able to redistribute 

the horizontal forces on the building. The columns are mostly square with corbels to support the 

beams. They generally have the height of one floor, but a height of two or three floors is possible as 

well. The beams have the biggest variety in dimensions and shapes: they can either be rectangular or 

sometimes I- or T-shaped, with the floors on top, or flanged with the floors on their flanges. Façade 

beams can be asymmetrical with a flange on only one side. The walls are generally a few meters wide 

and have openings for windows and doors. Walls inside the building or shear walls have few or no 

openings. 

Since 2005, concrete pressure strength is expressed in a cylindrical and a cubical strength. [19] Before 

that, only the cubical strength was used. The strength of the precast concrete in the majority of the 

vacant office buildings is thus expressed in cubical pressure strength. Luckily, these strengths 

correspond directly with the cylindrical strength used nowadays. Cubical strength B25 corresponds 

with C20/25, for instance. 

The compression strength of the HCS varies between B50 (C40/50) and B65 (C53/65). [8] For beams 

this is quite similar: between C35/45 and C50/60. Columns and walls are generally produced with a 

lower concrete strength between C18/22,5 and C35/45. [2] In almost all cases, Feb 500 reinforcement 

steel was applied in the elements. For buildings built after 1975 this quality even does not have to be 

tested anymore. [2] 
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3.2. Connections between elements 
3.2.1. Hollow core slabs 

HCS are single span elements with hollow cores and prestressed reinforcement. As mentioned before, 

a HCS floor can distribute horizontal forces on the building when the HCS are structurally connected 

to each other. This is done by means of a structural topping. The slabs are placed next to each other, 

with the bottoms of the slabs touching each other. Due to the tapered edge of the slab, see figure 2, 

these connections can be filled from the top with concrete. This joint can take an average shear stress 

of 0,10 N/mm2, but this is often not enough. [20] Therefore, a reinforcement net is placed on top of 

the slabs and both the joints and 40 to 60 mm above the slabs are filled with concrete. This not only 

ensures the diaphragm action of the floor, but also increases its bending moment resistance. 

In longitudinal direction, the floors have to be coupled to the wall or beam on which they rest. 

Traditionally, in each slab two cores were opened up so reinforcement bars could be placed. Then 

those parts of the cores were filled with concrete again, resulting in a section as shown in figure 7. The 

protruding reinforcement overlaps with the protruding reinforcement of the wall, beam or façade 

element and the floor on the other side, if present. Then the area above the wall, beam or façade 

element and in between the slabs is filled with concrete to connect all the elements to each other. 

Important to mention is that on the cores which are not used for reinforcement, plastic caps or mineral 

wool props are placed to prevent the concrete from filling the cores. However, due to the shape of 

the caps or wool, the poured concrete still protrudes a small distance into the cores, which makes it 

harder to disassemble the HCS. 

 

FIGURE 7: HCS CONNECTIONS  [21] 

3.2.2. Walls 
Depending on whether the walls fulfil only a loadbearing function or also a shear wall function, they 

can be connected horizontally in several ways. One way is without reinforcement, see figure 8. On the 

outside of the connection the elements touch each other, leaving a gap in between. This gap is filled 

with concrete mortar and due to the ribbed shape of the connection, the mortar is able to form 

pressure diagonals. This means that some shear forces can be transferred between adjacent elements. 

Wall elements that do not have to transfer any shear forces at all can be connected by a flat vertical 

mortar joint. 

 

FIGURE 8: UNREINFORCED VERTICAL WALL CONNECTION [22] 
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The most common way to couple shear wall elements is by having protruding bended reinforcement 

bars on the sides of the wall. The bars overlap with the bars of the adjacent element and leave space 

for one vertical reinforcement bar, see figure 9. The ribbed shape of the connection is comparable to 

the one of the unreinforced connection and the gap is filled with concrete mortar as well. 

 

FIGURE 9: REINFORCED VERTICAL WALL CONNECTION [15] 

Another popular method to connect shear wall elements horizontally is by means of a teeth 

connection, especially when two elements are perpendicular to each other. The element with the 

bottom part of the connection usually has a protruding reinforcement bar whilst the one with the 

upper part has a hole fitting around that bar. Afterwards this hole is filled with mortar and the 

elements are connected to each other. 

The bottom and top connections of precast concrete wall elements simply consists of a bed of mortar. 

Before the wall is put into position, two adjustment blocks are placed in the joint to make sure the 

wall is placed on the right height. Some shear wall elements have two or more reinforcement bars or 

dowels, protruding from the wall element below and fitting in holes in the wall element above. After 

placing the upper wall element, these holes are filled with mortar. 

3.2.3. Beams 
Precast beams usually span one field and have simply supported connections on columns or walls. 

Columns can have corbels on which the beams can rest. One or two reinforcement bars then protrude 

from the corbel and stick through holes in the beam. These holes are then filled with mortar. When 

the beams are directly resting on the column, the reinforcement bars protrude directly from the 

column itself. 

Beams with a limited height can be partially precast, partially in situ. The in situ part is on the same 

level as the floor slabs and created when the protruding reinforcement of the beam and the floor is 

connected by means of concrete. 
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3.2.4. Columns 
As mentioned before, most precast columns have the height of one floor, but two or three floors is 

also possible. The columns are usually connected by means of protruding reinforcement in gains which 

are filled with mortar. Another, more disassembly friendly connection, is made by welding a steel 

corner profile with plate to the end of the bottom reinforcement of the upper column. This is done 

before the column is casted. The top reinforcement of the lower column is protruding and these ends 

are threaded. Once put into place, the columns can simply be connected to each other by means of 

bolts, see figure 10. 

 

FIGURE 10: COLUMN CONNECTIONS [23] 

3.2.5. Façade elements 
Façade elements in office buildings often bear the HCS and themselves, sometimes only themselves, 

but are not frequently used to form a shear wall. Therefore the connections between the elements 

can consist of a simple layer of mortar, and possibly two or more protruding reinforcements bars or 

dowels which are closed off with mortar after placement of the next façade element. The façade walls 

are coupled to the floor or walls to transfer horizontal loads. This is done by anchors or by 

reinforcement bars cast into the connection between the façade elements. 

As for wall elements, façade wall elements can also be connected by a teeth connection, resulting in 

a more rigid connection that can transfer high shear forces. 
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3.3. Acquiring elements from office buildings 
3.3.1. Hollow core slabs 

For hollow core slabs to be removed from a building they have to be disconnected at all four sides. 

Due to the reinforcement and the concrete which protrudes a small distance into the cores, both ends 

of the HCS have to be disconnected with a diamond saw. In this way, the disconnection can be a 

straight cut at the original end of the slab. In the other direction, it depends on the structural topping 

what has to be done. If no structural topping is present, the connection can be broken by lifting the 

slab. In case of a structural topping, the topping has to be cut first, after which the rest of the 

connection can be broken as well. 

The slab can be hoisted in two ways: by lifting keys or by a fork. Lifting keys can be put through holes 

in the slab and be rotated 90 degrees, see figure 11. Then the lifting keys can be connected with cables 

to a crane. The other method is by applying a fork system which is also used to lift balconies, see        

figure 12. For extra safety, chains need to be applied around the slab so it cannot fall out. 

          

FIGURE 11: LIFTING OF HCS WITH LIFTING KEYS [24]       FIGURE 12: LIFTING OF HCS WITH FORK [8] 

What is left over is a hollow core slab with some concrete in the end of the cores. In two core ends 

there will be a reinforcement bar with concrete. Depending on the hoisting technique, there might be 

two holes in the slab. On top of the slab can be a structural topping and on top of that is a non-

structural topping. The toppings might have been damaged by breaking the longitudinal connection. 

There will be rough leftovers of mortar on the edge of the slab.  In some of the HCS, ducts might be 

present. Possibly, parts of the upper flange and the web between the cores were removed for those 

ducts. 

3.3.2. Walls 
Whether the vertical joints of the wall elements are reinforced or unreinforced, they have to be cut 

with a diamond saw. When only an unreinforced horizontal joint is left, that connection can be broken 

by prying and lifting. When dowels or reinforcement bars are present in the horizontal joint, those 

have to be cut before prying and lifting. 

If the old anchors in the top on the wall element were left free from mortar, they can be used to lift 

the wall element. If they are full of mortar and if this mortar cannot be removed easily, holes will have 

to be drilled in the top of the wall element, in which new anchors can be placed. In some cases, wall 

elements can be lifted by putting lifting strops through door openings. 
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The wall elements will have flat edges, with some mortar leftovers on the top and bottom. Possibly 

the elements will have new anchors. In some elements, block outs for ducts or slits for electricity tubes 

may be present. 

3.3.3. Beams 
The beam has to be decoupled from the corbel or column on which it lies. A beam always has to be 

supported before it is disconnected. For disconnecting, a diamond saw can be used. But a diamond 

saw has a distance of ca. 3 cm between the blade and the side of the machine, meaning it cannot saw 

a perpendicular connection between to elements. And even if the particular beam-column connection 

would allow for a diamond saw, it would be unlikely to get the beam and column out undamaged. A 

much easier way is to cut the beams from the top, just next to the support area. In this way the beam 

is shortened some centimetres, but the columns will be undamaged. If it is preferred to get the beams 

out with their full length, it is also possible to saw off the corbels and keep the beam intact. As 

mentioned before, some beams are in situ connected with the floors. The floors are disconnected 

before the beams, so the in situ part of the beam will be part of the recovered beam. 

Some precast beams have lifting anchors, but a lot of them were placed with lifting strops. The beams 

therefore have to be lifted with lifting strops and steel cables again. 

The recovered beams are somewhat shorter than the original precast beams. Depending on the beam 

type the upper part of the beam may consist of the structural topping of the floor. If this is the case, 

there will also be a non-structural topping on top of that. 

3.3.4. Columns 
When the floors, walls and beams are disassembled, the column remains free standing on the column, 

or foundation below. In case of a bolted connection, the bolts can be made free and  the column can 

be disconnected. If the bolts or nuts are stuck or deformed, they can be cut with a simple grinding 

wheel. In most cases however, the column is connected with reinforcement bars. If the adjustment 

space is high enough, the connection can be cut with a diamond saw. Otherwise a diamond saw can 

be used as well, but a few centimetres of the bottom of the column will be removed. 

Columns can be lifted with a strop and steel cables. When a corbel is present, the strop can be placed 

just below the corbel. Otherwise, a hook has to be screwed into the column. 

The recovered column may miss a few centimetres on the bottom. If the corbels are still present, they 

may still have a piece from a removed beam on top. With a pneumatic hammer this piece can be 

demolished and if needed the protruding reinforcement bar can be left intact. 

3.3.5. Façade elements 
As for wall elements, the vertical joints between the façade elements have to be cut with a diamond 

saw. The horizontal joint only needs to be cut when it contains reinforcement or dowels, otherwise it 

can just be broken by prying and lifting. 

The easiest way of lifting the façade elements is by putting the lifting strops through the window 

openings. In the few cases where that is not possible, old lifting anchors will have to be used or new 

anchors will have to be placed in the top of the element. 

The façade elements will have flat edges, with some mortar leftovers on the top and bottom. In some 

elements, block outs for ducts or slits for electricity tubes may be present. 
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3.4. Adapting recovered elements 
All recovered precast concrete elements have to be adapted in some way, but the intensity strongly 

depends on the element itself and on the requirements of the new design. In general it holds that all 

elements have to be free from leftover concrete which is not part of the element itself. Think of 

concrete mortar from the connections, which can be removed with pneumatic hammers or demolition 

hammers. Or think of parts of other elements which are still connected to the element and which can 

be removed by cutting or pneumatic hammering. 

Next to that, some elements have to be cut to size so they have the right dimensions for the new 

building. HCS might have to be shortened, as do columns and beams. In some cases it is also needed 

to decrease the height or length of the wall elements. The elements can easily be cut with a diamond 

saw, although the implications of that cut should be investigated on beforehand. When shortening a 

beam for instance, part of the shear reinforcement might be lost. 

Other, more specific adaptations might be needed as well. The non-structural topping on HCS floors 

needs to be removed because it has no advantages and only adds to the weight. Due to the relatively 

low strength and the absence of reinforcement in this topping, removing it will be quite easy. The 

structural topping however, is more difficult to remove and has advantages in terms of capacity and 

sound resistance. Therefore the structural topping can stay in place in most cases. Depending on the 

new connections of the columns and beams, holes may have to be drilled and possibly steel 

connectors may have to be mounted on the elements, so they can be connected again. 

Adapting the elements could best take place before repairing the elements. That ensures that only 

the elements and the parts of the elements which will really be used in the new buildings are adapted 

accordingly. 
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3.5. Repairing recovered elements 
As said before, most damage of the precast concrete elements occurs in the disassembly phase. These 

damages can be categorized in those which influence the strength, the durability, the sound-/fire 

resistance and the aesthetic quality of the elements. If the costs of repairing a certain element are too 

high, this element should be discarded. 

3.5.1. Damage with influence on strength 
Damages that influence the strength can be missing concrete and damaged reinforcement due to for 

instance the use of the pneumatic hammer. If the area with missing concrete is located in a 

compression part of an element, this has to be filled with new concrete of the same quality as the old 

concrete. Most of the times, the surface is rough enough due to the hammering and a good bond can 

be achieved. Otherwise, the surface has to be roughened first. In case the missing concrete is located 

in a tension part of an element, it has to be filled with concrete as well, although this comes less 

precise. 

If the reinforcement is bended or dented too much, it has to be replaced. The most easy ways of doing 

this is by letting a piece of old reinforcement protrude from the concrete so the new reinforcement 

bar can be connected to the old one. There are several mechanical coupling systems to do this and 

welding is also an option. If there is no possibility of using protruding old reinforcement bars, holes 

have to be drilled in which the new bars can be placed. These holes can then be filled with new 

concrete mortar. Figure 13 shows an example of two elements which got damaged during disassembly 

and were repaired with new reinforcement and new concrete. 

 

FIGURE 13: DAMAGE DUE TO DISASSEMBLY AND ITS REPAIR [25] 

3.5.2. Damage with influence on durability 
Damage that influences the durability of the element mainly occurs when the reinforcement has no 

or too less cover, due to spalling, cutting or hammering. When the reinforcement is visible on the 

outside or if there are big cracks, it can start corroding, even with the absence of water. Therefore, in 

those cases, the element always has to be repaired by applying new concrete. Before applying the 

new concrete, it has to be made sure that the surface of the old concrete is rough enough to achieve 

good bonding. 

3.5.3. Damage with influence on sound-/fire resistance 
When there are holes going through a wall, floor or beam element, those could result in the element 

not meeting the sound and fire requirements, especially if the element is located between for instance  

two apartments. Therefore those holes have to be filled with concrete or concrete blocks. In case of 

small holes, it might be easier and still sufficient to fill them with insulation material. 
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3.5.4. Damage with influence on aesthetic quality 
In case the reused elements will get no finish, or only a paint finish, all damages above actually have 

influence on the aesthetics of the element as well. However, there are also some damages which only 

have influence on the aesthetics. One could think of fixing holes, electricity tube slits or scratches. 

Electricity tube slits could be filled with concrete mortar when they are not needed in the new 

building. But filling all fixing holes could take quite some time and effort, left aside repairing scratches 

on the concrete surface. Therefore those repairs should be up to the new owner of the elements and 

can be done when the elements are already placed in the new building. 
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3.6. Capacity of recovered elements 
The concrete quality, dimensions and the reinforcement quality, size and position need to be known 

to calculate the structural capacity of a precast concrete element with the Eurocode. In case of the 

Netherlands, this is the ‘NEN-EN 1992-1-1_2005+A1_2015+NB_2016 Beton – Algemeen’, which also 

includes the national annexes. When it is decided to leave the structural topping on HCS and beams 

in place, this can be taken into account in the calculation of the structural capacity, or just added as 

an extra load. However, when elements are adapted by sawing parts off, this can have big impact on 

their structural capacity, especially when there were special reinforcement configurations in the sawn 

off part. For each element type, the influence of sawing parts off will be described in the next 

paragraphs. 

3.6.1. Hollow core slabs 
Shortening hollow core slabs has no influence on the bending moment capacity. This is due to the fact 

that the section, including the reinforcement, is constant over the full length of the slabs.  

Having a structural topping on top of the slab increases the internal lever arm and therefore the 

bending moment capacity of the slab. As said before, this can be taken into account into the 

calculation or, if the properties of the structural topping are unknown, the structural topping can be 

taken as an extra load. 

3.6.2. Walls 
According to chapter 10.9.2 of the NEN-EN 1992, end reinforcement does not have to be applied in 

the bottom and top of wall elements if the vertical load per unit of length is smaller than 0,5 ∗ ℎ ∗ 𝑓𝑐𝑑. 

If the load is higher than that, which may be the case in high-rise buildings, end reinforcement has to 

be applied. If the loads do not exceed 0,6 ∗ ℎ ∗ 𝑓𝑐𝑑 , this can be achieved by using bended field 

reinforcement or U-pins, see figure 14. Wall elements in apartment buildings generally have a load 

per unit of length far below the 0,5 ∗ ℎ ∗ 𝑓𝑐𝑑, meaning wall elements can still be reused after being 

shortened. 

 

FIGURE 14: EXAMPLE OF END REINFORCEMENT IN A WALL ABOVE THE CONNECTION BETWEEN TWO FLOOR SLABS [26] 

If the wall elements need to be cut to make them less wide, this is less of a problem. The wall elements 

do not need end reinforcement on the side, unless they are part of a shear wall. 
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3.6.3. Beams 
Beams are most likely the element type for which shortening has the biggest influence. This has to do 

with the fact that the reinforcement configuration in the beam ends is normally very different from 

the rest of the beam. Shear reinforcement is usually increased in density near the support and 

longitudinal reinforcement can be bended upwards in the end of a beam to provide enough anchorage 

length. 

In case of shear reinforcement, the shear capacity might go down when cutting off the end of a beam. 

However, since the length of the beam is decreased, the shear load due to the uniformly distributed  

load, will decrease as well. So the shear capacity has to be checked again, but this will probably not 

have a big influence on the load bearing capacity of the beam. 

When the beam has U-pins or upwards bended reinforcement at its end, these will be lost when the 

beam is shortened. Depending on the width of the support area this could mean that the anchorage 

length is not sufficient anymore. According to formula 8.6 from chapter 8.4.4 from the Eurocode, the 

minimum anchorage length of the longitudinal reinforcement in a beam or floor slab is 100 mm in the 

most favourable case. [26] Dolkemade showed in her thesis some possible solutions if the anchorage 

length of floor slabs would not be sufficient, see figure 15. One solution is adding new reinforcement 

in sawn slits in the slab and then filling those up with mortar again. Another solution is to increase the 

support area, for instance by applying steel plates. Both solutions could be translated to beams as 

well, although a single steel plate would probably not be sufficient to carry a beam. 

 

FIGURE 15: OPTIONS TO INCREASE THE ANCHORAGE LENGTH AT TOP AND/OR BOTTOM [1] 

Having a structural topping on top of the beam increases the internal lever arm and therefore the 

bending moment capacity of the beam. Like with HCS, this can be taken into account into the 

calculation or, if the properties of the structural topping are unknown, the structural topping can be 

taken as an extra load. 

3.6.4. Columns 
The capacity of columns is presumably almost never affected by shortening. The only thing that could 

reduce the capacity is if there was extra transversal reinforcement in the top or bottom of a beam. 

This is the case if the main transversal reinforcement had the maximum centre to centre distance, 

described in chapter 9.5.3 of the Eurocode. Then this maximum centre to centre distance had to be 

decreased with a factor of 0,6 in the top and bottom ends of the column. [26] So if the main transversal 

reinforcement is further apart than 0,6 times the maximum centre to centre distance, sawing off part 

of a columns will reduce the load bearing capacity of that column. Again, as a solution extra 

reinforcement could be placed by sawing horizontal slits in the column, but that would be a laborious 

and costly process. 
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3.6.5. Façade elements 
Just as for wall elements, the load bearing capacity of the façade elements will not change much when 

they are shortened horizontally or vertically. The only thing that has to be taken into account is the 

distance between the window openings and the top of the element. If this distance becomes too small, 

it will negatively influence the load bearing capacity. On the other hand, if the façade element had a 

load bearing function in an office building, it is very likely the capacity will still be more than enough 

for use in an apartment building, due to the higher floor loads, floor spans and number of floors in 

office buildings. 

If needed, the capacity of elements with big window openings can be increased by partially or fully 

filling of the openings with in situ concrete or concrete blocks. 

3.6.6. Increasing bending moment capacity 
When the bending moment capacity of recovered HCS or beams is not high enough for the new 

purpose, this can be increased. There are several options of increasing  the bending moment capacity. 

For floor slabs, net reinforcement can be placed on the bottom of the slab and new concrete can be 

sprayed or casted on top of that. The fact that the elements are not in a building anymore is favorable 

for doing so. Another option is to glue strips of carbon fiber to the bottom of the slab. These strips will 

act as a kind of reinforcement bars. To protect the strips, they could also be glued in saw cuts on the 

bottom of the slab. Despite both options are structurally feasible, Naber concludes that they are too 

expensive and not sustainable enough. [8] Therefore another recovered HCS or even a new HCS has 

to be chosen, instead of increasing the capacity of the first recovered HCS. 

For beams, the same solution of applying new reinforcement and concrete could be applied, although 

the amount of reinforcement would be much higher. However, it would be difficult to give enough 

coherency in the surface between the old and new concrete and to connect the shear reinforcement 

of both parts with each other. Doing so would be very expensive and not sustainable enough. Applying 

carbon strips could still be a possible solution to increase the bending moment resistance of a beam, 

depending on the properties of the beam and the availability of other recovered beams. 
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3.7. Differences in building codes 
As said before, the biggest share of vacant office buildings was built according to TGB 1972 or TGB 

1990 and VB 1974 or VBC 1990. According to Naber, in terms of variable load calculation for floors, 

not a lot has changed. The live load for office floors is between 2,5 and 4,0 kN/m2 and for residential 

floors this is between 1,75 and 2,5 kN/m2. [8] However, the VB 1974 used different partial safety 

factors for loading compared to the current Eurocode. Usually this factor was 1,7 for both the 

permanent and variable loads. Depending on the type of concrete structure, the characteristic 

material strength had to be multiplied by 1,0 or 0,75 to get the design material strength. In case of 

bending moment resistance, the capacity according to the Eurocode is similar to that in the VB 1974. 

For shear capacity, the Eurocode is somewhat more conservative in some cases; this has to be taken 

into account when reusing floor and beam elements. Due to the similar capacity of the Eurocode in 

bending moment calculations and due to the difference between variable loads for office functions 

and dwelling functions, most precast concrete elements from office buildings can be reused in 

residential buildings in terms of capacity. 

What did change in the regulations however, is the amount of cover on the reinforcement. In the VB 

1974 this was 10 mm for HCS, 15 mm for precast walls, 20 mm for precast beams and 25 mm for 

precast columns, all in a dry environment. [27] In the Eurocode this is 20 mm or 1,5Ø+5 mm for HCS 

and 15 mm for precast walls, precast beams and precast columns, all in a dry environment and with a 

concrete strength of at least C30/37 see table 2. Many wall and column elements have a lower 

strength level, which increases their structural class by 1. For columns this implies that the nominal 

cover becomes 20 mm, for walls it stays 15 mm. [26] 

TABLE 2: NOMINAL COVER ON PRECAST ELEMENTS IN MM, IN A DRY ENVIRONMENT AND WITH AT LEAST C30/37 

CONCRETE QUALITY 

 HCS Walls Beams Columns 

VB 1974 10 15 20 25 

Eurocode 20 / 1,5Ø+5 15 15 15 

 

It can be concluded that the cover on reinforcement in recovered wall, beam and column elements 

will be sufficient according to the Eurocode. For HCS, this cover has to be checked to see if it meets 

the new requirements. If this is not the case, but the element served for 20 to 40 years without 

durability problems, it should at least meet the minimum cover regarding anchorage of the 

reinforcement. If this is also not the case, chapter 4.3 from NEN 8702, the proposed new code for the 

assessment of the structural safety of existing structures and structural elements, states that the 

effect of the absence of enough cover on the anchorage has to be determined according to the rules 

of chapter 8.4.2 of the NEN-EN 1992. 

  



34 
Technical possibilities, problems and solutions 

3.8. Differences in building requirements 
Since the recovered elements are about 20 to 40 years old, they were build according to different 

requirements than the ones we use nowadays. The fact that the elements are recovered from office 

buildings and reused in apartment buildings also gives a difference in requirements. It is useful to 

know what these differences are, in order to know what problems and challenges to expect. 

3.8.1. Free height 
In 1992, the first national building decree (Bouwbesluit) was implemented, replacing the different 

regional building decrees. This decree states that for living spaces in dwellings and offices, a free height 

of 2,4 m is required. For other spaces, this can be 2,1 m. [28] In the latest building decree, from 2012, 

the free height in a dwelling function should be 2,6 m. [29] Luckily, most of the office buildings in the 

80’s and 90’s were constructed with a higher free height. In Glias’ case, the office buildings had a wall 

heights between the 3,25 and 3,38 m. Even with the new requirements, this is still more than enough 

to not cause problems in terms of free height when reusing precast wall and column elements from 

office buildings into apartment buildings. 

3.8.2. Sound requirements 
The Dutch buildings decree of 1992 gives no sound requirements for office buildings. It does have 

sound requirements for residential buildings. The insulation index for both airborne and impact sound 

has to be at least -20 dB for different living areas in one apartment. Between a living area of one 

apartment and a non-living area of another apartment, this should be at least -5 dB. [28] For living 

areas of different apartments, the insulation index is not given, but it is likely that this has to be at 

least -20 dB as well. 

In the building decree of 2012, the sound requirements have increased drastically. The airborne sound 

difference between different living areas in one apartment should be at least 32 dB. The level of 

impact sound between different living areas in one apartment should not exceed 79 dB. Between a 

living area of one apartment and a non-living area of another apartment, the airborne sound 

difference should be at least 47 dB and the impact sound level should not exceed 59 dB. Between 

living areas of different apartments, the airborne sound difference should be at least 52 dB and the 

impact sound level should not exceed 54 dB. [29] These last two requirements are most important for 

apartment buildings since they apply to most of the floor surface and most of the wall surface. Table 

3 sums up the sound requirements which are most relevant for apartment buildings. 

TABLE 3: REQUIREMENTS FOR AIRBORNE SOUND DIFFERENCE AND IMPACT SOUND LEVEL BETWEEN DIFFERENT AREAS 

 Airborne sound difference Impact sound level 

Between living areas in one 
apartment 

≥32 dB ≤79 dB 

Between a living area of one 
apartment and a non-living 
area of another apartment 

≥47 dB ≤59 dB 

Between living areas of 
different apartments 

≥52 dB ≤54 dB 

 

According to Naber, for floors there are two options to meet these requirements. The first one is to 

have a floor with a high mass of at least 800 kg/m2. This is heavy enough to meet the impact sound 

requirements. However, the HCS from office buildings only weight 270 to 430 kg/m2, without a 

structural topping. But even with a structural topping, this will not be enough to meet the impact 
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sound requirements. Therefore Naber opts for the use of floating floors. A HCS with a mass of 500 

kg/m2 could be combined with a floating floor with ≥11 dB sound reduction or a HCS with a mass of 

400 kg/m2 could be combined with a floating floor with ≥14 dB sound reduction. [8] Both options 

satisfy the requirements in the building decree. 

For walls, the airborne sound difference requirement of 52 dB is most important. In the case of Glias, 

the recovered precast concrete wall elements all had a thickness of 180 mm. To achieve enough sound 

insulation, new 200 mm walls would be needed. [2] A 180 mm thick concrete wall has a aiborne sound 

difference of 50 dB, which is slightly below the requirements. [30] In order to use recovered wall 

elements of 180 mm thickness, they would need a thick plaster layer or a covering wall. A plaster layer 

would be the cheapest option, but a covering wall has a bigger impact on the airborne sound 

difference. Both options are disadvantages in terms of futere reuse of the wall element. 

3.8.3. Fire requirements 
Both the building decree from 1992 and the one from 2012 give fire requirements in terms of 

minimum time in which the building structure should not collapse during a fire. In the building decree 

from 1992, the minimum times are 30, 60, 90 and 120 minutes, depending on the height of the 

building. This is quite similar for both office and residential buildings. In both cases, for instance, 13 m 

is the threshold from 90 to 120 minutes fire resistance of a buildings structure. Whether the upper 

floor is below or above 13 m above ground level determines which fire resistance has to be applied. 

The building decree of 2012 uses 60, 90 and 120 minutes for fire safety. Apartments with no floors 

above 7 m above ground level can have 60 minutes for fire resistance. Between the 7 and 13 m, this 

is 90 minutes. Above the 13 m, this is 120 minutes. Table 4 lists these requirements again. 

TABLE 4: REQUIREMENTS FOR FIRE RESISTANCE OF BUILDING STRUCTURES OF APARTMENT BUILDINGS 

 Fire resistance of building structure 

No floors above 7 m above ground level 60 min 

No floors above 13 m above ground level 90 min 

Floors above 13 m above ground level 120 min 

 

All HCS from office buildings have a fire resistance of at least 60 minutes, most even 90 minutes. 

Depending on the height of the apartment this will make them suitable for reuse in apartment 

buildings. However, one thing to take care of is the structural topping on top of the slabs. If this 

structural topping is too thick, it will prevent the upper flange of the HCS from deforming during fire. 

When the bottom flange does deform, this leads to shear stresses in the web which may result in 

shear failure of the web. This can result in the bottom flange of the HCS falling down, something which 

is not allowed to happen since escaping people and firemen should not get hurt. According to Naber, 

HCS in apartment buildings below 13 m may have a structural topping of maximum 70 mm. Above 13 

m this is reduced to 50 mm. 

Table 5 from the CEN product norm for hollow floor slabs gives values for the minimum slab thickness 

and minimum axis distance (distance between centre of reinforcement and concrete surface) which 

lead to a certain fire resistance of the slab. Since the thickness requirement is always met by HCS from 

office buildings, the location of the reinforcement has the biggest influence on the fire resistance. 
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TABLE 5: MINIMUM SLAB THICKNESS AND AXIS DISTANCES FOR STATICALLY SUPPORTED HOLLOW FLOORS [31] 

Standard fire 
resistance 

Minimum slab 
thickness h (mm) 

Minimum axis distance a (mm) 

Reinforcement steel Pretensioned wires 
and strands 

R 60 120 20 35 

R 90 140 30 45 

R 120 160 40 55 

 

Table 6 from chapter 5.4 of the ‘NEN-EN 1992-1-2:2005+A1:2019(en)+NB:2011 Beton - Brand’ gives 

practical combinations of wall thickness and average distance between the centre of the 

reinforcement and the concrete surface. These combinations lead to a certain fire resistance. Since 

the wall thickness of precast concrete wall elements is usually much higher than the numbers given in 

the table, and since the already required cover from EN 1992-1-1 is governing in most cases, wall 

elements from office buildings will have a fire resistance of 90 or 120 minutes. Even if the utilization 

rate μ fi is 0,7, most walls will still meet the requirements. 

TABLE 6: MINIMUM DIMENSIONS AND REINFORCEMENT DISTANCES FOR LOAD BEARING WALLS OF CONCRETE [32] 

Standard fire 
resistance 

Minimum dimensions (mm) 
Wall thickness/reinforcement distance a for walls 

μ fi = 0,35 μ fi = 0,7 

Wall exposed on 
one side 

Wall exposed on 
two sides 

Wall exposed on 
one side 

Wall exposed on 
two sides 

1 2 3 4 5 

REI 30 100/10* 120/10* 120/10* *120/10* 

*REI 60 110/10* 120/10* 130/10* *140/10* 

REI 90 120/20* 140/10* 140/25 170/25 

REI 120 150/25 160/25 160/35 220/35 

* In general the cover required according to EN 1992-1-1 is governing 

 

For beams it is less clear what their fire resistance is. It can be expected that the fire resistance of 

beams from office buildings is at least 60 minutes, and most of the time even 90 minutes, since those 

were the requirements when they were built. To be certain, table 7, taken from chapter 5.6 from NEN-

EN 1992-1-2 can be used to determine the fire resistance of a beam. [32] It gives requirements for the 

average distance between the centre of the reinforcement and the concrete surface and for the width 

of the beam, which lead  to a certain fire resistance. In terms of width, almost all office building beams 

are 400 or more mm wide, leading to a fire resistance of 90 minutes or more, depending on the 

reinforcement location. Only façade beams may have a width below the requirements. However, if 

they are not part of the load bearing structure the fire resistance requirements do not have to be 

applied. 
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TABLE 7: MINIMUM DIMENSIONS AND REINFORCEMENT DISTANCES FOR SIMPLY SUPPORTED BEAMS OF REINFORCED 

AND PRETENSIONED CONCRETE [32] 

Standard fire 
resistance 

Minimum dimensions (mm) 

Possible combinations of a and b min, in which a is the average 
reinforcement distance and b min is the beam width 

Web 
thickness b w 

Class WC 

1 2 3 4 5 8 

R 30 bmin= 80 
a = 25 

120 
20 

160 
15* 

200 
15* 

80 

R 60 bmin= 120 
a = 40 

160 
35 

200 
30 

300 
25 

100 

R 90 bmin= 150 
a = 55 

200 
45 

300 
40 

400 
35 

100 

R 120 bmin= 200 
a = 65 

240 
60 

300 
55 

500 
50 

120 

* In general the cover required according to EN 1992-1-1 is governing 

 

For columns one can also use NEN-EN 1992-1-2. Chapter 5.3 describes the required average distance 

between the centre of the reinforcement and the concrete surface, and the width of the column, see 

table 8. In terms of width, almost all office building columns are 400 or more mm wide. This means 

that in almost all cases, they have a fire resistance of 90 minutes or more, depending on the 

reinforcement location. 

TABLE 8: MINIMUM DIMENSIONS AND REINFORCEMENT DISTANCES FOR COLUMN WITH A RECTANGULAR OR 

CIRCULAR SECTION [32] 

Standard fire 
resistance 

Minimum dimensions (mm) 
Column width bmin/reinforcement distance a of the main reinforcement 

Column exposed on more than one side Exposed on one 
side 

μ fi = 0,2 μ fi = 0,5 μ fi = 0,7 μ fi = 0,7 

1 2 3 4 5 

R 30 200/25 200/25 200/32 
300/27 

155/25 

R 60 200/25 200/36 
300/31 

250/46 
350/40 

155/25 

R 90 200/31 
300/25 

300/45 
400/38 

350/53 
450/40** 

155/25 

R 120 250/40 
350/35 

350/45** 
450/40** 

350/57** 
450/51** 

175/35 

** Minimal 8 bars 
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4. Designing with recovered precast concrete elements 
4.1. Redesign approach 

Before starting the redesign process, the approach of redesigning will be explained first. 

1. Available office buildings 
Step 1 is to find information about the structure of one or more precast concrete office buildings. It is 

preferred that the buildings are vacant or structurally vacant, because that would make the redesign 

process more realistic. 

2. Overview of precast elements 
Step 2 is to go through the information and to make an overview of the precast elements in the 

building(s). This overview should contain data like dimensions, steel and concrete quality and capacity 

of the elements. 

3. Apartment design 
Step 3 concerns finding an apartment design in precast concrete. A medium size apartment building 

of four or five floors is preferred, since compared to a lower building, this will give challenges in terms 

of fire requirements and stability of the building. 

4. Characteristics of design 
Step 4 is to determine the characteristics of this apartment design. Things like structural system, span 

directions and stability have to be investigated. Next to that, the building requirements for free height, 

sound insulation and fire resistance of the apartment design should be determined. 

5. Suitable elements 
Step 5 will be to investigate which elements from the office buildings meet the building requirements 

of step 4. A distinction should be made between elements which already meet the requirements, 

elements that need big adaptations to meet them and elements which cannot meet the requirements. 

6. Choosing elements 
Step 6 is taking a more detailed look on the structure of the apartment design and the required 

capacity of the elements. Then the recovered elements that will be reused in the first redesign will be 

chosen. The redesign should be as similar as possible to the original apartment design. 

7. Connections 
Step 7 is to choose and design connections between the recovered elements which provide a strong, 

stiff and stable structure. However, these connections should at the same time be as reusable as 

possible, to make the design more circular. 

8. Finishing 
Step 8 will be choosing and designing the finishing of the walls, floors and ceilings. This has a big 

influence on the design quality in terms of aesthetics, but also on the sound insulation between the 

different apartments. 

9. Redesign 2 
Step 9 is doing step 6, 7 and 8 over again, but then focusing on reusing as many office building 

elements as possible and having as much reused elements as possible in the new apartment design. 

The focus will be less on making the design as similar as possible to the original apartment design. 
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4.2. Available office buildings 
4.2.1. Amstel III 

The information on available office buildings was received from Alexandros Glias and is the same 

information he used for his thesis. The information is about seven buildings on the Amstel III office 

park in Amsterdam. This office park is located in the south of Amsterdam and has a size of about 2,5 

km2. In 2014, it had an average vacancy rate of 25,6%, partially due to the financial crisis. The seven 

office buildings however, had an vacancy rate between the 41% and 100%, 86% on average. [2] In the 

last few years, the municipality of Amsterdam launched a big project to transform the Amstel III office 

area to a city neighbourhood. By 2027, 5000 new dwelling should have been built, as well as all kind 

of public services and spaces. [33] This means that a big part of the office buildings has to be 

transformed or demolished. Due to the office buildings which have already been demolished or 

transformed since 2015, the vacancy had already dropped to 15% in 2017, comparable to the national 

average. [34] The seven office buildings Glias investigated are also partially or even fully in use again. 

4.2.2. Office buildings 
As mentioned before, Glias investigated seven Amstel III office buildings in 2014. They were all built 

in the eighties, but differ in size and structural system. Three of the buildings are built in situ, two fully 

precast and two with a combination of both. Since this research focusses on precast elements, the 

three in situ office buildings will be excluded from further research. Figure 16, figure 17, figure 18 and 

figure 19 show the four precast office buildings with their most important information. 

 

FIGURE 16: OFFICE BUILDING OFFICE A [2] 

 

Year 

1989 
 

Floors 

5 
 

Concrete type 

Precast 
 

Element types 

HCS, beams, columns, shear walls, 

façade elements 

Year 

1983 
 

Floors 

8 
 

Concrete type 

Precast & in situ 
 

Element types 

HCS, façade elements, in situ core 
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FIGURE 17: OFFICE BUILDING OFFICE B [2] 

 

FIGURE 18: OFFICE BUILDING OFFICE C [2] 

 

FIGURE 19: OFFICE BUILDING OFFICE D (PICTURE IS FROM OTHER, 
IDENTICAL OFFICE) [2] 

4.2.3. Precast elements 
Appendix A gives an overview of all precast elements in the four office buildings. The information is 

based on what Glias already presented, with the addition of the concrete and steel strength, bending 

moment, shear and axial force capacity of each element and some missing elements and data. The 

bending moment, shear and axial force capacity is based on the original calculations of the structure, 

according to VB 1974. With the Eurocode, the outcome may differ, but still these capacities give a 

good guideline to choose elements on. Other information which counts for a bigger part or even the 

whole of the office buildings is kept in a separate document. Think of information about the structural 

stability and the use of a structural topping. Each element or group of elements in the list gets a label 

which indicates from which building and which place in that building it originates. The first precast 

beam from Office A for instance has the following label: B/A/1-4/B1. The ‘B’ indicates that the element 

is a beam and ‘A’ indicates that it is located in Office A. Because The ‘1-4’ stands for the floors on 

which this beam is located, it means that the same beam is repeated over 4 floors. Lastly the ‘B1’ is a 

code used in the calculations of Office A, for this specific beam. When it would be decided to reuse 

this element in the apartment design, the drawings and calculations can easily be found by using the 

information in the label. In this report, also simple labels like ‘D19’ are used, in this case indicating 

that element 19 of Office D in the list of elements in the appendix is meant.  

Year 

1988 
 

Floors 

5 
 

Concrete type 

Precast 
 

Element types 

HCS, beams, columns, core walls, 

façade elements 

Year 

1988 
 

Floors 

3 
 

Concrete type 

Precast & in situ 
 

Element types 

HCS, beams, in situ columns, in situ 

core 
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4.3. Apartment design 
4.3.1. Apartment building 

The available apartment design is from a three story apartment building in Eemnes, which houses 19 

apartments. The building is designed by Van Bokhorst Architecten and calculated by Wijcon. The 

structure consists of precast concrete walls and HCS, the latter delivered by VBI. Stability is provided 

by the walls, core and diaphragm action of the floor. Other precast elements are the stairs and 

balconies, the latter delivered by VEBO. Figure 20 shows the apartment building, which was delivered 

in 2019. 

  

FIGURE 20: APARTMENT BUILDING IN EEMNES [35] 

Although the building is three floors high, the redesign will consist of five floors. In this way, it will be 

distinct enough from previous graduation projects and it will be sufficiently challenging in terms of fire 

resistance and structural stability. 

4.3.2. Structure 
Figure 21 shows the ground floor of the building, which has five apartments. The remaining space is 

used for storage rooms for each apartment. The ground floor has three shear walls, two load bearing 

façade walls and a core in which the elevator and stairs are located. All shear walls are 250 mm thick 

and the load bearing façade walls are 220 mm thick. The shear walls also separate the various 

apartments. 
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FIGURE 21: GROUND FLOOR OF APARTMENT BUILDING [36] 

The first floor, shown in figure 22 has seven apartments. Again there are five shear walls, but 

noteworthy to mention is that on the south side, two apartments are not separated by a shear wall, 

but by a non-load bearing double metal stud wall. The north and south façade are not load bearing 

and the precast concrete inner leaf is only 90 mm thick; this is the case for all floors. The façades are 

borne by the floors and the load bearing walls. 

The second floor is almost identical to the first floor. The third and fourth floor which will be added 

will be assumed to be identical as well. 

 

FIGURE 22: 1ST FLOOR OF APARTMENT BUILDING [36] 
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Figure 23 shows the section over the long axis. The floor, which due to the scale looks like an in situ 

floor, actually consists of HCS. These HCS span from shear wall to shear wall and are 320 mm thick. 

Only the slabs of the roof and ground floor are 260 mm thick. Except for the roof floor, a structural 

topping of 60 mm is applied on all slabs. The first and last spans are each 9,9 m long, the two spans in 

the middle are 7,5 m long. The floor height is 3,06 m, but this is including the floor slab itself. The free 

height is 2,68 m. The total height of the building, including the two extra floors, will be 15,53 m. 

 

FIGURE 23: WEST-EAST SECTION OF THE APARTMENT BUILDING [37] 

4.3.3. Building requirements 
Since the free height in the apartment design is 2,68 m, the free height for the redesign should be 

more or less the same as well. If there is a deviation in free height, more height is favoured over less 

height. In all cases the free height should not be below 2,6 m, which is the minimum requirement of 

the 2012 building decree. 

In terms of sound insulation, the airborne sound difference of at least 52 dB and the impact sound 

level of maximum 54 dB are required. This is the case for all floor slabs and most of the shear walls. 

Only the shear walls in the storage area and the part of the middle shear wall which is not in between 

two apartments do not have to meet these requirements. 

The required fire resistance of the original apartment design was 60 minutes. But since two extra 

floors are added, the height of the 4th floor will be 12,24 m. This lies between the 7 and 13 m boundary 

of the building decree, resulting in a required fire resistance of 90 minutes. 
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4.4. Suitable elements 
The first step in finding suitable elements for reuse in the apartment building is to determine which of 

the available elements meet the building requirements. In the following paragraphs will be 

determined whether the available elements meet the height, sound and fire requirements. 

4.4.1. Hollow core slabs 
In total, there are seven different types of floor slabs available in the four buildings, left aside the 

reinforcement composition. The thicknesses and masses of all slabs are known, see table 9. The 150 

mm and 320 mm floors of respectively the Office C and the Office D have a structural topping of 50 

mm. All slabs are too light for the required sound insulation between the apartments, so extra mass 

should be added. Slabs of 400 kg/m2 or heavier can be used in combination with a floating floor to 

achieve a high enough sound insulation. This makes only the 300 mm slabs from Office B and the 

320+50 mm slabs from Office D suitable for use in between two apartments. For the ground and roof 

floor, lighter slabs can be used of course. 

The distance between the centre of the reinforcement and the concrete surface is known for Office B, 

C and D. For Office B and C this leads to a fire resistance of 60 minutes. For Office D, 40 mm 

corresponds with the reinforcement closest to the surface, but all slabs have one or more strands with 

a bigger distance than 40 mm from the surface. Therefore, the mean distance a will become larger 

and the fire resistance will become 90 minutes, see table 5. The reinforcement composition of the 

HCS from Office A is unknown, but since it was designed according to VB 1974 the distance a should 

be at least the 10 mm minimum cover and half of the diameter of the strand. 

TABLE 9: INFORMATION OF AVAILABLE HOLLOW CORE SLABS 

 Supplier Thickness 
(mm) 

Mass 
(kg/m2) 

Reinf. Dis. 
a (mm) 

Fire resistance 
(minutes) 

Office A - 200 336 ≥10+0,5Ø - 

Office B ECHO 200 272 35 60 

ECHO 250 330 35 60 

ECHO 300 398 35 60 

Office C Beton Son 200 321 35 60 

Beton Son 150+50 269+125 35 60 

Office D Schokbeton 320+50 438+125 ≥40 90 

 

As mentioned before, the upper flange of the HCS should be able to deform during fire so the shear 

stresses in the flanges of the slab will be limited and shear failure will be prevented. Therefore the 

structural topping may maximally be 70 mm for buildings below the 13 m. As this is the case, all slabs 

meet this requirement. 

4.4.2. Walls 
Only Office A and Office C have precast concrete wall elements. All elements are respectively 3,37 and 

3,38 m in height. This is significantly more than the required free height of 2,60 m, so they probably 

have to be shortened before they are ready for reuse. Next to that, most walls have small block outs 

for ducts etc. and some even have door openings. Their new location will determine whether those 

opening have to be filled or not and how much reinforcement should be applied. 

As mentioned before, the walls are all 180 mm thick, whilst they should be 200 mm thick to meet the 

airborne sound requirement of 52 dB. This means an extra layer of material should be applied to meet 

the sound requirements. 
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In terms of fire resistance, 180 mm thickness is more than sufficient for a fire resistance of 90 minutes. 

And because the walls are this thick, the utilization rate will be closer to 0,35 than to 0,7, see table 6. 

This means that the reinforcement is located deep enough in the wall, since the 15 mm cover from 

the 1992-1-1 and VB 1974 already is sufficient. 

4.4.3. Beams 
The beams from Office A are all 450 mm high, with flanges on which the floor rests, see figure 24. The 

upper part of the beam is in situ concrete, but will be part of the beam after disassembly. Most of the 

beams from Office C have almost the same section as the depicted beam. There are also some L 

shaped beams originating from the façade. A small amount of the beams from Office D also has the 

same section as the depicted beam. The rest of the beams are rectangular and 1120 mm high. 

 

FIGURE 24: TYPICAL PRECAST CONCRETE BEAM SECTION IN OFFICE A [2] 

The cover on the beams from Office A and Office D is 25 mm, whilst this is even 30 mm on those from 

Office C. The stirrup diameter is 8 mm and the width is 400 mm or more for all beams in all buildings. 

This means that, according to the earlier discussed table 7, all beams have a fire resistance of 90 

minutes. 

4.4.4. Columns 
All columns in all of the three buildings with columns are square and 400 mm wide. The length of the 

columns differs between one, two or three stories, with the length per story being over 3,0 m. The 

multi-floor columns from Office A and Office C have corbels to support the beams. All other columns 

do not have those. Since the columns are per floor more than 3,0 m high, they need to be shortened 

before they can be reused. Noteworthy to mention is that the columns from Office D are in situ 

columns. They were added to the list because the difference between in situ and precast columns is 

less than for other precast elements. 

The columns from Office A have a cover of either 30 or 35 mm. For Office C this is 30 mm. The cover 

on the in situ columns from Office D is unknown, but it should be at least 25 mm, which is the 

requirement of VB 1974. All columns of all buildings have stirrups of 8 mm diameter. Next to that, the 

utilization rate will likely not be above the 0,5 because of the big column dimensions. Therefore, all 

columns have a fire resistance of at least 90 minutes, according to table 8. 

4.4.5. Façade elements 
The façade elements from Office A are mostly 1,8 m high, 130 mm thick and have an integrated façade 

beam on the indoor side. These very specific shape makes it difficult to reuse them. Only in 

combination with columns they could be reused. The façade elements from Office B are square, 3,585 

m high and have one or two window openings which also determine their width. The elements are 
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220 mm thick and the floors are placed on top of the elements. Their height makes that the elements 

probably should be cut before they can be reused. Lastly, the façade elements from Office C, that 

originate from the 2nd to the 5th floor, are all 3,38 m high, 180 mm thick and most of them have a 

corbel to bear the floor. The width of the elements varies between the 3,58 and 7,81 m, depending 

on the presence and size of window openings. 

Just like for walls, it is assumed that the utilization rate of the elements will be closer to 0,35 than to 

0,7. For a fire resistance of 90 minutes, the façade elements should then have a thickness of 120 mm 

and a distance a of 20 mm, see table 6. All elements meet those requirements. It is noteworthy to 

mention that in the apartment design, the façade element will possibly not bear the floor slabs and 

therefore not be part of the main load bearing structure. In that case, the fire resistance requirement 

of 90 minutes would not apply anymore. 

4.4.6. Conclusion 
It is clear that a lot of floor slabs from office buildings are not suitable for reuse in an apartment 

building, or only after applying a floating floor. As could have been expected, all walls and columns 

are much higher than the required 2,6 m. The walls also don’t meet the sound requirements. These 

are both caused by the fact that an office building has a total different function than an apartment 

building, resulting in higher floors and less sound insulation. What came unexpected however is that, 

apart from the HCS, all elements meet the fire resistance requirement of 90 minutes. This is mainly a 

result of the fact that the cover on the element was more than the minimum cover of VB 1974. 

The outcomes of the previous paragraphs are summarized in table 10. With ‘suitable with minor 

adaptations’ is meant that no, or little effort has to be made to make the element suitable for reuse. 

The dimensions do not have to be changed, no extra materials are needed and only small reparations 

have to be carried out. On the other hand, ‘suitable with major adaptations’ means that at least one 

of the dimensions has to be changed by sawing and/or that extra materials are needed to meet the 

requirements; think for instance of an insulation layer or a floating floor. Filling of big block outs and 

other big openings with concrete also falls under this category. Lastly, ‘not suitable’ means that the 

number or size of adaptations needed would be so big that the CO2 emissions and material and energy 

use probably would become similar or even worse than for new elements. Think of sawing elements 

on three or more sides or applying reinforced concrete layers to increase the thickness and capacity 

of elements. Elements which shape is so different from what is needed that there are simply no 

adaptations to make them suitable also fall under this category. 

TABLE 10: SUITABILITY FOR REUSE, IN TERMS OF HEIGHT (H), SOUND (S) AND FIRE (F) REQUIREMENTS 

 Office A Office B Office C Office D 

 H S F n H S F n H S F n H S F n 

HCS    430    1169    686    165 

Walls    50 n.a.    34 n.a. 

Beams    45 n.a.    138    84 

Columns    72 n.a.    60    84 

Façade 
elements 

   115    515    131 n.a. 

 

 Suitable with minor adaptations  Suitable with major adaptations  Not suitable 

 

As the apartment design consists mainly of HCS and walls, it will be unlikely that one office building 

can provide all the required elements, since none of the buildings has both suitable HCS and walls.  
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5. Apartment building redesign 1 
5.1. Choosing elements 

Now that the first five steps of the redesign process have been executed, it is time to start with the 

first redesign. The following paragraphs give a detailed explanation of which recovered elements were 

chosen and for which reasons. 

5.1.1. Goals for redesign 1 and 2 
As mentioned before, in the first redesign process, an apartment building design with recovered 

precast elements will be made, which is as similar as possible to the original apartment building design. 

This probably means that not for all precast elements a suitable substitute will be found or that the 

recovered elements will require heavy adaptation. Still, the goal is to achieve a significant reduction 

in the use of new concrete, office building waste and CO2 emissions, see table 11. 

In the second redesign process, the focus will be more on achieving an even bigger reduction in the 

use of new concrete, office building waste and CO2 emissions. This can be done by slightly altering the 

design so that more elements can be reused and elements will require less heavy adaptation. The 

design quality of redesign 2 should be equal to that of the original design. Of course, both designs 

should still have sufficient structural quality and to make reuse in the future easier, the connections 

should be as reusable as possible. 

How these goals are measured will be explained in the outcome and comparison chapters 6 and 8. 

TABLE 11: GOALS OF BOTH REDESIGNS 

 1. Using recovered elements 
and following the design as 
close as possible 

2. Using recovered elements 
and adapting the design for 
more reuse 

Structural quality The reused concrete structure is technically possible and strong, 
stiff and stable enough 

Material use Significant reduction in new 
materials used 
Significant reduction of office 
building waste material 

Even bigger reduction in new 
materials used 
Even bigger reduction of office 
building waste material 

CO2 emissions Significant reduction in CO2 
emissions in total process 

Even bigger reduction in CO2 
emissions in total process 

Design quality Equal design quality to original design 

Reusability The precast elements have reusable connections 
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5.1.2. Dimensions and capacity 
Figure 25 shows the typical floors and walls in the apartment building. The floors and walls with the 

same label are similar to each other. These labels will also make it easier to refer to the walls and 

floors later on in this chapter. The green and blue walls are the shear walls needed for stability of the 

building. 

 

FIGURE 25: 1ST FLOOR WITH OVERVIEW OF ELEMENT TYPES IN ORIGINAL APARTMENT DESIGN [38] 

The recovered elements which will replace the new elements are chosen based on different aspects. 

First of all there was the preselection in terms of height, sound and fire requirements. Now, the main 

aspect to choose the elements on is the dimensions of the element. That does not only include the 

length, height and width of the elements, but also the size and position of window and door openings. 

The given dimensions are gross dimensions, so including the tolerance space for connections. 

Recovered elements which need least sawing to give them the proper dimensions are favoured over 

elements which need a lot of sawing. 

Another important aspect to check is the capacity of the recovered elements. From most recovered 

elements the capacity is known from old calculations according to VB 1974. This capacity gives a rather 

good indication of the capacity of the elements according to the Eurocode. In case this information is 

not available, the maximum design loads on the element, according to TGB 1972 calculations, will be 

given. The required capacity is based on the calculations of the original apartment design, but with 

the addition of the loads of the two extra floors, see appendix B. This required capacity will still alter 

due to the different self-weight of the recovered elements compared to the elements in the original 

apartment building calculation. 
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5.1.3. Floor F1 
Floor F1 spans almost 10 m and is 17,23 m wide. The floor is located at both the west and east side of 

the building, on both sides interrupted by a staircase. The floor has a thickness of 320 mm from floor 

1 up till 4 and a thickness of 260 mm on the roof and ground floor, see table 12. In the hallway, the 

floor is supported by a steel beam, mounted between the stability walls. This is the case for all floors 

in the hallway. Except for the roof floor, all floors have a structural topping of 60 mm. The required 

bending moment capacity of the ground floor is 122 kNm, whilst the required shear force capacity is 

49 kN. For all other floors, these are 179 and 72 respectively. 

The only HCS which meet both the sound and fire requirements are the 320 mm slabs of Office D that 

also have an old structural topping of 50 mm. The majority of those slabs has a length of 12,28 or 

10,58 m. Their bending moment capacity is 399 kNm and their shear force capacity is 147 kN, 

calculated according to VB 1974. There are enough slabs available to replace all the F1 floor slabs on 

the 1st till 4th floor. But since there are only 28 HCS left for floor F2, the roof and ground floor will be 

taken from another office building. This is possible because those floors do not need to meet the 

sound requirements and already need thermal insulation because they are part of the building 

envelope. For the ground floor, no additional measures are needed since the insulation material on 

its bottom already protects the reinforcement against fire. That is, if non-flammable insulation 

material is used. For the roof floor, a few centimetres of insulation material has to be applied on the 

inside, against the bottom of the floor. The HCS of Office C are too short, but those of Office B are 

suitable replacements for the roof and ground floor. The bending moment capacity of these HCS is 

469 kNm and the shear force capacity is 180 kN. Both the HCS of office B and D have a capacity of 

more than twice the required capacity, therefore recalculation with the Eurocode is not needed. 
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TABLE 12: DIMENSIONS AND CAPACITY OF FLOOR F1 AND THE REPLACING ELEMENTS 

Floor F1 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

1-4 6,5 9900 320+60 1200 178,7 72,2 - 

1-4 6,5 9900 320+60 1200 178,7 72,2 - 

1-4 8 9900 320+60 1200 178,7 72,2 - 

1-4 3,7 9900 320+60 1200 178,7 72,2 - 

0 6,5 9900 260+60 1200 121,8 49,2 - 

0 6,5 9900 260+60 1200 121,8 49,2 - 

0 8 9900 260+60 1200 121,8 49,2 - 

0 3,7 9900 260+60 1200 121,8 49,2 - 

roof 6,5 9900 260+60 1200 179,1 72,3 - 

roof 6,5 9900 260+60 1200 179,1 72,3 - 

roof 8 9900 260+60 1200 179,1 72,3 - 

roof 3,7 9900 260+60 1200 179,1 72,3 - 

Recovered elements in redesign 1 

D19-D28, D38 

1-4 6,5 12280 320+50 1200 399,0 147,0 - 

1-4 6,5 12280 320+50 1200 399,0 147,0 - 

1-2 8 12280 320+50 1200 399,0 147,0 - 

3 6 12280 320+50 1200 399,0 147,0 - 

D29-D32 

3 2 10580 320+50 1200 399,0 147,0 - 

4 8 10580 320+50 1200 399,0 147,0 - 

1-4 4 10580 320+50 1200 399,0 147,0 - 

B1 

0 6 12800 300 1200 469,09 180,18 - 

0 6 12800 300 1200 469,09 180,18 - 

0 8 12800 300 1200 469,09 180,18 - 

0 4 12800 300 1200 469,09 180,18 - 

B2 

0 1 12800 300 600 234,55 90,09 - 

0 1 12800 300 600 234,55 90,09 - 

B1, B9 

roof 6 12800 300 1200 469,09 180,18 - 

roof 6 12800 300 1200 469,09 180,18 - 

roof 8 12800 300 1200 469,09 180,18 - 

roof 4 12800 300 1200 469,09 180,18 - 

B2 

roof 1 12800 300 600 234,55 90,09 - 

roof 1 12800 300 600 234,55 90,09 - 
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5.1.4. Floor F2 
Floor F2 spans 7,5 m and is 17,23 m wide. Like floor F1, it has a thickness of 320 mm from floor 1 up 

till 4 and a thickness of 260 mm on the roof and ground floor, except for the roof floor all with a 

structural topping of 60 mm. Since the span of the floor is less than for F1, the required capacity is 

also less, see table 13. 

Again only the HCS of Office D are suitable replacements. As shown before, their bending moment 

capacity is 399 kNm and their shear force capacity is 147 kN. Unfortunately, there are not enough 

10,58 m HCS left to replace all the HCS of the 1st till the 4th floor. Therefore new HCS with a length of 

7,5 m and a capacity equal to or higher than the required capacity will have to be produced. 

For the roof and ground floor, the same principle as for floor F1 will be applied and HCS of Office B 

will be used. As shown before, their bending moment capacity is 469 kNm and their shear force 

capacity is 180 kN. 

TABLE 13: DIMENSIONS AND CAPACITY OF FLOOR F2 AND THE REPLACING ELEMENTS 

Floor F2 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

1-4 14,4 7500 320+60 1200 102,6 54,7 - 

1-4 14,4 7500 320+60 1200 102,6 54,7 - 

0 14,4 7500 260+60 1200 69,9 37,3 - 

0 14,4 7500 260+60 1200 69,9 37,3 - 

roof 14,4 7500 260+60 1200 102,8 54,8 - 

roof 14,4 7500 260+60 1200 102,8 54,8 - 

Recovered elements in redesign 1 

D32-D37, D39 

1 14 10580 320+50 1200 399,0 147,0 - 

2 14 10580 320+50 1200 399,0 147,0 - 

New elements 

1 0,4 7500 370 1200 ≥102,6 ≥54,7 - 

1 0,4 7500 370 1200 ≥102,6 ≥54,7 - 

3-4 14,4 7500 370 1200 ≥102,6 ≥54,7 - 

1-4 14,4 7500 370 1200 ≥102,6 ≥54,7 - 

B9 

0 14 12800 300 1200 469,09 180,18 - 

0 14 12800 300 1200 469,09 180,18 - 

B21 

0 1 12800 300 600 234,55 90,09 - 

0 1 12800 300 600 234,55 90,09 - 

B9, B20 

roof 14 12800 300 1200 469,09 180,18 - 

roof 14 12800 300 1200 469,09 180,18 - 

B21 

roof 1 12800 300 600 234,55 90,09 - 

roof 1 12800 300 600 234,55 90,09 - 
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5.1.5. Floor F3 
Floor F3 is located in the west of the building, between both parts of floor F1, next to the staircase. 

On the side of the staircase, the floor is supported by two small steel columns and a small steel beam. 

Since the length of the floor is only 4,7 m, the 6,76 m slabs from Office D can be used to replace them, 

see table 14. The required bending moment capacity is only 28 or 40 kNm and the required shear force 

capacity is 23 or 34 kN. The HCS from Office D have a lower capacity than those reused in floor F1 and 

F2, but their capacity is still several times bigger than the required capacity. 

For the roof and the ground floor, leftover parts of the elements which were used for floor F1 can be 

used. 

TABLE 14: DIMENSIONS AND CAPACITY OF FLOOR F3 AND THE REPLACING ELEMENTS 

Floor F3 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

1-4 1,5 4700 320+60 1200 40,3 34,3 - 

0 1,5 4700 260+60 1200 27,5 23,4 - 

roof 1,5 4700 260+60 1200 40,4 34,3 - 

Recovered elements in redesign 1 

D40 

1-4 1,5 6760 320+50 1200 181,1 147,0 - 

B1 (left over part from floor F1) 

0 1 12800 300 1200 469,09 180,18 - 

B2 (left over part from floor F1) 

0 1 12800 300 600 234,55 90,09 - 

B1 (left over part from floor F1) 

roof 1 12800 300 1200 469,09 180,18 - 

B2 (left over part from floor F1) 

roof 1 12800 300 600 234,55 90,09 - 
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5.1.6. Floor F4 
Floor F4 is located on the opposite side of the building, next to the elevator shaft and staircase. The 

length of the floor is 3,405 m and the required capacity is even lower than for floor F3, see table 15. 

The 6,76 slabs form Office D can be sawn in half to get two slabs of 3,38 m which can replace the 

original slabs. 

Like for floor F3, leftover parts of the elements for floor F1 will be reused to replace the roof and 

ground floor of floor F4. 

TABLE 15: DIMENSIONS AND CAPACITY OF FLOOR F4 AND THE REPLACING ELEMENTS 

Floor F4 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

1-4 2,9 3405 320+60 1200 21,1 24,8 - 

0 2,9 3405 260+60 1200 14,4 16,9 - 

roof 2,9 3405 260+60 1200 21,2 24,9 - 

Recovered elements in redesign 1 

D41, D42 (elements will be cut in half) 

1-4 3 6760 320+50 1200 181,1 147,0 - 

B1 (left over part from floor F1) 

0 3 12800 300 1200 469,09 180,18 - 

B1 (left over part from floor F1) 

roof 3 12800 300 1200 469,09 180,18 - 
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5.1.7. Wall W1 
Wall W1 stands for the load bearing stability walls in between the apartments. Each floor has four of 

them, with a length of 7,715 m, consisting of only one precast element. The required axial load 

capacity is 843 kN/m. At the same time there are also point loads at several locations: 73 kN on axis 

A-2, D-2 and D-4, 313 kN on axis D-3, 502 kN on axis B-2 and C-2 and 433 kN on axis C-3, see table 16. 

Only the structures of Office A and Office C have load bearing precast concrete wall elements. For 

both offices, the walls are 180 mm thick and about 3,4 m high. However, Office A has a bigger total 

wall length than Office C and less openings in the walls. Therefore the elements of Office A will be 

reused in redesign 1. Each time, two wall elements of office A will be combined to replace one wall 

element from the original design of the apartment building, see figure 26. All reused wall elements 

will have to be shortened in height, but only element A33 will have to be shortened in length. All other 

elements are paired together so their combined length is almost identical to the original wall element. 

Elements A40 and A45 have big openings which need to be filled. A relatively easy solution is to fill 

these openings with new concrete blocks. Blocks with a compression strength up to 20 N/mm2 are 

commonly available. [39] There were not enough suitable recovered wall elements available, so one 

out of four walls on each floor will be a new precast element. 

The given capacity of the recovered wall elements is the maximum load they were designed to bear. 

This capacity is not sufficient. Possible solutions for this would be to put the wall elements with the 

highest capacity in the heaviest loaded walls and the lower floors and those with the smallest capacity 

in the least loaded walls and the highest floors. But before that, an axial load resistance calculation 

according to the Eurocode will be made, to see what the actual capacity of the walls is. 

TABLE 16: DIMENSIONS AND CAPACITY OF LOAD BEARING WALL W1 AND THE REPLACING ELEMENTS 

Load bearing wall W1 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 4 7715 2740 250 - - 842,2 
72,6 

312,6 
502,0 
432,5 

Recovered elements in redesign 1 

A33 (combined with A41) 

0-4 1 6180 3370 180 - - 859,9 

A41 (combined with A33) 

0-4 1 2480 3370 180 - -  

A35 (combined with A40) 

0-4 1 3460 3370 180 - -  

A40 (combined with A35) 

0-4 1 4160 3370 180 - - 542,3 

A42, A43 (combined with A45) 

0-4 1 2480 3370 180 - -  

A45 (combined with A42, A43) 

0-4 1 5270 3370 180 - - 504,2 

New elements 

0-4 1 7715 2740 180 - - ≥2491 
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FIGURE 26: LOCATION OF RECOVERED ELEMENTS, NEW ELEMENTS AND BLOCKS IN WALLS W1 AND W2 [40] 
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Simplified calculation method for the normal load capacity of recovered walls A33-A45 

The calculation is done according to chapter (12.6.5.2) of the Eurocode. Table 17 shows the necessary 

information of the walls. This is the same for all recovered walls from Office A. 

TABLE 17: INFORMATION ON RECOVERED WALLS A33-A45 

Reinforcement Feb 500 

1st layer, ver. Ø8-150 

2nd layer, hor. Ø8-200 

Concrete C35/45 (B45) 

h 2740 mm 

t 180 mm 

cover 20 mm 

 

NRd = b*hw*fcd,pl*φ 

 fcd,pl = αcc,pl*fck/γc = 0,8*35/1,5 = 18,7 N/mm2 

φ = 1,14*(1-2*etot/hw)-0,02*l0/hw ≤ 1-2*etot/hw 

  etot = e0+ei+eϕ 

   e0 ≈ 0 (since the wall supports 2 floors and 4 walls with floors on both sides) 

   ei = θi*l0/2  

    θi = θ0*αh*αm 

     θ0 = 1/300 

     αh = 2/√(l) = 2/√(2,740) = 1,2 ; 2/3 ≤ αh≤1 

     αh = 1 

     αm = √(0,5*(1+1/m)) = √(0,5*(1+1/1)) = 1 

    θi = 1/300*1*1 = 1/300 

   ei = 1/300*2740/2 = 4,6 mm 

   eϕ = 0,001*l0 = 0,001*2740 = 2,7 mm 

  etot = 0+4,6+2,7 = 7,3 mm 

 φ = 1,14*(1-2*7,3/180)-0,02*2740/180 ≤ 1-2*7,3/180 

 φ = 0,74 ≤ 0,92 

NRd = 1000*180*18,7*0,74/103 = 2491 kN/m 

This normal load capacity is about three times higher than the highest maximum line load (842,2 kN) 

in walls W1. And even with the addition of the point loads, the capacity is still more than enough. 
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5.1.8. Wall W2 
Wall W2 is also a load bearing wall, but has no stability function. All walls W2 have one or two door 

openings. This makes it almost impossible to find recovered elements that meet the exact dimensions 

of the original walls. However, the door openings in the office building walls were almost 2 m wide, 

whilst those in the apartment building walls are 1,1 m wide or even less. Together with the fact that, 

depending on the location in the floorplan, the doors do not have to be in the exact same spot as in 

the original design, it was possible to find recovered elements which could replace the walls W2, see 

figure 26. The old door openings will need to be closed off partially to give the new door openings the 

correct width. Just like for wall W1, each original wall W2 is replaced by two recovered walls, see table 

18. The required axial load capacity is 793 kN/m, with additional point loads at several locations: 255 

kN on axis A-3, 183 kN on axis A-4 and 433 kN on axis B-3. 

The given capacity of the recovered walls is the maximum load they were designed to bear. And similar 

to walls W1, this capacity is insufficient. However, the previous calculation of the normal load capacity 

of the recovered walls from Office A showed that the capacity is actually 2491 kN/m, according to the 

Eurocode. This is enough capacity to bear both the highest maximum line load and point load on wall 

W2. 

Only for the two walls in the storage area, with door openings of 1,5 m, no suitable replacements 

could be found. Therefore these walls will be new precast elements. 

TABLE 18: DIMENSIONS AND CAPACITY OF LOAD BEARING WALL W2 AND THE REPLACING ELEMENTS 

Load bearing wall W2 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 2 7715 2740 250 - - 793,3 
255,0 
182,3 
432,5 

Recovered elements in redesign 1 

A34 (combined with A44) 

1-4 1 3490 3370 180 - -  

A44 (combined with A34) 

1-4 1 3980 3370 180 - -  

A36 (combined with A38) 

1-4 1 3930 3370 180 - - 679,1 

A38 (combined with A36) 

1-4 1 3800 3370 180 - -  

New elements 

0 2 7715 2740 180 - - ≥2491 
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5.1.9. Façade wall W3 
Load bearing façade wall W3 is located at both ends of the building and consists of two elements with 

a combined length of 17,23 m. The wall has two door openings, except for the wall on the western 

ground floor, which has three doors. Each wall also has two or three window openings. The required 

axial load capacity is 561 kN/m, see table 19. There are additional point loads at the following 

locations: 76 kN on axis A-1, A-5, D-1 and D-5. Next to that, there is an extra 57 kN/m at the location 

of the balconies. 

There are no suitable recovered wall elements left to replace wall W3. Therefore, the façade elements 

of Office B and Office C were investigated as possible replacements. However, the closer packing of 

window openings and the absence of doors in the office buildings façades make it impossible to reuse 

façade elements as replacements for load bearing façade wall W3 in redesign 1. Therefore, wall W3 

will consist fully of new precast concrete elements, similar to those in the original design. However, 

the window dimensions will be changed to those of the long façades, which will be discussed in the 

following paragraphs. 

TABLE 19: DIMENSIONS AND CAPACITY OF LOAD BEARING FAÇADE WALL W3 AND THE REPLACING ELEMENTS 

Load bearing façade wall W3 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 2 17230 2740 220 - - 560,7 
57,1 
75,9 

Recovered elements in redesign 1 

New elements 

0-4 2 17230 2740 220 - - ≥617,8 
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FIGURE 27: LOCATION OF NEW ELEMENTS IN WALLS W3 [41] 
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5.1.10. Façade wall W4 
Façade wall W4 is located at both ends of the long façade. Originally it consisted of two elements with 

a combined length of 9,68 m. Most walls W4 have three window openings, but there are some 

exceptions, see figure 28. The required axial load capacity is 11 kN/m, which is the self-weight of the 

wall and the brick façade, see table 20. 

Office C has façade elements with a combined length of 9,7 m, but the location of window openings 

is far from desired. Office B has elements with wider window openings, offering more possibilities for 

reuse. Three elements of Office B have a combined length of approximately 9,7 m, all elements having 

a window. By filling part of the window opening with concrete blocks, almost the same window 

pattern as in the original design could be achieved. Due to the limitations of the reused element, the 

window openings are lower than in the original design. To give them approximately the same size, the 

width was increased compared the original design. The closed part of the ground floor façade is 

replaced by two elements without window openings and one with a window opening filled with 

concrete blocks. The latter was chosen since there were no small, closed façade elements available. 

The only new concrete element is that in the bottom left of the north façade, since it has a door 

opening. 

The axial load capacity of only one element is known, namely B138, which was part of a load bearing 

façade. The other elements were part of a seven story façade that needed to bear itself and the outer 

façade. Given that the apartment building has only five floors and that each element only has to bear 

itself and the outer façade, the capacity of the recovered elements will be sufficient. 

TABLE 20: DIMENSIONS AND CAPACITY OF FAÇADE WALL W4 AND THE REPLACING ELEMENTS 

Façade wall W4 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 4 9680 2740 90 - - 11,0 

Recovered elements in redesign 1 

B122-B127 (combined with B130-B133) 

1-4 8 3520 3165 220 - -  

B130-B133 (combined with B122-B127) 

1-4 4 2400 3165 220 - -  

B127 (combined with B133, B134 and new element) 

0 5 3520 3165 220 - -  

B133, B134 (combined with B127 and new element) 

0 4 2400 3165 220 - -  

B138 (combined with B134) 

0 2 3585 3165 220 - - 62,8 

New elements (combined with B127 and B133, B134) 

0 1 3520 2740 220 - - ≥11,0 

 

  



61 
Apartment building redesign 1 

 

 

 

 

FIGURE 28: LOCATION OF RECOVERED ELEMENTS, NEW ELEMENTS AND BLOCKS IN FAÇADE WALLS W4 AND W5 [41] 
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5.1.11. Façade wall W5 
Façade wall W5 is the middle part of both long façades. The length of each wall element is 7,25 m. The 

majority of the elements has two window openings and a door in between, but some only have two 

window openings. On the ground floor of the south façade, there is only one door, see figure 28. The 

required axial load capacity is 11 kN/m, the same as for wall W4, see table table 21. Next to that, there 

is an extra 57 kN/m at the location of the balconies. 

Just like for the previous façade walls, no suitable elements could be found to replace the elements 

including a door opening. Therefore those elements will be replaced by similar new concrete 

elements, only with different window openings to match those of wall W4. The elements without door 

openings can be replaced by three 2,4 m wide façade elements of Office B. The middle façade opening 

has to be filled with concrete blocks and the other two openings have to be decreased in width by 

concrete blocks as well. On the ground floor of the south façade, three recovered closed elements and 

a new element with a door opening replace the original façade. 

The axial load capacity of the elements that also bear a balcony should be higher than that of the other 

elements of wall W4 and W5. The elements which do bear a balcony are the elements with a door 

opening, which are new elements. They can be designed in such a way that their capacity is high 

enough. For the recovered elements in wall W5 holds the same as for those in wall W4: their capacity 

will be sufficient. 

TABLE 21: DIMENSIONS AND CAPACITY OF FAÇADE WALL W5 AND THE REPLACING ELEMENTS 

Façade wall W5 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 4 7250 2740 90 - - 11,0 
57,1 

Recovered elements in redesign 1 

B134, B135 

1-4 3 2400 3165 220 - -  

New elements 

1-4 3 7250 2740 90 - - ≥68,1 

B138 (combined with new element) 

0 3 3585 3165 220 - -  

New element (combined with B138) 

0 1 3585 2740 220 - - ≥68,1 

New elements 

0 2 7250 2740 220 - - ≥68,1 
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5.1.12. Core wall W6 
The concrete core is located in the east of the building, housing a lift shaft, services shaft and a 

staircase. In the original design it consists of 5 different elements on each floor, connected to each 

other with protruding reinforcement in holes which are filled afterwards. The required capacity is 

given in table 22. The two smallest elements do not directly bear loads but merely have the function 

of making the core a rigid structure. 

The very specific dimensions of the walls, especially the thickness of 250 mm, make that there are no 

wall elements from any of the office buildings which can replace them. The original elements will thus 

be replaced by similar new concrete elements, see figure 29. 

TABLE 22: DIMENSIONS AND CAPACITY OF CORE WALL W6 AND THE REPLACING ELEMENTS 

Core wall W6 

Floors Elements 
per floor 

L (mm) H (mm) W (mm) MRd 
(kNm) 

VRd (kN) NRd 
(kN/m) 

(kN) 

0-4 1 635 2740 250 - -  

0-4 1 3380 2740 250 - - 322,9 
108,5 

0-4 1 3380 2740 250 - - 231,5 
309,4 
71,7 

0-4 1 6370 2740 250 - - 353,1 

0-4 1 1570 2740 250 - -  

Recovered elements in redesign 1 

New element 

0-4 1 635 2740 250 - -  

New element 

0-4 1 3380 2740 250 - - ≥322,9 

New element 

0-4 1 3380 2740 250 - - ≥231,5 

New element 

0-4 1 6370 2740 250 - - ≥353,1 

New element 

0-4 1 1570 2740 250 - -  
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FIGURE 29: LOCATION OF NEW ELEMENTS IN CORE WALLS W6 [40] 

5.1.13. Overview of reused elements 
Table 23 gives an overview of the number and type of recovered elements that were used in redesign 

1. 264 of the 356 hollow core slabs in the redesign are recovered elements, originating form Office B 

and Office D. From the latter, all suitable floor slabs were reused since their properties were most 

favourable. 92 HCS came short and were replaced by new ones. For the roof and ground floor, slabs 

of Office B were added. Of the 80 load bearing wall elements in redesign 1, 46 are recovered element, 

originating from Office A. Only 4 wall elements of Office A were not reused. The 34 new elements 

were needed in one shear wall and in the concrete core of the building. Lastly 74 recovered façade 

elements were reused, of a total of 110 façade elements. They all originate form Office B, since that 

was the only building with suitable façade elements. 36 new elements were needed, which were 

notably of bigger dimensions than the reused elements. 

TABLE 23: OVERVIEW OF REUSED ELEMENTS FROM THE FOUR OFFICE BUILDINGS 

 Office A Office B Office C Office D 

 n n n n 

HCS 0/430 112/1169 0/686 152/165 

Walls 46/50 n.a. 0/34 n.a. 

Beams 0/45 n.a. 0/138 0/84 

Columns 0/72 n.a. 0/60 0/84 

Façade 
elements 

0/115 74/515 0/131 n.a. 
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5.2. Wind load calculation 
The difference between the new and original wind load calculation is bigger than the difference 

between the new and original vertical load calculation. Therefore the wind load calculation will be 

shown here. The characteristic value of the wind pressure, Pw,k, is 0,62 kN/m2. How this value is 

determined can be found in appendix C. The dimensions of the building are given again, see table 24. 

TABLE 24: GROSS DIMENSIONS OF THE APARTMENT BUILDING 

Width 17,8 m 

Length 35,6 m 

Height 15,6 m 

 

5.2.1. Wind load and bending moment capacity of W1 
Walls W1 are assumed to be much stiffer than walls W2. Therefore, in the first calculation all wind 
loads on the long façade will be borne by walls W1. Since both walls are only connected to each other 
by means of a steel beam on each floor, this connection is assumed to be fully hinged, see figure 30. 

 
FIGURE 30: SCHEMATIZATION OF WALLS W1.3 AND W2.2 

Total wind load on long façade: Qrep,k = 35,6*0,62 = 22,1 kN/m 
All walls W1 have the same dimensions: 7700*180*15210 mm 
The walls all take part of the wind load, but these shares are not equal to each other. By means of a 
beam calculation with three spring supports, in which W1.1 and W1.4 are combined as a spring with 
double the stiffness, the load share is determined as follows: 
W1.1: 18,4% 
W1.2: 27,2% 
W1.3: 36,4% 
W1.4: 18,4% 
 
Wind load on W1.3: 22,1*0,364 = 8,0 kN/m 
Resulting bending moment: 8,0*1/2*15,62 = 978,8 kNm 
Resulting maximum line load on foundation (linear distribution): 6*978,8/7,72 = 99,1 kN/m 
Line load at 1,0 m from end: 99,1/3,9*2,9 = 73,7 kN/m 
Average line load at outer 1,0 m of wall: (99,1+73,7)/2 = 86,4 kN/m 
This is not yet the design value, so it should be multiplied with a partial safety factor of 1,5. 
The maximum upward load at outer 1,0 m of wall as a result of wind is: 86,4*1,5 = 129,6 kN 
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The self-weight of the wall and foundation could resist this upward load to prevent tension. 
Line load wall W1.3: 0,9*522,3 = 470,1 kN/m 
470,1 > 129,6 so there is no tension as a result of wind load. 
 
To prevent rotation of the building for unequally divided wind load, walls W3 also need to take part 
of the wind load. Again a beam calculation with spring supports is used to determine the wind load on 
walls W3. There are five springs in this case and walls W3 are represented by springs with only half 
the spring stiffness of those of W1.2 and W1.3. With a wind load that is linearly distributed over the 
length of the façade from 60% to 100%, it turns out that the resulting forces on walls W3 are 8,4 kN 
per floor. 
 
Resulting bending moment: 8,4/3*1/2*15,62 = 340,2 kNm 
Resulting maximum line load on foundation (linear distribution): 6*340,2/4,82 = 88,6 kN/m 
In this equation, 4,8 is the length of the part of W3,2 between axis C and the second window opening 
towards axis D. 
Line load at 1,0 m from end: 88,6/2,4*1,4 = 51,7 kN/m 
Average line load at outer 1,0 m of wall: (88,6+51,7)/2 = 70,1 kN/m 
This is not yet the design value, so it should be multiplied with a partial safety factor of 1,5. 
The maximum upward load at outer 1,0 m of wall as a result of wind is: 70,1*1,5 = 105,2 kN 
 
The self-weight of the wall and foundation could resist this upward load to prevent tension. 
Line load wall W3: 0,9*344,9 = 310,4 kN/m 
310,4 > 105,2 so there is no tension as a result of wind load. 
 

5.2.2. Wind load and bending moment capacity of W6.1 
Core wall W6.1 is the only shear wall in the east-west direction. Therefore the whole wind load on the 
short façades will have to be borne by wall W6.1. This wall is schematized as a clamped column, just 
like the previous calculation, see figure 31. 

 
FIGURE 31: SCHEMATIZATION OF WALL W6.1 

Total wind load on short façade: Qrep,k = 17,8*0,62 = 11,0 kN/m 
Wall W6.1 has the following dimensions: 6200*250*15200, but with two door openings on the ground 
floor. 
The eccentricity between the center of the wind load and wall W6.1 is ca. 4,2 m. 
Resulting bending moment due to eccentricity: 11,0*15,6*4,2 = 723,1 kNm 
This force is taken by walls W3. 
Resulting force on wall W3, per floor: 723,1/35,6/5 = 4,1 kN 
This is less than the governing 8,4 kN per floor on walls W3 for wind on the long façades. 
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FIGURE 32: DIMENSIONS OF WALL W6.1 

First the bending moment on the level of floor 1 will be calculated. This bending moment will mainly 
be resisted by the columns on axis 4’ and 5, so the forces in those columns should be determined. 
Resulting bending moment on floor 1 from wind load on façades 1-4: 11,0*1/2*12,62 = 873,1 kNm 
Resulting compression and tension forces in ‘columns’ on axis 4’ and 5: 873,1/6,2 = 140,8 kN 
 
Subsequently the bending moment on the ground floor level will be calculated, so the line load on the 
3,2 m wall in the middle can be determined. 
Resulting bending moment on floor 0 from wind load on façade 0: 11,0*1/2*3,02 = 49,5 kNm 
Resulting bending moment on floor 0 from wind load on façades 1-4: 12,6*11,0*3,0 = 415,8 kNm 
(3,0 is taken as lever arm instead of 15600/2, since most of the bending moment is already resisted 
by the ‘columns’ on axis 4’ and 5) 
Total bending moment on floor 0: 49,5+415,8 = 465,3 kNm 
Maximum line load in 3,2 m wall: 6*465,3/3,22 = 272,6 kN/m 
Line load at 1,0 m from end: 272,6/1,6*0,6 = 102,2 kN/m 
Average line load at outer 1,0 m of wall: (272,6+102,2)/2 = 187,4 kN/m 
This is not yet the design value, so it should be multiplied with a partial safety factor of 1,5. 
The maximum upward load at outer 1,0 m of wall as a result of wind is: 187,4*1,5 = 281,1 kN 
 
The self-weight of the wall and foundation could resist this upward load to prevent tension. 
Line load wall W6.1: 0,9*214,0 = 192,6 kN/m 
Point load wall W6.1: 0,9*39,6 = 35,6 kN 
Total load: 192,6+35,6 = 228,3 kN 
228,3 < 281,1, so there is tension as a result of wind load. 
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Assuming that the joints have no tension resistance, the stress distribution will change. Therefore the 
location of the resultant force of the wind load and the self-weight will have to be determined. The 
size of the resultant force is equal to the self-weight line load times the length of the wall, plus the 
self-weight point load. 
Resultant design force: 0,9*214,0*6,2+0,9*39,6 = 1229,8 kN 
 
The location of the resultant force can be determined by dividing the resultant bending moment by 
the resultant force. The resulting bending moment will be taken with respect to the intersection of 
axis 5 and the ground floor. 
Resultant design bending moment: 1,5*11,0*15,6*(15,6/2)+1229,8*(6,2/2) = 5820,1 kNm 
Lever arm of resultant design force: 5820,1/1229,8 = 4,7 m 
 
This means that the resultant design force lies within the cross section of the wall. Either 6,2-4,7 = 1,5 
m from axis 4’ or 1,5 m from axis 5, depending on the wind load direction. This also means that, 
assuming a linear stress distribution, the first 6,2-3*1,5 = 1,7 m from axis 4’ or 1,7 m from axis 5 will 
be cracked. 
 
Without door openings on the ground floor, the maximum line load in the wall can easily be 
determined. However, due to the presence of door openings, these forces will be redistributed to the 
columns and the 3,2 m middle wall. This redistribution will be checked for the biggest door opening. 
Maximum design line load in compression area: 2*1229,8/4,5 = 546,6 kN/m 
 
The column is assumed to bear the left half of the forces above the opening, while 1,0 m width of the 
rest of the wall is assumed to bear the right half of the forces above the opening. 
Design line load in middle above opening: 546,6/4,5*(4,5-0,8-0,25) = 419,1 kN/m 
Design point load in column: (546,6+419,1)/2*(0,8+0,25) = 507,0 kN 
 
Old maximum design line load in 3,2 m wall: 546,6/4,5*(4,5-1,6-0,25) = 321,9 kN/m 
New maximum design line load in 3,2 m wall: 321,9+(419,1+321,9)/2*0,8/1,0*2 = 914,7 kN/m 
 
There is a big difference in stress levels between the ground floor wall with or without openings, see 
figure 33. However, the high point load and line load will be no problem for wall W6.1. Due to its width 
of 250 mm and the fact that it is a new element with new concrete which can be reinforced properly, 
the capacity will be more than enough to bear these forces. 

 
FIGURE 33: STRESS DISTRIBUTION IN THE GROUND FLOOR WALL WITH AND WITHOUT OPENINGS 
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5.2.3. Shear force capacity of shear walls 
The maximum shear stress in the bottom joints of W1.3 and W6.1 can be calculated by the formula 
below. As a conservative approach, only the part of the wall under pressure is taken as the length of 
the wall.  
VW1.3,d,max = 1,5*8,0*15,6 = 187,2 kN 
τW1.3,d,max = VW1.3,max*S/(twall*I) = 187,2*103*1/8*180*77002/(180*1/12*180*77003) = 0,20 N/mm2 

VW6.1,d,max = 1,5*11,0*15,6 = 257,4 kN 
τW6.1,d,max = VW6.1,max*S/(twall*I) = 257,4*103*1/8*250*(4500-250-1600)2/(250*1/12*250*(4500-250-
1600)3) = 0,58 N/mm2 

 
The shear strength of cracked joints under compression can be determined with the following formula: 
τu = cg+f*σ’ In this formula cg stands for the cohesion, σ’ for the compression stress perpendicular to 
the joint and f for the friction coefficient. cg is negligible compared to σ’ and can thus be neglected. 
[42] When the joint mortar is of at least strength class C12/15, the friction coefficient will be 1,0 or 
higher. The shear strength of the joints can now be determined with a conservative calculation. 
Design shear strength of joint W1.3: 1,0*0,9*522,3/180 = 2,61 N/mm2 

Design shear strength of joint W6.1: 1,0*0,9*214,0/250 = 0,77 N/mm2 
 
In both cases, the shear strength of the joint is considerably higher than the average shear stress in 
the joint due to wind load. Normally the shear stress is higher in the most compressed parts of the 
wall. But since the shear strength is directly related to the compression stress, the shear strength will 
be higher there as well. 

5.2.4. Walls W2 
Walls W1 and W6 have sufficient bending moment and shear force capacity to resist the wind loads 

imposed on the building. In the first calculation it was assumed that wall W1.3 would take all wind 

loads, while wall W2.2 would take none. In reality, wall W2.2 also has to resist some part of the wind 

load. Despite the door openings in wall W2.2, it still has a considerable cross section. So the shear 

capacity is expected to be more than enough. A bigger effect of the door openings is that they make 

wall W2.2 less stiff. Therefore most of the forces will transfer to wall W1.3 and the bending moment 

on wall W2.2 will be quite low. The bending moment capacity of the wall will be more than enough to 

resist these forces. As for walls W1, there will be no tension stress in walls W2. 
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5.3. Connections 
Now the precast elements itself all seem to have enough capacity to resist the loads imposed on them, 

it is time to design the connections between the elements. In the following paragraphs, the most 

important connections will be addressed. These can be grouped in four types of connections, each 

with their variances. 

The connections have a big influence on whether the structure as a whole will be technically possible 

and strong, stiff and stable enough. This was one of the goals of both redesign processes. Another of 

those goals was that precast elements should have reusable connections, meaning that the 

connections allow for reuse of themselves and the elements they connect. 

5.3.1. HCS-HCS connection 
Requirements 

1. Transferring vertical shear forces from HCS to HCS 

2. Transferring horizontal forces from HCS to HCS 

Possible connections 

1. Transferring vertical shear forces from HCS to HCS 

Vertical shear forces are a result of unequal loading of the hollow core slabs. When one slab 

is loaded more than its adjacent slabs, part of this load should be transferred via shear forces 

to the adjacent slabs, so there will be no big deflection differences between the slabs. 

There are three possible solutions to do so. 

a. Mortar 

The first option is to make use of the specific shape of the side of the HCS, which was 

designed to transfer vertical shear force. When the joint between the HCS is filled with 

mortar, the shape of the sides of the HCS allows for a pressure strut which can transfer 

the shear load to an adjacent slab, see figure 34. However, this also results in a tension 

force between the slabs. This tension force can be resisted by a tension tie at both 

ends of the hollow core slabs, which will be explained in next paragraph. 

 

FIGURE 34: COMPRESSION STRUT BETWEEN TWO HCS [42] 

b. Structural topping 

Although it is often not the main function of a structural topping, the reinforcement 

in the structural topping can guarantee a good redistribution of shear forces between 

adjacent HCS. 
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c. Steel plates 

Lastly, Dolkemade proposed to use steel plates with anchors on top of floor slabs, to 

transfer vertical shear forces, see figure 35. [1] This solution is especially useful, when 

the joints between the HCS should not be filled with a structural material like mortar. 

One remark however, is that Dolkemade used this connection for solid slabs. Using it 

for hollow core slabs might be too difficult because hollow cores reduce the 

anchorage capacity. 

 

FIGURE 35: STEEL PLATE CONNECTING TWO HCS [1] 

2. Transferring horizontal forces from HCS to HCS 

In both the original as well as the new apartment designs, the floors are used to transfer the 

wind loads to the shear walls. This diaphragm action requires that the floor is able to resist 

horizontal shear forces. The floor areas for which this is most relevant are floor F1, F3 and F4. 

They either have to bring the wind load on the long façade to shear walls W1.1, W1.3 and 

W1.4 or the wind load on the short façades to core wall W6.1. This results in the shear force 

lines and bending moment lines given in figure 36.  

For wind on the short façade, the shear force directly translates to shear stresses in the 

longitudinal joints between the HCS. These stresses will be highest close to wall W6.1. 

Subsequently, the bending moment will cause the floor to bend which means that part of the 

floor area will be in compression and part will be in tension. 

For wind on the long façade, the bending moment will cause the floor to bend, resulting in 

shear stresses in the longitudinal joints between the HCS. This bending moment also causes 

part of the floor area to be in compression and part of the floor area to be in tension. 
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FIGURE 36: SHEAR FORCE AND BENDING MOMENT IN FLOOR AREAS F1, F3 AND F4, AS A RESULT OF WIND LOAD 

a. Mortar 

According to CUR report 136, the friction coefficient of a cracked C12/15 mortar joint 

between HCS is at least 1,0. This means that, the shear force that can be resisted is at 

least equal to the compression force perpendicular to the joint. This is valid for shear 

stresses up to 0,10 N/mm2. [42] So without any other measures, shear stresses up to 

0,10 N/mm2 can be resisted by the part of the joint in compression. Of course, 

compression stresses can be transferred by the mortar as well. Only for the tension 

stress as a result of the bending moment due to wind load, another solution has to be 

applied. These tension forces can be resisted by reinforcement in the longitudinal 

joints and by a tension tie at both ends of the hollow core slabs, which will be 

explained in next paragraph. 

b. Structural topping 

The primary function of a structural topping is to guarantee diaphragm action of a 

floor. Because a structural topping is reinforced, it can resist the shear-, compression- 

and tension forces in a floor as a result of wind load. 

c. Steel plates 

Again, the steel plates which Dolkemade proposed could serve as a solution to resist 

the shear- and tension forces between the HCS. The compression forces will then have 

to be transferred via the contact area between adjacent HCS. Similar to the steel 

plates solution for vertical shear forces, this solution is especially useful when the 

joints between the HCS are not filled with a structural material like mortar. However, 

using this solution for hollow core slabs might be too difficult because hollow cores 

reduce the anchorage capacity. 
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Chosen connection 

Since the solutions for the transfer of vertical shear forces and the transfer of horizontal forces are 

identical to each other, it makes sense to choose only one of the three solutions for both 

requirements. Solution B, a structural topping, is the solution which is applied most of the time in new 

concrete buildings. It was also the solution in Office building D, resulting in the old structural topping 

of 50 mm on top of the HCS. Although in terms of strength, stiffness and stability it may be the best 

solution, it comes with big material use and CO2 emissions, and therefore will not be the chosen 

connection. That leaves solution A and C to choose from. Solution C requires the least materials and 

is the most reusable since the steel plates and the bolts can be reused again. However, a lot of drilling 

will be needed to imply this solution and high precision is required. Solution A however, requires 

significant less work and precision. The mortar itself will not be reusable, but if the mortar has 

considerable lower strength than the HCS, it can be broken and removed in a future disassembly 

process. Together with the fact that hollow core slabs are less suitable for anchors than massive slabs, 

this leads to solution A being the best solution. The connection is shown in figure 37. 

 

FIGURE 37: CHOSEN HCS-HCS CONNECTION (REUSED HCS) 

Calculations 

The next step is to calculate the tensile forces and shear stresses as a result of wind load. These are 

needed to know whether the mortar joint has enough capacity, and what the dimensions of the 

reinforcement and tension tie should be. Again the wind loads on both ends of the building are given, 

but now the relevant dimensions and the expected locations of the governing tensile forces and shear 

stresses are shown as well, see figure 38. Important to realize is that the figure only shows one of four 

situations, since both parts of the building have a certain wind load in a certain direction. The wind 

load could be opposite and the direction could shift 90 degrees. However, the tensile forces and shear 

stresses in those situations will be equal or lower than those in the given situation, except for wind 

suction at the east side of the building. Therefore, only that situation and the two given situations in 

figure 38 will have to be calculated. 
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FIGURE 38: RELEVANT DIMENSIONS AND EXPECTED LOCATIONS OF GOVERNING TENSILE FORCES AND SHEAR STRESSES 

Tensile force N1 

q1 = 1,5*Pw*hfloor = 1,5*0,62*3,06 = 2,8 kN/m 

M1,max = q1*b*b/2 = 2,8*9,9*9,9/2 = 139,5 kNm 

The floor area will form a pressure arc to resist the bending moment. According to CUR report 136, 

the lever arm z is maximum 0,8 times the depth of the floor area for floor areas clamped on one side 

and also maximum 0,5 times the width of the floor areas clamped on two sides. [42] Although the 

floor area in this case is only clamped on the side of shear walls W1.1 and W1.4, z is taken as 0,5 times 

b. This safe side approximation is chosen because the in CUR report 136 described lever arms are valid 

for loads at the end of the HCS, and not at the sides as is the case here. 

N1 = M1,max/z = M1,max /(0,5*b) = 139,5/(0,5*9,9) = 28,2 kN 

This tensile force has to be resisted by the reinforcement in the longitudinal joint between the HCS. 

As mentioned before, this will be explained in next paragraph. 

Shear stress τ1 

V1,max = q1*b = 2,8*9,9 = 27,7 kN 

τ1 = V1,max*S/(tslab*I) = V1,max*103*1/8*tslab*a2/(tslab*1/12*tslab*a3) = 

27,7*103*1/8*(320+50)*172002/((320+50)*1/12*(320+50)*172003) = 0,007 N/mm2 

This shear stress has to be resisted by the mortar in the longitudinal joints between the slabs. This is 

about 15 times smaller than 0,10 N/mm2, the average shear stress level that a cracked C12/15 mortar 

joint can resist without the need of additional measures. 
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Tensile force N2 

q2 = 1,5*Pw*hfloor = 1,5*0,62*3,06 = 2,8 kN/m 

M2,max = q2*e*e/2 = 2,8*9,5*9,5/2 = 126,7 kNm 

The floor area will form a pressure arc to resist the bending moment. According to CUR report 136, 

the lever arm z is maximum 0,8 times the depth of the floor area for floor areas clamped on one side. 

[42] 

N2 = M2,max/z = M2,max /(0,8*c) = 126,7/(0,8*9,9) = 16,0 kN 

This tensile force has to be resisted by the tension tie along the ends of the HCS. As mentioned before, 

this will be explained in next paragraph. 

Shear stress τ2 

V2,max = q2*e = 2,8*9,5 = 26,6 kN 

τ2 = V2,max*S/(tslab*I) = V2,max*103*1/8*tslab*c2/(tslab*1/12*tslab*c3) = 

26,6*103*1/8*(320+50)*99002/((320+50)*1/12*(320+50)*99003) = 0,011 N/mm2 

This shear stress has to be resisted by the mortar in the longitudinal joints between the slabs. This is 

about 9 times smaller than 0,10 N/mm2, the average shear stress level that a cracked C12/15 mortar 

joint can resist without the need of additional measures. 

In case of wind suction, the forces will be distributed differently. Since the two staircases prevent a 

full height pressure arc, the pressure arc will only be as deep as the length of floor F4, see figure 39. 

Only the east side of the building is shown, as the pressure arc will be smallest there. For the wind 

load q3 only the wind suction part is taken, instead of both the wind suction and pressure, as was the 

case before. 

 

FIGURE 39: RELEVANT DIMENSIONS AND EXPECTED LOCATIONS OF GOVERNING TENSILE FORCES AND SHEAR STRESSES 
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Tensile force N3 

q3 = 1,5*Pw,suction*hfloor = 1,5*0,25*3,06 = 1,1 kN/m 

M3,max = q3*e*e/2 = 1,1*9,5*9,5/2 = 50,9 kNm 

The floor area will form a pressure arc to resist the bending moment. The lever arm is the length of 

F4, which is 3,4 m. 

N3 = M3,max/z = M3,max /3,4= 50,9/3,4 = 15,0 kN 

N3 is lower than N2, so not governing.  It also has to be resisted by the tension tie along the ends of 

the HCS. 

Shear stress τ3 

τ3 = τ2 = 0,013 N/mm2 

Like τ2, the mortar joint can easily resist this shear stress. 

The calculations for the 300 mm thick HCS in the ground floor and roof can be skipped, because it will 

lead to lower tensile forces and comparable shear stresses. 

Chosen connection for new HCS 

The few new HCS that will be used in redesign 1 will have the same HCS-HCS connections as the 

recovered HCS. 
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5.3.2. Wall-floor connection 
Requirements 

1. Transferring vertical loads from floor to wall 

2. Transferring vertical loads from wall to wall 

3. Preventing horizontal movement of floors 

4. Preventing horizontal movement of walls 

5. Coupling floors on both sides of the wall to each other 

6. Acting as tension tie for the HCS 

Possible connections 

1. Transferring vertical loads from floor to wall 

The most important structural function of the walls is of course to bear the floors. There are 

a few different ways how this connection can be made, but in all cases it is important that the 

support area is big enough. 

a. Direct contact 

The first possibility is too place the HCS directly on top of the wall element. It is in this 

case extra important that the wall has a smooth surface to prevent peak stresses. 

Because the wall elements have been sawn, this is the case. However, this also means 

that the elements have sharp edges which might result in concrete spalling off. A 

solution for this could be to saw off the sharp edge under 45 degrees, resulting in a 

similar shape as new precast concrete elements. 

b. Felt 

Another solution to prevent peak stresses and spalling concrete is to apply felt 

between the HCS and the wall support. In this way the stresses are more equally 

distributed and the sharp edge of the wall is not loaded. 

c. Steel plates 

Both Dolkemade and Glias proposed the use of steel plates on top of the wall. The 

only reason to do so is to increase the support length for the HCS, if the wall itself has 

not enough support length. 

2. Transferring vertical loads from wall to wall 

Since the HCS rest on the top of the wall element, the wall element above cannot rest directly 

on the wall element below. Therefore the vertical load from the wall has to be transferred via 

the HCS or via another connection. 

a. HCS and mortar 

The most common solution is to place the wall on top of the HCS with a mortar bed 

in between. The area between the HCS is also filled with mortar, see figure 40. Shims 

can be applied to put the wall at the correct height, before applying the mortar 

between the wall and the HCS. A shim or tape should be placed in front of the hollow 

cores, so the mortar does not enter the cores. Plastic caps which are normally used to 

close off the cores are not suitable since the mortar will then still enter a few 

centimetres of the cores, which makes disassembly of the HCS much more difficult. 
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FIGURE 40: WALL ELEMENT SUPPORTED BY MORTAR AND HCS [22] 

b. Concrete pedestals 

This connection is applied when the axial load in the wall elements is too big, to be 

borne by the HCS and the mortar alone. Part of the corners of two adjacent HCS is 

sawn off to make place for a concrete pedestal, see figure figure 41. This pedestal 

needs at least the same concrete strength class as the wall elements itself and should 

have sufficient reinforcement. In the case of reuse, the pedestals can best be cast in 

situ to make them fit perfectly. Attention should be paid that the in situ concrete does 

not flow into the cores of the HCS. The concrete pedestal should be connected to the 

lower wall element. This can be done by drilling and gluing in some reinforcement 

bars before pouring the concrete. The size of the axial load depends how many 

pedestals are needed per unit of length. 

 

FIGURE 41: INSIDE OF WALL ELEMENT WITH PEDESTAL THAT SUPPORTS WALL ELEMENT ABOVE 

3. Preventing horizontal movement of floors 

The support should prevent the HCS from sliding over the wall as a result of wind load or 

inclination of the building. Therefore a connection should be applied that can transfer some 

horizontal forces from the HCS to the wall. 

a. Reinforcement in cores 

The most common solution is to saw or break open about half a meter of two cores 

on each end of the HCS. A reinforcement bar is then placed in this open core and then 

this part of the core is filled with in situ concrete. The reinforcement bar also sticks 

into the open core in the HCS on the other side of the wall or overlaps with the bar in 

that open core. The reinforcement thus connects the two HCS on opposite sides of 

the wall to each other and the mortar in between will be locked up. Some 
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reinforcement bars or dowels that protrude from the wall elements make sure that 

this mortar is also connected to the wall element. In this way, the mortar and the HCS 

will not be able to move horizontally with respect to the wall. It is important to 

mention that almost all recovered slabs already have two cores filled with mortar, 

because of this connection. 

b. Reinforcement in longitudinal joints 

This solution is very similar to the previous one, with the difference that the 

reinforcement bar is now placed in the longitudinal joints between the HCS, instead 

of in the cores. In this solution the cores can also be closed off with a shim or tape so 

mortar will not enter the cores. In other aspects the connection works the same. 

c. Steel corner profiles 

Steel corner profiles could be placed in the corner of the HCS and the wall. With 

anchors they could be fixed to both elements, preventing movement of the HCS in 

both horizontal directions. As was mentioned earlier, HCS are quite unsuitable for 

using anchors, making this solution not very viable. 

d. Dowels and holes 

About twenty years ago, professor Herwijnen from the seat Structural Design of the 

TU/e, developed a demountable and adjustable structural system for concrete floors 

and steel-concrete columns and beams. One of the connections he designed was a 

dowel connection to prevent horizontal movement of floor slabs. [43] The connection 

is based on a common connection which makes use of a hole in the slab, surrounding 

the dowel, which is later filled with mortar. One reusable alternative to this 

connection is the appliance of a thin steel tube between the concrete of the precast 

slab and the in situ mortar, see figure 42. Together with the cone shape of the hole 

this ensures that the connection can be disassembled in the future. Another variant 

of this connection makes use of 5mm diameter steel balls and sand as fill material of 

the hole. The connection then can resist horizontal forces up to 20 kN with a similar 

performance as the in situ mortar connection. This connection is suitable for new 

massive precast concrete slabs. For new HCS it might be a solution as well, although 

the hole is not in accordance with the linear production process of HCS. For recovered 

HCS, this solution is not suitable since it would require a lot of drilling in both the wall 

elements and the HCS and the cores of the HCS would limit the size of the connection. 

 

FIGURE 42: PRECAST SLAB CONNECTION WITH DOWEL AND IN SITU MORTAR [43] 

4. Preventing horizontal movement of walls 

The walls are not allowed to move relatively to each other. Therefore a connection is needed 

that prevents horizontal movement of the walls. In low rise buildings, the mortar could give 

enough friction to prevent horizontal movement of the walls. However, in the original design, 
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reinforcement bars were used to couple the walls to each other. And since the new design has 

two more floors, a similar connection will be needed there as well. 

a. Reinforcement bars 

In precast construction, almost all wall elements have gaines in the bottom that fit 

around reinforcement bars protruding from the top of the wall element below. These 

bars can be placed on top of the wall with special reinforcement anchors that were 

cast into the wall. Once the upper wall is put into position, the gaines are filled with 

mortar, resulting in a connecting that can resist both horizontal and vertical 

movement of the wall. This solution could also be applied for the reuse of recovered 

walls, although it would require a lot of drilling. 

b. Dowels 

Another solution is the use of steel dowels or bolts. These can be placed in a drilled 

hole in the bottom wall and protrude up to a few centimetres above the HCS. A small 

hole has to be drilled in the upper wall that fits around the top of the dowel or bolt. 

In this way, horizontal movement of the walls relatively to each other is prevented. 

5. Coupling floors on both sides of the wall to each other 

As mentioned in the previous paragraph, the floor should be able to transfer compression and 

tension forces as a result of wind load to the shear walls. This also means these forces have to 

be transferred from one floor area to another. The maximum tension force that has to be 

transferred is 28,2 kN. 

a. Reinforcement in cores 

Again the most common solution to connect the floors on both sides of the wall to 

each other, is by applying reinforcement bars in open cores, which are filled with 

mortar afterwards. 

b. Reinforcement in longitudinal joints 

As explained before, this solution is different to the one above in the sense that the 

reinforcement bar is now placed in the joint between the HCS, instead of in the cores. 

Also, the cores will have to be closed with a shim or tape so no mortar will enter the 

cores. 

6. Acting as tension tie for the HCS 

The wall-floor connection should also contain a tension tie for two reasons: firstly to resist 

tension forces as a result of the redistribution of vertical loads on the HCS and secondly to 

resist tension forces as a result of wind load. Both of which were explained in the previous 

paragraph. The maximum tension force as a result of wind load that has to be resisted is 26,6 

kN. The tension tie should be anchored behind the last joint that still has to transfer a shear 

force, meaning in or behind the last HCS. 

a. Reinforcement bar 

Multiple reinforcement bars that partially overlap each other can form a tension tie 

from the first to the last HCS. They should be imbedded in mortar between the HCS 

and the walls, so the horizontal forces in the HCS can be transferred to the 

reinforcement bar. The reinforcement bars at the end of the tension tie should be 

bended around the reinforcement in the last core or joint of the HCS so the latter is 

secured as well. In case of a joint, this means that reinforcement and mortar should 

be applied to the outer sides of the first and the last HCS as well, although there is no 

adjacent HCS at that location. 

b. Post tensioned cable 

Another solution is the use of a post tensioned cable. A tube with reinforcement cable 

will have to be placed in the space between the HCS and the walls and will be 
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surrounded by mortar. Afterwards, the reinforcement cable will be tensioned and 

anchored. In case the HCS have reinforcement in the longitudinal joints, the anchor 

has to be behind this reinforcement. A post tensioned cable is especially suitable 

when high tensile forces in the tension tie are expected or when high stiffness of the 

tension tie is needed. 

Chosen connection 

All options for the connections mentioned in the last two requirements require mortar. This means 

mortar will be used in the area between the HCS and the walls. The wall-floor connection is shown in 

figure 43. Felt will be used on top of the walls to support the HCS. In this way, the wall elements do 

not need extra sawing and peak stresses are avoided. The wall element will be supported by both the 

mortar and the HCS. The dowel that fits in a drilled hole in the top of the wall ensures that the mortar 

is connected to the wall and that the upper wall cannot move horizontally. The latter is ensured by 

drilling a small hole in the bottom of the wall, which fits on top of the dowel. A tape is placed in front 

of the cores of the HCS, so mortar cannot enter them. Reinforcement is placed in the longitudinal 

joints of the HCS because the HCS can then stay intact, in contrast to placing the reinforcement in the 

cores. The reinforcement prevents the floors from moving horizontally and can transfer tension forces 

from one floor area to another. Lastly, reinforcement bars will act as tension tie. The first and last bar 

will be bended around the reinforcement in the last HCS joint. Except for the mortar directly below 

the wall, all used mortar will be of C12/15 quality, which is the lowest common mortar strength. This 

ensures enough capacity for the forces to be transferred while also being weak enough to be broken 

relatively easily in future disassembly. The mortar directly below the wall is of shrinkage compensated 

K50 quality, which is mostly used in apartment construction. In locations where the axial load capacity 

of the connection is too low, a concrete pedestal will be applied. But because this makes the 

connection less suitable for reuse, this should only be applied if really needed. Solutions that require 

anchors and steel plates or profiles were not chosen because HCS are not really suited for the use of 

anchors and because choosing those type of connections would result in visible connection elements 

on the floors and walls. 

 

FIGURE 43: CHOSEN WALL-FLOOR CONNECTION (REUSED HCS AND WALL ELEMENTS) 
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The wall-floor connection at location of the roof has of course no wall above. Therefore the dowel can 

be much shorter. The HCS on the roof are only 300 mm thick, without an old structural topping. In all 

other aspects, the connection is identical to the one on the other floor levels. 

At the location of the foundation, the HCS are not supported by a wall, but by a foundation beam. 

Below the HCS is an insulation layer, therefore the HCS are not directly supported by the beam, but 

by concrete blocks separated by insulation material. In this way, thermal bridges are minimized. The 

dowel that would protrude from the lower wall is now placed in the foundation beam. Because this 

beam is made of new concrete, drilling is not needed. 

Calculations 

The diameter and anchorage of the reinforcement in the longitudinal joints and the tension tie have 

to be calculated. Subsequently, the anchorage and support length of the HCS have to be determined, 

as well as the check for possible negative bending moments due to clamping of the HCS. To find out 

whether and where concrete pedestals are needed, the axial load capacity of the joint and HCS has to 

be determined. The old structural topping of 50 mm will be ignored in the calculations to prevent 

unrealistically positive results. 

Reinforcement in longitudinal joints 

The maximum tension force in the reinforcement is 28,2 kN. This requires a section of 

28,3*103/(500/1,15) = 65 mm2 Feb 500.  A single bar Ø10 with a section of 79 mm2 would be sufficient. 

However, CUR report 136 prescribes a minimum reinforcement of 1Ø12 per joint for shear stresses 

below 0,10 N/mm2, with an anchorage length of 100 times the diameter of the bar. [42] This means 

that 1Ø12 will be used as reinforcement in the longitudinal joints, with an anchorage length of 1200 

mm. 

Tension tie 

The maximum tension force in the reinforcement bar that acts as tension tie is 26,6 kN. This requires 

a section of 26,6*103/(500/1,15) = 61 mm2 Feb 500. Again a single bar Ø10 with a section of 79 mm2 

would be sufficient. However, to ensure enough stiffness, the section should at least be 200 mm2. [42] 

One bar Ø16 with a section of 201 mm2 would be sufficient, but since the space above the wall and 

between the HCS is very limited, 2Ø12 with a combined section of 226 mm2 will be applied. This also 

has the benefit of giving extra coherency to the mortar because the reinforcement bars can now be 

placed at both sides of the dowel. 

Anchorage length 

NEN-EN chapter 8.10.2.3 states that the anchorage of pretensioned elements has to be checked in 

sections where the tension in the concrete exceeds fctk,0,05. The bending moment at which this happens 

can be calculated with a simple, conservative approach that does not take into account the prestress 

in the concrete. 

σ = M*z/I 

 σ = fctk,0,05 = 2,85 N/mm2 (C50/60) 

z = ½*h = ½*320 = 160 mm 

IHCS = 26921*106 mm4 (Steiner’s theorem) 

 M = σ*I/z = 2,85*2692*106/160/106 = 48,0 kNm 
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Now it should be determined at which distance x of the support, this bending moment is reached. This 

will be done for the HCS that span 9,9 m, with a maximum line load per HCS of 14,6 kN/m. 

Med = q*1/2*l*x-q*x*1/2*x = 14,6*4,95*x-14,6*1/2*x2 = 48,0 

7,3x2-72,27x+48,0 = 0 

x2-9,9x+6,58 = 0 

x = 725 mm 

This means that for the maximum load on the HCS, the concrete will start to crack at 725 mm from 

the support. However, since the element was used in an office building before, there may be cracks in 

the first 725 mm of the HCS already. Where these cracks could start can be determined with the given 

capacity of the slab. This is 399,0 kNm, and with an old length of 12,3 m this corresponds to a line load 

of 21,2 kN/m. With a similar calculation as above, this results in x = 380 mm. However, since the slabs 

were reduced in length, this only holds for one end. The other end of the HCS will have cracks up to 

and including the support. But even if there are cracks in and close to the support area, the forces in 

the reinforcement are much lower than what would be the case for cracked concrete in new HCS. 

Therefore, anchorage will be no issue here and will not determine the support length. 

Support length 

NEN-EN 1992 chapter 10.9.5.2 will be used to calculate minimum support length of the HCS. The 

relevant parameters in this calculation are shown in figure 44. 

  

FIGURE 44: RELEVANT PARAMETERS OF HCS SUPPORT [28] 

The nominal length a of the support can be calculated with the following formula. 

 a = a1+a2+a3+√(∆a2
2+a3

2) 

  a1 = FEd/(b1*fRd) ≥ 25 = 14,6*4950/(1200*0,85*35/1,5) = 3 mm, a1 = 25 mm 

  a2 = 5 mm 

  a3 = 5 mm 

  ∆a2 = 10 ≤ l/1200 ≤ 30 = 8 mm, ∆a2 = 10 mm 

∆a3 = l/2500 mm = 4 mm 

 amin = 25+5+5+√(102+42) = 46 mm 
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This outcome is for a HCS that has no walls on top of it, so this solution is only applicable for the roof 

floor. The calculation will be executed again, but now FEd also includes the highest axial load in the 

wall on ground floor level, divided by two. In reality, part of the load in the wall will transfer via the 

mortar in the middle of the connection, but this ratio is unknown. 

 a = a1+a2+a3+√(∆a2
2+a3

2) 

a1 = FEd/(b1*fRd) ≥ 40 = (842,2*103*1,2/2+14,6*4950)/(1200*0,85*35/1,5) = 24 mm, a1 

= 40 mm 

  a2 = 15 mm 

  a3 = 5 mm 

  ∆a2 = 10 ≤ l/1200 ≤ 30 = 8 mm, ∆a2 = 10 mm 

∆a3 = l/2500 mm = 4 mm 

 amin = 40+15+5+√(102+42) = 71 mm 

When both HCS on top of a wall require a support length of 71 mm, this leaves only 180-71-71 = 38 

mm in between the slabs. In the proposed solution, a dowel and two reinforcement bars Ø12 should 

fit next to each other in this area, which is obviously not possible. Therefore the dowel will be replaced 

by two dowels: one in the bottom of the connection and one in the top, see figure 45. The tension tie 

will be 1Ø16. 

Negative bending moments 

According to chapter 9.3.1.2 of NEN-EN 1992, the reinforcement in top of a concrete floor slab should 

be able to resist a negative bending moment of at least 15% of the positive bending moment at mid 

span. This is 0,15*178,7 = 26,8 kNm, which is less than 48,0 kNm, at which the concrete starts to crack. 

Also when the actual maximum negative moment is calculated by multiplying half the axial load in the 

wall with distance a1 this results in 842,2*1,2/2*0,04 = 20,2 kNm. Therefore, the HCS can resist the 

clamping moments resulting from the axial loads of the walls above. Since the shear force at the 

support is less than half the shear capacity of the HCS, the effect of the negative bending moment will 

not lead to shear failure. 

Joint and HCS 

The joint between the upper wall and the HCS is assumed to be 30 mm thick so there is enough space 

for deviations in dimensions of the elements. The strength class of the mortar is K50. Chapter 10.9.4.3 

of NEN-EN 1992 explains how to calculate the strength of a mortar joint. The following formula gives 

the strength of the joint: 

 fvd = k1*k2*fcd 

  k1 = 0,7 (grouting) 

  k2 = (k3*5*(1-k3)+k4
2)/(k3*5*(1-k3)+k3*k4

2) 

   k3 = k5*fmd/fcd ≤ 1 

    k5 = 0,5 

    fmd = 0,6*fmk = 0,6*50 = 30 N/mm2 
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    fcd = 35/1,5 = 23,3 N/mm2 (strength of wall elements) 

   k3 = 0,5*30/23,3 = 0,64 

   k4 is de smallest value of b/v and xu/v 

    b/v = 1200/(30+20) = 24 

    xu/v = 180/(30+20) = 3,6 (pressure everywhere in joint) 

   k4 = 3,6 

  k2 = (0,64*5*(1-0,64)+3,62)/(0,64*5*(1-0,64)+0,64*3,62) = 1,49 

 fvd = 0,7*1,49*23,3 = 24,4 N/mm2 

The pressure due to the biggest axial load on the ground floor is 842,2*103/1000/180 = 4,7 N/mm2. 

Even when the additional point loads would have been taken into account, the pressure would still be 

significantly lower than the compression capacity of the mortar joint of 24,4 N/mm2.  

The HCS that support the wall have a compression strength of C50/60. Where the cores are most wide, 

the cumulative cross section of the slab has a width of only 268 mm. With a support length of 71 mm, 

this means those areas will have a compression stress of 842,2*103*1,2/2/(268*71) = 26,6 N/mm2. 

The design compression strength of the concrete is 50/1,5 = 33,3 N/mm2, which is sufficient. 

It can be concluded that in general, concrete pedestals are not needed in the structure of the building. 

Only at locations on the ground floor where high point loads are present, such as the wall ends at the 

façades, concrete pedestals could be a good solution. However, as will be explained in next 

paragraphs, the façade elements in the first redesign are no longer borne by the HCS, but bear 

themselves. This means that the point loads on the wall ends, as a result of the self-weight of the 

façade, are no longer present. Therefore, no concrete pedestals are needed at all. 

 

FIGURE 45: NEW CHOSEN WALL-FLOOR CONNECTION (REUSED HCS AND WALL ELEMENTS) 
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Chosen connection for new walls 

The walls W1 and W2 that do not consist of recovered elements will be made of new precast concrete. 

The dimensions and type of connection will be similar as described before, with the only difference 

that the dowels and holes can be placed before casting, eliminating the need for drilling. 

The façade walls W3 that consist of new precast concrete are 220 mm thick and only need to bear HCS 

on one side. This allows for the use of one dowel as proposed in figure 43. The dowels are placed in 

plastic caps, so they could be easily removed in the future. The tension tie is located at the opposite 

side of the dowel as the HCS, and will be 1Ø16, see figure 46. The reinforcement in the longitudinal 

joint of the HCS will be bended around the tension tie. These two things make sure that the floor is 

connected to the walls. Since the wall is 40 mm wider, the HCS support length can be 20 mm longer, 

preventing too much load eccentricity. The outer side of the façade wall element will be higher than 

the middle and the inner side, so the relatively weak C12/15 mortar does not have to bear the majority 

of the load of the walls above. Although the C12/15 mortar would be strong enough to resist the 

imposed compression stresses, the proposed solution results in a more robust connection. 

 

FIGURE 46: CHOSEN WALL-FLOOR CONNECTION FOR LOAD BEARING FAÇADE (REUSED HCS, NEW FAÇADE ELEMENTS) 

The 250 mm thick core walls W6 need to bear only one or even no floor areas. In case they only bear 

floors at one side, a similar connection as in figure 46 will be implemented. In case they do not need 

to bear any HCS, as is the case for shear wall W6.1, the connection will only consist of a 30 mm mortar 

layer with dowels. These dowels should stick somewhat further in the upper wall, so they can still 

resist shear forces when the wall is lifted a little due to wind loads. 
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5.3.3. Façade-floor connection 
Requirements 

1. Transferring vertical loads from façade to façade 

2. Transferring horizontal loads from façade to floor 

Possible connections 

1. Transferring vertical loads from façade to façade 

The self-weight of the façades has to be transferred through the connection, to the 

foundation. In the original design, the HCS bore the self-weight of the façade and transferred 

this to the walls. Since the recovered façade walls are 220 mm thick, instead of 90 mm in the 

original design, the façade will have to bear itself. 

a. HCS and mortar 

Similar to the wall-floor connection, the façade element can be placed on top of the 

HCS, with a mortar bed in between. The area between the HCS and the lower façade 

element should be filled with mortar as well, after the HCS is put into place. This 

solution can be applied for new, relatively thin façade elements, but not for the heavy 

220 mm thick recovered façade elements. 

b. Mortar 

The façade elements could also be placed against the sides of the HCS instead of 

above and below the HCS. In this case, only a mortar joint between the façade 

elements is needed to transfer the vertical loads. 

2. Transferring horizontal loads from façade to floor 

Both forces caused by wind pressure and wind suction should be transferred to the HCS, so 

the HCS can transfer them to the shear walls. The possible solutions are limited, since the HCS 

has no cores or joints at the side which could be used for the connection. 

a. Steel corner profiles 

Steel corner profiles could be placed in the corners of the HCS and the façade 

elements. With anchors they could be fixed to both elements, preventing movement 

of the façade elements in both horizontal directions. The old structural topping on the 

HCS of floor 1-4 might allow for anchors, but the ground and roof floor do not have 

this old structural topping, making this solution not very viable. 

b. Steel F strips 

This solution is very similar to the corner profiles solution. The main difference is that 

now only anchors in the HCS are needed and not in the façade elements, because the 

latter are clamped in the two forks of the F. 

c. Steel strips 

Another solution could be to apply steel strips on the outer side of the wall, with one 

anchor in the top of the lower façade elements, one anchor in the side of the HCS and 

one anchor in the bottom of the upper façade element. Again it should be mentioned 

that HCS are quite unsuitable for using anchors and that drilling in the web of the HCS 

can be dangerous because the reinforcement is also located there. 

Chosen connection 

For the transfer of vertical loads between the façade elements, solution B is the most simple solution 

because it only requires one mortar layer. For the transfer of horizontal forces, steel strips with 

anchors in the side of the HCS will be discarded as a solution since drilling in the web of the HCS can 

be dangerous. The difference in solution A and B is the number of anchors needed. Since all three 
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elements are recovered elements, drilling would be needed to place the anchors. The steel F strips 

are favoured since they require only anchors in the HCS, and not in the façade elements. If this solution 

is combined with the solution of a single mortar layer to transfer vertical forces, the F strip can be 

reshaped so it can connect both façade elements at the same time, see figure 47. Common similar 

connections make use of two anchors to prevent horizontal rotation of the anchor and to spread the 

load. The anchors cannot be placed in the web because that may interfere with the reinforcement. 

Therefore two anchors will be applied, one above the first core and one above the second core. The 

one above the first core will have a slotted hole, so the shear forces are transferred to the anchor 

above the second core. When the HCS and the lower façade element are in place, the steel strip will 

be mounted and the space around the strip will be filled with mortar, after which the upper façade 

element can be placed. It should be mentioned that the chosen connection requires the façade 

elements to be 300 mm higher than previously mentioned in the choosing elements section of chapter 

5, where the façade elements were still supposed to be placed between the floors. 

 

FIGURE 47: CHOSEN FAÇADE-FLOOR CONNECTION (REUSED HCS AND FAÇADE ELEMENTS) 

Calculations 

Since the top of the HCS is not reinforced in the direction perpendicular to the façade and since the 

anchors are relatively close to the edge of the HCS, concrete edge failure might occur. Therefore the 

loads on the anchors and the capacity of the anchors, in combination with the concrete, has to be 

calculated. 

Concrete edge failure 

The shear load capacity of an anchor in a concrete plate can be calculated with chapter 7.2.2.5 from 

‘NEN-EN 1992-4:2018+NB:2019 Beton - Bevestigingsmiddelen’. In this case, the height h of the break-

out body is limited to the height of the upper flange of the HCS. This is the distance between the top 

of the core and the surface, and is 60+50 = 110 mm. The most important variables in the formula are 

depicted in Figure 48: figure 48. Two M10 wedge anchors with an effective height of 50 mm are 

proposed. Longer anchors could be used for floor 1-4, but not for the ground and roof floor since they 
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lack an old structural topping. Because the anchors are behind each other and because the first anchor 

has a slotted hole, only the concrete edge failure of the anchor furthest of the edge will be determined. 

 

FIGURE 48: IMPORTANT VARIABLES IN CONCRETE EDGE FAILURE [44] 

 VRk,c = V0
Rk,c*Ac,V/A0

c,V*Ψh,V*Ψec,V*Ψs,V*Ψα,V*Ψre,V 

V0
Rk,c = k9*dnom

α*lfβ*√(fck)*c1
1,5 

k9 = 2,4 (uncracked concrete) 

dnom = 10 mm 

α = 0,1*(lf/c1)0,5 

 lf = hef = 50 mm 

 c1 = 400 mm 

α = 0,1*(50/400)0,5 = 0,035 

β = 0,1*(dnom/c1)0,2 = 0,1*(10/400)0,2 = 0,048 

fck = 20 N/mm2 (Structural topping) 

V0
Rk,c = 2,4*100,035*500,048*√(20)*4001,5*103 = 112,3 kN 

Ac,V = 2*1,5*c1*hflange = 2*1,5*400*110 = 132*103 mm2 

A0
c,V = 4,5*c1

2 = 4,5*4002 = 720*103 mm2 

Ψh,V = (1,5*c1/hflange)0,5 ≥ 1 

Ψh,V = (1,5*400/65)0,5 = 3,04, Ψh,V = 1 

Ψec,V = 1 (no eccentric loading) 

Ψs,V = 0,7+0,3*c2/(1,5*c1) ≤ 1 

  Ψs,V = 0,7+0,3*600/(1,5*400) = 1 (Anchor at least 600 mm from the support) 

  Ψα,V = 2 (no inclination of loading) 

  Ψre,V = 1 (uncracked concrete) 

VRk,c = 112,3*132*103/720*103*1*1*1*2*1 = 41,2 kN 

This still has to be divided by γcm, which is 1,5, to get the design shear resistance. 

 VRd,c = VRk,c/γcm = 41,2/1,5 = 27,4 kN 
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However, according to the supplier, the shear force capacity of the anchor itself is only 12,6 kN. [45] 

Therefore, the maximum design load on the anchors should be lower than 12,6 kN. The design line 

load at the side of the floor as a result of wind suction is 1,1 kN/m. For the biggest façade elements, 

which consist of new concrete and are 7,5 m wide, the use of two strips would result in 1,1*7,5/2 = 

4,1 kN per strip. This means 4,1 kN per anchor, which is three times below the anchor capacity. 

Therefore, each façade element will be coupled to the HCS with two strips, each on one end. The strips 

should be placed at least 600 mm from the end of the HCS. 

Chosen connection for new façades 

The façade elements that consist of new precast concrete will have exactly the same connection as 

the recovered ones, since the connection does not require drilling in the façade element. 
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5.3.4. Wall-wall connection 
Requirements 

1. Transferring vertical shear forces from wall to wall 

Possible connections 

1. Due to wind load, vertical shear forces can occur between the sides of shear wall elements. 

These forces will be biggest in the most loaded shear wall, W6.1. In the other shear walls, walls 

W1, the influence will be much smaller. 

a. Mortar 

The joint between the wall elements could be filled with the same K50 mortar that is 

used for the bottom and top of the elements. This connection can resist modest shear 

forces. 

b. Steel strips 

Haico van Nunen proposes the use of anchors and steel strips that connect the sides 

of the wall elements, see figure 49. [46] To prevent the walls from moving with respect 

to each other, at least three anchors per connection should be applied. When the 

steel strips are placed on both front and back of the wall, steel bolts and nuts could 

replace the anchors. This connection can resist high shear forces. 

 

FIGURE 49: STEEL STRIPS AND ANCHORS CONNECTING WALL ELEMENTS [46] 

c. HEK anchors 

A recent innovation by Halfen is the HEK connection. This connection consists of a 

steel profile and anchor which are cast into the concrete. During construction, these 

two can be connected by a bolt, see figure 50. The connection allows for some 

deviation in positions of the walls and can be applied at the ends as well as at the sides 

of a wall. It can resist very high shear forces, but is of course only suitable for new 

precast concrete elements. 
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FIGURE 50: HALFEN HEK CONNECTION [47] 

Chosen connection 

Walls W1 and W2 that have a relatively small shear force in the vertical joints, can make use of 

connection A. The joint between the walls should already be filled with some kind of material, 

presumably mortar, so the connection is not much different from what would already be needed. 

Chosen connection for new walls 

For walls W6, a stronger connection is needed. Since these walls are made of new precast concrete, 

the Halfen HEK connection can easily be applied. This also makes the elements more suitable for future 

disassembly and reuse. 
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5.4. Finishing 
The reused elements in redesign 1 need a certain finishing to make them suitable for occupation of 

the apartments. The reasons and requirements for the finishing of the floors, walls and façade 

elements will be addressed separately, since those are different. 

5.4.1. Floors 
As mentioned earlier in this report, the HCS do not meet the sound requirements. To meet the 

airborne sound difference of at least 52 dB, a floating floor or suspended ceiling with ≥11 dB sound 

reduction should be applied. Both options have different possibilities for the services in the 

apartments. Table 25 gives a comparison between the location of electricity, water, air and gas 

services in the apartments. For a new structural topping, all services can be located in the structural 

topping (above floor) or in the HCS (in floor). This means that all of the tubes and wires will be invisible. 

In a floating floor, most services can be located in the floating floor itself (above floor). Only services 

with big diameters, like the ventilation will have to be placed under the floor, in sight. Fixtures cannot 

be placed into the HCS and therefore have to be placed under the floor. For a suspended ceiling, all 

services can be located in the suspended ceiling itself (under floor). However, this implies that the 

services of one apartment are located in the ceiling of the apartment below, or, that things like water 

supply tubes, sockets and wires and heating tubes have to run over the wall from the ceiling to the 

floor. And still the water drainage has to run through the ceiling of the apartment below anyway. Floor 

heating, as proposed in the original apartment design, is also not possible with a suspended ceiling. 

TABLE 25: COMPARISON BETWEEN SERVICES IN STRUCTURAL TOPPING, FLOATING FLOOR AND SUSPENDED CEILING 

 New HCS and 
structural topping 

Recovered HCS and 
floating floor 

Recovered HCS and 
suspended ceiling 

 Under 
floor 

In 
floor 

Above 
floor 

Under 
floor 

In 
floor 

Above 
floor 

Under 
floor 

In 
floor 

Above 
floor 

Electricity    

 Sockets and wires   √   √ √   

 Fixtures  √  √   √   

Water    

 Supply   √   √ √ √*  

 Drainage  √ √   √ √ √*  

 Drainage toilet  √*   √*   √*  

Air    

 Ventilation  √  √   √   

Gas    

 Heating   √   √ √** √*  

*Actually not in the floor, but perpendicular through the floor 
**Floor heating not possible, radiators needed 

 

Although a floating floor still implies that the ventilation ducts are in sight, this is a much better option 

than a suspended ceiling for which drilling and sawing in the HCS would be needed and for which 

services of one apartment would be located in the apartment below. The floating floor also hides the 

steel strips of the façade-floor connection which are anchored on top of the HCS. Therefore the 

floating floor is chosen as a solution for the HCS sound requirements, as well as for containing the 

services, out of sight. The floating floor consists of 40 mm granules, 25 mm elastified polysterene 

plate, PE foil and an 40 mm anhydrite top layer. This composition is inspired by the floating floor Naber 
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used, which had quite low CO2 emissions, see figure 51. The anhydrite layer replaces the mortar that 

Naber chose as top layer, since it has significantly lower CO2 emissions. 

 

FIGURE 51: FLOATING FLOOR PROPOSED BY NABER [8] 

5.4.2. Walls 
The 180 mm thick load bearing walls between the apartment did just not meet the airborne sound 

difference of at least 52 dB. To meet this requirement, the walls should have been at least 200 mm 

thick. This means that some material will have to be applied to the wall to increase the sound 

insulation. At the same time, other issues play a role: part of the walls consist of concrete blocks, on 

some places filled holes might be present in the reused elements and during demolition the walls 

might have been damaged a little. These are all visible issues which negatively affect the design quality 

of the apartment in such a way that a solution has to be found. 

One solution is the appliance of a chalk plaster layer on both sides of the wall. This layer would cover 

all visible issues and add enough sound insulation to meet the requirements. Since a chalk plaster 

layer has about two-third the mass of concrete, a 15 mm layer should be applied to both sides of the 

wall to achieve the desired sound insulation. This also has the advantage that electricity slits can be 

made in the reused elements, without coming near the reinforcement, because the electricity tube 

can be partially in the concrete and partially in the plaster. 

Another solution is to apply an additional sound-insulation wall against both sides of the reused wall 

elements, which generally consists of a few centimetres thick insulation layer of for instance mineral 

wool, covered by gypsum or chipboard. This leads to comparable, or bigger CO2 emissions in 

production, compared to the 15 mm thick chalk plaster layer. Therefore, the thinner chalk plaster layer 

will be chosen as finishing for the walls. 

5.4.3. Façades 
The façades faces the same visible issues as the walls. Therefore the same solution will be applied. 

Since the plaster does not have to increase the airborne sound difference of the façades, the layer 

only has to be 5 mm thick.  
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5.5. Influence of different self-weights 
In the beginning of this chapter it was mentioned that the load calculations in appendix B were based 

on the calculations of the original apartment design, but with the addition of the loads of the two 

extra floors. However, the self-weight of the structure was still based on the precast concrete 

elements in the original design, since it was not yet known what the self-weight of the reused elements 

would be. 

Now it is known which recovered elements were reused in redesign 1, the self-weight of those 

elements can be compared with the self-weight of the elements in the original design. The 320 mm 

thick HCS with a structural topping of 60 mm were replaced by 320 mm thick HCS with an old structural 

topping of 50 mm, or by 300 mm thick HCS without a structural topping. Since the thickness has 

reduced slightly and since the new apartment HCS of VBI have very small cores, the self-weight of the 

floors was reduced by 36% for floors 1-4, 33% for the ground floor and 13% for the roof floor. The 

extra weight of the floating floor still has to be added however, but including this, there is still a 

reduction in self-weight. The 250 mm thick wall elements were replaced by 180 mm thick wall 

elements with a 15 mm thick chalk plaster layer on both sides. This resulted in a reduction of self-

weight of 20%. The 90 mm thick façade elements were replaced by 220 mm thick façade elements. 

This resulted in an increase in self-weight of 144%. The self-weight of the new concrete façades W3 

on both ends of the building and the new concrete core walls W6 remained the same as in the original 

design. 

Although both the floors and walls have a big reduction in self-weight, the influence of that on the 

structure is limited. Since the wall and floor elements have a given capacity, which was already 

sufficient, this will still be sufficient with these reduced loads. Besides that, the self-weight of the 

structure is still enough to prevent tension stresses in the shear walls as a result of wind load. The 

reduced self-weight of the floors has no significant effect on the new concrete core wall W6.1 since it 

does not bear any HCS. The enormous increase of self-weight of the façades resulted in the choice of 

the façades bearing themselves, instead of being borne by the HCS. So this effect was already taken 

into account in the redesign. 
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6. Outcome and comparison 1 
The desired outcome of the thesis is that it is technically possible to reuse precast concrete elements 

from office buildings, in new apartment buildings, and that doing so has certain benefits in terms of 

material use and circularity. Therefore, redesign 1 should have sufficient structural quality and lower 

material use and CO2 emissions than the original apartment design. At the same time, the redesign 

should have equal design quality to the original apartment design and it should have reusable 

connections to make future disassembly easier. In this chapter, each of these five criteria will be 

addressed, with the focus being on the material use and CO2 emissions comparisons. 

6.1. Structural quality 
With enough structural quality is meant that the reused concrete structure has to be strong, stiff and 

stable enough to resist the imposed loads. Chapter 5 showed that it is technically possible to create 

an apartment design with reused concrete elements. With calculations it was shown that the concrete 

structure of redesign 1 is strong and stable enough. The stiffness was not extensively addressed since 

the elements came from office buildings in which their stiffness already was sufficient. Moreover, the 

elements were stiffness has the biggest influence, the hollow core slabs, now have to bear a load less 

than half of the load they had to bear in the office buildings. 
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6.2. Material use 
To determine the quantity of materials used in the original apartment design and redesign 1, the 

number and dimensions of all new and reused elements used were put into an excel sheet. With this 

information, the square and cubic meters of floors, walls and façade walls can be calculated, see 

appendix D and E. 

6.2.1. Scope 
For the material use, only the materials in the concrete structure were investigated. This means the 

precast elements itself and the mortar or other materials that connect these elements. It also includes 

materials that are needed in the redesigns to meet the sound and fire requirements, like a floating 

floor, plaster layer and insulation material on the floor slabs. What it does not include are the concrete 

balconies, with steel columns, which will be similar in all three designs. The foundation is also excluded 

since little is known about it in the original design and in the information of the to be disassembled 

office buildings, although it can be assumed the foundation consists of in situ concrete in both cases. 

6.2.2. Concrete in precast elements 
Table 26 shows the amount of new concrete in the precast elements in the original apartment design. 

As explained before, these values are for a 5 story apartment, so a fair comparison can be made with 

both redesigns, as the latter consist of 5 stories as well. The majority of the new concrete needed will 

be used in the floors, which are the elements with most square meters and greatest thickness. The 

structural topping on all floors except the roof floor is also taken into account in this calculation. 

TABLE 26: CONCRETE USED IN ELEMENTS OF ORIGINAL APARTMENT DESIGN 

 

  

Label m
2

m
3 Concrete 

type

Reused

3437,7 1070,0 New

3437,7 1070,0 Combined

Reused

798,3 199,6 New

798,3 199,6 Combined

Blocks

Reused

1021,3 120,2 New

1021,3 120,2 Combined

Blocks

Reused

5257,2 1389,8 New

5257,2 1389,8 Combined

Blocks

Floors

Walls

Facade 

walls

Total

F1, F2, F3, 

F4

W1, W2, 

W6

W3, W4, 

W5
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Table 27 shows the amount of new concrete, reused concrete and concrete blocks in the precast 

elements in redesign 1. Like in the original design, most new and reused concrete is needed for the 

floors, but the walls and façade walls need proportionally the most new concrete. The amount of 

concrete blocks needed to fill openings in the reused elements is rather small compared to the total 

amount of new concrete needed. Since the reused floor and wall elements have a smaller thickness 

than the new floor and wall elements in the original design, the total amount of concrete in the 

apartment building has become significantly lower. 67,6% of the concrete structure in redesign 1 

consists of reused precast concrete elements whilst 32,4% is still new concrete elements. 

TABLE 27: CONCRETE USED IN ELEMENTS OF REDESIGN 1 

 

  

Label m
2

m
3 Concrete 

type

2680,3 708,0 Reused

784,8 214,9 New

3465,1 922,8 Combined

401,9 72,3 Reused

350,8 77,3 New

752,7 149,7 Combined

45,3 8,2 Blocks

481,2 105,9 Reused

597,4 107,0 New

1078,6 212,8 Combined

79,0 17,4 Blocks

3563,4 886,2 Reused

1733,0 399,2 New

5296,4 1285,3 Combined

124,3 25,5 Blocks

F1, F2, F3, 

F4

W3, W4, 

W5

W1, W2, 

W6

Floors

Walls

Facade 

walls

Total
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6.2.3. Mortar in joints 
Table 28 shows the amount of mortar in the joints between the elements of the original apartment 

design. For each connection type, the total length of the connection is multiplied with the cross section 

of the mortar to get the total amount of mortar needed. Most mortar is needed at the ends and sides 

of the HCS; this is all C12/15 mortar. The amount of K50 mortar is relatively low since it is only used in 

the small joints between the other elements. 

TABLE 28: MORTAR USED IN JOINTS OF ORIGINAL APARTMENT DESIGN 

 

  

Label m
Section 

(mm2)
m

3 Mortar 

type

F1, F2, F3, 

F4 (1-4)
2052,2 13680 28,1 C12/15

F1, F2, F3, 

F4 (0, 5)
986,1 11520 11,4 C12/15

320,4 39960 12,8 C12/15

267,0 6900 1,8 K50

213,6 25530 5,5 C12/15

178,0 6000 1,1 K50

W6 76,7 6900 0,5 K50

Facade-

floor
W4, W5 427,2 2100 0,9 K50

W1 54,8 2700 0,1 K50

W2 27,4 2700 0,1 K50

W3 27,4 2700 0,1 K50

W4 54,8 2700 0,1 K50

W5 54,8 2700 0,1 K50

W6 68,5 2700 0,2 K50

3358,7 57,7 C12/15

1236,6 5,1 K50

HCS-HCS

Wall-

floor

W1, W2

W3

Wall-wall

Total
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Table 29 shows the amount of mortar in the joints between the elements of redesign 1. Most of the 

numbers are comparable to those in the previous table. The amount of C12/15 mortar used in the 

connection between the HCS and W1 and W2, is much smaller however. This is a result of having less 

thick walls and therefore also less space between the ends of the slabs which has to be filled with 

mortar. On the other hand, the amount of K50 mortar used in redesign 1 is about three times higher 

than in the original design. This has to do with the fact that the joints need to have much bigger 

tolerances for reused elements than for new elements. The reason for this is that the reused elements 

have to be sawn. Some very wide joints are needed to let multiple elements have the required 

combined length. 

TABLE 29: MORTAR USED IN JOINTS OF REDESIGN 1 

 

  

Label m
Section 

(mm2)
m

3 Mortar 

type

F1, F2, F3, 

F4 (1-4)
2067,5 13320 27,5 C12/15

F1, F2, F3, 

F4 (0, 5)
993,7 10800 10,7 C12/15

320,4 14060 4,5 C12/15

267,0 5400 1,4 K50

213,6 25530 5,5 C12/15

178,0 6000 1,1 K50

W6 76,7 6900 0,5 K50

Facade-

floor
W4, W5 427,2 11000 4,7 K50

W1 95,9 9000 0,9 K50

W2 49,3 9000 0,4 K50

W3 27,4 6000 0,2 K50

W4 186,6 30800 5,7 K50

W5 93,3 4200 0,4 K50

W6 68,5 6900 0,5 K50

3381,6 48,2 C12/15

1469,9 15,8 K50

Wall-

floor

Wall-wall

W3

Total

W1, W2

HCS-HCS
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6.2.4. Steel in joints and structural topping 
Table 30 shows the amount of steel used in the joints between the elements of the original apartment 

design, as well as the steel used in the structural topping, on all floors except the roof floor. The 

longitudinal reinforcement of the HCS, that is assumed to be in between the HCS, requires a significant 

amount of steel. The steel that is needed for the structural topping however counts for two third of 

the total steel needed, whilst only a minimum reinforcement of Ø5-250 was chosen. The steel required 

in the wall-floor and façade-floor connection only contributes for a small amount to the total. 

TABLE 30: STEEL USED IN JOINTS AND STRUCTURAL TOPPING OF ORIGINAL APARTMENT DESIGN 

 

Table 31 shows the amount of steel used in the joints between the elements of redesign 1. The amount 

of steel used for the longitudinal reinforcement of the HCS is the same. Since there is no structural 

topping present, the total amount of steel needed drops considerably. The absence of a structural 

topping does result in the need of a tension tie in the wall-floor connection, increasing the amount of 

steel needed in that connection. Since, compared to the original design, more and smaller elements 

were used in the façades, more steel was needed for the strips that couple the façades to the floors. 

TABLE 31: STEEL USED IN JOINTS OF REDESIGN 1 

 

Label n m kg
Material 

type

HCS-HCS
F1, F2, F3, 

F4
988,0 876,4

Reinforce

ment

HCS
F1, F2, F3, 

F4
22917,8 3598,1

Reinforce

ment

W1, W2 267 231,8
Reinforce

ment

W3 178 154,5
Reinforce

ment

W1, W2 267 118,2 Gaines

W3 178 78,8 Gaines

80 120,6 Strips

120 212,0 Strips

320 19,2 Anchors

Total 5409,6 Steel

Wall-

floor

Facade-

floor
W4, W5

Label n m kg
Material 

type

HCS-HCS
F1, F2, F3, 

F4
988,0 876,4

Reinforce

ment

W1, W2, 

W3
558,0 880,4

Reinforce

ment

W1, W2 490 211,1 Dowels

W3 178 239,1 Dowels

180 668,3 Strips

360 21,6 Anchors

2897,1 Steel

Wall-

floor

Facade-

floor

Total

W4, W5
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6.2.5. Other materials 
Table 32 shows the amount of other materials used in the original apartment design. This includes the 

felt which is used as support material for the HCS, and the plastic caps for closing off the hollow cores 

of the HCS. 

TABLE 32: OTHER MATERIALS USED IN ORIGINAL APARTMENT DESIGN 

 

  

Label m m
2

m
3 Material 

type

W1, W2 640,8 48,1 Felt

W3 213,6 12,8 Felt

Codes n m
3 Material 

type

Wall-

floor
7832 0,4

Plastic 

caps

Wall-

floor
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Table 33 shows the amount of other materials used in redesign 1, which is much more than in the 

original design. First of all, chalk plaster is used as finishing for the walls and façade walls, whilst also 

being a sound insulation improver for the former. Glass wool plates are added to the bottom of the 

roof floor, to increase the fire insulation. A lot of extra materials are also needed to create the floating 

floor on all floors except the roof. The amount of support felt is somewhat less than in the original 

design since the support area of the HCS has decreased. Lastly, instead of plastic caps, a tape is used 

to close of the cores of the HCS. 

TABLE 33: OTHER MATERIALS USED IN REDESIGN 1 

 

6.2.6. Overview of comparison 
The comparison in material use of both designs can be summed up as follows: Redesign 1 uses 69,4% 

less new concrete whilst also using less concrete in total. The mortar use of both designs is almost 

equal, C12/15 mortar is used less in redesign 1 whilst K50 mortar is used more. In terms of steel use 

there is a reduction of about one third, compared to the original design. This is caused by the absence 

of a structural topping in redesign 1. Lastly, much more other materials were needed in redesign 1, 

notably chalk plaster, glass wool plates and the materials for the floating floor. 

  

Label m m2 m3 Material 

type

Walls W1, W2 1190,4 17,9
Chalk 

plaster

Facade 

walls
W4, W5 795,0 4,0

Chalk 

plaster

Floors
F1, F2, F3, 

F4 (5)
577,5 14,4

Glass 

wool 

plates

2887,6 115,5 Granules

2887,6 72,2
Polystere

ne plates

2887,6 PE foil

2887,6 115,5 Anhydrite

1281,6 134,6 Edge foil

W1, W2 640,8 25,6 Felt

W3 213,6 12,8 Felt

W1, W2 640,8 143,1 Tape

W3 213,6 47,7 Tape

Codes n m
3 Material 

type

Wall-

floor
W1, W3 397 0,0

Plastic 

caps

Wall-

floor

Wall-

floor

Floors
F1, F2, F3, 

F4 (0-4)
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6.3. CO2 emissions 
To compare the global warming potential of both designs, the CO2 emissions from the creation of the 

original apartment design and redesign 1 was determined with a lifecycle assessment (LCA). This LCA 

was divided in two separate calculations: one for the end of life of the office buildings and one for the 

creation of the apartment building. The calculations were done in an excel sheet and used a lot of 

information from the excel sheet about material use. The CO2 emissions are expressed in ton CO2 eq. 

6.3.1. Scope 
For the investigated materials, exactly the same scope is used as in the calculation for the material 

use. This means that in terms of material, in the LCA calculation for the end of life of the office 

buildings, only the precast concrete elements of the office buildings are included. Furthermore, the 

machine use in the disassembly or demolition processes is included, as well as the transport of the 

concrete material and the waste processing of the concrete unsuitable for future reuse. The 

adaptation of the elements that will be reused is not included since those emissions should be borne 

by the owner or contractor of the apartment building. However, since it is optional that the elements 

are adapted or even temporarily stored on another location, the transport of those elements to that 

location is included. The transport of workers and machinery, the planned use of the processed waste 

(road foundation, reuse as granules, etc.) and the stocking of elements suitable for future reuse are 

not taken into account. The office buildings from which no elements will be taken are excluded as 

well, since there is no need to disassemble them. An overview of the phases included in the LCA 

calculation for the end of life of the office buildings is given in figure 52. 

In the LCA calculation for the creation of the apartment building, the production of the required 

materials is included, as well as the transport of the new and reused concrete elements. For the reused 

elements, the emissions from adapting them are added. The machinery used in construction is also 

included. The transport of workers, machinery, and all required materials not being concrete elements 

is excluded, since these emissions are either very small or similar for both construction with new or 

reused elements. 
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FIGURE 52: FLOWCHART INDICATING THE PHASES IN EACH LCA CALCULATION 
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6.3.2. Input data 
Before the LCA calculations could be performed, emission data had to be found for the production 

and transport of material and for the use of machinery. This not only includes kg CO2 eq. values, but 

also the efficiency of machines and processes used in both LCA calculations as well as the distances 

for transport. A list of all input data can be found in appendix F. 

Most of the data of the production emissions is derived from Naber and OneClickLCA [48], a LCA 

calculation tool. Since they did not cover all materials, some other sources were used as well. For new 

concrete, it was assumed that 20% recycled binders would be used, for which no additional testing of 

the concrete is needed. The emissions and efficiency of machinery could be taken from Glias and the 

SlimSlopenTool [49], an extensive excel sheet which can be used to calculate the impact of 

demolishing a building. The transport distances were put at 50 km, since Naber and Glias used the 

same distance, allowing for easier comparison. 

6.3.3. End of life of office buildings 
As stated before, the LCA calculation for the end of life of the office buildings includes only the three 

office buildings from which elements are used in redesign 1. From the material use calculations 

followed that 22,3% of all precast concrete elements in those three buildings is reused in redesign 1. 

Further, it is assumed that in redesign 1, 20% of all elements is not suitable for reuse because it is 

either damaged, has a too specific shape or is a sawn-off part from an element that was reused. This 

20% will be regarded as waste, just like 100% of all elements in case of the original design, in which 

the office buildings get demolished. The remaining 57,7% of elements will go to an element stockpile, 

where they wait for future reuse in another project. 

Appendix G gives an overview of the CO2 emissions in each phase of the calculation. The totals of 

each phase are summarized in   
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table 34. For the original design, the biggest CO2 emissions are a result of the demolition phase. This 

is especially caused by the crushing of the concrete structure with a heavy crane, in which the HCS 

and façade walls contribute the most since they have the biggest total volume of concrete. In case of 

redesign 1, the office buildings will be disassembled, but the elements that are regarded as waste still 

have to be crushed, causing some emissions in the demolition phase. The disassembly phase causes 

significantly less CO2 emissions than the demolition phase. This is a result of the lighter machinery 

used and the fact that the concrete elements do not have to be crushed, a process that costs a lot of 

energy. Because transporting elements requires bigger trucks and smaller volumes per trip than 

transporting concrete waste, the transport emissions of redesign 1 are almost double that of the 

original design. Again the HCS and the wall elements are the biggest contributors, because of their 

total volume. Lastly, the waste processing phase results in less emissions for redesign 1, simply 

because less concrete is regarded as waste in redesign 1. 

In total, the disassembly of Office A, B and D for redesign 1 resulted in 21,5% less CO2 emissions than 

those from the demolition of those office buildings for the original design. If all concrete elements 

that were not reused in redesign 1 would be regarded as waste, the emissions for redesign 1 would 

still be 19,0% lower than for the original design. Even if none of the elements would be reused and all 

elements would be regarded as waste, the disassembly process would still emit 6,7% less CO2 than the 

demolition process. So in all cases, the disassembly of Office A, B and D for redesign 1 has lower CO2 

emissions compared to the demolition of those office buildings for the original apartment design. 
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TABLE 34: TOTAL CO2 EMISSIONS IN END OF LIFE OF OFFICE BUILDINGS 

 

6.3.4. Creation of apartment building 
A second LCA calculation was done for the creation of the apartment building. Again appendix G gives 

an overview of the CO2 emissions in each phase of the calculation. The totals of each phase are 

summarized in table 35. In the production phase, the majority of the emissions are a result of the 

production of new precast concrete elements. Since a lot of new concrete elements were replaced 

with recovered elements, the CO2 emissions in the production phase are significantly lower for 

redesign 1. The extra materials needed in redesign 1 result in more CO2 emissions, but this is still very 

small compared to the emissions of the precast element production. The adaptation of the recovered 

elements to make them suitable for reuse only results in very limited CO2 emissions, because of the 

limited size and usage of the adaptation machinery. The transport emissions are quite comparable for 

the original design and redesign 1, the latter having somewhat less emissions due to the smaller size 

and weight of the reused elements, compared to the new elements. The HCS are responsible for the 

majority of the transport emissions, due to their number and volume. In the construction phase there 

is only a small difference in emissions, mainly as a result of the increased element lifting time in 

redesign 1. This is the case since walls that consisted of one element in the original design now consist 

of two or three elements in redesign 1, resulting in more lifting. 

In total, the creation of the apartment building resulted in 46,2% less CO2 emissions for redesign 1, 

compared to the original apartment design. The main reason for this big difference is the reduction of 

CO2 emissions in the production phase, as a result of replacing many new concrete elements with 

recovered elements. 

TABLE 35: TOTAL CO2 EMISSIONS IN CREATION OF APARTMENT BUILDING 

 

6.3.5. Overview of comparison 
Redesign 1 saves 21,5% CO2 emissions in the end of life of the office buildings and 46,2% in the creation 

of the apartment building. The biggest savings are made in the demolition phase and the production 

phase. The precast concrete elements, and mainly the HCS, cause most transport emissions and the 

majority of the production emissions. Other materials used in redesign 1, like those for the floating 

floor, resulted in extra emissions, but these were only very small compared to the emissions from the 

production of the precast concrete elements. 

  

Original design Redesign 1

ton CO2 eq. ton CO2 eq.

Demolition 193,8 12,1

Disassembly 50,5

Transportation 147,4 234,0

Waste processing 49,5 9,9

Grand total 390,7 306,4

Original design Redesign 1

ton CO2 eq. ton CO2 eq.

Production 381,8 158,3

Adaptation 0,3

Transportation 89,4 82,7

Construction 18,3 21,7

Grand total 489,5 263,0
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6.4. Design quality 
The first redesign aimed to follow the original design as close as possible, achieving an equal design 

quality. This meant that in redesign 1 the dimensions of the apartments, the appearances of the walls 

and floors and the size and location of the window openings should be similar to those in the original 

apartment design. As was shown in chapter 5, the dimensions of the reused elements, except from 

their thicknesses, were practically identical to those of the original design. The wall surfaces had a 

worse appearances than new elements would have, due to the holes, electricity slits, concrete blocks 

and possible damage from the disassembly process. These problems were solved by applying a chalk 

plaster layer, resulting in an equal or even better appearance of the walls. 

Lastly, the window positions in redesign 1 were similar to those in the original design, although the 

dimensions of the windows were different. In the latter, most window openings were 1415 mm wide 

and 1635 mm high, whilst in redesign 1 this became 1600 mm and 1300 mm respectively. This was a 

result of the limited window height of the recovered façade elements and caused a surface reduction 

of 10,1% per window. This is still considered as similar design quality. Moreover, if the windows would 

be made even wider, redesign 1 would deviate too much from the original apartment design in terms 

of façade composition. 

One aspect in which the design quality is not equal to that of the original design is the free height. By 

adding a floating floor on top of the HCS, an additional 105 mm of height is required, whilst the 

recovered HCS are only 10 mm thinner than the new HCS in the original design. This means that in 

redesign 2, the free height is reduced with 95 mm, leading to a somewhat lower design quality. 
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6.5. Reusability 
The goal for the redesigns in terms of reusability is that the precast elements would have reusable 

connections, allowing for their reuse in the future once more. The most applied connection material 

was concrete mortar, which at first does not seem to result in a very reusable connection. Although 

the mortar itself cannot be reused, the relatively low strength ensures that the connections can be 

broken in future disassembly, freeing the elements and the steel used in the connections. In fact, using 

mortar connections of relatively low strength is a good compromise between reusability, structural 

quality and simple adaptation and construction. In case of new concrete elements, more advanced 

steel connections could be casted in, allowing for easier reuse of both the elements and the 

connection itself. This was done in the case of shear wall W6, but for the walls consisting of reused 

elements, applying such connections would be too costly and time consuming. 

Except from some drilled holes, all recovered elements were left intact, making sure that the elements 

would be suitable for future reuse. By using tape instead of plastic caps and reinforcement in the joints 

instead of the cores, it was prevented that concrete would fill part of the cores of the HCS, which 

would make future disassembly more complicated. The tape, felt and plastic caps around the dowels 

in new concrete wall and façade elements make sure the elements are less bonded to each other, so 

they can be separated from each other more easily. 
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6.6. Recommendations for redesign 2 
Based on the first outcome and comparison chapter, a few recommendations can be given that can 

be used in redesign 2. The most obvious recommendation is to use more recovered elements in 

redesign 2 than in redesign 1. This has a positive influence on the CO2 emissions of both the end of life 

of the office buildings and the creation of the apartment building. The new HCS are the most important 

elements to replace with recovered HCS, since they contribute most to the CO2 emissions in the 

production phase. Focus should also lie on façade wall W3, since in redesign 1 it consisted of only new 

concrete elements. It is worth trying to replace those, even if the window positions have to be altered 

for it. 

Another recommendation is to decrease the vertical joints between the elements to normal 

proportions, instead of the sometimes more than 100 mm thick joints in redesign 1. In order to achieve 

this, the length of some walls and façades may have to change. 

If possible, it would be beneficial if redesign 2 could make use of less office buildings than redesign 1, 

so less demolition and disassembly has to take place in order to create the apartment building, 

although one could argue that the office buildings that are not needed at some point still would have 

to be demolished. Another reason to use less office buildings would be to make the logistics and 

planning of reusing precast concrete elements somewhat less complex. 

A last recommendation would be to increase the floor height in redesign 2, to compensate for the 

height of the floating floor. In this way, it is ensured that the design quality in terms of free height will 

be equal to that of the original design. 
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7. Apartment building redesign 2 
7.1. Possible improvements 

To reach the goals for redesign 2, mentioned in 4.5.1, the apartment design should be altered slightly, 

so more elements can be reused and reused elements need less heavy adaptations. This should lead 

to less use of new concrete, less waste production and less CO2 emissions. The possible improvements 

are listed, including a short description and their expected results. 

7.1.1. Improvement 1 
The first improvement is to take all the required HCS from Office B instead of Office B and D, as was 

the case in redesign 1. The reason this was not done in redesign 1 was that the HCS from Office B do 

not meet the required fire resistance of 90 minutes. But when the bottom of the HCS is insulated with 

25 mm thick glass wool plates, they do have enough fire resistance. Since the HCS of Office B are also 

lighter than those of Office D, the thickness of the floating floor has to be increased as well. 

Major results: 

1. Since there now are enough recovered HCS available, no new HCS are needed 

2. One less office building needs to be disassembled 

3. More insulation and floating floor materials are needed 

Minor results: 

1. Since the HCS from Office B are lighter and smaller than those of Office D, the transport 

emissions will be reduced slightly 

2. Since the HCS from Office B do have a non-structural topping that has to be removed, the 

adaptation emissions will slightly increase 

The positive results in terms of material use and CO2 emissions will outweigh the negative results by 

far, so improvement 1 will be implemented in redesign 2. 

7.1.2. Improvement 2 
The following improvement is to use more recovered façade elements in redesign 2, even if that leads 

to different window positions than in the original apartment design. 

Major results: 

1. Less new concrete façade elements will be needed 

Minor results: 

1. Since the recovered façade elements are generally smaller than new concrete façade 

elements, slightly more steel connections will be needed. 

2. Altering the window positions might lead to a lower design quality 

Replacing new elements with recovered elements has such a big positive influence that this solution 

will be implemented despite the risk of the lower design quality. Still, it should be determined 

afterwards what the influence on the design quality is and whether this is acceptable. 

7.1.3. Improvement 3 
In improvement 3, the floor height is increased from 3060 mm to 3215 mm. This has two main reasons: 

the recovered façade elements can then be equal to their original height and the loss of free height 

by the floating floor and fire insulation layer can be compensated.  
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Major results: 

1. The recovered façade elements require less sawing in the adaptation phase 

2. The additional height of the floating floor and fire insulation is compensated for 

3. The façade and wall elements that still consist of new concrete also have to be higher, leading 

to an increased use of new concrete 

Minor results: 

1. The extra free height improves the design quality 

In terms of CO2 emissions, this solution will probably have no reduction or even an increase in 

emissions. But the positive influence on the adaptation phase and the design quality is so significant 

that it is at least worth trying to implement it. 

7.1.4. Improvement 4 
Improvement 4 is to decrease the length of façade walls W4 and W5 by a few centimetres. In this way, 

the reused façade elements fit better in the façade length and the joints have to be less thick. 

Major results: 

1. Since the joint thickness will decrease, less new mortar is needed 

Improvement 4 is quite a small improvement, but without negative consequences, so it will be 

implemented in redesign 2 

7.1.5. Improvement 5 
A totally different improvement could be to try to construct the apartment building with a different 

structure, by changing the span of the HCS 90 degrees. The HCS then rest on the façade elements, 

similar as in the office buildings they came from. In the middle of the building, a row of columns and 

beams would have to be placed to bear the other ends of the HCS. The new span direction of the HCS 

and the positioning of the required beams and columns can be seen in figure 53. 

 

FIGURE 53: 1ST FLOOR WITH INDICATION OF SPAN DIRECTION AND COLUMN AND BEAM LOCATIONS [38] 
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Major results: 

1. In total 35 additional beams and 40 additional columns would be needed, leading to an 

increase in adaptation, transportation and construction emissions 

2. The short façades W3 do not have to be load bearing anymore, so the parts which consist of 

new concrete elements can be less thick, reducing the need for new concrete 

3. The long façades W4 and W5 become load bearing, so the parts which consists of new 

concrete elements have to be thicker, increasing the need for new concrete 

Minor results: 

1. The beams can be placed partially between the HCS, but still occupy 250 mm of space below 

the floor, leading to some loss of design quality 

Since it is unclear whether the increase in adaptation, transportation and construction emissions and 

the increase in new concrete use in W4 and W5 are outweighed by the reduction of new concrete use 

in W3, a simple calculation was performed. 

For the additional beams and columns the two biggest contributors, transportation and construction, 

would be responsible for an increase in CO2 emissions of 4,8 and 2,7 ton CO2 eq. respectively. So, even 

when assuming that W4 and W5 consist only of reused elements, W3 will need to have a reduction of 

at least 7,5 ton CO2 eq. to make improvement 5 viable. This is equal to 22,5 m3 of reinforced concrete 

C30/37. If the new concrete elements in façade wall W3 would then be reduced from 220 to for 

instance 90 mm thickness, it would require 173,1 m2 of new concrete elements to achieve the 

reduction of 7,5 ton CO2 eq. This is about half of the total surface of both façade walls W3. 

Each square meter of new concrete in W4 and W5 that increases in thickness would require another 

square meter of new concrete in W3 that decreases in thickness to compensate for that. When 

improvement 5 would be implemented with the same amounts of new concrete in façade walls W3, 

W4 and W5 as in redesign 1, this would lead to an net increase in CO2 emissions of 0,3 ton CO2 eq. 

In redesign 1, W3 consisted only of new concrete elements whilst W4 and W5 had more recovered 

elements than new elements. As redesign 2 aims to replace more new concrete elements with 

recovered elements, it is very likely that the increase in CO2 emissions due to improvement 5 will only 

be much greater. Therefore, improvement 5 will not be implemented. 

7.1.6. Improvement 6 
In improvement 6, the four remaining wall elements from Office A that were not reused, will be placed 

in wall W1. Because the elements have big door openings, they will be placed in the top of wall W1, 

where the loads are relatively small.  

Major results: 

1. The use of more recovered elements reduces the amount of new concrete elements needed. 

Minor results: 

1. To fill the openings in the recovered wall elements, additional concrete blocks are needed. 

Improvement 6 has a positive net influence on the reduction of material use and CO2 emissions and 

will therefore be implemented in redesign 2. 
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7.1.7. Improvement 7 
Another improvement could be to increase the length of floor F1 from 9,9 m to 10,58 m, which is 

exactly the length of the floor slabs of Office D.  

Major results: 

1. Less sawing in needed in the adaptation phase since the HCS already have the correct length 

2. The longer façades require more elements, so also more new concrete if new concrete 

elements are present 

Minor results: 

1. The transport emissions will increase slightly since the HCS will be somewhat longer and 

heavier. 

Important to mention is that improvement 7 cannot be combined with improvement 1, since it is only 

applicable for HCS from Office D. Besides that, both the material use and net CO2 emissions will 

increase, leading to the logical choice not to implement improvement 7 in redesign 2. 
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7.2. Choosing elements 
Now it is known that improvement 1, 2, 3, 4 and 6 will be implemented, the apartment building can 

be redesigned again. The following paragraphs explain and show the redesigned floors, walls and 

façade walls of redesign 2. 

7.2.1. Floors F1, F2, F3 and F4 
As proposed in improvement 1, the HCS are now only taken from Office B. Since Office B has a great 

number of HCS, there are enough 300 mm slabs available for the total floor surface of the apartment 

building. The exact number and dimensions of the reused HCS can be found in appendix D. 

As mentioned earlier, 25 mm thick glass wool plates will be added against the bottom of each floor, 

increasing the fire resistance of the HCS from 60 to 90 minutes. 

Instead of the 105 mm thick floating floor that has a sound reduction of 11 dB, now a floating floor 

with a sound reduction of 14 dB is required. To achieve this value, the weight of the floating floor 

should increase with 100 kg/m2. 
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7.2.2. Walls W1 and W2 
In redesign 1, already 46 out of the 50 recovered wall elements from Office A were reused in W1 and 

W2. In redesign 2, all of the 50 recovered wall elements are reused. The last four elements, from which 

three have a door opening, are placed on the top two floors of wall W1, since the loads are still small 

there, see figure 54. As proposed in solution 3, the floor height would be increased by 155 mm, 

meaning that the wall elements also have to be 155 mm higher. Luckily, the wall elements from Office 

A allow for that and the saw cut can still be made below the corbels of those elements. 

 

 

 

FIGURE 54: LOCATION OF RECOVERED ELEMENTS, NEW ELEMENTS AND BLOCKS IN WALLS W1 AND W2 [40] 
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7.2.3. Façade wall W3 
Façade wall W3 underwent the biggest change in redesign 2. Not only was the majority of the new 

concrete elements replaced by recovered elements, but the position and dimensions of the window 

openings was changed as well. Figure 55 shows how especially one type of façade element from Office 

B could replace the whole middle area of both façades W3. In Office B these façade elements were 

bearing large span HCS up to 8 floors, making them perfectly suitable for their load bearing function 

in W3. There were no suitable façade elements to replace the area around the door openings, so these 

areas should still be constructed with new concrete elements. The use of recovered façade elements 

in W3 results in a change in window pattern, which is possible because there are only two big rooms 

on each floor behind these façade walls. To compensate for the suboptimal window positions, the 

window openings are not partially filled with concrete blocks, as was the case in redesign 1; instead 

the same window sizes as in Office B are used, resulting in more incoming daylight. 

           

 

 

FIGURE 55: LOCATION OF NEW ELEMENTS IN WALLS W3 [41] 
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7.2.4. Façade walls W4 and W5 
The amount of reused elements in façade walls W4 and W5 was increased as well. In W4, there was 

only one new concrete element present in redesign 1, but this one could be replaced by a recovered 

element in redesign 2. In order to do so, the door and window positions had to change a little. To 

increase the window size of all floors, the order of wider and smaller façade elements had to be 

shifted, see figure 56. By altering the door and window positions, much more recovered elements 

could be reused in façade wall W5 as well. Compared to W3, the change in window positions in W4 

and W5 is less drastically. As proposed in solution 4, both W4 and W5 were reduced in length with a 

few centimeters, in order to achieve a joint size between the reused elements of about 30 mm. 

 

 

 

 

FIGURE 56: LOCATION OF RECOVERED ELEMENTS, NEW ELEMENTS AND BLOCKS IN FAÇADE WALLS W4 AND W5 [41] 
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7.2.5. Walls W6 
Shear wall W6 is the only set of element for which still no suitable replacements could be found, see 

figure 57. Even if the dimensions of the elements could be altered, the required capacity and thickness 

of the elements could not be reached by reused elements from the available office buildings. 

Something which still altered though, was the height of the elements, which is increased by 155 mm, 

just like the walls and façade walls. 

      

 

 

FIGURE 57: LOCATION OF NEW ELEMENTS IN CORE WALLS W6 [40] 
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7.2.6. Overview of reused elements 
Table 36 gives an overview of the number and type of recovered elements that were used in redesign 

2. 333 of the 333 hollow core slabs in the redesign are recovered elements, all originating form Office 

B. No new HCS were needed. Of the 80 load bearing wall elements in redesign 2, 50 are recovered 

element, originating from Office A. These were all the wall elements present in Office A. The 30 new 

elements were needed in one shear wall and in the concrete core of the building. Lastly 150 recovered 

façade elements were reused, of a total of 171 façade elements. They all originate form Office B, since 

that was the only building with suitable façade elements. 21 new elements were needed, which were 

much smaller than the new concrete façade elements in redesign 2. 

TABLE 36: OVERVIEW OF REUSED ELEMENTS FROM THE FOUR OFFICE BUILDINGS 

 Office A Office B Office C Office D 

 n n n n 

HCS 0/430 333/1169 0/686 0/165 

Walls 50/50 n.a. 0/34 n.a. 

Beams 0/45 n.a. 0/138 0/84 

Columns 0/72 n.a. 0/60 0/84 

Façade 
elements 

0/115 150/515 0/131 n.a. 
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7.3. Connections 
In general, the connections in redesign 2 are very similar to those in redesign 1. The biggest differences 

occur due to the use of 300 mm thick HCS instead of 320 mm thick HCS with a structural topping of 50 

mm. Each of the four types of connections will be shortly addressed in the following paragraphs. 

7.3.1. HCS-HCS connection 
The joint between the 300 mm thick HCS will be filled with C12/15 mortar, just like in redesign 1, see 

figure 58. Likewise the longitudinal reinforcement at the end of the slabs will consist of a bar Ø12. 

Since the shear strength of the joint in redesign 1 was multiple times greater than the shear stress in 

the joint, the shear capacity in redesign 2 will be sufficient as well. 

 

FIGURE 58: CHOSEN HCS-HCS CONNECTION (REUSED HCS) 

7.3.2. Wall-floor connection 
The wall floor connection is almost similar as in redesign 1, see figure 59. CUR report 136 prescribes 

the same longitudinal reinforcement of bars Ø12 with an anchorage length of 1200 mm, and a bar 

Ø16 as tension tie in the joint. Since the forces in the bottom reinforcement of the HCS were far below 

the forces that would occur when the concrete would crack, this will be the case for the 300 mm HCS 

as well. This means that the anchorage length has no influence on the support length, and that the 

support length can also be similar to that in redesign 1. Lastly, the negative bending moments are 

again still far below the negative bending moment at which the concrete starts to crack, so these will 

not cause a problem. 

 

FIGURE 59: CHOSEN WALL-FLOOR CONNECTION (REUSED HCS AND WALL ELEMENTS) 
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The wall-floor connection of load bearing façade wall W3 changed, because reused concrete elements 

were used instead of new concrete elements, as was the case in redesign 1, see figure 60. The dowel 

now has to be placed in drilled holes in the top and bottom of the reused elements. The precast 

elements are sawn in such a way that the outer side of the façade wall elements will be higher than 

the middle and the inner side, so relatively weak C12/15 mortar does not have to bear the majority of 

the load of the walls above. Although the C12/15 mortar would be strong enough to resist the imposed 

compression stresses, the proposed solution results in a more robust connection. But when this higher 

part gets damaged during sawing of transportation, it can still be decided to replace it with C12/15 

mortar. 

 

FIGURE 60: CHOSEN WALL-FLOOR CONNECTION FOR LOAD BEARING FAÇADE (REUSED HCS AND FAÇADE ELEMENTS) 
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7.3.3. Façade-floor connection 
The façade-floor connection in redesign 2 is also almost similar to that in redesign 1. In the chosen 

connection in redesign 1, it was already taken into account that the anchors should also fit in the 300 

mm thick HCS of the ground floor and roof. The position of the anchors only needed to be shifted 20 

mm to make sure the anchors kept enough distance from the cores, see figure 61. The calculation of 

possible concrete edge failure in chapter 5 concluded that the anchors itself were governing in the 

capacity of the connection, and that the loads were still three times smaller than this capacity. So 

despite the absence of a 50 mm structural topping, the connection in redesign 2 still meets the 

required capacity. 

 

FIGURE 61: CHOSEN FAÇADE-FLOOR CONNECTION (REUSED HCS AND FAÇADE ELEMENTS) 

7.3.4. Wall-wall connection 
As in redesign 1, the vertical joints between wall elements in W1 and W2 will be filled with K50 mortar, 

to resist the relatively small shear forces. Walls W6 still consists of new concrete in redesign 2, so again 

the Halfen HEK connection will be applied to ensure a strong connection and making the elements 

more suitable for future disassembly and reuse. 
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7.4. Finishing 
Just like in redesign 1, the reused elements need a certain finishing to make them suitable for 

occupation of the apartments. The reason and requirements are almost identical to the ones in 

redesign 1, so only the differences will be addressed. 

7.4.1. Floors 
Instead of the 105 mm thick floating floor that has a sound reduction of 11 dB, now a floating floor 

with a sound reduction of 14 dB is required. To achieve this value, the weight of the floating floor 

should increase with 100 kg/m2. Both the layer of granules and the anhydrite top layer could be 

increased in thickness to increase the mass of the floor. This requires either 48 mm of granules or 49 

mm of anhydrite. Within the chosen floating floor composition, it is possible to increase the layer of 

granules from 40 mm to 60 mm and the anhydrite layer from 40 mm to 65 mm. This is almost enough 

to reach the 14 dB sound reduction. The 25 mm thick glass wool plates against the bottom of the HCS 

will easily bridge this gap, resulting in a combined sound reduction of at least 14 dB. The height of the 

floating floor now becomes 150 mm. 

7.4.2. Walls 
Again a 15 mm chalk plaster layer is applied on both sides of W1 and W2. This layer makes sure the 

airborne sound difference meets the requirement of at least 52 dB, whilst also cover the visible issues. 

7.4.3. Façades 
Not only façade walls W4 and W5 will have a chalk plaster layer of 5 mm, but W3 as well. This is needed 

because W3 now consists mainly of reused elements, as opposed to W3 in redesign 1, which only 

consisted of new elements. 
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8. Outcome and comparison 2 
Redesign 1 has shown that it is technically possible to reuse precast concrete elements from office 

buildings, in new apartment buildings, and that this leads to less material use and less CO2 emissions. 

The desired outcome for the second redesign is that slightly adapting the apartment design leads to 

even less material use and CO2 emissions, whilst having an equal design quality as the original 

apartment design. Just like redesign 1, redesign 2 should have sufficient structural quality and the 

connections should be as reusable as possible. 

8.1. Structural quality 
The differences between both redesigns in terms of loads and connections are small, except for the 

loads caused by the HCS, which have become much smaller. This means that the structure is more 

than able to bear the imposed self-weight loads. The wind loads on the shear walls increase a little 

however, due to the increased height of the building. But as was shown in chapter 5, there is enough 

capacity left to resist somewhat bigger wind loads. In the paragraph that addresses the connections 

between the elements, it was shown that they also had enough capacity. The new height of the 4th 

floor is still just below the 13 m, for which a fire resistance of 120 minutes would be required. 

  



127 
Outcome and comparison 2 

8.2. Material use 
Again, the quantity of materials used in redesign 2 is determined with an excel sheet, see appendix D 

and E. In this paragraph, the material use will be compared to that of the original design and redesign 

1. 

8.2.1. Scope 
The scope for the material use calculation of redesign 2 is exactly the same as for the original 

apartment design and redesign 1. 

8.2.2. Concrete in precast elements 
Table 37 shows the amount of new concrete, reused concrete and concrete blocks in the precast 

elements in redesign 2. This time, no new concrete is needed for the floors. The new concrete needed 

in the façade walls has also reduced significantly. Since more recovered elements were used in the 

façade, more new concrete blocks were needed as well, to fill part of the openings. 88,2% of the 

concrete structure in redesign 2 consists of reused precast concrete elements whilst 11,8% is still new 

concrete elements. 

TABLE 37: CONCRETE USED IN ELEMENTS OF REDESIGN 2 

 

  

Label m
2

m
3 Concrete 

type

3441,5 808,0 Reused

New

3441,5 808,0 Combined

462,2 83,2 Reused

316,3 71,9 New

778,5 155,1 Combined

60,1 10,8 Blocks

883,0 194,3 Reused

112,3 24,7 New

995,3 219,0 Combined

169,6 37,3 Blocks

4786,7 1085,5 Reused

428,6 96,6 New

5215,3 1182,1 Combined

229,7 48,1 Blocks

Total

Floors
F1, F2, F3, 

F4

Walls
W1, W2, 

W6

Facade 

walls

W3, W4, 

W5
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8.2.3. Mortar in joints 
Table 38 shows the amount of mortar in the joints between the elements of redesign 2. Since the 

thickness of the HCS was reduced from 370 to 300 mm, the amount of C12/15 mortar needed in the 

HCS-HCS joint drops significantly. The other numbers in the table are all comparable to those of 

redesign 1. The use of K50 mortar was only slightly reduced due to the decreased vertical joint 

thicknesses between the elements. 

TABLE 38: MORTAR USED IN JOINTS OF REDESIGN 2 

  

  

Label m
Section 

(mm2)
m

3 Mortar 

type

320,4 11400 3,7 C12/15

267,0 5400 1,4 K50

213,6 20700 4,4 C12/15

178,0 6600 1,2 K50

W6 76,7 2300 0,2 K50

Facade-

floor
W4, W5 427,2 11000 4,7 K50

W1 106,4 9000 1,0 K50

W2 57,5 9000 0,5 K50

W3 192,6 6000 1,2 K50

W4 189,9 20900 4,0 K50

W5 139,3 2800 0,4 K50

W6 72,4 2300 0,2 K50

3401,9 41,4 C12/15

1706,9 14,6 K50

F1, F2, F3, 

F4
3081,5 10800 33,3 C12/15

Total

HCS-HCS

Wall-

floor

W1, W2

W3

Wall-wall
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8.2.4. Steel in joints and structural topping 
Table 31 shows the amount of steel used in the joints between the elements of redesign 2. The amount 

of steel used for the longitudinal reinforcement of the HCS is the same as in redesign 1 and the original 

apartment design. The same tension tie was used as in redesign 1, resulting in the same amount of 

reinforcement in the wall-floor connection. The amount of steel needed for the dowels decreased, 

since the length of the dowels decreased due to the lower HCS thickness. More steel strips and 

anchors were needed because more recovered elements were used in the façades. This is the case 

since the recovered elements are generally shorter than the original new concrete elements, leading 

to the use of more elements and thus also more connections. 

TABLE 39: STEEL USED IN JOINTS OF REDESIGN 2 

  

  

Label n m kg
Material 

type

HCS-HCS
F1, F2, F3, 

F4
988,0 876,4

Reinforce

ment

W1, W2, 

W3
558,0 880,4

Reinforce

ment

W1, W2 490 181,0 Dowels

W3 178 208,4 Dowels

208 756,0 Strips

416 25,0 Anchors

2927,2 Steel

Wall-

floor

Facade-

floor
W4, W5

Total
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8.2.5. Other materials 
Table 40 shows the amount of other materials used in redesign 2. Due to the increased wall height, 

and W3 also being covered with chalk plaster, the amount of chalk plaster increases, compared to 

redesign 1. The amount of glass wool insulation needed increases fivefold, because not only the roof 

floor, but now also floor 1 to 4 need a glass wool layer to increase their fire resistance. Since the layer 

of granules and the anhydrite layer were increased in height to receive a higher sound insulation, their 

material use is increased compared to redesign 1. 

TABLE 40: OTHER MATERIALS USED IN REDESIGN 2 

 

8.2.6. Overview of comparison 
The comparison in material use of redesign 2 with redesign 1 and the original apartment design can 

be summed up as follows: Redesign 2 uses 89,6% less new concrete than the original apartment design 

and 65,9% less new concrete than redesign 1. The total amount of concrete needed was also lower 

than for redesign 1, which was on its part already lower than for the original design. The biggest 

reduction of new concrete use, compared to redesign 1, was in floor F2 and façade W3. The mortar 

used of all three designs is quite comparable, although the less thick HCS save some C12/15 mortar in 

their joints. The amount of steel used in redesign 2 is also very comparable to that of redesign 1. Lastly, 

five times more glass wool plates were needed in redesign 2, whilst the need of floating floor materials 

also increased, leading to a considerable increase in other materials needed, compared to redesign 1. 

  

Label m m2 m3 Material 

type

Walls W1, W2 1248,6 18,7
Chalk 

plaster

Facade 

walls

W3, W4, 

W5
1164,9 5,8

Chalk 

plaster

Floors
F1, F2, F3, 

F4 (1-5)
2867,9 71,7

Glass 

wool 

plates

2867,9 172,1 Granules

2867,9 71,7
Polystere

ne plates

2867,9 PE foil

2867,9 186,4 Anhydrite

1281,6 192,2 Edge foil

W1, W2 640,8 25,6 Felt

W3 213,6 12,8 Felt

W1, W2 640,8 134,6 Tape

W3 213,6 44,9 Tape

Codes n m
3 Material 

type

Wall-

floor
W1, W3 24 0,0

Plastic 

caps

Floors
F1, F2, F3, 

F4 (0-4)

Wall-

floor

Wall-

floor
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8.3. CO2 emissions 
Like for redesign 1, a LCA calculation for the end of life of the office buildings and a LCA calculation for 

the creation of the apartment building were performed, following the same procedure as for the 

previous calculations. 

8.3.1. Scope 
The scope of the LCA calculation of the end of life of the office buildings is exactly the same as it was 

for the LCA calculation in chapter 6, so a fair comparison can be made. The only exception is that 

redesign 2 uses recovered elements of only two office buildings, instead of three, as was the case in 

redesign 1. Therefore it was chosen to only include two offices in this LCA calculation. A separate LCA 

calculation for three office buildings was performed as well, but from this calculation only the outcome 

will be given in this chapter. 

For the LCA calculation for the creation of the apartment building, the scope is also exactly the same 

as it was in chapter 6. 

8.3.2. Input data 
The same input data list was used as well, which can be found in appendix F. The data that is used in 

the LCA calculations of redesign 2 differs a bit from the LCA calculations in chapter 6, but most of the 

input is the same. 

8.3.3. End of life of office buildings 
The LCA calculation for the end of life of the office buildings includes only the office buildings from 

which elements are used in redesign 2, namely Office A and B. From the material use calculations 

followed that 33,5% of all precast concrete elements in those two buildings is reused in redesign 2. If 

Office D would also be included in the calculation, this would drop to 27,3%, which is still more than 

the 22,3% of redesign 1. Again, it is assumed that in redesign 1, 20% of all elements will be regarded 

as waste, because they are not suitable for reuse due to damage, specific shapes or being a sawn-off 

part from an element that was reused. The remaining 46,5% of elements will go to an element 

stockpile, where they wait for future reuse in another project. 

Appendix G gives an overview of the CO2 emissions in each phase of the calculation. The totals of each 

phase are summarized in table 41. In the demolition phase, i.e. the crushing and loading of the 

concrete that is regarded as waste, the CO2 emissions decrease since Office D is taken out of the 

calculation. Since Office D only had precast HCS, beams and columns, those are the categories where 

the difference in emissions with redesign 1 is found. The same holds for the disassembly phase; less 

CO2 emissions will take place due to the absence of the precast elements from Office D. The 

transportation emissions for transport to the apartment building are increased, because more 

recovered elements were used in redesign 2. The emissions for the transport of façade elements 

increased most, since compared to redesign 1 those were replaced most. More elements going to the 

apartment building also means less elements going to the element stockpile. Together with the 

absence of the recovered elements of Office D, this means that the total CO2 emissions of the 

transportation phase are lower, compared to redesign 1. Lastly, the emissions in the waste processing 

phase decreased as well because Office D was not included in the LCA calculation. Just like for the 

original design and redesign 1, the HCS and façade elements had the biggest impact in each phase, 

due to their volume. 

In total, the disassembly of Office A and B for redesign 2 resulted in 34,9% less CO2 emissions than 

those from the demolition of Office A, B and D for the original design. Compared to redesign 1, the 

CO2 emissions were reduced with 17,4%. 
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If Office D would have been included in the LCA calculation of redesign 2, the total CO2 emissions 

would be exactly the same as for redesign 1. The only difference would be that the emissions of 

transport to the apartment building would increase, due to the increased use of recovered elements, 

whilst the emissions of transport to the element stockpile would increase with the same amount. If in 

this case, all concrete elements that were not reused in redesign 2 would be regarded as waste, the 

emissions for redesign 2 would still be 20,2% lower than for the original design; this was 18,9% for 

redesign 1. 

TABLE 41: TOTAL CO2 EMISSIONS IN END OF LIFE OF OFFICE BUILDINGS 

 

8.3.4. Creation of apartment building 
A second LCA calculation was performed for the creation of the apartment building. Again appendix 

G gives an overview of the CO2 emissions in each phase of the calculation. The totals of each phase 

are summarized in table 42. In the production phase, most emissions are a result of the precast 

concrete elements, although the absence of new HCS and reduced need of the new façade walls make 

these emissions much lower than for redesign 1. The emissions due to the production of mortar, steel 

and other materials are quite similar as for redesign 1, except for the glass wool and floating floor 

materials, which cause almost double emissions. The adaptation emissions are very low, just like in 

redesign 1 and the transportation emissions are slightly reduced because the reused elements 

generally weigh less than the new elements they replaced. Lastly, the emissions during construction 

are also very similar to that of redesign 1. 

In total, the creation of the apartment building resulted in 60,9% less CO2 emissions for redesign 2, 

compared to the original apartment design and 27,3% less CO2 emissions compared to redesign 1. Just 

like for redesign 1, this big difference is mainly caused by reducing the amount of new concrete in the 

production phase. 

TABLE 42: TOTAL CO2 EMISSIONS IN CREATION OF APARTMENT BUILDING 

 

8.3.5. Overview of comparison 
Redesign 2 saves 34,9% CO2 emissions in the end of life of the office buildings and 60,9% in the creation 

of the apartment building. The biggest savings are made in the demolition phase and the production 

phase. Again, the precast concrete elements, and mainly the HCS, are responsible for big transport 

emissions and the majority of the production emissions. Glass wool and floating floor materials also 

contributed significantly to the CO2 emissions in redesign 2. 

  

Original design Redesign 1 Redesign 2

ton CO2 eq. ton CO2 eq. ton CO2 eq.

Demolition 193,8 12,1 9,8

Disassembly 50,5 44,4

Transportation 147,4 234,0 191,5

Waste processing 49,5 9,9 8,1

Grand total 390,7 306,4 253,8

Original design Redesign 1 Redesign 2

ton CO2 eq. ton CO2 eq. ton CO2 eq.

Production 381,8 158,3 90,9

Adaptation 0,3 0,5

Transportation 89,4 82,7 76,0

Construction 18,3 21,7 23,8

Grand total 489,5 263,0 191,2
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8.4. Design quality 
The second redesign aimed at achieving a bigger reduction in material use and CO2 emissions than 

redesign 1, which it did, whilst also maintaining an equal design quality compared to the original 

apartment design. In order to do so, the design was slightly altered by changing the dimensions of 

elements and the position of window openings. The changes in element dimensions were relatively 

small and did not lead to different surface areas for apartments and rooms, compared to the original 

design. In redesign 2 façade wall W3 featured a lot of recovered elements, so a chalk plaster layer was 

needed there as well. 

Due to the increased use of recovered elements, the window positions in redesign 2 were quite 

different from the original design. In W4 and W5, some window openings were shifted 500 mm 

horizontally, whereas this increased up to 900 mm in W3. These differences did not lead to conflicts 

with internal walls, since those were taken into consideration when choosing the recovered elements. 

However, the change in window positions would arguably lead to a less optimal daylight exposure 

within the apartments. To compensate for that, it was chosen to use the full size of the window 

openings in the reused elements, instead of filling part of it with concrete blocks, as was done in 

redesign 1. The dimensions of the window openings in the reused elements are 1800 mm wide and 

1300 mm high, whilst in the original design this was 1415 mm ad 1635 mm respectively. Hence a small 

surface increase of 1,1% per window. Although, this is not enough to compensate for the less optimal 

daylight exposure, it is still considered as similar design quality. Compared to redesign 1, the increase 

is 11,1%, so the design quality of redesign 2 in terms of window openings is at least equal to redesign 

1. Although the façade composition changed compared to the original design, the façade appearance 

has become more uniform, not leading to a lower design quality. 

The extra thick floating floor used in redesign 2 requires 150 mm of height, whilst the glass wool plates 

also occupy 25 mm of height. The 300 mm HCS in redesign 2 are 80 mm less thick than the HCS in the 

original design, but together these numbers would lead to a reduction of the free height with 95 mm, 

the same as in redesign 1. However, since the floor height was increased from 3060 to 3215 mm, 

according to improvement 3, the free height was actually increased by 60 mm compared to the 

original design. This lead to a somewhat higher design quality. 
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8.5. Reusability 
The goal for redesign 2 in terms of reusability was the same as it was for redesign 1, namely that the 

precast elements would have reusable connections, allowing for their reuse in the future once more. 

The connections in redesign 2 are almost identical to those in redesign 1. Again a lot of weak mortar 

connections were used, which can be broken relatively easy in future disassembly. The new elements 

in wall W6 also feature casted in steel connections which allow for easier reuse of both the elements 

and the connection itself. 

Just like in redesign 1, the reused elements were left as intact as possible. To make the wall-floor 

connection easier to disassembly, it was again chosen to use reinforcement in the longitudinal joints, 

tape on the core openings and plastic caps around the dowels in new concrete elements. 
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8.6. Recommendations for general redesign approach 
Now the second outcome and comparison chapter is finished, some recommendations can be drawn 

that can be used in chapter 9, about the general approach of designing with recovered elements. The 

recommendations in this paragraph will be based on the influence of the five improvements that were 

implemented. 

The first improvement was to take all the required HCS from Office B and apply those in all floors, 

instead of only in the roof and ground floor. The impact of this improvement was immense. First of 

all, no new HCS were needed, which gave a massive decrease in new materials and CO2 emissions in 

the production phase of the creation of the apartment building. Secondly, one less office building was 

needed, which resulted in less CO2 emissions in the end of life of the office buildings that were needed 

for their elements. When designing with reused concrete elements, it is most important to reuse as 

many HCS as possible since they have the biggest impact on material use and CO2 emissions, due to 

their volume. Reuse of HCS should be favoured over reuse of other elements. 

The influence of changing the window positions in order to achieve more reuse of façade elements 

was quite substantial as well. A lot of new material use and CO2 emissions could be prevented by 

reusing more façade elements, especially in façade wall W3. So changing the window positions in the 

apartment design can have a big positive influence on the possibilities for reuse of façade elements. 

In improvement 3, the floor height was increased from 3060 mm to 3215 mm. Less sawing was 

needed, because the façade elements were 3215 mm high, but since the sawing of the elements 

already emitted neglectable amounts of CO2, this improvement resulted in even more neglectable CO2 

savings. On the other hand, the few new concrete façade elements had to be higher as well, leading 

to more CO2 emissions. So in terms of material use and CO2 emissions, increasing the height of 

elements is almost never beneficial. However, if the free height is reduced by a floating floor, one may 

still have to imply higher wall and façade elements to compensate for that. 

Decreasing the length of façade walls W4 and W5 by a few centimetres, as proposed in improvement 

4, did indeed reduced the vertical joint sizes and the need for new mortar. However, compared to the 

mortar needed in horizontal connections, especially in the HCS-HCS connection, the savings were 

quite small. Improvement 4 therefore is a good, but not so important solution and can be 

implemented if it brings no negative consequences in other areas of the design. 

The use of the four remaining wall elements from Office A brought some small savings in material use 

and CO2 emissions. Their unique shape, which all differed from each other, could make the 

construction more complicated. So based on material use and CO2 emissions, one should try to reuse 

as many elements as possible, but in practice the reuse limit will probably be somewhat lower to 

prevent the construction phase from getting too complicated. 
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9. General approach of designing with recovered elements 
The redesign processes showed how a certain apartment design could be recreated with recovered 

precast concrete elements from two or three office buildings. It is good to know this is possible, but it 

becomes more relevant if it says something about designing with recovered concrete elements in 

general as well. This chapter aims at using the information and lessons learned from the redesign 

process to come up with a more general redesign approach. First redesigning an already existing 

apartment design will be addressed and secondly creating a new apartment design will be addressed. 

These are the two extremes, in reality the design process might be somewhere in between. In both 

cases, the recovered elements are supposed to originate from structurally vacant office buildings. 

Although the given approaches are for vacant office buildings and apartment designs, much of the 

content will be applicable to other types of precast concrete buildings as well. 

9.1. Existing apartment design 
It is possible that one starts the process with an already existing apartment design and building plot 

and then decides to try to construct it with recovered precast concrete elements, which is more or 

less the same case as shown in this thesis. With an already existing design is meant that at least the 

number of apartments, the global dimensions of the apartments and the apartment building, the 

window pattern and the primary structural system are known. The reused elements can originate 

directly from disassembled office buildings, but in the future there will likely be some kind of element 

stockpile where one can choose elements from, with recovered elements from disassembled office 

buildings. The latter requires less or simpler steps in the approach, which will be mentioned in the 

concerned steps.  

1. Requirements for apartment design 
The first step is to check whether the design is even suitable for recreation with recovered elements 

from office buildings. First of all, the level of the highest floor, except for the roof, should be lower 

than 13 meters. This is the case since 13 meters is the boundary between a 90 minutes or 120 minutes 

required fire resistance. The latter is almost impossible to achieve with all of the required recovered 

elements from office buildings 

Another requirement is the minimum and maximum size of the design, although there are no clear 

boundaries for that. The design needs a minimum size in order to make it worth disassembling one or 

more office buildings instead of just demolishing them. This is of course not applicable when the 

recovered elements will be taken of an element stockpile. The maximum size is relevant in both cases 

though, since both a series of office buildings and an element stockpile have a limited amount of 

available elements. If the design consists of only 2 apartments, for instance, it will be very hard to find 

a small office building that would be worth disassembling. If the design would consist of 200 

apartments however, it would be very hard to find enough similar elements that can be reused. 

2. Characteristics of apartment design 
Before looking for office buildings, one should know what to look for. Therefore the characteristics of 

the apartment design have to be determined. What structural system will be applied? What is the 

span direction? How is the stability of the building secured? These are questions about the structure 

that will have to be answered. Besides that, it is important whether the apartments are located next 

to or above and below each other, or both, since this has a big impact on the sound insulation 

requirements of the wall and floor elements. The required fire resistance of the elements and the 

required free height should also be determined. 
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3. Available office buildings 
When there is no recovered element stockpile to choose elements from, one has to find office 

buildings that can be disassembled. These are structurally vacant office buildings that are not suitable 

for renovation or office buildings that are planned to be demolished in the nearby future. An office 

building or multiple office buildings, with a combined total floor surface of at least that of the 

apartment design, should be chosen. The reason for this is that the HCS are the most important 

elements to be reused, due to their big impact on the reduction of material use and CO2 emissions. 

Therefore it would also be useful to check already whether the HCS will meet the sound insulation 

requirements before choosing the office buildings. The number of required office buildings should be 

as low as possible since that eases the logistics and arguably reduces the CO2 emissions of the 

disassembly phase. 

Apart from the office buildings size, the available office buildings can be narrowed down by their floor 

span length, floor height and number of floors. The floor span should be equal or bigger than in the 

apartment design, preferably close to the desired floor span length. The floor height and thus the 

height of the wall and façade elements and columns should be sufficient for the required free height 

of the apartment. For most office buildings, this is the case. Office buildings with an equal or higher 

amount of floors as the apartment building are preferred, since that already makes almost sure that 

the load bearing capacity of the walls, façade walls and columns will be sufficient. 

Lastly, the distance between the office building and the plot of the new apartment building is 

something to take into account. Only after a thorough calculation, the influence of the transport on 

the CO2 emissions of the creation of the apartment building can be known. The breakeven point for 

reused or new elements in terms of CO2 emissions cannot be known on beforehand either, but a 

shorter transport distance to the apartment building plot is always better. The same holds if the 

elements originate from an element stockpile. 

4. Overview of elements 
When the available office building or buildings are found, the elements in those buildings have to be 

listed, as was done in this thesis. The list should at least contain the type of element, location in the 

building, dimensions, concrete quality and steel quality. Other information like the capacity according 

to the old calculations is also very useful to include, if available. In case the recovered elements 

originate from an element stockpile, the owner of the element stockpile should have the required 

information of each element available.  

5. Suitable elements 
In step 5 it will be determined which of the elements in the available office buildings meet the height, 

sound and fire requirements, determined in step 2. A distinction should be made between elements 

that are directly suitable for reuse or need minor adaptations, elements that need major adaptations 

and elements that are just unsuitable for reuse at all. If the dimensions of an element are too far off 

from what is required, it can be excluded as a suitable element as well. 

6. Load calculation 
A load calculation should be performed for the apartment design, to determine the required capacity 

of the recovered elements. Since the self-weight of the building depends mainly on the concrete 

structure, assumptions should be made for expected dimensions of the reused elements. If the 

apartment design already included specifics of new elements to be used, these dimensions can also 

be used for a first load calculation. The latter was done in this thesis as well. 
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7. Choosing elements 
Once the first load calculation is done, the choosing of recovered elements can start. When choosing 

elements, those that require minor adaptations to make them suitable for reuse should be preferred 

over those that require major adaptations. The most important elements to reuse are the HCS, since 

they have the biggest impacts on material use and CO2 emissions, due to their volume. If there is 

somehow a conflict between either using recovered HCS or for instance recovered wall elements, the 

HCS should be favoured over the other elements. 

Although it differs per design, it is unlikely that the structure can consist of only recovered elements. 

When the apartment design is strictly followed, a substantial amount of new concrete elements will 

still be needed to fill up the places for which no recovered elements could be found. However, small 

adaptations in dimensions of walls, floors and single elements can lead to big increases in the amount 

of reused elements. Likewise, slightly changing the position of door openings and window openings 

can also lead to an increase in the amount of reused wall and façade elements. Of course, there are 

limits in how far the design can be altered; the design quality should stay equal or similar when altering 

the design. 

Ideally a second load calculation is performed since the reused elements have other dimensions than 

what was initially assumed in the first load calculation. Especially when the reused elements are 

heavier than assumed, a new calculation is needed to check whether the capacity is still sufficient. 

When the reused elements are lighter than assumed, this is not that much of a problem. Only for 

locations where a lower self-weight of the structure is not beneficial, like in the shear walls, a new 

calculation will have to be performed. 

8. Connections 
When all to be used recovered elements are chosen, the next step is to design the connections 

between them. The connections should be designed in such a way that they allow for reuse in the 

future as well. It would be possible to create fully reusable connections for reused elements, similar 

to those of new concrete elements. However, that would be costly, labor intensive and sometimes 

simply not strong enough. Therefore a low strength mortar connection will probably be a more 

reasonable solution, providing enough strength whilst also being relatively easy to break and remove. 

And although the connection itself cannot be reused, the concrete elements still can. Most important 

in this solution is that the recovered elements stay as intact as possible so they can be reused in the 

future again. This means drilling, sawing and filling cores with concrete should be avoided. For new 

concrete elements, cast in fully reusable connections can be used, since in that case they are much 

cheaper and easier to apply. 

9. Finishing 
Lastly, a finishing for the floors and walls has to be chosen. The reasons for this can be the increase in 

sound insulation, the increase in fire insulation, the covering of visible issues or the covering of service 

ducts, tubes, wires etc. A structural or non-structural topping should not be applied since this hinders 

the disassembly and reuse of the elements in the future. A floating floor can be a good solution that 

covers all the reasons mentioned above, whilst having lower CO2 emissions for production than the 

concrete it prevented. For the same reasons, a chalk plaster layer on the walls and inside of façade 

walls could be applied. 
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9.2. New apartment design 
Another possibility is that one starts without an existing apartment design, but only with the wish to 

build an apartment building with recovered precast concrete elements on a certain building plot. This 

requires a different approach than in the previous paragraph, so in this paragraph the differences will 

be addressed. Again it is possible that the reused elements originate directly from disassembled office 

buildings or from an element stockpile. 

1. Idea for apartment design 
Although there is no existing apartment design, an idea should be formed about some very general 

attributes of the apartment building. An upper and lower limit for the size of the apartment building 

should be established and an idea about the number of apartments should be formed. This helps to 

narrow down the search for suitable office buildings and elements. 

As was the case in the first step of last paragraph, the requirement is that the level of the highest floor 

should be lower than 13 meters. It would also be useful to determine if the apartments will be located 

next to or above and below each other, or both, since this has a big impact on the sound insulation 

requirements of the wall and floor elements. 

2. Available office buildings 
Step 2 can be skipped if there is an element stockpile available from which the elements can be 

chosen. If this is not the case however, one or more office buildings that can be disassembled, will 

have to be found. Ideally, one or two available office buildings in the neighborhood of the building 

plot, with a total floor surface at least the lower limit of the apartment building size, will be chosen. 

The office buildings should have five or more floors in order to allow for relatively easy reuse in a five 

story apartment building in terms of capacity. Lower office buildings could also be suitable for reuse, 

although this might decrease the number of floors in the apartment building in some cases. 

In this step it is also important to check already what the HCS in the office buildings look like. Office 

buildings with HCS that will meet the sound insulation requirements should be favored over those 

with HCS that will only meet those requirements with major adaptations. 

3. Overview of elements 
When the available office building or buildings are found, the same procedure will be followed as in 

the previous paragraph. The elements in the chosen office buildings have to be listed and this list 

should at least contain the type of element, location in the building, dimensions, concrete quality and 

steel quality. Other information like the capacity according to the old calculations is also very useful 

to include, if available. In case the recovered elements originate from an element stockpile, the owner 

of the element stockpile should have the required information of each element available.  

4. Suitable elements 
If the sound and fire requirements are already known, it can be determined which elements in the 

office buildings meet those requirements and which do not. Again, a distinction should be made 

between elements that are directly suitable for reuse or need minor adaptations, elements that need 

major adaptations and elements that are just unsuitable for reuse at all. 

In case the sound and fire requirements are not known, the properties of the elements in the office 

buildings will be leading for the height of the apartment building and the location of apartments with 

respect to each other. 
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5. Choosing elements 
The available HCS determine the maximum floor area of the apartment building. If the fire resistance 

of the HCS is very poor, there can be opted for a 3 story building with the highest floor below 7 m, 

resulting in a fire resistance requirement of 60 minutes. It would also be possible to have more floors 

and apply fire insulation against the bottom of the HCS. When the HCS already have sufficient fire 

resistance, one is free to choose the number of floors up to 5 floors. 

Ideally, the structure of the apartment building is ‘copied’ from the office building or office buildings. 

This has benefits in terms of dimensions, capacity and connections, because the recovered HCS, wall 

elements, façade elements, column and beams together already formed a structure. Often this will 

mean that the HCS will not span from shear wall to shear wall, but from façade to façade or beam. If 

this does not lead to the desired apartment dimensions, the structure has to be set up in another way. 

Ideally, the recovered elements are reused without changing their dimensions, since this is less labor 

intensive and leaves the reinforcement of the elements intact. This is often possible when creating a 

new design, because the exact dimensions of the apartments are not determined yet. However, if this 

still does not lead to the desired apartment dimensions, some elements will have to be shortened in 

at least one direction. As was the case in the previous paragraph, elements that require minor 

adaptations to make them suitable for reuse should be preferred over those that require major 

adaptations. 

Because the apartment design strongly depends on the available recovered elements, in contrary to 

redesigning an existent apartment design, it should be possible to achieve a design in which the use 

of new concrete elements is brought to a minimum. 

6. Load calculation 
Now the size of the apartment building and the dimensions of the reused elements are known, a load 

calculation should be performed to determine whether the reused elements have the required 

capacity. If this is not the case, step 5 will have to be partially done again. The loads can be reduced 

by reducing the number of floor or the floor span, or other recovered elements with a bigger capacity 

can be chosen. 

7. Connections 
The next step is to design the connections between the reused elements. Again low strength mortar 

connections are a reasonable solution with a good balance between reusability and strength. For new 

concrete elements, cast in fully reusable connections can be used. 

8. Finishing 
The last step is also similar to the previous paragraph, namely choosing a finishing for the floors and 

walls. Again a floating floor and a chalk plaster layer can be good solutions for the floor and wall 

respectively. 
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10. Conclusions and recommendations 
In this chapter, the conclusions on the thesis will be presented in the form of answers to the research 

questions. Furthermore, recommendations for further research will be done. 

10.1. Conclusions 
Before answering the main research question, the sub questions will be answered. 

Sub question 1: What are the technical possibilities and challenges of using recovered precast concrete 

elements in new apartment buildings? 

From the literature study can be concluded that is it possible to reuse precast concrete elements from 

old buildings into new buildings, and more specifically from old office buildings into new apartment 

buildings. On some aspects, reusing those elements brings challenges which have to be overcome, 

whilst on other aspects some elements are very suitable for reuse. 

As described in chapter 3, disassembly of a precast concrete office building structure is quite a 

challenge. It requires extensive planning, labor intensive work and careful handling of the elements. 

Unreinforced joints between elements can be broken relatively easy, due to their low strength. 

Reinforced joints have to be sawn with a diamond saw to disconnect the elements. HCS could best be 

lifted with machinery used to lift balcony slabs, since the sides can only be used for lifting after the 

mortar leftovers are removed. When disassembling columns and beams by sawing, either the ends of 

the beams or the corbels of the columns will be lost. Since anchors in the wall and column elements 

are not always present or left free from mortar, new anchors might have to be placed in the elements 

to hoist them. If wall elements have window or door openings, they can be lifted by putting lifting 

strops through those openings. 

Adaptation and repairing is something associated with recovered elements and one of the additional 

aspects in the process, compared to new elements. Non-structural toppings and mortar and concrete 

leftovers can be removed with pneumatic hammers. Sawing and drilling in the elements should only 

take place if really needed, to keep the elements as intact as possible. Damages with big influence on 

strength, durability and sound or fire resistance should be repaired. Repairing damages that only 

influence the aesthetic quality can take a lot of time, and therefore should be repaired when the 

recovered elements are already in the apartment building; only the necessary spots require repairs. 

Since the elements might be damaged, mortar leftovers might not completely be removed and the 

location of the saw cut may deviate a bit, it is advised to increase the joint size between reused 

elements, compared to new elements. 

In general, the capacity of recovered elements of office buildings is quite high, due to the higher life 

load and often longer spans, compared to apartment buildings. In case of bending moment resistance, 

the capacity according to the Eurocode is similar to that in the VB 1974. For shear capacity, the 

Eurocode is somewhat more conservative in some cases. Lastly, in most cases, the donor office 

building has a higher number floors than the new apartment building, leading to an overcapacity for 

the reused wall elements, façade elements and columns. 

The required cover on the reinforcement is less for the Eurocode than for the VB 1974, with exception 

of the HCS. This high cover of the recovered wall elements, beams and columns, together with their 

relatively big dimensions, result in a fire resistance of at least 90 minutes, the requirement for 

apartment buildings with the highest floor between the 7 and 13 m. Most recovered HCS have a fire 

resistance of 60 minutes, but this can be improved by applying non-flammable insulation on their 

bottom.  
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In terms of sound insulation, recovered HCS and wall elements from office buildings generally do not 

meet the requirements of apartment buildings. The mass of the elements is simply not high enough. 

To solve this, a floating floor or suspended ceiling should be applied on the HCS, and an additional 

sound-insulation wall or plaster layer could be applied on the walls. 

The free height in office buildings is generally higher than in apartment buildings, so wall elements, 

façade elements and columns are high enough to be reused; possibly part of it even has to be sawn 

off. The window openings in façade elements from office buildings seem to be wider, but less high, 

than those in new apartment buildings. The desired window positions cannot always be obtained with 

recovered elements either. This does not mean that reusing façade elements is impossible, but it 

indicates that the design quality might go down, especially with an already existing design. 

HCS and façade elements are abundantly present in office buildings, whilst wall elements are less 

common. Either the office building or buildings should be bigger than the apartment building to 

contain enough of the desired elements, or the structure of the apartment building should be 

designed in such a way that it needs mainly HCS and façade elements, and not so many wall elements. 

The recovered elements can be connected in the new structure by means of low strength mortar 

connections. These connections are easy to create and result in a strong, stiff and stable structure. 

The connections itself cannot be reused, but the low strength allows for reuse of the elements in the 

future. Implementing connections in recovered elements that are reusable themselves as well would 

be too laborious and costly. For new elements, these fully reusable connections can be cast into the 

concrete. 

The total self-weight of an apartment structure of recovered precast concrete elements is generally 

lower than for new concrete elements, due to the smaller dimensions of the recovered HCS and wall 

elements. 

Sub question 2: What are the environmental benefits of using recovered precast concrete elements in 

new apartment buildings? 

In terms of material use, this thesis showed that reusing precast concrete elements from office 

buildings into new apartment buildings can lead to a significant reduction of the use of new concrete 

and steel, whilst also reducing the amount of waste of the disassembled office buildings. This 

reduction is smaller when an already existing apartment design is followed, than when the existing 

design is adjusted or a new design is made. It turns out that the amount of mortar needed does not 

really change when reusing recovered elements, although this depends on the type of reused 

elements. Additional materials like a floating floor, insulation layer or plaster layer are probably 

needed when building with recovered elements. 

There is a significant reduction in CO2 emissions when disassembling office buildings, compared to 

demolishing them, which is mainly caused by the difference in machinery use, compared to 

disassembly. In the creation of an apartment building, the CO2 savings are even bigger and are a direct 

result of the reduced amount of required new concrete elements. Additional materials for a floating 

floor, insulation layer or plaster layer result in more CO2 emissions, but these will be small compared 

to the CO2 saved by the concrete elements. 

With proper detailing, reused elements in an apartment building can be reused in the future again, 

leading to easier disassembly and even less CO2 emissions. However, if mortar connections are used, 

the connections itself cannot be reused. New concrete elements are more suitable to have 

connections which allow for future reuse of the elements as well as the connections itself. 
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Sub question 3: What should be the approach of designing new apartment buildings with recovered 

precast concrete elements? 

A full answer to this question is given in chapter 9. In this paragraph, only the most important aspects 

of the approach will be addressed. First of all should be concluded that creating a new apartment 

design for the reuse of precast concrete elements should be favored over redesigning an already 

existing apartment design. With a new design, it is easier to create an apartment building consisting 

of only reused elements, compared to a redesign. Moreover, in general less office buildings are 

needed to acquire the required amount of recovered elements for the apartment building. 

It should be mentioned that the apartment building cannot have floors above 13 meters in order to 

have reasonable fire resistance requirements. Secondly, placing apartments above or adjacent to each 

other has big impact on the sound insulation requirements for the HCS and wall elements respectively. 

Preventing one or even both allows for more elements to be reused. 

When choosing office buildings to acquire elements from, the floor span and the properties of the HCS 

in those buildings are leading, since those elements are the most important elements to be reused. 

Secondly, in terms of logistics and arguably also CO2 emissions, the less office buildings are chosen, 

the better. Lastly, the distance between the to be disassembled office building and the new apartment 

building should be as low as possible, to prevent big CO2 emissions during transportation of the 

elements. 

A list of the available elements should be made, including all their relevant properties. It should be 

determined which of the elements are suitable for reuse, based on the height, sound and fire 

requirements of the new apartment building. 

A load calculation should be performed to determine the required capacity of the recovered elements. 

Recovered elements that have the required dimensions and capacity can be chosen for reuse in the 

apartment building. In an existing apartment design, small adaptations in dimensions of walls, floors 

and single elements, as well as slightly changing the position of door openings and window openings, 

can lead to big increases in the amount of reused elements. After choosing the elements, a second 

load calculation should be performed, since the self-weight now probably differs from what was 

assumed in the first load calculation. 

The connections between the elements should be designed in such a way that they allow for future 

disassembly and reuse of the elements. At the same time, they have to secure a strong, stiff and stable 

structure. For new concrete elements, cast in connections can be applied that can be reused 

themselves as well. For reused elements, a less costly and less labor intensive solution would be the 

use of low strength mortar. 

Lastly a finishing for the floor and walls has to be chosen. The reasons for this can be the increase of 

sound and fire insulation, incorporation of services or improve of aesthetic appearance of the floors 

and walls. A structural or non-structural topping should not be applied since this hinders the 

disassembly and reuse of the elements in the future. Instead, a floating floor can be a good solution 

that covers all the reasons mentioned above. For the same reasons, a chalk plaster layer on the walls 

and inside of façade walls could be applied. 
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Main research question: How can the reuse of precast concrete elements from office buildings lead to 

sustainable apartment designs? 

Although recovered elements from office buildings were designed for a different building type and 

function than apartment buildings, it turned out most of the elements are suitable for reuse in terms 

of dimensions and capacity. The elements can be connected with relatively weak mortar connections 

which secure a strong, stiff and stable structure whilst also keeping the elements intact and allowing 

for their future reuse. 

Up to a top floor height of 13 m, the fire resistance of the elements is sufficient; only the HCS might 

require additional fire insulation material to meet the requirements. In terms of sound insulation, the 

HCS and wall elements will need a floating floor or plaster layer respectively, to meet the 

requirements. These additional materials are not needed when one chooses to not place the 

apartments above or adjacent to each other. 

The replacement of new concrete elements in the apartment building by recovered elements leads to 

an enormous decrease in CO2 emissions from concrete production. The decrease is multiple times 

bigger than the additional CO2 emissions as a result of using a floating floor, insulation material or 

plaster layer. The disassembly process of office buildings emits less CO2 than the demolition process 

does. At the same time, the reuse of recovered precast concrete elements also reduces the amount 

of concrete waste. These three benefits are very likely to be similar for other type of precast concrete 

buildings as well. 

When designing an apartment building with recovered elements, slightly changing the design can lead 

to a big increase in reused elements and thus a decrease in new concrete elements. Therefore creating 

a new apartment design is preferred over redesigning an already existing apartment design. This also 

gives the possibility of ‘copying’ the structure of the office building. 

The shown possibility of creating an apartment building with recovered elements, that has good 

structural quality and considerable CO2 savings, whilst also allowing for future reuse of the elements, 

leads to the conclusion that this thesis shows how the reuse of precast concrete elements from office 

buildings can lead to sustainable apartment designs. 
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10.2. Recommendations for further research 
Some aspects of designing with recovered structural precast concrete elements did fall outside the 

scope of this thesis and some other aspects were only discovered by questions that arose during the 

project. Therefore, this paragraph will explain those aspects so they can be addressed in future 

research. 

First of all, the apartment designs with recovered elements were compared to an apartment design 

with new concrete elements, on material use and CO2 emissions, but not on time and costs. The same 

holds for the comparison between disassembling the available office buildings or demolishing them. 

As pointed out in the literature study, it is expected that disassembly takes more time and money than 

demolition. But it still remains the questions how big this difference will be in this case study. And if 

this difference in costs is added to the costs of the recovered elements, will they become more 

expensive than the new concrete elements? To answer these questions, a study should be carried out 

on the time and costs differences in the end of life of the office buildings and creation of the apartment 

buildings from this case study. 

The connections in redesign 1 and 2 were designed for future reuse of the elements. It could be 

interesting to do an LCA calculation on the disassembly of redesign 1 and 2 and the original design. In 

this way, the influence of the connections on the CO2 emissions of disassembly can be determined. 

However, the real difference in disassembly will probably lie in the time and money saved, so it would 

be interesting to do a case study for those as well. C12/15 concrete mortar was used in most 

connections in redesign 1 and 2, because in practice it turned out weak mortar joints break quite easily 

during disassembly. However, it is unknown where the boundary lies between mortars that are weak 

enough to allow for reuse and mortars that are too strong. This should be investigated as well. The 

same question holds for the K50 mortar in the rest of the connections. 

Related to this is the question what the connections in the apartment building would have looked like 

if the building was made of only new concrete elements with fully reusable connections. To investigate 

this, a project about this should be started, which also calculates the impact of those connections on 

the CO2 emissions, time and costs of disassembling the apartment building. 

In this case study, HCS, wall elements and façade elements from the available office buildings were 

reused in the apartment building. However, the columns and beams present in the office buildings 

were not reused. It could be interesting to do another case study, with a different apartment building, 

in which columns and beams are also reused. In this way, the problems and solutions, connections 

and the impact on material use and CO2 emissions of reusing columns and beams will be addressed 

more extensively than was done in this report. At the same time this new case study could also try to 

‘copy’ the structure of the available office building from which the recovered elements came from and 

determine its possible technical and environmental benefits. 

A whole new research project, or multiple projects, could be done on the reuse of recovered structural 

precast concrete elements from different buildings than office buildings, in different buildings than 

apartment buildings. This opens up a whole range of possibilities, from which the most relevant ones 

should be investigated. What would the reuse of recovered elements from one apartment building, in 

another apartment building look like, for instance? And what would be the possibilities of reusing 

elements from shop buildings or industry buildings? 
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In this case study, the reused elements were supposed to be directly taken from the available office 

buildings. In the future, it is more likely that there will be some kind of elements stockpile from which 

the elements can be bought. Research could be done about what such an elements stockpile should 

look like, how and which information on the elements should be stored, on who the CO2 savings should 

be recovered and what the market around these element stockpile should look like. 

Lastly, the biggest recommendation in terms of effort would be to design a new apartment building 

with elements from to be disassembled office buildings, and then put into practice this design by really 

disassembling the office buildings and constructing the apartment building. In this way it is not only 

shown theoretically, but also practically that precast concrete elements from office buildings can be 

reused in new apartment buildings, and what this reuse looks like. Putting the reuse into practice will 

likely also result in new difficulties, challenges and possibilities that were not foreseen in the 

theoretical case study. This will result in more knowledge and practical experience of how to reuse 

precast concrete elements. 

  



147 
References 

References 
 

[1]  E. Dolkemade, “Reuse of monolithic concrete floors,” Eindhoven University of Technology, 

Eindhoven, 2018. 

[2]  A. Glias, “The ''Donor Skelet'',” Delft University of Technology, Delft, 2013. 

[3]  DTZ Zadelhof, “Nederland Compleet - Factsheets Kantoren en Bedrijfsruimte markt,” DTZ 

Zadelhof v.o.f., 2013. 

[4]  Cement&BetonCentrum, “Marktinformatie Beton,” [Online]. Available: 

http://www.cementenbeton.nl/marktinformatie/betonmarkt. [Accessed 6 12 2019]. 

[5]  R. Blok, “Capita Selecta - SD Research Bio-Based,” Eindhoven Universtity of Technology, 

Eindhoven, 2018. 

[6]  M. Herczeg, D. McKinnon, L. Milios, I. Bakas, E. Klaassens, K. Svatikova and O. Wilderberg, 

“Resource efficiency in the building sector,” Ecorys, Rotterdam, 2014. 

[7]  E. Durmisevic, “Transformable Building Structures,” Delft University of Technology, Delft, 2006. 

[8]  N. Naber, “Reuse of hollow core slabs from office buildings,” Delft University of Technology, 

Delft, 2012. 

[9]  Rijksoverheid, “Nederland circulair in 2050,” Rijksoverheid, 2016. 

[10]  Compendium voor de Leefomgeving, “Leegstand van kantoren, 1991-2017,” 2017. [Online]. 

Available: https://www.clo.nl/indicatoren/nl2152-leegstand-kantoren. [Accessed 6 12 2019]. 

[11]  C. Lennartz, “De omvang en prognoses van "het" woningtekort,” 2018. [Online]. Available: 

https://economie.rabobank.com/publicaties/2018/juni/de-omvang-en-prognoses-van-het-

woningtekort/. [Accessed 7 12 2019]. 

[12]  A. Heller, “Oude vloeren van het provinciehuis gaan niet naar sloop, maar worden 

hergebruikt,” De Gelderlander, 2020.  

[13]  Civieltechnish centrum uitvoering research en regelgeving, “CUR rapport 135 demontabel 

bouwen,” Onderzoekscommissie D 7 Demontabel bouwen, 1990. 

[14]  DTZ Zadelhoff, “Het aanbod veroudert,” DTZ Zadelhof, Amsterdam, 2010. 

[15]  N. Volkov, “Structural connections in circular concrete,” Delft Universtity of Technology, Delft, 

2019. 

[16]  European Concrete Platform ASBL, “Sustainable benefits of concrete structures,” European 

Concrete Platform ASBL, Brussels, 2009. 



148 
References 

[17]  S. Huuhka, T. Kaasalainen, J. Hakanen and J. Lahdensivu, “Reusing concrete panels from 

buildings for building: Potential in Finish 1970s mass housing,” Tampere University of 

Technology, Tampere, 2015. 

[18]  Arbeidsinspectie, “Projectverslag slopen van bouwwerken,” Ministerie van sociale zaken en 

werkgelegenheid, 2007. 

[19]  BetonCentrale, “Beton volgens NEN EN 206-1 / NEN 8005,” BetonCentrale, 2020. 

[20]  R. Huunk and E. Heebing, “Remontabel ontwerpen met kanaalplaten,” HAN University of 

Applied Sciences, Huissen, 2017. 

[21]  VBI, “Handboek VBI plaatvloeren,” VBI Ontwikkeling bv, 2020. 

[22]  R. Luiken and J. Straman, “Demontage en hergebruik van flatgebouwen,” Cement, 2000. 

[23]  Federatie van de Belgische prefab betonindustrie, “Modelcursus prefab beton,” [Online]. 

Available: https://www.febe.be/nl/publicaties/detail/modelcursus-prefab-beton. [Accessed 16 

01 2020]. 

[24]  VBI, “Veilig hijsen en valbeveliging Kanaalplaatvloeren,” VBI, 2020. 

[25]  C. Asam, “Reuse possibilities of dismantled building elements.,” Berlin, 2006. 

[26]  Technische Commissie CEN/TC 250 'Structural Eurocodes', “NEN-EN 1992-1-

1:2005+A1:2015+NB:2016 Beton – Algemeen,” BRIS warenhuis, 2016. 

[27]  Betonvereniging, “Grafieken en tabellen voor beton, gebaseerd op de VB 1974,” W.D. 

Meinema B.V., Delft, 1975. 

[28]  Wonen en Rijksdienst, “Bouwbesluit 1992,” BRIS Warenhuis, 1992. 

[29]  Wonen en Rijksdienst, “Bouwbesluit 2012,” BRIS Warenhuis, 2012. 

[30]  Gehorighuis.nl, “Hoe geluidwerend is de muur tussen mijn woning en die van de buren?,” 

[Online]. Available: http://www.gehorighuis.nl/opsporen/bouwwijze-en-geluidisolatie/de-

muur-naar-de-buren.html. [Accessed 25 2 2020]. 

[31]  CEN Standard Precast concrete products, “Hollow core slabs for floors,” CEN, 2013. 

[32]  Technische Commissie CEN/TC 250 'Structural Eurocodes', “NEN-EN 1992-1-

2:2005+A1:2019(en)+NB:2011 Beton - Brand,” BRIS warenhuis, 2019. 

[33]  Gemeente Amsterdam, “Amstel III: ontwikkeling woongebied gemixt met werken,” [Online]. 

Available: https://www.amsterdam.nl/projecten/amstel3/. [Accessed 27 3 2020]. 

[34]  Gemeente Amsterdam Zuidoost, “Gebiedsplan 2017 Amstel III/ArenAPoort,” Gemeente 

Amsterdam, Amsterdam, 2017. 

[35]  Eemnes Zuidpolder, “Eemnes Zuidpolder,” [Online]. Available: 

https://www.facebook.com/zuidpoldereemnes/. [Accessed 30 3 2020]. 



149 
References 

[36]  De Alliantie, “Zuidpolder Eemnes Verhuurtekeningen,” De Alliantie, 2019. 

[37]  Van Bokhorst Architecten, “Doorsnedes Definitief ontwerp,” Van Bokhorst Architecten, Nijkerk, 

2018. 

[38]  Wijcon, “Gewichts- en stabiliteitsberekening,” Wijcon, Dordrecht, 2018. 

[39]  Bouwproducten online, “BPO Betonblokken,” [Online]. Available: 

https://www.bouwproductenonline.nl/betonblokken-2/. [Accessed 12 5 2020]. 

[40]  Van Bokhorst Architecten, “Merkoverzicht binnenwanden,” Van Bokhorst Architecten, Nijkerk, 

2018. 

[41]  Van Bokhorst Architecten, “Merkoverzicht gevels,” Van Bokhorst Architecten, Nijkerk, 2018. 

[42]  Civieltechnish centrum uitvoering research en regelgeving, “CUR rapport 136 voegen in 

geprefabriceerde vloeren,” Onderzoekscommissie C 43 Voegen in geprefabriceerde vloeren, 

1988. 

[43]  F. v. Herwijnen, “Ontwikkeling demontabel en aanpasbaar constructiesysteem,” Cement, 

Eindhoven, 2001. 

[44]  Technische Commissie CEN/TC 250 'Structural Eurocodes', “NEN-EN 1992-4:2018+NB:2019 

Beton - Bevestigingsmiddelen,” BRIS warenhuis, 2019. 

[45]  Spit, “Segmentanker voor gescheurd en niet-gescheurd beton,” Spit, 2020. 

[46]  H. v. Nuenen, “Hergebruikt bouwen met naoorlogse systeembouw,” Bouw Hulp Groep, 

Eindhoven, 2000. 

[47]  Halfen, “HEK - prefab verbinding,” [Online]. Available: 

https://www.halfen.com/nl/4360/productoverzicht/bouw/wapeningssystemen/hek-prefab-

verbinding/introductie/. [Accessed 16 6 2020]. 

[48]  Bionova, One Click LCA, Bionova, 2020.  

[49]  Gemeente Rotterdam, SlimSlopenTool, Gemeente Rotterdam, 2020.  

 

 

 



Graduation project Structural Engineering and Design (7K45M0) 
 

 

 

Designing with recovered precast concrete elements 

A study on the possibilities of reusing structural precast concrete elements, 
from disassembled office buildings, in new apartment buildings 

 
 
 
 
 

Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Author: 
G.J. van den Brink 
Student ID: 0886164 

Date: 
26-11-2020 

Graduation committee 
Prof. dr. ing. P.M. Teuffel  TU Eindhoven, Innovative Structural Engineering and Design  
Prof. ir. S.N.M. Wijte   TU Eindhoven, Sustainment of Concrete Structures 
Ir. R. Blok    TU Eindhoven, Innovative Structural Engineering and Design 

Eindhoven University of Technology 
Master Architecture, Building and Planning 
Master track Structural Engineering and Design 



2 
Index 

Index 
 

Appendix A – Overview of precast elements in available office buildings ............................................. 3 

Appendix B – Load calculations apartment building ............................................................................ 21 

Appendix C – Wind pressure calculation .............................................................................................. 39 

Appendix D1 – Element dimensions original apartment design........................................................... 40 

Appendix D2 – Element dimensions redesign 1 ................................................................................... 45 

Appendix D3 – Element dimensions redesign 2 ................................................................................... 50 

Appendix E1 – Material use original apartment design ........................................................................ 55 

Appendix E2 – Material use redesign 1 ................................................................................................ 58 

Appendix E3 – Material use redesign 2 ................................................................................................ 61 

Appendix F – Input data for LCA calculations ....................................................................................... 64 

Appendix G1 – CO2 emissions of end of life office buildings ................................................................ 67 

Appendix G2 – CO2 emissions of creation apartment building............................................................. 69 

 

 



3 
Appendix A – Overview of precast elements in available office buildings 

Appendix A – Overview of precast elements in available office buildings 
Office A 

Nr  ELEMENT  LABEL  BUILDING  QUANTITY  FLOOR  YEAR  
L 

(mm) 
H 

(mm) 
W 

(mm) 
CONCRETE  

 
STEEL  

TYPE  
MIN. 
Mrd 

(kNm) 

MIN. 
Vrd 
(kN) 

MIN. 
Nrd 
(kN) 

1 Beam B/A/1-4/B1 
Hogehilweg 

18 
12 

1st to 
4th 

1989 4960 450 720 B60 
Feb 
500 

Precast 176,4 282,2 - 

2 Beam 
B/A/1-
4/B1-1 

Hogehilweg 
18 

8 
1st to 

4th 
1989 4960 450 720 B60 

Feb 
500 

Precast 176,4 282,2 - 

3 Beam B/A/1-4/B2 
Hogehilweg 

18 
4 

1st to 
4th 

1989 3160 450 720 B60 
Feb 
500 

Precast 176,4 282,2 - 

4 Beam B/A/1-4/B3 
Hogehilweg 

18 
4 

1st to 
4th 

1989 5270 450 720 B60 
Feb 
500 

Precast 176,4 282,2 - 

5 Beam B/A/1-4/B4 
Hogehilweg 

18 
4 

1st to 
4th 

1989 5230 450 720 B60 
Feb 
500 

Precast 176,4 282,2 - 

6 Beam B/A/1-4/B5 
Hogehilweg 

18 
4 

1st to 
4th 

1989 6990 450 720 B60 
Fep 

1860 
Precast 517,0 340,0 - 

7 Beam B/A/5/B6 
Hogehilweg 

18 
2 Roof 1989 5380 450 720 B60 

Feb 
500 

Precast     - 

8 Beam B/A/5/B6-1 
Hogehilweg 

18 
2 Roof 1989 5380 450 720 B60 

Feb 
500 

Precast     - 

9 Beam B/A/5/B7 
Hogehilweg 

18 
1 Roof 1989 5380 450 720 B60 

Feb 
500 

Precast     - 

10 Beam B/A/5/B8 
Hogehilweg 

18 
1 Roof 1989 5480 450 720 B60 

Feb 
500 

Precast     - 

11 Beam B/A/5/B9 
Hogehilweg 

18 
1 Roof 1989 5480 450 720 B60 

Feb 
500 

Precast     - 

12 Beam B/A/5/B10 
Hogehilweg 

18 
1 Roof 1989 5170 450 720 B60 

Feb 
500 

Precast     - 

13 Beam B/A/5/B11 
Hogehilweg 

18 
1 Roof 1989 7100 450 720 B60 

Feb 
500 

Precast     - 

      SUM 45     5380 450 720             

14 Column C/A/0-3/K1 
Hogehilweg 

18 
6 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 2677,5 

15 Column 
C/A/0-
3/K1-1 

Hogehilweg 
18 

6 
GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 1946,5 

16 Column C/A/0-3/K2 
Hogehilweg 

18 
8 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 2352,8 

17 Column C/A/0-3/K3 
Hogehilweg 

18 
2 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 1650,7 

18 Column C/A/0-3/K4 
Hogehilweg 

18 
2 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 742,9 

19 Column C/A/0-3/K6 
Hogehilweg 

18 
3 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 2830,5 

20 Column 
C/A/0-
3/K6-1 

Hogehilweg 
18 

3 
GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 3352,4 

21 Column C/A/0-3/K7 
Hogehilweg 

18 
4 

GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 2689,4 

22 Column 
C/A/0-
3/K7-1 

Hogehilweg 
18 

4 
GF to 
3rd  

1989 400 10170 400 B45 
Feb 
500 

Precast - - 2286,5 

23 Column C/A/0-3/K8 
Hogehilweg 

18 
10 

GF to 
Roof 

1989 400 2860 400 B45 
Feb 
500 

Precast - - 1275,7 

24 Column C/A/0-3/K9 
Hogehilweg 

18 
5 

3rd to 
Roof 

1989 400 6570 400 B45 
Feb 
500 

Precast - - 2677,5 

25 Column 
C/A/0-
3/K9-1 

Hogehilweg 
18 

1 
3rd to 
Roof 

1989 400 6570 400 B45 
Feb 
500 

Precast - - 1946,5 

26 Column  
C/A/0-
3/K10 

Hogehilweg 
18 

8 
3rd to 
Roof 

1989 400 6350 400 B45 
Feb 
500 

Precast - - 2352,8 
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27 Column 
C/A/0-
3/K11 

Hogehilweg 
18 

2 
3rd to 
Roof 

1989 400 6350 400 B45 
Feb 
500 

Precast - - 1650,7 

28 Column 
C/A/0-
3/K12 

Hogehilweg 
18 

1 
3rd to 
Roof 

1989 400 6350 400 B45 
Feb 
500 

Precast - - 742,9 

29 Column  
C/A/0-
3/K13 

Hogehilweg 
18 

3 
3rd to 
Roof 

1989 400 6310 400 B45 
Feb 
500 

Precast - - 2689,4 

30 Column 
C/A/0-

3/K13-1 
Hogehilweg 

18 
1 

3rd to 
Roof 

1989 400 6310 400 B45 
Feb 
500 

Precast - - 2286,5 

31 Column  
C/A/0-
3/K14 

Hogehilweg 
18 

1 
3rd to 
Roof 

1989 400 6310 400 B45 
Feb 
500 

Precast - - 2830,5 

32 Column 
C/A/0-

3/K14-1 
Hogehilweg 

18 
2 

3rd to 
Roof 

1989 400 6310 400 B45 
Feb 
500 

Precast - - 3352,4 

      SUM 72     400 7991 400             

33 Wall 
W/A/0-
4/W1 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 6180 3370 180 B45 
Feb 
500 

Precast - - 5314,2 

34 Wall 
W/A/0-
4/W2 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 3490 3370 180 B45 
Feb 
500 

Precast - -   

35 Wall 
W/A/0-
4/W3 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 3460 3370 180 B45 
Feb 
500 

Precast - -   

36 Wall 
W/A/0-
4/W4 

Hogehilweg 
18 

4 
GF to 
4th 

1989 3930 3370 180 B45 
Feb 
500 

Precast - -   

37 Wall 
W/A/0-
4/W4-1 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 3930 3370 180 B45 
Feb 
500 

Precast - - 2669,0 

38 Wall 
W/A/0-
4/W5 

Hogehilweg 
18 

4 
1th to 
Roof 

1989 3800 3370 180 B45 
Feb 
500 

Precast - -   

39 Wall 
W/A/0-
4/W5-1 

Hogehilweg 
18 

1 
GF to 

1st 
1989 3800 3370 180 B45 

Feb 
500 

Precast - -   

40 Wall 
W/A/0-
4/W6 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 4160 3370 180 B45 
Feb 
500 

Precast - - 2255,9 

41 Wall 
W/A/0-
4/W7 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 2480 3370 180 B45 
Feb 
500 

Precast - -   

42 Wall 
W/A/0-
4/W7-1 

Hogehilweg 
18 

4 
GF to 
4th 

1989 2480 3370 180 B45 
Feb 
500 

Precast - -   

43 Wall 
W/A/0-
4/W7-2 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 2480 3370 180 B45 
Feb 
500 

Precast - -   

44 Wall 
W/A/0-
4/W8 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 3980 3370 180 B45 
Feb 
500 

Precast - -   

45 Wall 
W/A/0-
4/W9 

Hogehilweg 
18 

5 
GF to 
Roof 

1989 5270 3370 180 B45 
Feb 
500 

Precast - - 2657,1 

      SUM 50     3803 3370 180             

46 
Façade 

element 
F/A/0-3/R1 

Hogehilweg 
18 

20 
GF to 
4th 

1989 4960 1800 130 B45 
Feb 
500 

Precast     - 

47 
Façade 

element 
F/A/0-
3/R1-1 

Hogehilweg 
18 

12 
GF to 
4th 

1989 4960 1800 130 B45 
Feb 
500 

Precast     - 

48 
Façade 

element 
F/A/0-
3/R1-2 

Hogehilweg 
18 

16 
GF to 
4th 

1989 4960 1800 130 B45 
Feb 
500 

Precast     - 

49 
Façade 

element 
F/A/0-3/R2 

Hogehilweg 
18 

8 
GF to 
4th 

1989 6760 1800 130 B45 
Feb 
500 

Precast     - 

50 
Façade 

element 
F/A/0-3/R3 

Hogehilweg 
18 

4 
GF to 
4th 

1989 5540 1800 130 B45 
Feb 
500 

Precast     - 

51 
Façade 

element 
F/A/0-3/R3 

Hogehilweg 
18 

4 
GF to 
4th 

1989 5540 1800 130 B45 
Feb 
500 

Precast     - 

52 
Façade 

element 
F/A/0-3/R4 

Hogehilweg 
18 

4 
GF to 
4th 

1989 7336 1800 130 B45 
Feb 
500 

Precast     - 

53 
Façade 

element 
F/A/0-3/R4 

Hogehilweg 
18 

4 
GF to 
4th 

1989 7336 1800 130 B45 
Feb 
500 

Precast     - 

54 
Façade 

element 
F/A/0-3/R5 

Hogehilweg 
18 

4 
GF to 
4th 

1989 2963 1800 130 B45 
Feb 
500 

Precast     - 
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55 
Façade 

element 
F/A/0-3/R6 

Hogehilweg 
18 

4 
GF to 
4th 

1989 3090 1800 130 B45 
Feb 
500 

Precast     - 

56 
Façade 

element 
F/A/0-3/R7 

Hogehilweg 
18 

4 
GF to 
4th 

1989 6100 1800 130 B45 
Feb 
500 

Precast     - 

57 
Façade 

element 
F/A/0-3/R8 

Hogehilweg 
18 

4 
GF to 
4th 

1989 6980 1800 130 B45 
Feb 
500 

Precast     - 

58 
Façade 

element 
F/A/0-3/R9 

Hogehilweg 
18 

4 
GF to 
4th 

1989 4290 1800 130 B45 
Feb 
500 

Precast     - 

59 
Façade 

element 
F/A/4/R10 

Hogehilweg 
18 

2 
4th to 
Roof 

1989 5380 1320 130 B45 
Feb 
500 

Precast     - 

60 
Façade 

element 
F/A/4/R11 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 7180 1320 130 B45 
Feb 
500 

Precast     - 

61 
Façade 

element 
F/A/4/R12 

Hogehilweg 
18 

2 
4th to 
Roof 

1989 5380 1320 130 B45 
Feb 
500 

Precast     - 

62 
Façade 

element 
F/A/4/R12-

1 
Hogehilweg 

18 
2 

4th to 
Roof 

1989 5380 1320 130 B45 
Feb 
500 

Precast     - 

63 
Façade 

element 
F/A/4/R13 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5590 1320 130 B45 
Feb 
500 

Precast     - 

64 
Façade 

element 
F/A/4/R14 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 7240 1320 130 B45 
Feb 
500 

Precast     - 

65 
Façade 

element 
F/A/4/R15 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5750 1320 130 B45 
Feb 
500 

Precast     - 

66 
Façade 

element 
F/A/4/R16 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5750 1320 130 B45 
Feb 
500 

Precast     - 

67 
Façade 

element 
F/A/4/R17 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 7546 1320 130 B45 
Feb 
500 

Precast     - 

68 
Façade 

element 
F/A/4/R18 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 7546 1320 130 B45 
Feb 
500 

Precast     - 

69 
Façade 

element 
F/A/4/R19 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 3300 1320 130 B45 
Feb 
500 

Precast     - 

70 
Façade 

element 
F/A/4/R20 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 3173 1320 130 B45 
Feb 
500 

Precast     - 

71 
Façade 

element 
F/A/4/R21 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5380 2320 130 B45 
Feb 
500 

Precast     - 

72 
Façade 

element 
F/A/4/R22 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5590 2320 130 B45 
Feb 
500 

Precast     - 

73 
Façade 

element 
F/A/4/R23 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5540 2320 130 B45 
Feb 
500 

Precast     - 

74 
Façade 

element 
F/A/4/R24 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5590 2320 130 B45 
Feb 
500 

Precast     - 

75 
Façade 

element 
F/A/4/R25 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 5590 2320 130 B45 
Feb 
500 

Precast     - 

76 
Façade 

element 
F/A/4/R26 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 6100 920 130 B45 
Feb 
500 

Precast     - 

77 
Façade 

element 
F/A/4/R27 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 6980 920 130 B45 
Feb 
500 

Precast     - 

78 
Façade 

element 
F/A/4/R28 

Hogehilweg 
18 

1 
4th to 
Roof 

1989 4290 920 130 B45 
Feb 
500 

Precast     - 

      SUM 115     5609 1624 130             

79 H.C.S. S/A/1-4/- 
Hogehilweg 

18 
160 

1st to 
Roof 

1989 6960 200 1200 - - Precast     - 

80 H.C.S. S/A/1-4/- 
Hogehilweg 

18 
200 

1st to 
Roof 

1989 5000 200 1200 - - Precast     - 

81 H.C.S. S/A/1-4/- 
Hogehilweg 

18 
70 

1st to 
Roof 

1989 - 200 - - - Precast     - 

      SUM 430     5980 200 1200             
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Office B 
Nr  ELEMENT  LABEL  BUILDING  QUANTITY  FLOOR  YEAR  

L 
(mm) 

H 
(mm) 

W 
(mm) 

CONCRETE  
 

STEEL  
TYPE  

MIN. 
Mrd 

(kNm) 

MIN. 
Vrd 
(kN) 

MIN. 
Nrd 
(kN) 

1 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

40 
1st to 

4th  
1983 12800 300 1200 - - Precast 469,09 180,18 - 

2 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

4 
1st to 

4th  
1983 12800 300 600 - - Precast 234,55 90,09 - 

3 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

4 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

5 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

6 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

7 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

8 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

9 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

48 
1st to 

4th  
1983 12800 300 1200 - - Precast 469,09 180,18 - 

10 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

11 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

12 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

13 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

48 
1st to 

4th  
1983 12800 300 1200 - - Precast 469,09 180,18 - 

14 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

15 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

16 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

17 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

18 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

19 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

20 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

40 
1st to 

4th  
1983 12800 300 1200 - - Precast 469,09 180,18 - 

21 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

4 
1st to 

4th  
1983 12800 300 600 - - Precast 42,24 22,90 - 

22 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 960 - - Precast 67,58 36,64 - 

23 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

20 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

24 Slab 
S/B/1-
4/XT 

Hogehilweg 
22 

48 
1st to 

4th  
1983 12800 300 1200 - - Precast 469,09 180,18 - 

25 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

26 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 26,75 14,50 - 

27 Slab 
S/B/1-
4/ST 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 84,47 45,8 - 

28 Slab 
S/B/1-
4/MB 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 1200 - - Precast 89,7 99,03 - 
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29 Slab 
S/B/1-
4/MB 

Hogehilweg 
22 

4 
1st to 

4th  
1983 7150 200 380 - - Precast 28,41 31,36 - 

30 Slab 
S/B/1-
4/MB 

Hogehilweg 
22 

36 
1st to 

4th  
1983 7150 200 1200 - - Precast 89,7 99,03 - 

31 Slab 
S/B/1-
4/VT 

Hogehilweg 
22 

40 
1st to 

4th  
1983 12800 250 1200 - - Precast 313,07 144,15 - 

32 Slab 
S/B/1-
4/VT 

Hogehilweg 
22 

4 
1st to 

4th  
1983 12800 250 600 - - Precast 156,54 72,08 - 

33 Slab S/B/5/VT 
Hogehilweg 

22 
40 5th 1983 12800 250 1200 - - Precast 313,07 144,15 - 

34 Slab S/B/5/VT 
Hogehilweg 

22 
4 5th 1983 12800 250 600 - - Precast 156,54 72,08 - 

35 Slab S/B/5/MB 
Hogehilweg 

22 
36 5th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

36 Slab S/B/5/MB 
Hogehilweg 

22 
4 5th 1983 7150 200 380 - - Precast 28,41 31,36 - 

37 Slab S/B/5/MB 
Hogehilweg 

22 
4 5th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

38 Slab S/B/5/ST 
Hogehilweg 

22 
4 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

39 Slab S/B/5/ST 
Hogehilweg 

22 
4 5th 1983 7150 200 380 - - Precast 26,75 14,50 - 

40 Slab S/B/5/ST 
Hogehilweg 

22 
36 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

41 Slab S/B/5/XT 
Hogehilweg 

22 
48 5th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

42 Slab S/B/5/ST 
Hogehilweg 

22 
36 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

43 Slab S/B/5/ST 
Hogehilweg 

22 
4 5th 1983 7150 200 380 - - Precast 26,75 14,50 - 

44 Slab S/B/5/ST 
Hogehilweg 

22 
4 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

45 Slab S/B/5/XT 
Hogehilweg 

22 
48 5th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

46 Slab S/B/5/ST 
Hogehilweg 

22 
36 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

47 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 380 - - Precast 26,75 14,50 - 

48 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

49 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

50 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 380 - - Precast 26,75 14,50 - 

51 Slab S/B/5/ST 
Hogehilweg 

22 
9 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

52 Slab S/B/5/XT 
Hogehilweg 

22 
10 5th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

53 Slab S/B/5/XT 
Hogehilweg 

22 
1 5th 1983 12800 300 600 - - Precast 234,55 90,09 - 

54 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 360 - - Precast 25,34 13,74 - 

55 Slab S/B/5/ST 
Hogehilweg 

22 
5 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

56 Slab S/B/5/XT 
Hogehilweg 

22 
18 5th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

57 Slab S/B/5/ST 
Hogehilweg 

22 
3 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

58 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 380 - - Precast 26,75 14,50 - 
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59 Slab S/B/5/ST 
Hogehilweg 

22 
1 5th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

60 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

61 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 380 - - Precast 26,75 14,50 - 

62 Slab S/B/6/ST 
Hogehilweg 

22 
3 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

63 Slab S/B/6/XT 
Hogehilweg 

22 
18 6th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

64 Slab S/B/6/ST 
Hogehilweg 

22 
9 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

65 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 380 - - Precast 26,75 14,50 - 

66 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 300 1200 - - Precast 84,47 45,8 - 

67 Slab S/B/6/XT 
Hogehilweg 

22 
12 6th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

68 Slab S/B/6/ST 
Hogehilweg 

22 
9 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

69 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 380 - - Precast 26,75 14,50 - 

70 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

71 Slab S/B/6/MB 
Hogehilweg 

22 
1 6th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

72 Slab S/B/6/MB 
Hogehilweg 

22 
1 6th 1983 7150 200 380 - - Precast 28,41 31,36 - 

73 Slab S/B/6/MB 
Hogehilweg 

22 
9 6th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

74 Slab S/B/6/VT 
Hogehilweg 

22 
10 6th 1983 12800 250 1200 - - Precast 313,07 144,15 - 

75 Slab S/B/6/VT 
Hogehilweg 

22 
1 6th 1983 12800 250 600 - - Precast 156,54 72,08 - 

76 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 960 - - Precast 67,58 36,64 - 

77 Slab S/B/6/ST 
Hogehilweg 

22 
4 6th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

78 Slab S/B/6/ST 
Hogehilweg 

22 
1 6th 1983 7150 200 990 - - Precast 69,69 37,79 - 

79 Slab S/B/6/VT 
Hogehilweg 

22 
1 6th 1983 7150 200 980 - - Precast 68,98 37,40 - 

80 Slab S/B/6/VT 
Hogehilweg 

22 
5 6th 1983 12800 250 1200 - - Precast 313,07 144,15 - 

81 Slab S/B/6/XT 
Hogehilweg 

22 
12 6th 1983 12800 300 1200 - - Precast 469,09 180,18 - 

82 Slab S/B/6/P 
Hogehilweg 

22 
3 6th 1983 7150 200 1200 - - Precast     - 

83 Slab S/B/6/MB 
Hogehilweg 

22 
1 6th 1983 7150 200 380 - - Precast 28,41 31,36 - 

84 Slab S/B/6/MB 
Hogehilweg 

22 
1 6th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

85 Slab S/B/7/MB 
Hogehilweg 

22 
1 7th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

86 Slab S/B/7/MB 
Hogehilweg 

22 
1 7th 1983 7150 200 380 - - Precast 28,41 31,36 - 

87 Slab S/B/7/P 
Hogehilweg 

22 
3 7th 1983 7150 200 1200 - - Precast     - 

88 Slab S/B/7/XT 
Hogehilweg 

22 
12 7th 1983 12800 300 1200 - - Precast 469,09 180,18 - 
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89 Slab S/B/7/VT 
Hogehilweg 

22 
6 7th 1983 12800 250 1200 - - Precast 313,07 144,15 - 

90 Slab S/B/7/MB 
Hogehilweg 

22 
9 7th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

91 Slab S/B/7/MB 
Hogehilweg 

22 
1 7th 1983 7150 200 380 - - Precast 28,41 31,36 - 

92 Slab S/B/7/MB 
Hogehilweg 

22 
1 7th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

93 Slab S/B/7/ST 
Hogehilweg 

22 
1 7th 1983 7150 200 960 - - Precast 71,76 79,22 - 

94 Slab S/B/7/ST 
Hogehilweg 

22 
5 7th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

95 Slab S/B/7/ZT 
Hogehilweg 

22 
18 7th 1983 12800 300 1200 - - Precast 513,37 181,24 - 

96 Slab S/B/7/ST 
Hogehilweg 

22 
3 7th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

97 Slab S/B/7/ST 
Hogehilweg 

22 
1 7th 1983 7150 200 380 - - Precast 26,75 14,50 - 

98 Slab S/B/7/ST 
Hogehilweg 

22 
1 7th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

99 Slab S/B/8/ST 
Hogehilweg 

22 
1 8th 1983 7150 200 960 - - Precast 67,58 36,64 - 

100 Slab S/B/8/ST 
Hogehilweg 

22 
5 8th 1983 7150 200 1200 - - Precast 84,47 45,8 - 

101 Slab S/B/8/ZT 
Hogehilweg 

22 
12 8th 1983 12800 300 1200 - - Precast 513,37 181,24 - 

102 Slab S/B/8/VT 
Hogehilweg 

22 
6 8th 1983 12800 250 1200 - - Precast 313,07 144,15 - 

103 Slab S/B/8/P 
Hogehilweg 

22 
3 8th 1983 7150 200 1200 - - Precast     - 

104 Slab S/B/8/MB 
Hogehilweg 

22 
1 8th 1983 7150 200 380 - - Precast 28,41 31,36 - 

105 Slab S/B/8/MB 
Hogehilweg 

22 
1 8th 1983 7150 200 1200 - - Precast 89,7 99,03 - 

      SUM 1169     8603 222 973             

106 
Façade 

element 
F/B/0/A0 

Hogehilweg 
22 

8 
GF to 

1st 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 3227,6 

107 
Façade 

element 
F/B/0-
1/A1 

Hogehilweg 
22 

16 
GF to 
2nd 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 2853,9 

108 
Façade 

element 
F/B/0-
2/A2 

Hogehilweg 
22 

28 
GF to 
3th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 2467,2 

109 
Façade 

element 
F/B/0-
3/A3 

Hogehilweg 
23 

32 
GF to 
4th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 2067,4 

110 
Façade 

element 
F/B/0-
4/A4 

Hogehilweg 
24 

36 
GF to 
5th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 1654,4 

111 
Façade 

element 
F/B/1-
5/A5 

Hogehilweg 
25 

36 
1st to 

6th 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 1228,4 

112 
Façade 

element 
F/B/2-
6/A6 

Hogehilweg 
26 

36 
2nd to 

7th 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 789,2 

113 
Façade 

element 
F/B/3-
7/A7 

Hogehilweg 
27 

28 
3th to 
Roof 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 336,9 

106 
Façade 

element 
F/B/0/B0 

Hogehilweg 
22 

2 
GF to 

1st 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 2434,7 

107 
Façade 

element 
F/B/0-
1/B1 

Hogehilweg 
22 

6 
GF to 
2nd 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 2164,0 

108 
Façade 

element 
F/B/0-
2/B2 

Hogehilweg 
22 

13 
GF to 
3th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 1878,3 

109 
Façade 

element 
F/B/0-
3/B3 

Hogehilweg 
23 

16 
GF to 
4th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 1577,7 
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110 
Façade 

element 
F/B/0-
4/B4 

Hogehilweg 
24 

19 
GF to 
5th 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 1262,0 

111 
Façade 

element 
F/B/1-
5/B5 

Hogehilweg 
25 

19 
1st to 

6th 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 931,4 

112 
Façade 

element 
F/B/2-
6/B6 

Hogehilweg 
26 

19 
2nd to 

7th 
1983 3585 3165 220 B52,5 

Feb 
400 

Precast - - 585,8 

113 
Façade 

element 
F/B/3-
7/B7 

Hogehilweg 
27 

11 
3th to 
Roof 

1983 3585 3165 220 B52,5 
Feb 
400 

Precast - - 225,2 

114 
Façade 

element 
F/B/0/C0 

Hogehilweg 
28 

1 
GF to 

1st 
1983 2335 3165 220 B52,5 

Feb 
400 

Precast - - 2150,5 

115 
Façade 

element 
F/B/0-
1/C1 

Hogehilweg 
29 

3 
GF to 
2nd 

1983 2335 3165 220 B52,5 
Feb 
400 

Precast - - 1902,3 

116 
Façade 

element 
F/B/0-
2/C2 

Hogehilweg 
30 

6 
GF to 
3th 

1983 2335 3165 220 B52,5 
Feb 
400 

Precast - -   

117 
Façade 

element 
F/B/0-
3/C3 

Hogehilweg 
31 

8 
GF to 
4th 

1983 2335 3165 220 B52,5 
Feb 
400 

Precast - -   

118 
Façade 

element 
F/B/0-
4/C4 

Hogehilweg 
32 

10 
GF to 
5th 

1983 2335 3165 220 B52,5 
Feb 
400 

Precast - -   

119 
Façade 

element 
F/B/1-
5/C5 

Hogehilweg 
33 

10 
1st to 

6th 
1983 2335 3165 220 B52,5 

Feb 
400 

Precast - -   

120 
Façade 

element 
F/B/2-
6/C6 

Hogehilweg 
34 

10 
2nd to 

7th 
1983 2335 3165 220 B52,5 

Feb 
400 

Precast - -   

121 
Façade 

element 
F/B/3-
7/C7 

Hogehilweg 
35 

6 
3th to 
Roof 

1983 2335 3165 220 B52,5 
Feb 
400 

Precast - -   

122 
Façade 

element 
F/B/0/D0 

Hogehilweg 
36 

1 
GF to 

1st 
1983 3520 3165 220 B52,5 

Feb 
400 

Precast - -   

123 
Façade 

element 
F/B/0-
1/D1 

Hogehilweg 
37 

3 
GF to 
2nd 

1983 3520 3165 220 B52,5 
Feb 
400 

Precast - -   

124 
Façade 

element 
F/B/0-
2/D2 

Hogehilweg 
38 

6 
GF to 
3th 

1983 3520 3165 220 B52,5 
Feb 
400 

Precast - -   

125 
Façade 

element 
F/B/0-
3/D3 

Hogehilweg 
39 

8 
GF to 
4th 

1983 3520 3165 220 B52,5 
Feb 
400 

Precast - -   

126 
Façade 

element 
F/B/0-
4/D4 

Hogehilweg 
40 

10 
GF to 
5th 

1983 3520 3165 220 B52,5 
Feb 
400 

Precast - -   

127 
Façade 

element 
F/B/1-
5/D5 

Hogehilweg 
41 

10 
1st to 

6th 
1983 3520 3165 220 B52,5 

Feb 
400 

Precast - -   

128 
Façade 

element 
F/B/2-
6/D6 

Hogehilweg 
42 

10 
2nd to 

7th 
1983 3520 3165 220 B52,5 

Feb 
400 

Precast - -   

129 
Façade 

element 
F/B/3-
7/D7 

Hogehilweg 
43 

7 
3th to 
Roof 

1983 3520 3165 220 B52,5 
Feb 
400 

Precast - -   

130 
Façade 

element 
F/B/0/E0 

Hogehilweg 
44 

1 
GF to 

1st 
1983 2400 3165 220 B52,5 

Feb 
400 

Precast - -   

131 
Façade 

element 
F/B/0-
1/E1 

Hogehilweg 
45 

3 
GF to 
2nd 

1983 2400 3165 220 B52,5 
Feb 
400 

Precast - -   

132 
Façade 

element 
F/B/0-
2/E2 

Hogehilweg 
46 

6 
GF to 
3th 

1983 2400 3165 220 B52,5 
Feb 
400 

Precast - -   

133 
Façade 

element 
F/B/0-
3/E3 

Hogehilweg 
47 

8 
GF to 
4th 

1983 2400 3165 220 B52,5 
Feb 
400 

Precast - -   

134 
Façade 

element 
F/B/0-
4/E4 

Hogehilweg 
48 

10 
GF to 
5th 

1983 2400 3165 220 B52,5 
Feb 
400 

Precast - -   

135 
Façade 

element 
F/B/1-
5/E5 

Hogehilweg 
49 

10 
1st to 

6th 
1983 2400 3165 220 B52,5 

Feb 
400 

Precast - -   

136 
Façade 

element 
F/B/2-
6/E6 

Hogehilweg 
50 

10 
2nd to 

7th 
1983 2400 3165 220 B52,5 

Feb 
400 

Precast - -   

137 
Façade 

element 
F/B/3-
7/E7 

Hogehilweg 
51 

10 
3th to 
Roof 

1983 2400 3165 220 B52,5 
Feb 
400 

Precast - -   

138 
Façade 

element 
F/B/7/F1 

Hogehilweg 
52 

8 
3th to 
Roof 

1983 3585 3165 220 B52,6 
Feb 
401 

Precast - - 225,2 

139 
Façade 

element 
F/B/7/F2 

Hogehilweg 
53 

8 
3th to 
Roof 

1983 3585 3165 220 B52,7 
Feb 
402 

Precast - - 336,9 
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140 
Façade 

element 
F/B/7/F3 

Hogehilweg 
54 

4 
3th to 
Roof 

1983 3520 3165 220 B52,8 
Feb 
403 

Precast - -   

141 
Façade 

element 
F/B/7/F4 

Hogehilweg 
55 

3 
3th to 
Roof 

1983 3520 3165 220 B52,9 
Feb 
404 

Precast - -   

      SUM 515     3128 3165 220             
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Office C 

Nr  
ELEMEN

T  
LABEL  BUILDING  

QUANTIT
Y 

  
FLOO

R  
YEAR  

L 
(mm) 

H 
(mm) 

W 
(mm) 

CONCRET
E  

 STEEL  TYPE  

MIN. 
Mrd 

(kNm
) 

MIN. 
Vrd 
(kN) 

MIN. 
Nrd 
(kN) 

1 Beam B/C/1-5/B1 
Karspeldree

f 2 
48 

1st to 
roof 

1988 4960 420 720 B55 
Feb 
500 

Precas
t 

294,0 275,4 - 

2 Beam B/C/1/B2 
Karspeldree

f 2 
2 1st   1988 3360 420 720 B55 

Feb 
500 

Precas
t 

    - 

3 Beam B/C/1/B3 
Karspeldree

f 2 
2 1st   1988 6970 420 720 B55 

Feb 
500 

Precas
t 

    - 

4 Beam B/C/1-5/B4 
Karspeldree

f 2 
2 

1st to 
roof 

1988 2690 420 720 B55 
Feb 
500 

Precas
t 

    - 

5 Beam B/C/1-5/B5 
Karspeldree

f 2 
1 

1st to 
roof 

1988 8210 420 720 B55 
Feb 
500 

Precas
t 

    - 

6 Beam B/C/2-5/B6 
Karspeldree

f 2 
10 

2nd to 
roof 

1988 3570 420 720 B55 
Feb 
500 

Precas
t 

147,6 275,4 - 

7 Beam B/C/2-5/B7 
Karspeldree

f 2 
10 

2nd to 
roof 

1988 7170 420 720 B55 
Feb 
500 

Precas
t 

159,6 180,5 - 

8 Beam B/C/1-5/B8 
Karspeldree

f 2 
10 

1st to 
roof 

1988 3780 420 720 B55 
Feb 
500 

Precas
t 

147,6 275,4 - 

9 Beam B/C/1-5/B9 
Karspeldree

f 2 
5 

1st to 
roof 

1988 8210 420 720 B55 
Feb 
500 

Precas
t 

471,0 245,3 - 

10 Beam 
B/C/1-
5/B10 

Karspeldree
f 2 

6 
1st to 
roof 

1988 3890 650 250 B45 
Feb 
500 

Precas
t 

    - 

11 Beam 
B/C/1-
5/B11 

Karspeldree
f 2 

5 
1st to 
roof 

1988 4460 500 250 B45 
Feb 
500 

Precas
t 

    - 

12 Beam 
B/C/1-
5/B11 

Karspeldree
f 2 

1 
1st to 
roof 

1988 4460 500 250 B45 
Feb 
500 

Precas
t 

    - 

13 Beam B/C/1/L1 
Karspeldree

f 2 
24 1st   1988 3580 400 600 B45 

Feb 
500 

Precas
t 

84,0 93,0 - 

14 Beam B/C/1/L1 
Karspeldree

f 2 
2 1st   1988 3580 400 600 B45 

Feb 
500 

Precas
t 

84,0 93,0 - 

15 Beam B/C/1/L2 
Karspeldree

f 2 
1 1st   1988 7180 400 600 B45 

Feb 
500 

Precas
t 

    - 

16 Beam B/C/1/L2 
Karspeldree

f 2 
1 1st   1988 7180 400 600 B45 

Feb 
500 

Precas
t 

    - 

17 Beam B/C/1/L3 
Karspeldree

f 2 
1 1st   1988 3580 400 600 B45 

Feb 
500 

Precas
t 

    - 

18 Beam B/C/1/L3 
Karspeldree

f 2 
1 1st   1988 3580 400 600 B45 

Feb 
500 

Precas
t 

    - 

19 Beam B/C/1/L4 
Karspeldree

f 2 
1 1st   1988 5810 400 600 B45 

Feb 
500 

Precas
t 

    - 

20 Beam B/C/1/L4 
Karspeldree

f 2 
1 1st   1988 5810 400 600 B45 

Feb 
500 

Precas
t 

    - 

21 Beam B/C/1/L5 
Karspeldree

f 2 
1 1st   1988 3770 400 600 B45 

Feb 
500 

Precas
t 

84,0 93,0 - 

22 Beam B/C/1/L5 
Karspeldree

f 2 
1 1st   1988 3770 400 600 B45 

Feb 
500 

Precas
t 

84,0 93,0 - 

23 Beam B/C/1/L6 
Karspeldree

f 2 
1 1st   1988 7280 400 600 B45 

Feb 
500 

Precas
t 

    - 

24 Beam B/C/1/L6 
Karspeldree

f 2 
1 1st   1988 7280 400 600 B45 

Feb 
500 

Precas
t 

    - 

      SUM 138     5172 426 601             

25 Column C/C/0-5/K1 
Karspeldree

f 2 
24 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1805,

4 

26 Column C/C/0-5/C 
Karspeldree

f 2 
2 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1337,

9 

27 Column C/C/0-5/C 
Karspeldree

f 2 
2 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1337,

9 
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28 Column C/C/0-5/K3 
Karspeldree

f 2 
2 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1456,

9 

29 Column C/C/0-5/K4 
Karspeldree

f 2 
4 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 465,8 

30 Column C/C/0-5/K5 
Karspeldree

f 2 
2 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1456,

9 

31 Column C/C/0-2/K6 
Karspeldree

f 2 
10 

GF to 
2nd 

1988 400 
1068

0 
400 B45 

Feb 
500 

Precas
t 

- - 
2813,

5 

32 Column C/C/3-5/K7 
Karspeldree

f 2 
10 

3th to 
roof 

1988 400 
1005

0 
400 B45 

Feb 
500 

Precas
t 

- - 
2813,

5 

33 Column C/C/0-5/K8 
Karspeldree

f 2 
1 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1337,

9 

34 Column C/C/0-5/K8 
Karspeldree

f 2 
1 

GF to 
roof 

1988 400 3450 400 B45 
Feb 
500 

Precas
t 

- - 
1337,

9 

35 Column C/C/0-5/K9 
Karspeldree

f 2 
2 

GF to 
roof 

1988 400 3725 400 B45 
Feb 
500 

Precas
t 

- - 
2471,

8 

      SUM 60     400 4732 400             

36 Core wall W/C/1/W1 
Karspeldree

f 2 
2 

1st 
floor 

1988 2965 3380 180 B45 
Feb 
500 

Precas
t 

- -   

37 Core wall W/C/1/W2 
Karspeldree

f 2 
1 

1st 
floor 

1988 2580 3380 180 B45 
Feb 
500 

Precas
t 

- -   

38 Core wall W/C/1/W3 
Karspeldree

f 2 
1 

1st 
floor 

1988 2820 3380 180 B45 
Feb 
500 

Precas
t 

- -   

39 Core wall W/C/1/W4 
Karspeldree

f 2 
1 

1st 
floor 

1988 2700 3380 180 B45 
Feb 
500 

Precas
t 

- -   

40 Core wall W/C/1/W5 
Karspeldree

f 2 
1 

1st 
floor 

1988 2535 3380 180 B45 
Feb 
500 

Precas
t 

- -   

41 Core wall W/C/1/W6 
Karspeldree

f 2 
1 

1st 
floor 

1988 2535 3380 180 B45 
Feb 
500 

Precas
t 

- -   

42 Core wall W/C/1/W7 
Karspeldree

f 2 
1 

1st 
floor 

1988 2580 3380 180 B45 
Feb 
500 

Precas
t 

- -   

43 Core wall W/C/1/W8 
Karspeldree

f 2 
1 

1st 
floor 

1988 2610 3380 180 B45 
Feb 
500 

Precas
t 

- -   

44 Core wall W/C/1/W9 
Karspeldree

f 2 
1 

1st 
floor 

1988 1240 3380 180 B45 
Feb 
500 

Precas
t 

- -   

45 Wall 
W/C/1/W1

0 
Karspeldree

f 2 
2 

1st 
floor 

1988 2690 3380 180 B45 
Feb 
500 

Precas
t 

- -   

46 Wall 
W/C/1/W1

1 
Karspeldree

f 2 
1 

1st 
floor 

1988 2690 3380 180 B45 
Feb 
500 

Precas
t 

- -   

47 Wall 
W/C/1/W1

2 
Karspeldree

f 2 
2 

1st 
floor 

1988 3160 3380 180 B45 
Feb 
500 

Precas
t 

- -   

48 Wall 
W/C/1/W1

3 
Karspeldree

f 2 
2 

1st 
floor 

1988 2470 3380 180 B45 
Feb 
500 

Precas
t 

- -   

49 Wall 
W/C/1/W1

4 
Karspeldree

f 2 
2 

1st 
floor 

1988 2470 3380 180 B45 
Feb 
500 

Precas
t 

- -   

50 Core wall 
W/C/2-
5/W15 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

51 Core wall 
W/C/2-
5/W15 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

52 Core wall 
W/C/2-
5/W15 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

53 Core wall 
W/C/2-
5/W16 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

54 Core wall 
W/C/2-
5/W16 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

55 Core wall 
W/C/2-
5/W16 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7640 3380 180 B45 

Feb 
500 

Precas
t 

- -   

56 Core wall 
W/C/5/W1

7 
Karspeldree

f 2 
5 Roof 1988 3870 3380 180 B45 

Feb 
500 

Precas
t 

- -   
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      SUM 34     4084 3380 180             

57 Slab S/C/1/101 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

58 Slab S/C/1/102 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 900 B52,5 
Fep 

1860 
Precas

t 
53,33 41,85 - 

59 Slab S/C/1/103 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 600 B52,5 
Fep 

1860 
Precas

t 
35,55 27,90 - 

60 Slab S/C/1/104 
Karspeldree

f 2 
16 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

61 Slab S/C/1/105 
Karspeldree

f 2 
10 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

62 Slab S/C/1/106 
Karspeldree

f 2 
10 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

63 Slab S/C/1/107 
Karspeldree

f 2 
1 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

64 Slab S/C/1/108 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

65 Slab S/C/1/109 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

66 Slab S/C/1/110 
Karspeldree

f 2 
2 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

67 Slab S/C/1/111 
Karspeldree

f 2 
1 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

68 Slab S/C/1/112 
Karspeldree

f 2 
1 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

69 Slab S/C/1/113 
Karspeldree

f 2 
1 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

70 Slab S/C/1/114 
Karspeldree

f 2 
1 

1st 
floor 

1988 6720 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

71 Slab S/C/1/115 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
54,0 54,6 - 

72 Slab S/C/1/116 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 900 B52,5 
Fep 

1860 
Precas

t 
27,38 41,10 - 

73 Slab S/C/1/117 
Karspeldree

f 2 
2 

1st 
floor 

1988 4920 200 600 B52,5 
Fep 

1860 
Precas

t 
18,25 27,40 - 

74 Slab S/C/1/118 
Karspeldree

f 2 
11 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
36,5 54,8 - 

75 Slab S/C/1/119 
Karspeldree

f 2 
11 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
36,5 54,8 - 

76 Slab S/C/1/120 
Karspeldree

f 2 
10 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
36,5 54,8 - 

77 Slab S/C/1/121 
Karspeldree

f 2 
2 

1st 
floor 

1988 4920 200 600 B52,5 
Fep 

1860 
Precas

t 
18,25 27,40 - 

78 Slab S/C/1/122 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 900 B52,5 
Fep 

1860 
Precas

t 
27,38 41,10 - 

79 Slab S/C/1/123 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
36,5 54,8 - 

80 Slab S/C/1/124 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
36,5 54,8 - 

81 Slab S/C/1/125 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 200 1200 B52,5 
Fep 

1860 
Precas

t 
54,0 54,6 - 

82 Slab S/C/1/126 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

83 Slab S/C/1/127 
Karspeldree

f 2 
1 

1st 
floor 

1988 4920 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

84 Slab S/C/1/128 
Karspeldree

f 2 
8 

1st 
floor 

1988 4920 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

85 Slab S/C/1/129 
Karspeldree

f 2 
2 

1st 
floor 

1988 3550 150 500 B52,5 
Fep 

1860 
Precas

t 
15,42 16,71 - 
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86 Slab S/C/1/130 
Karspeldree

f 2 
2 

1st 
floor 

1988 3550 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

87 Slab S/C/1/131 
Karspeldree

f 2 
1 

1st 
floor 

1988 3550 150 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

88 Slab S/C/1/132 
Karspeldree

f 2 
1 

1st 
floor 

1988 3550 150 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

89 Slab S/C/1/133 
Karspeldree

f 2 
2 

1st 
floor 

1988 3790 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

90 Slab S/C/1/134 
Karspeldree

f 2 
1 

1st 
floor 

1988 3790 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

91 Slab S/C/1/135 
Karspeldree

f 2 
2 

1st 
floor 

1988 2810 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

92 Slab S/C/1/136 
Karspeldree

f 2 
1 

1st 
floor 

1988 2810 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

93 Slab S/C/1/137 
Karspeldree

f 2 
1 

1st 
floor 

1988 2810 150 600 B52,5 
Fep 

1860 
Precas

t 
18,50 20,05 - 

94 Slab 
S/C/2-
4/201 

Karspeldree
f 2 

6 
2nd to 

4th   
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

    - 

95 Slab 
S/C/2-
4/202 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

96 Slab 
S/C/2-
4/203 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

97 Slab 
S/C/2-
4/204 

Karspeldree
f 2 

6 
2nd to 

4th   
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

    - 

98 Slab 
S/C/2-
5/205 

Karspeldree
f 2 

52 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

99 Slab 
S/C/2-
5/206 

Karspeldree
f 2 

40 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

100 Slab 
S/C/2-
5/207 

Karspeldree
f 2 

52 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

101 Slab 
S/C/2-
5/208 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

102 Slab 
S/C/2-
5/209 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

103 Slab 
S/C/2-
5/210 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

104 Slab 
S/C/2-
5/211 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

105 Slab 
S/C/2-
4/212 

Karspeldree
f 2 

24 
2nd to 

4th   
1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

106 Slab S/C/5/212 
Karspeldree

f 2 
6 

5th 
floor 

1988 6890 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

107 Slab S/C/5/213 
Karspeldree

f 2 
2 

5th 
floor 

1988 6890 200 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

108 Slab S/C/5/214 
Karspeldree

f 2 
2 

5th 
floor 

1988 6890 200 1200 B52,5 
Fep 

1860 
Precas

t 
    - 

109 Slab S/C/5/215 
Karspeldree

f 2 
1 

5th 
floor 

1988 6890 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

110 Slab S/C/5/216 
Karspeldree

f 2 
1 

5th 
floor 

1988 6890 200 1200 B52,5 
Fep 

1860 
Precas

t 
71,1 55,8 - 

111 Slab 
S/C/2-
5/217 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

112 Slab 
S/C/2-
5/218 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

113 Slab 
S/C/2-
5/219 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

114 Slab 
S/C/2-
5/220 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

115 Slab 
S/C/2-
5/221 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 
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116 Slab 
S/C/2-
5/222 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

117 Slab 
S/C/2-
5/223 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

118 Slab 
S/C/2-
5/224 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

119 Slab 
S/C/2-
5/225 

Karspeldree
f 2 

48 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

120 Slab 
S/C/2-
5/226 

Karspeldree
f 2 

40 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

121 Slab 
S/C/2-
5/227 

Karspeldree
f 2 

48 
2nd to 

5th 
1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

36,5 54,8 - 

122 Slab 
S/C/2-
5/228 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

123 Slab 
S/C/2-
5/229 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 5090 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

124 Slab 
S/C/2-
5/230 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 3550 150 1200 B52,5 

Fep 
1860 

Precas
t 

    - 

125 Slab 
S/C/2-
5/231 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 3550 150 1200 B52,5 

Fep 
1860 

Precas
t 

    - 

126 Slab 
S/C/2-
5/232 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 2810 150 600 B52,5 

Fep 
1860 

Precas
t 

18,50 20,05 - 

127 Slab 
S/C/2-
5/233 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 2810 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

128 Slab 
S/C/2-
5/234 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 3790 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

129 Slab S/C/5/235 
Karspeldree

f 2 
6 

5th 
floor 

1988 5090 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

130 Slab 
S/C/2-
4/235 

Karspeldree
f 2 

24 
2nd to 

4th   
1988 5090 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

131 Slab 
S/C/2-
5/236 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 3550 150 500 B52,5 

Fep 
1860 

Precas
t 

15,42 16,71 - 

132 Slab 
S/C/2-
5/237 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 3550 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

133 Slab 
S/C/2-
5/238 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 2810 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

134 Slab 
S/C/2-
5/239 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 3790 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

135 Slab S/C/5/240 
Karspeldree

f 2 
1 

5th 
floor 

1988 5090 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

136 Slab S/C/5/241 
Karspeldree

f 2 
1 

5th 
floor 

1988 5090 150 1200 B52,5 
Fep 

1860 
Precas

t 
37,0 40,1 - 

137 Slab S/C/6/301 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

138 Slab S/C/6/302 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

139 Slab S/C/6/303 
Karspeldree

f 2 
1 Roof 1988 6890 200 600 B52,5 

Fep 
1860 

Precas
t 

46,70 28,70 - 

140 Slab S/C/6/304 
Karspeldree

f 2 
3 Roof 1988 6890 200 600 B52,5 

Fep 
1860 

Precas
t 

46,70 28,70 - 

141 Slab S/C/6/305 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

142 Slab S/C/6/306 
Karspeldree

f 2 
25 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

143 Slab S/C/6/307 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

144 Slab S/C/6/308 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

145 Slab S/C/6/309 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 



17 
Appendix A – Overview of precast elements in available office buildings 

146 Slab S/C/6/310 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

147 Slab S/C/6/311 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

71,1 55,8 - 

148 Slab S/C/6/312 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

149 Slab S/C/6/313 
Karspeldree

f 2 
2 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

150 Slab S/C/6/314 
Karspeldree

f 2 
5 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

151 Slab S/C/6/315 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

152 Slab S/C/6/316 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

153 Slab S/C/6/317 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

154 Slab S/C/6/318 
Karspeldree

f 2 
1 Roof 1988 6890 200 1200 B52,5 

Fep 
1860 

Precas
t 

93,4 57,4 - 

155 Slab S/C/6/319 
Karspeldree

f 2 
2 Roof 1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

156 Slab S/C/6/320 
Karspeldree

f 2 
4 Roof 1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

157 Slab S/C/6/321 
Karspeldree

f 2 
4 Roof 1988 5090 200 600 B52,5 

Fep 
1860 

Precas
t 

27,00 27,30 - 

158 Slab S/C/6/322 
Karspeldree

f 2 
31 Roof 1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

159 Slab S/C/6/323 
Karspeldree

f 2 
3 Roof 1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

160 Slab S/C/6/324 
Karspeldree

f 2 
1 Roof 1988 5090 200 1200 B52,5 

Fep 
1860 

Precas
t 

54,0 54,6 - 

161 Slab S/C/6/325 
Karspeldree

f 2 
1 Roof 1988 6890 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

162 Slab S/C/6/326 
Karspeldree

f 2 
8 Roof 1988 6890 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

163 Slab S/C/6/327 
Karspeldree

f 2 
1 Roof 1988 6890 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

164 Slab S/C/6/328 
Karspeldree

f 2 
2 Roof 1988 3550 150 500 B52,5 

Fep 
1860 

Precas
t 

15,42 16,71 - 

165 Slab S/C/6/329 
Karspeldree

f 2 
4 Roof 1988 3550 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

166 Slab S/C/6/330 
Karspeldree

f 2 
1 Roof 1988 2810 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

167 Slab S/C/6/331 
Karspeldree

f 2 
2 Roof 1988 2810 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

168 Slab S/C/6/332 
Karspeldree

f 2 
1 Roof 1988 2810 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

169 Slab S/C/6/333 
Karspeldree

f 2 
1 Roof 1988 3760 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

170 Slab S/C/6/334 
Karspeldree

f 2 
2 Roof 1988 3760 150 1200 B52,5 

Fep 
1860 

Precas
t 

37,0 40,1 - 

      SUM 686     5485 184 1132             

171 
Façade 

element 
F/C/2-5/G1 

Karspeldree
f 2 

60 
2nd to 

5th 
1988 7180 3380 180 B45 

Feb50
0 

Precas
t 

- - 635,8 

172 
Façade 

element 
F/C/2-5/G2 

Karspeldree
f 2 

1 
2nd to 

5th 
1988 7810 3380 180 B45 

Feb 
500 

Precas
t 

- -   

173 
Façade 

element 
F/C/2-5/G2 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7810 3380 180 B45 

Feb 
500 

Precas
t 

- -   

174 
Façade 

element 
F/C/2-5/G2 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7810 3380 180 B45 

Feb 
500 

Precas
t 

- -   
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175 
Façade 

element 
F/C/2-5/G3 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 7390 3380 180 B45 

Feb 
500 

Precas
t 

- -   

176 
Façade 

element 
F/C/2-5/G3 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 7390 3380 180 B45 

Feb 
500 

Precas
t 

- -   

177 
Façade 

element 
F/C/2-5/G4 

Karspeldree
f 2 

16 
2nd to 

5th 
1988 5590 3380 180 B45 

Feb 
500 

Precas
t 

- -   

178 
Façade 

element 
F/C/2-5/G5 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 3580 3380 180 B45 

Feb 
500 

Precas
t 

- -   

179 
Façade 

element 
F/C/2-5/G6 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 3580 3380 180 B45 

Feb 
500 

Precas
t 

- -   

180 
Façade 

element 
F/C/2-5/G7 

Karspeldree
f 2 

  
2nd to 

5th 
1988 7810 3650 180 B45 

Feb 
500 

Precas
t 

- -   

181 
Façade 

element 
F/C/2-5/G8 

Karspeldree
f 2 

8 
2nd to 

5th 
1988 5600 3380 180 B45 

Feb 
500 

Precas
t 

- -   

182 
Façade 

element 
F/C/2-5/G9 

Karspeldree
f 2 

10 
2nd to 

5th 
1988 3580 3380 180 B45 

Feb 
500 

Precas
t 

- -   

183 
Façade 

element 
F/C/2-
5/G10 

Karspeldree
f 2 

  
2nd to 

5th 
1988 7390 3380 180 B45 

Feb 
500 

Precas
t 

- - 1224 

184 
Façade 

element 
F/C/2-
5/G11 

Karspeldree
f 2 

4 
2nd to 

5th 
1988 7810 3380 180 B45 

Feb 
500 

Precas
t 

- -   

185 
Façade 

element 
F/C/2-
5/G12 

Karspeldree
f 2 

  
2nd to 

5th 
1988 7390 3380 180 B45 

Feb 
500 

Precas
t 

- -   

186 
Façade 

element 
F/C/2-
5/G13 

Karspeldree
f 2 

2 
2nd to 

5th 
1988 3580 3380 180 B45 

Feb 
500 

Precas
t 

- -   

187 
Façade 

element 
F/C/2-
5/G14 

Karspeldree
f 2 

  
2nd to 

5th 
1988 5590 3180 180 B45 

Feb 
500 

Precas
t 

- -   

      SUM 131     6288 3384 180             
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Office D 
Nr  ELEMENT  LABEL  BUILDING  QUANTITY FLOOR  YEAR  

L 
(mm) 

H 
(mm) 

W 
(mm) 

CONCRETE 
 

STEEL  
TYPE  

MIN. 
Mrd 

(kNm) 

MIN. 
Vrd 
(kN) 

MIN. 
Nrd 
(kN) 

1 
Edge 

column 
C/D/1/- 

Paasheuvelweg 
6 

20 
GF to 

1st  
1988 400 3080 400 B25 

Feb 
500 

In situ - - 766 

2 
Edge 

column 
C/D/2/- 

Paasheuvelweg 
6 

20 
1st to 
2nd  

1988 400 3080 400 B25 
Feb 
500 

In situ - - 766 

3 
Edge 

column 
C/D/3/- 

Paasheuvelweg 
6 

20 
2nd to 
Roof 

1988 400 3080 400 B25 
Feb 
500 

In situ - - 766 

4 
Middle 
column 

C/D/1/- 
Paasheuvelweg 

6 
8 

GF to 
1st  

1988 400 3080 400 B25 
Feb 
500 

In situ - - 1277 

5 
Middle 
column 

C/D/2/- 
Paasheuvelweg 

6 
8 

1st to 
2nd 

1988 400 3080 400 B25 
Feb 
500 

In situ - - 1277 

6 
Middle 
column 

C/D/3/- 
Paasheuvelweg 

6 
8 

2nd to 
Roof 

1988 400 3080 400 B25 
Feb 
500 

In situ - - 1277 

      SUM 84     400 3080 400             

7 Beam B/D/1-3/B1 
Paasheuvelweg 

6 
18 

1st  to 
Roof 

1988 5020 1120 400 B45 
Feb 
500 

Precast 153,16 
147,5-
310,1 

- 

8 Beam B/D/1-3/B2 
Paasheuvelweg 

6 
12 

1st to 
Roof 

1988 5020 1120 400 B45 
Feb 
500 

Precast 153,16 
147,5-
310,1 

- 

9 Beam B/D/1-3/B3 
Paasheuvelweg 

6 
12 

1st  to 
Roof 

1988 5020 1120 400 B45 
Feb 
500 

Precast 60,54 - - 

10 Beam B/D/1-3/B3 
Paasheuvelweg 

6 
12 

1st  to 
Roof 

1988 5020 1120 400 B45 
Feb 
500 

Precast 60,54 - - 

11 Beam B/D/1-3/B4 
Paasheuvelweg 

6 
12 

1st  to 
Roof 

1988 1520 1120 400 B45 
Feb 
500 

Precast 63,37 - - 

12 Beam B/D/1/B5 
Paasheuvelweg 

6 
2 1st 1988 5020 620 700 B45 

Feb 
500 

Precast 171,95 
76,2-
273,7 

- 

13 Beam B/D/1/B6 
Paasheuvelweg 

6 
4 1st 1988 3220 620 700 B45 

Feb 
500 

Precast 171,95 
76,2-
273,7 

- 

13 Beam B/D/2/B6 
Paasheuvelweg 

6 
2 2nd 1988 3220 620 700 B45 

Feb 
500 

Precast 127,71 
76,2-
273,7 

- 

14 Beam B/D/3/B6 
Paasheuvelweg 

6 
2 3th 1988 3220 620 700 B45 

Feb 
500 

Precast 112,27 
76,2-
273,7 

- 

15 Beam B/D/2/B7 
Paasheuvelweg 

6 
2 2nd 1988 5020 620 550 B45 

Feb 
500 

Precast 127,71 
87,0-
109,0 

- 

16 Beam B/D/3/B7 
Paasheuvelweg 

6 
2 3th 1988 5020 620 550 B45 

Feb 
500 

Precast 112,27 
87,0-
109,0 

- 

17 Beam B/D/2/B8 
Paasheuvelweg 

6 
2 2nd 1988 3220 620 550 B45 

Feb 
500 

Precast 127,71 
87,0-
109,0 

- 

18 Beam B/D/3/B8 
Paasheuvelweg 

6 
2 3th 1988 3220 620 550 B45 

Feb 
500 

Precast 112,27 
87,0-
109,0 

- 

    
  SUM 84 

    
4058 812 538 

            

19 Slab S/D/1/1101 
Paasheuvelweg 

6 
17 1st 1988 12280 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

20 Slab S/D/2/1101 
Paasheuvelweg 

6 
18 2nd 1988 12280 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

21 Slab S/D/3/1101 
Paasheuvelweg 

6 
18 Roof 1988 12280 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

22 Slab 
S/D/1-
3/1102 

Paasheuvelweg 
6 

6 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

23 Slab 
S/D/1-
3/1103 

Paasheuvelweg 
6 

6 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

24 Slab 
S/D/1-
3/1104 

Paasheuvelweg 
6 

6 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

25 Slab 
S/D/1-
3/1105 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 
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26 Slab 
S/D/1-
3/1106 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

27 Slab 
S/D/1-
3/1107 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

28 Slab 
S/D/1-
3/1108 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 12280 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

29 Slab 
S/D/1-
3/1110 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

30 Slab 
S/D/1-
3/1111 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

31 Slab S/D/1/1112 
Paasheuvelweg 

6 
11 1st 1988 10580 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

32 Slab S/D/2/1112 
Paasheuvelweg 

6 
12 2nd 1988 10580 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

33 Slab S/D/3/1112 
Paasheuvelweg 

6 
12 Roof 1988 10580 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

34 Slab 
S/D/1-
3/1113 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

35 Slab 
S/D/1-
3/1114 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

36 Slab 
S/D/1-
3/1115 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

37 Slab 
S/D/1-
3/1116 

Paasheuvelweg 
6 

3 
1st to 
Roof 

1988 10580 320 1200 B60 
Fep 

1860 
Precast 399,0 147,0 - 

38 Slab S/D/1/1117 
Paasheuvelweg 

6 
1 1st 1988 12280 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

39 Slab S/D/1/1118 
Paasheuvelweg 

6 
1 1st 1988 10580 320 1200 B60 

Fep 
1860 

Precast 399,0 147,0 - 

40 Slab S/D/1/1201 
Paasheuvelweg 

6 
8 1st  1988 6760 320 1200 B60 

Fep 
1860 

Precast 181,1 147,0 - 

41 Slab S/D/1/1201 
Paasheuvelweg 

6 
5 1st  1988 6760 320 1200 B60 

Fep 
1860 

Precast 181,1 147,0 - 

42 Slab S/D/1/1201 
Paasheuvelweg 

6 
5 1st  1988 6760 320 1200 B60 

Fep 
1860 

Precast 181,1 147,0 - 

43 Slab S/D/1/1202 
Paasheuvelweg 

6 
1 1st  1988 6760 320 470 B60 

Fep 
1860 

Precast 70,93 147,0 - 

44 Slab S/D/1/1203 
Paasheuvelweg 

6 
6 1st  1988 1550 320 1200 B60 

Fep 
1860 

Precast 155,4 147,0 - 

45 Slab S/D/1/1204 
Paasheuvelweg 

6 
2 1st  1988 6760 320 1200 B60 

Fep 
1860 

Precast 181,1 147,0 - 

      SUM 165     10231 320 1173             
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Appendix B – Load calculations apartment building 
Based on the load calculations of the original apartment design 
 

Structure 
General 
Foundation: continues footing on improved soil 
Ground floor: HCS 260 mm 
Floor 1-4: HCS 320 mm 
Roof floor: HCS 260 mm 
Balconies: prefab concrete ca. 300 mm 
Walls: 250 mm 
Short façade walls: 220 mm 
Long façade walls: 90 mm 
 

Concrete pedestals 
The HCS are placed on top of the walls, with the next wall on top of the HCS again. This principle has a capacity up to 
ca. 610 kN/m. Where the loads are higher than this capacity, the capacity has to be increased. This can be done by 
means of concrete pedestals that directly connect wall to wall. 
 

Stability 
All floors will be executed as stiff planes which can redistribute the forces from wind and skewing over the stability 
walls. Therefore the floors have to be coupled to the walls. The stability in the north-south direction is assured by four 
shear walls. The stability in the east-west direction is assured by one shear wall, which is part of the concrete core. 
 

Balconies 
The prefab concrete balconies will be placed on steel profiles connected to the floor and on steel columns outside the 
building. 
 

Loads 
Load calculation 
Consequence class: CC2 
Reliability class: β=3,8 
KFI factor: 1,0 
Design lifetime: 50 years 

Table NB.3 – A1.2(A) – Design values of loads (EQU) (Group A) 

Permanent 
and variable 

design 
situations 

Permanent loads Governing 
variable load 

Variable loads simultaneously 
with the governing load 

Unfavourable Favourable Most 
important (if 
present) 

Other 

(Eq. 6.10) 1,1 Gk,j,sup 0,9 Gk,j,inf   1,5 Ψ0,i Qk,i 
(i>1) 

Table NB.4 – A1.2(B) – Design values of loads (STR/GEO) (Group B) 

Permanent 
and variable 

design 
situations 

Permanent loads Governing 
variable load 

Variable loads simultaneously 
with the governing load 

Unfavourable Favourable  Other 

(Eq. 6.10a) 1,35 Gk,j,sup
a 0,9 Gk,j,inf  1,5 Ψ0,1 Qk,1 1,5 Ψ0,i Qk,i 

(i>1) 
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(Eq. 6.10b) 1,2 Gk,j,sup
b 0,9 Gk,j,inf 1,5 Qk,1  1,5 Ψ0,i Qk,i 

(i>1) 
a For liquids with a fysical limited value 1,2 Gk,j,sup is sufficient. 
b This value is calculated with ξ = 0,89. 

TABLE 43: DESIGN VALUES OF LOADS [1] 

Usage class: A 

 qk 
kN/m2 

Qk 
kN 

Floors 1,75 3 

Staircases 2,0 3 

Balcony’s 2,5 3 

Access 
spaces 

2 3 

TABLE 44: IMPOSED LOADS FOR USAGE CLASS A [1] 

Movable separation walls with a mass >1≤2,0 kN/m wall length: qk = 0,8 kN/m2 

Instantaneous factors: Ψ0 = 0,4, Ψ1 = 0,3 , Ψ2 = 0,3 
 

Fire resistance 
Fire resistance: 90 min 
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Loads on building components 
Dakvloer kanaalplaat 260mm Grep 7,65 kN/m² Qrep 2 y0 = 0 

  Dakballast, 50 mm grind. 0,8 kN/m²         

  Isolatie 150 mm steenwol. 0,15 kN/m²         

  Kanaalplaat AL260 5,05 kN/m²         

  Afschotlaag gemiddeld 75 mm 1,5 kN/m²         

  Plafond en leidingen. 0,15 kN/m²         

                

  Veranderlijk. 2 kN/m²         

  Sneeuw. 0,56 kN/m² y0 = 0     

  Wateraccumulatie. niet maatgevend (voldoende noodoverlaten toepassen) 

                

                

Verd.vloer appartementenvloer  Grep 8,25 kN/m² Qrep 2,55 y0 = 0,4 

 AL320 of AL260 met druklaag (even zwaar)  Afwerkvloer h = 60 mm. 1,2 kN/m²         

  Appartementenvloer 320 7,05 kN/m²         

                

  Lichte scheidingswanden 0,8 kN/m² -> gewicht per m¹= 2 kN/m¹ 

  Veranderlijk. 1,75 kN/m² y0 = 0,4     

                

                

Trap/bordes 300mm Grep 7,5 kN/m² Qrep 2 y0 = 0,4 

                

  Prefab betonplaat 300 mm 7,5 kN/m²         

                

  Veranderlijk. 2 kN/m² y0 = 0,4     

                

                

Balkon prefab 300mm Grep 7,5 kN/m² Qrep 2,5 y0 = 0,4 

                

  Prefab betonplaat 300 mm 7,5 kN/m²         

                

  Veranderlijk. 2,5 kN/m² y0 = 0,4     

                

                

Beganegrondvloer geïsoleerd 260mm Grep 5,03 kN/m² Qrep 2,55 y0 = 0,4 

  Afwerkvloer h = 60 mm. 1,2 kN/m²         

  Geisoleerde kanaalplaatvloer 260 3,83 kN/m²         

                

  Lichte scheidingswanden 0,8 kN/m² -> gewicht per m¹= 2 kN/m¹ 

  Veranderlijk. 1,75 kN/m² y0 = 0,4     

                

                

Bouwmuur Appartementen 250mm       Grep 6,25 kN/m²         

  Betonwand h = 250 mm. 6,25 kN/m²         
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Gevel metselwerk 75% gesloten       Grep 1,35 kN/m²         

  Metselwerk 75% dicht 1,35 kN/m²         

                

                

Binnenspouwblad 75% gesloten       Grep 1,62 kN/m²         

  Betonwand h = 90 mm, 75 % dicht 1,62 kN/m²         

        
Dragende gevels 220mm 85% gesloten       Grep 6,21 kN/m²         

  Betonwand h = 220 mm, 4,68 kN/m²         

  Metselwerk   1,53 kN/m²         

                

                

Dragende gevels 250mm 100% gesloten       Grep 8,05 kN/m²         

  Betonwand h = 250 mm, 6,25 kN/m²         

  Metselwerk   1,8 kN/m²         

                

                

Niet dragende gevels 90mm 75% gesloten       Grep 2,97 kN/m²         

  Betonwand h = 90 mm, 75 % dicht 1,62 kN/m²         

  Metselwerk 75% dicht 1,35 kN/m²         

                

                

                

Niet dragende gevels 90mm 100% gesloten       Grep 3,96 kN/m²         

  Betonwand h = 90 mm, 100 % dicht 2,16 kN/m²         

  Metselwerk 100% dicht 1,8 kN/m²         

                

                

Funderingsstrook bouwmuur Grep 31,25 kN/m1         

  Betonstrook 2500 x 400 25 kN/m1         

  Opstort 500 x 500 6,25 kN/m1         

                

                

Funderingsstrook kopgevel Grep 25,55 kN/m1         

  Betonstrook 2000 x 400 20 kN/m1         

  Metselwerk 1,8 kN/m1         

  Opstort 300 x 500 3,75 kN/m1         

                

                

Funderingsstrook gevel Grep 16,05 kN/m1         

  Betonstrook 1300 x 400 13 kN/m1         

  Metselwerk 1,8 kN/m1         

  Opstort 100 x 500 1,25 kN/m1         

                

                

Stalen vluchttrap Grep 2 kN/m² Qrep 2 y0 = 0,4 
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  Stalen vluchttrap 2 kN/m²         

                

  Veranderlijk. 2 kN/m² y0 = 0,4     

                

                

Wand trappenhuis t.p.v. as A'       Grep 6,25 kN/m²         

  Betonwand h = 250 mm. 6,25 kN/m²         

                

                

Lift t.p.v. as 4' / B Grep 766,76 kN Qrep 100 y0 = 0,4 

  Grep 75,17 kN/m Qrep 9,8 y0 = 0 

                

(Hoogte inclusief uitloop dak) Liftschacht 3400x1600x10500 d=250 656,25 kN         

  Putwand 2300x1600x1400 d=350 95,55 kN         

  Dakvloer 2100x1900x150 14,96 kN         

                

  Veranderlijk. 100 kN y0 = 0,4     
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Loads on walls and foundation 
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Lijnlast as 1 en 5                         

Dakvloer kanaalplaat 260mm 1 4,95   5 7,65 37,9 2 9,9 0 0     

Dragende gevels 220mm 85% gesloten Verd 
extreem? 

NEE  1,00 0 3 3 6,21 

18,6 

  9,9   0     
56,5 

druk net boven 4e verd.           56,5   0   0 67,8 76,3 

Verd.vloer appartementenvloer  1 4,95   5 8,25 40,8 2,55 12,6 
0,
4 

5     

Dragende gevels 220mm 85% gesloten Verd 
extreem? 

JA 1,00 1 3 3 6,21 

18,6 

  37,8   15,0     
178,5 

druk net boven 1e verd.           235,0   37,8   15,0 338,7 339,8 

Verd.vloer appartementenvloer  1 4,95   5 8,25 40,8 2,55 12,6 
0,
4 

5     

Dragende gevels 220mm 85% gesloten Verd 
extreem? 

JA 1,00 1 3 3 6,21 

18,6 

  12,6   5     
59,5 

druk net boven BGG           294,5   50,4   20,0 429,0 427,6 

                          

Beganegrondvloer geïsoleerd 260mm 1 4,95   5 5,03 24,9 2,55 12,6 
0,
4 

5     

Funderingsstrook kopgevel 
1,00 
NEE  

0   1 25,55 

25,6 

  12,6   5     
Verd extreem? 50,4 

druk op de palen           344,9   63,0   25,0 508,4 503,1 

                          

Stabiliteitskracht stabiliteitsvoorziening op funderingsniveau 

      
  

-72,9 0 

0 

560,7   
Lege regel 0,00 0,00 0 0 

totaal opwaarts               -72,9         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   201,1 kN druk         

druk op palen max( 508,4 
503,
1 

560,7 )  = 560,7 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Lijnlast as 2 en 4                         

Dakvloer kanaalplaat 260mm 1 8,7   8,7 7,65 66,6 2 17,4 0 0     

Bouwmuur Appartementen 250mm Verd extreem? NEE  1,00 0 3 3 6,25 

18,8 

  17,4   0     
85,3 

druk net boven 4e verd.           85,3   0   0 102,4 115,2 

Verd.vloer appartementenvloer  1 8,7   8,7 8,25 71,8 2,55 22,2 
0,
4 

8,9     

Bouwmuur Appartementen 250mm Verd extreem? JA 1,00 1 3 3 6,25 

18,8 

  66,6   26,7     
271,5 

druk net boven 1e verd.           356,8   66,6   26,7 528,1 521,7 

Verd.vloer appartementenvloer  1 8,7   8,7 8,25 71,8 2,55 22,2 
0,
4 

8,9     

Bouwmuur Appartementen 250mm Verd extreem? JA 1,00 1 3 3 6,25 

18,8 

  22,2   8,9     
90,5 

druk net boven BGG           447,3   88,8   35,6 670,0 657,3 
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Beganegrondvloer geïsoleerd 260mm 1 8,7   8,7 5,03 43,8 2,55 22,2 
0,
4 

8,9     

Funderingsstrook bouwmuur 
1,00 
NEE  

0   1 31,25 

31,3 

  22,2   8,9     
Verd extreem? 75 

druk op de palen           522,3   111,0   44,5 793,3 771,9 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         -99,1   0 

842,2 

  

Lege regel 0 0         0 0 0 0   

totaal opwaarts               -99,1         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   321,4 kN druk         

druk op palen max( 793,3 
771,
9 

842,2 )  = 842,2 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Lijnlast as 3                         

Dakvloer kanaalplaat 260mm 1 7,5   7,5 7,65 57,4 2 15 0 0     

Bouwmuur Appartementen 250mm Verd extreem? NEE  1,00 0 3 3 6,25 

18,8 

  15   0     
76,1 

druk net boven 4e verd.           76,1   0   0 91,4 102,8 

Verd.vloer appartementenvloer  1 7,5   7,5 8,25 61,9 2,55 19,1 
0,
4 

7,7     

Bouwmuur Appartementen 250mm Verd extreem? JA 1,00 1 3 3 6,25 

18,8 

  57,3   23,1     
241,8 

druk net boven 1e verd.           317,9   57,3   23,1 467,4 463,8 

Verd.vloer appartementenvloer  1 7,5   7,5 8,25 61,9 2,55 19,1 
0,
4 

7,7     

Bouwmuur Appartementen 250mm Verd extreem? JA 1,00 1 3 3 6,25 

18,8 

  19,1   7,7     
80,6 

druk net boven BGG           398,5   76,4   30,8 592,8 584,2 

                          

Beganegrondvloer geïsoleerd 260mm 1 7,5   7,5 5,03 37,7 2,55 19,1 
0,
4 

7,7     

Funderingsstrook bouwmuur 
1,00 
NEE  

0   1 31,25 

31,3 

  19,1   7,7     
Verd extreem? 69 

druk op de palen           467,5   95,5   38,5 704,3 688,9 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         -74,1   0 

729,8 

  

Lege regel 0 0         0 0 0 0   

totaal opwaarts               -74,1         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   309,7 kN druk         

druk op palen max( 704,3 
688,
9 

729,8 )  = 729,8 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Lijnlast as A en D                         

Lege regel 1 4   4 0 0 0 0 0 0     

Gevel metselwerk 75% gesloten 

NEE  1,00 0 3,5 3,5 1,35 

4,7 

  0   0     
Verd extreem? 4,7 
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druk net boven 4e verd.           4,7   0   0 5,7 6,4 

Lege regel 1 4   4 0 0 0 0 0 0     

Gevel metselwerk 75% gesloten 

NEE  1,00 0 3 3 1,35 

4,1 

  0,0   0,0     
Verd extreem? 12,3 

druk net boven 1e verd.           17,0   0,0   0,0 20,4 23,0 

Lege regel 1 4   4 0 0 0 0 0 0     

Niet dragende gevels 90mm 100% gesloten Verd 
extreem? 

NEE  1,00 0 3 3 3,96 

11,9 

  0   0     
11,9 

druk net boven BGG           28,9   0,00   0,0 34,7 39,0 

                          

Beganegrondvloer geïsoleerd 260mm 1 0,6   0,6 5,03 3 2,55 1,5 
0,
4 

0,6     

Funderingsstrook gevel 

1,00 JA 1   1 16,05 

16,1 

  1,5   0,6     
Verd extreem? 19,1 

druk op de palen           48,0   1,5   0,6 59,9 65,7 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 58,5   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   43,2 kN druk         

druk op palen max( 59,9 65,7 58,5 )  = 65,7 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as A-2, D-2 en D-4                         

Lege regel 1 4   4 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  8,70 0 3 26,1 1,62 

42,3 

  0   0     
Verd extreem? 42,3 

druk net boven 4e verd.           42,3   0   0 50,7 57,1 

Balkon prefab 300mm 1 2,25   2,3 7,5 16,9 2,5 5,6 
0,
4 

2,3     

Gevel metselwerk 75% gesloten   3,15 3 9,5 1,35 12,8             

Binnenspouwblad 75% gesloten 

JA 6,35 1 3 19,1 1,62 

30,9 

  16,8   6,9     
Verd extreem? 181,5 

druk net boven 1e verd.           198,4   22,4   9,2 271,7 281,6 

Balkon prefab 300mm 1 2,25   2,3 7,5 16,9 2,5 5,6 
0,
4 

2,3     

Gevel metselwerk 75% gesloten   3,15 3 9,5 1,35 12,8             

Lege regel 

JA 6,35 1 3 19,1 0 

0 

  5,6   2,3     
Verd extreem? 29,6 

druk net boven BGG           46,5   11,2   4,6 72,6 69,7 

                          

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           46,5   11,2   4,6 72,6 69,7 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 62,7   

Lege regel 0 0         0 0 0 0     
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totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   41,9 kN druk         

druk op palen max( 72,6 69,7 62,7 )  = 72,6 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

lijnlast lift as 4' (links)                         

                          

Lift t.p.v. as 4' / B 0,5 0,31   0,2 
766,7
6 

119,8 100 15,6 
0,
4 

6,3     

Dakvloer kanaalplaat 260mm Lege regel 1 

1,85 

3 3 

7,65 

0 2   0       
1 0 

Verd extreem? NEE  0       119,8   15,6   6,3     

druk net boven 4e verd.           119,8   6,3   6,3 153,1 171,1 

Verd.vloer appartementenvloer  1 1,85   1,9 8,25 15,3 2,55 4,7 
0,
4 

1,9     

Lege regel 

JA 1,00 1 3 3 0 

0 

  14,1   5,7     
Verd extreem? 45,9 

druk net boven 1e verd.           165,7   20,4   12,0 229,4 241,7 

Verd.vloer appartementenvloer  1 1,85   1,9 8,25 15,3 2,55 4,7 
0,
4 

1,9     

Lege regel 

JA 1,00 1 3 3 0 

0 

  4,7   1,9     
Verd extreem? 15,3 

druk net boven BGG           181,0   25,1   13,9 254,9 265,2 

                          

Beganegrondvloer geïsoleerd 260mm 1 1,85   1,9 5,03 9,3 2,55 4,7 
0,
4 

1,9     

Funderingsstrook bouwmuur 
1,00 
NEE  

0   1 31,25 

31,3 

  4,7   1,9     
Verd extreem? 40,6 

druk op de palen           221,6   29,8   15,8 310,6 322,9 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 289,6   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   199,4 kN druk         

druk op palen max( 310,6 
322,
9 

289,6 )  = 322,9 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

lijnlast lift as 4'' (rechts)                         

                          

Lift t.p.v. as 4' / B 0,5 0,31   0,2 
766,7
6 

119,8 100 15,6 
0,
4 

6,3     

Dakvloer kanaalplaat 260mm Lege regel 1 

2,18 

3 3 

7,65 

0 2   0       
1 0 

Verd extreem? JA 1       119,8   15,6   6,3     

druk net boven 4e verd.           119,8   15,6   6,3 167,2 171,1 

Lege regel 1 1,85   1,9 0 0 0 0 0 0     

Lege regel JA 1,00 1 3 3 0 0   0,0   0,0     
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Verd extreem? 0,0 

druk net boven 1e verd.           119,8   15,6   6,3 167,2 171,2 

Lege regel 1 1,85   1,9 0 0 0 0 0 0     

Lege regel 

JA 1,00 1 3 3 0 

0 

  0   0     
Verd extreem? 0 

druk net boven BGG           119,8   15,6   6,3 167,2 171,2 

                          

Beganegrondvloer geïsoleerd 260mm 1 2,18   2,2 5,03 10,9 2,55 5,5 
0,
4 

2,2     

Funderingsstrook bouwmuur 
1,00 
NEE  

0   1 31,25 

31,3 

  5,5   2,2     
Verd extreem? 42,2 

druk op de palen           162,0   21,1   8,5 226,1 231,5 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 207,2   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   145,8 kN druk         

druk op palen max( 226,1 
231,
5 

207,2 )  = 231,5 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. MANENTE LASTVERANDERLIJKE LAST     REKENWAARDEN TOT. 

  L B H totaal grep Grep qrep Qrep y0 y0 * Qrep 
1,2G+1,5
Q 

1,35G+1,5Q[
M] 

  [m] [m] [m]  [m²] 
[kN/m
²] 

[kN] 
[kN/m
²] 

[kN]   [kN] [kN] [kN] 

puntlast lift as B - 4'' (rechts)                         

                          

Dakvloer kanaalplaat 260mm 0,6 3,23   1,9 7,65 14,8 2 3,9 0 0     

Trap/bordes 300mm 1 1,26     7,5   2   0,
4       

Lege regel   1 3 3 0 0             

Verd extreem? NEE  0       14,8   3,9   0     

druk net boven 4e verd.           14,8   0   0 17,8 20 

                          

Verd.vloer appartementenvloer  0,6 3,23   1,9 8,25 16 2,55 4,9 
0,
4 

2     

Trap/bordes 300mm 1 3,78   3,8 7,5 28,4 2 7,6 
0,
4 

3     

Lege regel   1 3 3 0 0             

Verd extreem? JA 1       132,9   37,5   15,0     

druk net boven 1e verd.           147,7   37,5   15,0 233,5 221,9 

                          

Verd.vloer appartementenvloer  0,6 3,23   1,9 8,25 16 2,55 4,9 
0,
4 

2     

Trap/bordes 300mm 1 2,52   2,5 7,5 18,9 2 5 
0,
4 

2     

Lege regel   1 3 3 0 0             

Verd extreem? JA 1       34,9   10   4     

druk net boven BGG           182,6   47,5   19,0 290,4 275,0 

                          

Beganegrondvloer geïsoleerd 260mm 0,6 3,23   1,9 5,03 9,7 2,55 4,9 
0,
4 

2     

Lege regel 1     1 0 0             

Verd extreem? NEE  0       9,7   4,9   2     

druk op de palen           192,3   52,4   21,0 309,4 291,1 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 262,3   
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Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   173,1 kN druk         

druk op palen max( 309,4 
291,
1 

262,3 )  = 309,4 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. MANENTE LASTVERANDERLIJKE LAST     REKENWAARDEN TOT. 

  L B H totaal grep Grep qrep Qrep y0 y0 * Qrep 
1,2G+1,5
Q 

1,35G+1,5Q[
M] 

  [m] [m] [m]  [m²] 
[kN/m
²] 

[kN] 
[kN/m
²] 

[kN]   [kN] [kN] [kN] 

Lijnlast wand trappenhuis A'                         

Dakvloer kanaalplaat 260mm 1,2 1   1,2 7,65 9,2 2 2,4 0 0     

Wand trappenhuis t.p.v. as A'   1 3 3 6,25 18,8             

Verd extreem? NEE  0       27,9   2,4   0     

druk net boven 4e verd.           27,9   0   0 33,5 37,7 

                          

Trap/bordes 300mm 1 1,8   1,8 7,5 13,5 2 3,6 
0,
4 

1,4     

Verd.vloer appartementenvloer  0,6 1   0,6 8,25 5 2,55 1,5 
0,
4 

0,6     

Wand trappenhuis t.p.v. as A'   1 3 3 6,25 18,8             

Verd extreem? JA 1       111,6   15,3   6,3     

druk net boven 1e verd.           139,5   15,3   6,3 190,4 197,8 

                          

Trap/bordes 300mm 1 1,8   1,8 7,5 13,5 2 3,6 
0,
4 

1,4     

Verd.vloer appartementenvloer  0,6 1   0,6 8,25 5 2,55 1,5 
0,
4 

0,6     

Wand trappenhuis t.p.v. as A'   1 3 3 6,25 18,8             

Verd extreem? JA 1       37,2   5,1   2,1     

druk net boven BGG           176,7   20,4   8,4 242,6 251,1 

                          

Beganegrondvloer geïsoleerd 260mm 1,2 1   1,2 5,03 6 2,55 3,1 
0,
4 

1,2     

Funderingsstrook bouwmuur 1     1 31,25 31,3             

Verd extreem? NEE  0       37,3   3,1   1,2     

druk op de palen           214,0   23,5   9,6 292,1 303,3 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au     Maximaa
l: 

  -54,6   0 353,1   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               -54,6         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   110,7 kN druk         

druk op palen max( 292,1 
303,
3 

353,1 )  = 353,1 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast kolom in gevel                         

Lege regel 1 0   0 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  4,95 0 3 14,9 1,62 

24,1 

  0   0     
Verd extreem? 24,1 

druk net boven 4e verd.           24,1   0   0 28,9 32,5 

Verd.vloer appartementenvloer  0,6 4,95   3 8,25 24,5 2,55 7,6 
0,
4 

3     
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Binnenspouwblad 75% gesloten 

JA 4,95 1 3 14,9 1,62 

24,1 

  22,8   9,0     
Verd extreem? 145,8 

druk net boven 1e verd.           169,9   22,8   9,0 238,1 242,9 

Verd.vloer appartementenvloer  0,6 4,95   3 8,25 24,5 2,55 7,6 
0,
4 

3     

Lege regel 

JA 4,95 1 3 14,9 0 

0 

  7,6   3     
Verd extreem? 24,5 

druk net boven BGG           194,4   30,4   12,0 278,9 280,4 

                          

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           194,4   30,4   12,0 278,9 280,4 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 251,3   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   175,0 kN druk         

druk op palen max( 278,9 
280,
4 

251,3 )  = 280,4 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as A-3                         

Lege regel 1 0   0 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  7,50 0 3 22,5 1,62 

36,5 

  0   0     
Verd extreem? 36,5 

druk net boven 4e verd.           36,5   0   0 43,7 49,2 

Balkon prefab 300mm 1 0,75   0,8 7,5 5,6 2,5 1,9 
0,
4 

0,8     

Gevel metselwerk 75% gesloten   1,05 3 3,2 1,35 4,3             

Binnenspouwblad 75% gesloten 

JA 7,50 1 3 22,5 1,62 

36,5 

  5,7   2,4     
Verd extreem? 138,9 

druk net boven 1e verd.           175,4   5,7   2,4 219,0 240,4 

Balkon prefab 300mm 1 0,75   0,8 7,5 5,6 2,5 1,9 
0,
4 

0,8     

Gevel metselwerk 75% gesloten 

JA 1,05 1 3 3,2 1,35 

4,3 

  1,9   0,8     
Verd extreem? 9,9 

druk net boven BGG           185,3   7,6   3,2 233,8 255,0 

                          

Lege regel 1 0   0 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           185,3   7,6   3,2 233,8 255,0 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 227,2   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   166,8 kN druk         

druk op palen max( 233,8 
255,
0 

227,2 )  = 255,0 kN druk         
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OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as D-3                         

Lege regel 1 0   0 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  7,50 0 3 22,5 1,62 

36,5 

  0   0     
Verd extreem? 36,5 

druk net boven 4e verd.           36,5   0   0 43,7 49,2 

Balkon prefab 300mm 1 1,5   1,5 7,5 11,3 2,5 3,8 
0,
4 

1,5     

Gevel metselwerk 75% gesloten   2,1 3 6,3 1,35 8,5             

Binnenspouwblad 75% gesloten 

JA 7,50 1 3 22,5 1,62 

36,5 

  11,4   4,5     
Verd extreem? 168,6 

druk net boven 1e verd.           205,1   11,4   4,5 263,2 283,6 

Balkon prefab 300mm 1 1,5   1,5 7,5 11,3 2,5 3,8 
0,
4 

1,5     

Gevel metselwerk 75% gesloten 

JA 2,10 1 3 6,3 1,35 

8,5 

  3,8   1,5     
Verd extreem? 19,8 

druk net boven BGG           224,9   15,2   6,0 292,7 312,6 

                          

Lege regel 1 0   0 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           224,9   15,2   6,0 292,7 312,6 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 278,9   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   202,4 kN druk         

druk op palen max( 292,7 
312,
6 

278,9 )  = 312,6 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as A-4                         

Lege regel 1 4   4 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  8,70 0 3 26,1 1,62 

42,3 

  0   0     
Verd extreem? 42,3 

druk net boven 4e verd.           42,3   0   0 50,7 57,1 

Lege regel 1 2,25   2,3 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

JA 6,35 1 3 19,1 1,62 

30,9 

  0,0   0,0     
Verd extreem? 92,7 

druk net boven 1e verd.           135,0   0,0   0,0 162,0 182,3 

Lege regel 1 2,25   2,3 0 0 0 0 0 0     

Lege regel 

JA 6,35 1 3 19,1 0 

0 

  0   0     
Verd extreem? 0 

druk net boven BGG           135,0   0,0   0,0 162,0 182,3 
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Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           135,0   0,0   0,0 162,0 182,3 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 162,0   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   121,5 kN druk         

druk op palen max( 162,0 
182,
3 

162,0 )  = 182,3 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as A-1, A-5, D-1 en D-5                         

Lege regel 1 4   4 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

NEE  4,95 0 3 14,9 1,62 

24,1 

  0   0     
Verd extreem? 24,1 

druk net boven 4e verd.           24,1   0   0 28,9 32,5 

Lege regel 1 0,75   0,8 0 0 0 0 0 0     

Binnenspouwblad 75% gesloten 

JA 2,20 1 3 6,6 1,62 

10,7 

  0,0   0,0     
Verd extreem? 32,1 

druk net boven 1e verd.           56,2   0,0   0,0 67,4 75,9 

Lege regel 1 0,75   0,8 0 0 0 0 0 0     

Lege regel 

JA 2,20 1 3 6,6 0 

0 

  0   0     
Verd extreem? 0 

druk net boven BGG           56,2   0,0   0,0 67,4 75,9 

                          

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           56,2   0,0   0,0 67,4 75,9 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 67,4   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   50,6 kN druk         

druk op palen max( 67,4 75,9 67,4 )  = 75,9 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

extra lijnlast kopgevels tpv balkon                         

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 

NEE  4,95 0 3 14,9 0 

0 

  0   0     
Verd extreem? 0 
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druk net boven 4e verd.           0   0   0 0 0 

Balkon prefab 300mm 1 1,13   1,1 7,5 8,4 2,5 2,8 
0,
4 

1,1     

Lege regel 

JA 2,20 1 3 6,6 0 

0 

  8,4   3,3     
Verd extreem? 25,2 

druk net boven 1e verd.           25,2   8,4   3,3 42,8 39,0 

Balkon prefab 300mm 1 1,13   1,1 7,5 8,4 2,5 2,8 
0,
4 

1,1     

Lege regel 

JA 2,20 1 3 6,6 0 

0 

  2,8   1,1     
Verd extreem? 8,4 

druk net boven BGG           33,6   11,2   4,4 57,1 52,0 

                          

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           33,6   11,2   4,4 57,1 52,0 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 46,9   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   30,2 kN druk         

druk op palen max( 57,1 52,0 46,9 )  = 57,1 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast kolom B-1' en C-1'                         

Lege regel 1 4   4 0 0 0 0 0 0     

Lege regel 

NEE  4,95 0 3 14,9 0 

0 

  0   0     
Verd extreem? 0 

druk net boven 4e verd.           0   0   0 0 0 

                          

Verd.vloer appartementenvloer  1 2,7   2,7 8,25 22,3 2,55 6,9 
0,
4 

2,8     

Verd.vloer appartementenvloer  0,6 4,95   3 8,25 24,5 2,55 7,6 
0,
4 

3     

Stalen vluchttrap Lege regel 1 

2,79 

3 

2,8 2 5,6 

2 5,6 
0,
4 

2,2     
1 3 0 0 

Verd extreem? JA 1       157,2   60,0   24,0     

druk net boven 1e verd.           157,2   60,0   24,0 278,6 248,2 

                          

Verd.vloer appartementenvloer  1 2,7   2,7 8,25 22,3 2,55 6,9 
0,
4 

2,8     

Verd.vloer appartementenvloer  0,6 4,95   3 8,25 24,5 2,55 7,6 
0,
4 

3     

Stalen vluchttrap Lege regel 1 

2,79 

3 

2,8 2 5,6 

2 5,6 
0,
4 

2,2     
1 3 0 0 

Verd extreem? JA 1       52,4   20   8     

druk net boven BGG           209,6   80,0   32,0 371,5 331,0 

                          

Beganegrondvloer geïsoleerd 260mm 1,2 4,95   5,9 5,03 29,9 2,55 15,1 
0,
4 

6,1     

Lege regel 
1,00 
NEE  

0   1 0 0   15,1   6,1     
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Verd extreem? 29,9 

druk op de palen           239,5   95,1   38,1 430,1 380,5 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 344,6   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   215,6 kN druk         

druk op palen max( 430,1 
380,
5 

344,6 )  = 430,1 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as B-2 en C-2                         

Dakvloer kanaalplaat 260mm 0,9 8,7   7,8 7,65 59,9 2 15,7 0 0     

Lege regel 

NEE  4,95 0 3 14,9 0 

0 

  15,7   0     
Verd extreem? 59,9 

druk net boven 4e verd.           59,9   0   0 71,9 80,9 

Verd.vloer appartementenvloer  0,9 8,7   7,8 8,25 64,6 2,55 20 
0,
4 

8     

Lege regel 

JA 1,00 1 3 3 0 

0 

  60,0   24,0     
Verd extreem? 193,8 

druk net boven 1e verd.           253,7   60,0   24,0 394,4 378,5 

Verd.vloer appartementenvloer  0,9 8,7   7,8 8,25 64,6 2,55 20 
0,
4 

8     

Lege regel 

JA 1,00 1 3 3 0 

0 

  20   8     
Verd extreem? 64,6 

druk net boven BGG           318,3   80,0   32,0 502,0 477,7 

                          

Lege regel 1,2 4,95   5,9 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           318,3   80,0   32,0 502,0 477,7 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 430,0   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   286,5 kN druk         

druk op palen max( 502,0 
477,
7 

430,0 )  = 502,0 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast as B-3 en C-3                         

Dakvloer kanaalplaat 260mm 0,9 7,5   6,8 7,65 51,6 2 13,5 0 0     

Lege regel 

NEE  1,00 0 3 3 0 

0 

  13,5   0     
Verd extreem? 51,6 

druk net boven 4e verd.           51,6   0   0 62 69,7 

Verd.vloer appartementenvloer  0,9 7,5   6,8 8,25 55,7 2,55 17,2 
0,
4 

6,9     

Lege regel JA 1,00 1 3 3 0 0   51,6   20,7     
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Verd extreem? 167,1 

druk net boven 1e verd.           218,7   51,6   20,7 339,8 326,3 

Verd.vloer appartementenvloer  0,9 7,5   6,8 8,25 55,7 2,55 17,2 
0,
4 

6,9     

Lege regel 

JA 1,00 1 3 3 0 

0 

  17,2   6,9     
Verd extreem? 55,7 

druk net boven BGG           274,4   68,8   27,6 432,5 411,8 

                          

Lege regel 1 5,3   5,3 0 0 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 0 

druk op de palen           274,4   68,8   27,6 432,5 411,8 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 370,7   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   247,0 kN druk         

druk op palen max( 432,5 
411,
8 

370,7 )  = 432,5 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST   VERANDERLIJKE LAST REKENWAARDEN TOT. 

  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast wand trappenhuis links                         

Lege regel 1 1   1 0 0 0 0 0 0     

Wand trappenhuis t.p.v. as A' 

NEE  0,80 0 3 2,4 6,25 

15 

  0   0     
Verd extreem? 15 

druk net boven 4e verd.           15   0   0 18 20,3 

Lege regel 1 1   1 0 0 0 0 0 0     

Wand trappenhuis t.p.v. as A' 

JA 0,80 1 3 2,4 6,25 

15 

  0,0   0,0     
Verd extreem? 45 

druk net boven 1e verd.           60,0   0,0   0,0 72,0 81,0 

Lege regel 1 1   1 0 0 0 0 0 0     

Lege regel 

JA 1,00 1 3 3 0 

0 

  0   0     
Verd extreem? 0 

druk net boven BGG           60,0   0,0   0,0 72,0 81,0 

                          

Funderingsstrook kopgevel 1 0,8   0,8 25,55 20,4 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 20,4 

druk op de palen           80,4   0,0   0,0 96,5 108,5 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 96,5   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   72,4 kN druk         

druk op palen max( 96,5 
108,
5 

96,5 )  = 108,5 kN druk         

             
OMSCHRIJVING AFMETINGEN opp. PERMANENTE LAST VERANDERLIJKE LAST REKENWAARDEN TOT. 
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  L [m] 

B H 
totaal  
[m²] 

grep 

Grep [kN] 

qrep 
Qrep 

[kN] 
y0 

y0 * Qrep 

[kN] 

1,2G+1,5
Q 

1,35G+1,5Q[
M] 

[m] [m] 
[kN/m
²] 

[kN/m
²] 

[kN] [kN] 

Puntlast wand trappenhuis rechts                         

Lege regel 1 1   1 0 0 0 0 0 0     

Wand trappenhuis t.p.v. as A' 

NEE  0,53 0 3 1,6 6,25 

9,9 

  0   0     
Verd extreem? 9,9 

druk net boven 4e verd.           9,9   0   0 11,9 13,4 

Lege regel 1 1   1 0 0 0 0 0 0     

Wand trappenhuis t.p.v. as A' 

JA 0,53 1 3 1,6 6,25 

9,9 

  0,0   0,0     
Verd extreem? 29,7 

druk net boven 1e verd.           39,6   0,0   0,0 47,5 53,5 

Lege regel 1 1   1 0 0 0 0 0 0     

Lege regel 

JA 1,00 1 3 3 0 

0 

  0   0     
Verd extreem? 0 

druk net boven BGG           39,6   0,0   0,0 47,5 53,5 

                          

Funderingsstrook kopgevel 1 0,53   0,5 25,55 13,5 0 0 0 0     

Lege regel 
1,00 
NEE  

0   1 0 

0 

  0   0     
Verd extreem? 13,5 

druk op de palen           53,1   0,0   0,0 63,7 71,7 

Stabiliteitskracht stabiliteitsvoorziening  op fund 
eringsniv
e 

au         0   0 63,7   

Lege regel 0 0         0 0 0 0     

totaal opwaarts               0         

trek / min. druk op palen   (0,9*Grep+ g v.b.*W↑)   =   47,8 kN druk         

druk op palen max( 63,7 71,7 63,7 )  = 71,7 kN druk         
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Appendix C – Wind pressure calculation 
Berekening stuwdruk en bouwwerkfactor conform NEN-EN 1991-1-4 
 
Gegevens 
Windgebied   3 
type gebouw   betonconstructie 
Terreincategorie  bebouwd 
Breedte   17,8 m 
Lengte    35,6 m 
Hoogte    15,6 m 
 
Basiswindsnelheid     vb = cdir*cseason*vb,0 
windrichtingsfactor     cdir = 1 
seizoensfactor      cseason = 1 
fundamentele waarde basiswindsnelheid  vb,0 = 24,5 m/s 

vb = 24,5 m/s 
 
Gemiddelde windsnelheid    vm(z) = cr(z)*co(z)*vb 
orografiefactor      co(z) = 1 
ruwheidsfactor      cr(z) = 0,77 

vm(z) = 18,9 m/s 
 
Extreme stuwdruk     qp(z) = (1+7*Iv(z))*0,5*r*vm

2(z) 
luchtdichtheid      r = 1,25 kg/m3 
turbulentie-intensiteit     Iv(z) = 0,29 

qp(z) = 0,68 kN/m2 
 
Bouwwerkfactor     cscd = (1+2kpIv(zs)√(B2+R2)) / (1+7Iv(zs)) 
achtergrondresponsfactor    B2 = 0,55 
resonantieresponsfactor    R2 = 0,00 
piekfactor      kp = 3,52 
turbulentie-intensiteit op h = zs    Iv(zs) = 0,34 

cscd = 0,82 
 
De windbelastingfactoren druk en zuiging zijn:  Druk: 0,8 
h/d = 0,44     Zuiging: 0,5 
Bij gebrek aan correlatie dienen deze factoren vermenigvuldigd te worden met 0,85. 

Pw,k = qp(z) x CsCd x 0,85 x Cpe tot 
Pw,k = 0,62 kN/m2 
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Appendix D1 – Element dimensions original apartment design 
Element dimensions original design    

       
Floors 
F1       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 6,5 9900 380 1200 308,9 107,4 New 

1,2,3,4 4 6,5 9900 380 1200 308,9 107,4 New 

1,2,3,4 4 8 9900 380 1200 380,2 132,2 New 

1,2,3,4 4 3,7 9900 380 1200 175,8 61,1 New 

0 1 6,5 9900 320 1200 77,2 20,8 New 

0 1 6,5 9900 320 1200 77,2 20,8 New 

0 1 8 9900 320 1200 95,0 25,5 New 

0 1 3,7 9900 320 1200 44,0 11,8 New 

roof 1 6,5 9900 260 1200 77,2 16,1 New 

roof 1 6,5 9900 260 1200 77,2 16,1 New 

roof 1 8 9900 260 1200 95,0 19,8 New 

roof 1 3,7 9900 260 1200 44,0 9,1 New 

Total               Reused 

Total           1760,6 548,0 New 

Total           1760,6 548,0 Combined 

         

         

         

         

         

         

       

       
Floors 
F2       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 14,4 7500 380 1200 518,4 180,2 New 

1,2,3,4 4 14,4 7500 380 1200 518,4 180,2 New 

0 1 14,4 7500 320 1200 129,6 34,8 New 

0 1 14,4 7500 320 1200 129,6 34,8 New 

roof 1 14,4 7500 260 1200 129,6 27,0 New 

roof 1 14,4 7500 260 1200 129,6 27,0 New 

Total               Reused 

Total           1555,2 484,1 New 

Total           1555,2 484,1 Combined 
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Floors 
F3       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 1,5 4700 380 1200 33,8 11,8 New 

0 1 1,5 4700 320 1200 8,5 2,3 New 

roof 1 1,5 4700 260 1200 8,5 1,8 New 

Total               Reused 

Total           50,8 15,8 New 

Total           50,8 15,8 Combined 
         

    
    

 

       

       
Floors 
F4       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 2,9 3405 380 1200 47,4 16,5 New 

0 1 2,9 3405 320 1200 11,8 3,2 New 

roof 1 2,9 3405 260 1200 11,8 2,5 New 

Total               Reused 

Total           71,1 22,1 New 

Total           71,1 22,1 Combined 

         
Walls 
W1         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 4 7715 2740 250 422,8 105,7 New 

Total               Reused 

Total           422,8 105,7 New 

Total           422,8 105,7 Combined 
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Walls 
W2         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 2 7715 2740 250 169,1 42,3 New 

0 1 2 7715 2740 250 42,3 10,6 New 

1,2,3,4 4 -2 1050 2460 250 -20,7 -5,2 Openings 

1,2,3,4 4 -1 1000 2460 250 -9,8 -2,5 Openings 

0 1 -2 1500 2740 250 -8,2 -2,1 Openings 

Total               Reused 

Total           172,7 43,2 New 

Total           172,7 43,2 Combined 

         

         

         

         

         

         

         

         

         
Walls 
W3         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 2 17230 2740 220 472,1 103,9 New 

0,1,2,3,4 5 -4 1100 2450 220 -53,9 -11,9 Openings 

1,2,3,4 4 -5 1416 1645 220 -46,6 -10,2 Openings 

0 1 -4 1416 1645 220 -9,3 -2,0 Openings 

0 1 -1 1600 900 220 -1,4 -0,3 Openings 

0 1 -1 1750 2450 220 -4,3 -0,9 Openings 

Total               Reused 

Total           356,6 78,4 New 

Total           356,6 78,4 Combined 
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Walls 
W4         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 4 9680 2740 90 530,5 47,7 New 

1,2,3,4 4 -11 1416 1645 220 -102,5 -22,5 Openings 

0,1,2,3,4 5 -1 2100 1645 220 -17,3 -3,8 Openings 

0 1 -7 1416 1645 220 -16,3 -3,6 Openings 

0 1 -1 1100 2450 220 -2,7 -0,6 Openings 

Total               Reused 

Total           391,7 17,2 New 

Total           391,7 17,2 Combined 

         

         

         

         

         

         

         

         

         

         

         
Walls 
W5         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 4 7250 2740 90 397,3 35,8 New 

1,2,3,4 4 -8 1416 1645 90 -74,5 -6,7 Openings 

1,2,3,4 4 -3 1100 2450 90 -32,3 -2,9 Openings 

0 1 -4 1416 1645 90 -9,3 -0,8 Openings 

0 1 -3 1100 2450 90 -8,1 -0,7 Openings 

1,2,3,4 4 3 200 1300 220 3,1 0,7 Blocks 

1,2,3,4 4 1 1600 1300 220 8,3 1,8 Blocks 

Total               Reused 

Total           273,0 24,6 New 
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Total           273,0 24,6 Combined 

         

         

         

         

         

         

         
Walls 
W6         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 1 635 2740 250 8,7 2,2 New 

0,1,2,3,4 5 1 3380 2740 250 46,3 11,6 New 

0,1,2,3,4 5 1 3380 2740 250 46,3 11,6 New 

0,1,2,3,4 5 1 6370 2740 250 87,3 21,8 New 

0,1,2,3,4 5 1 1570 2740 250 21,5 5,4 New 

0 1 -1 1850 2450 250 -4,5 -1,1 Openings 

0 1 -1 1120 2450 250 -2,7 -0,7 Openings 

Total               Reused 

Total           202,8 50,7 New 

Total           202,8 50,7 Combined 
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Appendix D2 – Element dimensions redesign 1 
Element dimensions redesign 
1       

       
Floors 
F1       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 6,5 9900 370 1200 308,9 84,6 Reused 

1,2,3,4 4 6,5 9900 370 1200 308,9 84,6 Reused 

1,2 2 8 9900 370 1200 190,1 52,0 Reused 

3 1 6 9900 370 1200 71,3 19,5 Reused 

3 1 2 9900 370 1200 23,8 6,5 Reused 

4 1 8 9900 370 1200 95,0 26,0 Reused 

1,2,3,4 4 4 9900 370 1200 190,1 52,0 Reused 

0 1 6 9900 300 1200 71,3 15,8 Reused 

0 1 6 9900 300 1200 71,3 15,8 Reused 

0 1 8 9900 300 1200 95,0 21,1 Reused 

0 1 4 9900 300 1200 47,5 10,5 Reused 

0 1 1 9900 300 600 5,9 1,3 Reused 

0 1 1 9900 300 600 5,9 1,3 Reused 

roof 1 6 9900 300 1200 71,3 15,8 Reused 

roof 1 6 9900 300 1200 71,3 15,8 Reused 

roof 1 8 9900 300 1200 95,0 21,1 Reused 

roof 1 4 9900 300 1200 47,5 10,5 Reused 

roof 1 1 9900 300 600 5,9 1,3 Reused 

roof 1 1 9900 300 600 5,9 1,3 Reused 

Total           1782,0 457,1 Reused 

Total               New 

Total           1782,0 457,1 Combined 

       
Floors 
F2       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1 1 14 7500 370 1200 126,0 34,5 Reused 

2 1 14 7500 370 1200 126,0 34,5 Reused 

1 1 0,4 7500 370 1200 3,6 1,0 New 

2 1 0,4 7500 370 1200 3,6 1,0 New 

3,4 2 14,4 7500 370 1200 259,2 71,0 New 

1,2,3,4 4 14,4 7500 370 1200 518,4 141,9 New 

0 1 14 7500 300 1200 126,0 26,5 Reused 

0 1 14 7500 300 1200 126,0 26,5 Reused 

0 1 1 7500 300 600 4,5 0,9 Reused 

0 1 1 7500 300 600 4,5 0,9 Reused 

roof 1 14 7500 300 1200 126,0 26,5 Reused 

roof 1 14 7500 300 1200 126,0 26,5 Reused 
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roof 1 1 7500 300 600 4,5 0,9 Reused 

roof 1 1 7500 300 600 4,5 0,9 Reused 

Total           774,0 178,6 Reused 

Total           784,8 214,9 New 

Total           1558,8 393,5 Combined 
       

Floors 
F3       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 1,5 4700 370 1200 33,8 9,3 Reused 

0 1 1 4700 300 1200 5,6 1,2 Reused 

0 1 1 4700 300 600 2,8 0,6 Reused 

roof 1 1 4700 300 1200 5,6 1,2 Reused 

roof 1 1 4700 300 600 2,8 0,6 Reused 

Total           50,8 12,8 Reused 

Total               New 

Total           50,8 12,8 Combined 
         

       
Floors 
F4       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 3 3405 370 1200 49,0 13,4 Reused 

0 1 3 3405 300 1200 12,3 2,6 Reused 

roof 1 3 3405 300 1200 12,3 2,6 Reused 

Total           73,5 18,6 Reused 

Total               New 

Total           73,5 18,6 Combined 

         
Walls 
W1         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 1 5205 2740 180 71,3 12,8 Reused 

0,1,2,3,4 5 1 2480 2740 180 34,0 6,1 Reused 

0,1,2,3,4 5 1 3460 2740 180 47,4 8,5 Reused 

0,1,2,3,4 5 1 4160 2740 180 57,0 10,3 Reused 

0,1,2,3,4 5 1 2480 2740 180 34,0 6,1 Reused 

0,1,2,3,4 5 1 5270 2740 180 72,2 13,0 Reused 

0,1,2,3,4 5 1 7715 2740 180 105,7 19,0 New 

0,1,2,3,4 5 -2 1260 1420 180 -17,9 -3,2 Openings 

0,1,2,3,4 5 2 1260 1420 180 17,9 3,2 Blocks 

Total           298,0 53,6 Reused 

Total           105,7 19,0 New 
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Total           403,7 72,7 Combined 
         

         

         

         

         

         

         

         

         

         

         

         
Walls 
W2         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 1 3490 2740 180 38,3 6,9 Reused 

1,2,3,4 4 1 3980 2740 180 43,6 7,9 Reused 

1,2,3,4 4 1 3930 2740 180 43,1 7,8 Reused 

1,2,3,4 4 1 3800 2740 180 41,6 7,5 Reused 

0 1 2 7715 2740 180 42,3 7,6 New 

1,2,3,4 4 -1 1850 2460 180 -18,2 -3,3 Openings 

1,2,3,4 4 -1 1880 2460 180 -18,5 -3,3 Openings 

1,2,3,4 4 -1 1800 2460 180 -17,7 -3,2 Openings 

0 1 -2 1500 2740 180 -8,2 -1,5 Openings 

1,2,3,4 4 1 860 2460 180 8,5 1,5 Blocks 

1,2,3,4 4 1 800 2460 180 7,9 1,4 Blocks 

1,2,3,4 4 1 640 2460 180 6,3 1,1 Blocks 

1,2,3,4 4 1 435 2740 180 4,8 0,9 Blocks 

Total           104,0 18,7 Reused 

Total           42,3 7,6 New 

Total           146,2 26,3 Combined 

         
Walls 
W3         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 2 17230 2740 220 472,1 103,9 New 

0,1,2,3,4 5 -4 1100 2450 220 -53,9 -11,9 Openings 

1,2,3,4 4 -5 1600 1300 220 -41,6 -9,2 Openings 

0 1 -4 1600 1300 220 -8,3 -1,8 Openings 

0 1 -1 1600 900 220 -1,4 -0,3 Openings 

0 1 -1 1750 2450 220 -4,3 -0,9 Openings 

Total               Reused 

Total           362,6 79,8 New 

Total           362,6 79,8 Combined 
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Walls 
W4         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 8 3520 3110 220 350,3 77,1 Reused 

1,2,3,4 4 4 2400 3110 220 119,4 26,3 Reused 

0 1 5 3520 3040 220 53,5 11,8 Reused 

0 1 4 2400 3040 220 29,2 6,4 Reused 

0 1 2 3585 3040 220 21,8 4,8 Reused 

0 1 1 3520 3040 220 10,7 2,4 New 

1,2,3,4 4 -8 2920 1300 220 -121,5 -26,7 Openings 

0,1,2,3,4 5 -4 1800 1300 220 -46,8 -10,3 Openings 

0 1 -5 2920 1300 220 -19,0 -4,2 Openings 

0 1 -1 1100 2450 220 -2,7 -0,6 Openings 

1,2,3,4 4 7 1320 1300 220 48,0 10,6 Blocks 

0,1,2,3,4 5 4 200 1300 220 5,2 1,1 Blocks 

0,1,2,3,4 5 1 820 1300 220 5,3 1,2 Blocks 

0 1 4 1320 1300 220 6,9 1,5 Blocks 

0 1 1 1600 1300 220 2,1 0,5 Blocks 

Total           387,0 85,1 Reused 

Total           8,0 1,8 New 

Total           395,0 86,9 Combined 

         
Walls 
W5         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 3 2400 3110 220 89,6 19,7 Reused 

1,2,3,4 4 3 7250 3110 90 270,6 24,4 New 

0 1 3 3585 3040 220 32,7 7,2 Reused 

0 1 1 3585 3040 220 10,9 2,4 New 

0 1 2 7250 3040 220 44,1 9,7 New 

1,2,3,4 4 -3 1800 1300 220 -28,1 -6,2 Openings 
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1,2,3,4 4 -6 1600 1300 90 -49,9 -4,5 Openings 

1,2,3,4 4 -3 1100 2450 90 -32,3 -2,9 Openings 

0 1 -4 1600 1300 220 -8,3 -1,8 Openings 

0 1 -3 1100 2450 220 -8,1 -1,8 Openings 

1,2,3,4 4 3 200 1300 220 3,1 0,7 Blocks 

1,2,3,4 4 1 1600 1300 220 8,3 1,8 Blocks 

Total           94,2 20,7 Reused 

Total           226,9 25,4 New 

Total           321,1 46,2 Combined 

         

         
Walls 
W6         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 1 635 2740 250 8,7 2,2 New 

0,1,2,3,4 5 1 3380 2740 250 46,3 11,6 New 

0,1,2,3,4 5 1 3380 2740 250 46,3 11,6 New 

0,1,2,3,4 5 1 6370 2740 250 87,3 21,8 New 

0,1,2,3,4 5 1 1570 2740 250 21,5 5,4 New 

0 1 -1 1850 2450 250 -4,5 -1,1 Openings 

0 1 -1 1120 2450 250 -2,7 -0,7 Openings 

Total               Reused 

Total           202,8 50,7 New 

Total           202,8 50,7 Combined 
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Appendix D3 – Element dimensions redesign 2 
Element dimensions redesign 
1       

       
Floors 
F1       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 6 9810 300 1200 282,5 62,7 Reused 

1,2,3,4 4 6 9810 300 1200 282,5 62,7 Reused 

1,2,3,4 4 8 9810 300 1200 376,7 83,6 Reused 

1,2,3,4 4 4 9810 300 1200 188,4 41,8 Reused 

1,2,3,4 4 1 9810 300 600 23,5 5,2 Reused 

1,2,3,4 4 1 9810 300 600 23,5 5,2 Reused 

0 1 6 9810 300 1200 70,6 15,7 Reused 

0 1 6 9810 300 1200 70,6 15,7 Reused 

0 1 8 9810 300 1200 94,2 20,9 Reused 

0 1 4 9810 300 1200 47,1 10,5 Reused 

0 1 1 9810 300 600 5,9 1,3 Reused 

0 1 1 9810 300 600 5,9 1,3 Reused 

roof 1 6 9810 300 1200 70,6 15,7 Reused 

roof 1 6 9810 300 1200 70,6 15,7 Reused 

roof 1 8 9810 300 1200 94,2 20,9 Reused 

roof 1 4 9810 300 1200 47,1 10,5 Reused 

roof 1 1 9810 300 600 5,9 1,3 Reused 

roof 1 1 9810 300 600 5,9 1,3 Reused 

Total           1765,8 392,0 Reused 

Total               New 

Total           1765,8 392,0 Combined 

         

       
Floors 
F2       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 14 7430 300 1200 499,3 110,8 Reused 

1,2,3,4 4 14 7430 300 1200 499,3 110,8 Reused 

2,3,4 3 1 7430 300 1200 26,7 5,9 Reused 

1 1 2 7430 300 600 8,9 2,0 Reused 

0 1 14 7430 300 1200 124,8 26,2 Reused 

0 1 14 7430 300 1200 124,8 26,2 Reused 

0 1 1 7430 300 600 4,5 0,9 Reused 

0 1 1 7430 300 600 4,5 0,9 Reused 

roof 1 14 7430 300 1200 124,8 26,2 Reused 

roof 1 14 7430 300 1200 124,8 26,2 Reused 

roof 1 1 7430 300 600 4,5 0,9 Reused 

roof 1 1 7430 300 600 4,5 0,9 Reused 
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Total           1551,4 338,2 Reused 

Total               New 

Total           1551,4 338,2 Combined 

         

         
       

Floors 
F3       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 1 4700 300 1200 22,6 5,0 Reused 

1,2,3,4 4 1 4700 300 600 11,3 2,5 Reused 

0 1 1 4700 300 1200 5,6 1,2 Reused 

0 1 1 4700 300 600 2,8 0,6 Reused 

roof 1 1 4700 300 1200 5,6 1,2 Reused 

roof 1 1 4700 300 600 2,8 0,6 Reused 

Total           50,8 11,1 Reused 

Total               New 

Total           50,8 11,1 Combined 

       
Floors 
F4       

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 3 3405 300 1200 49,0 10,9 Reused 

0 1 3 3405 300 1200 12,3 2,6 Reused 

roof 1 3 3405 300 1200 12,3 2,6 Reused 

Total           73,5 16,0 Reused 

Total               New 

Total           73,5 16,0 Combined 

         
Walls 
W1         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 1 5205 2875 180 74,8 13,5 Reused 

0,1,2,3,4 5 1 2480 2875 180 35,7 6,4 Reused 

0,1,2,3,4 5 1 3460 2875 180 49,7 9,0 Reused 

0,1,2,3,4 5 1 4160 2875 180 59,8 10,8 Reused 

0,1,2,3,4 5 1 2480 2875 180 35,7 6,4 Reused 

0,1,2,3,4 5 1 5270 2875 180 75,8 13,6 Reused 

3 1 1 3490 2875 180 10,0 1,8 Reused 

3 1 1 3980 2875 180 11,4 2,1 Reused 

4 1 1 3930 2875 180 11,3 2,0 Reused 

4 1 1 3800 2875 180 10,9 2,0 Reused 

0,1,2 3 1 7715 2875 180 66,5 12,0 New 
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0,1,2,3,4 5 -2 1260 1420 180 -17,9 -3,2 Openings 

3 1 -1 1850 2525 180 -4,7 -0,8 Openings 

4 1 -1 1880 2525 180 -4,7 -0,9 Openings 

4 1 -1 1800 2525 180 -4,5 -0,8 Openings 

0,1,2,3,4 5 2 1260 1420 180 17,9 3,2 Blocks 

3 1 1 435 2875 180 1,3 0,2 Blocks 

3 1 1 1690 2460 180 4,2 0,7 Blocks 

4 1 1 1910 2460 180 4,7 0,8 Blocks 

4 1 1 1800 2460 180 4,4 0,8 Blocks 

Total           343,3 61,8 Reused 

Total           66,5 12,0 New 

Total           409,8 73,8 Combined 

         
Walls 
W2         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 1 3490 2875 180 40,1 7,2 Reused 

1,2,3,4 4 1 3980 2875 180 45,8 8,2 Reused 

1,2,3,4 4 1 3930 2875 180 45,2 8,1 Reused 

1,2,3,4 4 1 3800 2875 180 43,7 7,9 Reused 

0 1 2 3265 2875 180 18,8 3,4 New 

0 1 2 2910 2875 180 16,7 3,0 New 

1,2,3,4 4 -1 1850 2525 180 -18,7 -3,4 Openings 

1,2,3,4 4 -1 1880 2525 180 -19,0 -3,4 Openings 

1,2,3,4 4 -1 1800 2525 180 -18,2 -3,3 Openings 

1,2,3,4 4 1 860 2460 180 8,5 1,5 Blocks 

1,2,3,4 4 1 800 2460 180 7,9 1,4 Blocks 

1,2,3,4 4 1 640 2460 180 6,3 1,1 Blocks 

1,2,3,4 4 1 435 2875 180 5,0 0,9 Blocks 

Total           118,9 21,4 Reused 

Total           35,5 6,4 New 

Total           154,5 27,8 Combined 

         
Walls 
W3         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 10 2335 2875 220 268,5 59,1 Reused 

1,2,3,4 4 4 2690 2875 220 123,7 27,2 New 

0 1 4 2335 2875 220 26,9 5,9 Reused 

0 1 2 3520 2875 220 20,2 4,5 Reused 

0 1 2 2690 2875 220 15,5 3,4 New 

0 1 2 4200 2875 220 24,2 5,3 New 

0 1 1 2335 2875 220 6,7 1,5 New 

1,2,3,4 4 -10 1735 1300 220 -90,2 -19,8 Openings 

1,2,3,4 4 -4 1100 2525 220 -44,4 -9,8 Openings 
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0 1 -4 1735 1300 220 -9,0 -2,0 Openings 

0 1 -2 2920 1300 220 -7,6 -1,7 Openings 

0 1 -4 1100 2525 220 -11,1 -2,4 Openings 

0 1 -1 1735 1300 220 -2,3 -0,5 Openings 

1,2,3,4 4 5 1735 1300 220 45,1 9,9 Blocks 

0 1 2 1735 1300 220 4,5 1,0 Blocks 

0 1 1 1185 1300 220 1,5 0,3 Blocks 

0 1 1 1720 1300 220 2,2 0,5 Blocks 

0,1,2,3,4 5 1 2930 310 220 4,5 1,0 Blocks 

1,2,3,4 4 1 1800 310 220 2,2 0,5 Blocks 

0 1 1 1735 455 220 0,8 0,2 Blocks 

Total           208,8 45,9 Reused 

Total           112,3 24,7 New 

Total           321,0 70,6 Combined 

         
Walls 
W4         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 8 3520 3165 220 356,5 78,4 Reused 

1,2,3,4 4 4 2400 3165 220 121,5 26,7 Reused 

0 1 5 3520 3165 220 55,7 12,3 Reused 

0 1 4 2400 3165 220 30,4 6,7 Reused 

0 1 2 3585 3165 220 22,7 5,0 Reused 

0 1 1 2400 3165 220 7,6 1,7 Reused 

1,2,3,4 4 -8 2920 1300 220 -121,5 -26,7 Openings 

0,1,2,3,4 5 -4 1800 1300 220 -46,8 -10,3 Openings 

0 1 -5 2920 1300 220 -19,0 -4,2 Openings 

0 1 -5 1800 1300 220 -11,7 -2,6 Openings 

1,2,3,4 4 7 1120 1300 220 40,8 9,0 Blocks 

0,1,2,3,4 5 4 445 1300 220 11,6 2,5 Blocks 

0 1 4 1120 1300 220 5,8 1,3 Blocks 

0 1 2 1800 1300 220 4,7 1,0 Blocks 

0 1 1 1340 640 220 0,9 0,2 Blocks 

Total           395,5 87,0 Reused 

Total               New 

Total           395,5 87,0 Combined 

         
Walls 
W5         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

1,2,3,4 4 6 2400 3165 220 182,3 40,1 Reused 

1,2,3,4 4 3 3520 3165 220 133,7 29,4 Reused 

0 1 3 3585 3165 220 34,0 7,5 Reused 

0 1 3 2400 3165 220 22,8 5,0 Reused 

0 1 2 3520 3165 220 22,3 4,9 Reused 
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1,2,3,4 4 -6 1800 1300 220 -56,2 -12,4 Openings 

1,2,3,4 4 -3 2920 1300 220 -45,6 -10,0 Openings 

0 1 -3 1800 1300 220 -7,0 -1,5 Openings 

0 1 -2 2920 1300 220 -7,6 -1,7 Openings 

0,1,2,3,4 5 1 1800 1300 220 11,7 2,6 Blocks 

1,2,3,4 4 3 1120 1300 220 17,5 3,8 Blocks 

0 1 2 1120 1300 220 2,9 0,6 Blocks 

0,1,2,3,4 5 3 1340 640 220 12,9 2,8 Blocks 

Total           278,8 61,3 Reused 

Total               New 

Total           278,8 61,3 Combined 

         
Walls 
W6         

Floors 
Number 

of 
floors 

Elements 
per floor 

L (mm) H (mm) W (mm) m2 m3 
Concrete 

type 

0,1,2,3,4 5 1 635 2895 250 9,2 2,3 New 

0,1,2,3,4 5 1 3380 2895 250 48,9 12,2 New 

0,1,2,3,4 5 1 3380 2895 250 48,9 12,2 New 

0,1,2,3,4 5 1 6370 2895 250 92,2 23,1 New 

0,1,2,3,4 5 1 1570 2895 250 22,7 5,7 New 

0 1 -1 1850 2595 250 -4,8 -1,2 Openings 

0 1 -1 1120 2595 250 -2,9 -0,7 Openings 

Total               Reused 

Total           214,3 53,6 New 

Total           214,3 53,6 Combined 

  



55 
Appendix E1 – Material use original apartment design 

Appendix E1 – Material use original apartment design 
Original design     

         

         

         

         

         

         

         

         

         

         

Amount of reused and new elements (reused left, new right)    

          

  n       

HCS   366       

Walls   55       

Beams           

Columns           

Façade 
elements 

  60       

 

Total concrete used in elements 
  

  Label 
  

m2 m3 Concrete type 

Floors F1, F2, F3, F4 

  

    Reused 

3437,7 1070,0 New 

3437,7 1070,0 Combined 

Walls W1, W2, W6 

  

    Reused 

798,3 199,6 New 

798,3 199,6 Combined 

    Blocks 

Façade walls W3, W4, W5 

  

    Reused 

1021,3 120,2 New 

1021,3 120,2 Combined 

    Blocks 

Total 

  

    Reused 

5257,2 1389,8 New 

5257,2 1389,8 Combined 

    Blocks 

 
     

Total mortar used in joints  
  

  Label m 
Section 
(mm2) 

m3 Mortar type 

HCS-HCS F1, F2, F3, F4 (1-4) 2052,2 13680 28,1 C12/15 
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F1, F2, F3, F4 (0, 5) 986,1 11520 11,4 C12/15 

Wall-floor 

W1, W2 
320,4 39960 12,8 C12/15 

267,0 6900 1,8 K50 

W3 
213,6 25530 5,5 C12/15 

178,0 6000 1,1 K50 

W6 76,7 6900 0,5 K50 

Façade-floor W4, W5 427,2 2100 0,9 K50 

Wall-wall 

W1 54,8 2700 0,1 K50 

W2 27,4 2700 0,1 K50 

W3 27,4 2700 0,1 K50 

W4 54,8 2700 0,1 K50 

W5 54,8 2700 0,1 K50 

W6 68,5 2700 0,2 K50 

Total 
3358,7   57,7 C12/15 

1236,6   5,1 K50 

 
     

Total steel used in joints and structural 
topping 

Mass of m3 steel: 
7850 

 

  Label n m kg Material type 

HCS-HCS F1, F2, F3, F4   988,0 876,4 Reinforcement 

HCS F1, F2, F3, F4   22917,8 3598,1 Reinforcement 

Wall-floor 

W1, W2 267   231,8 Reinforcement 

W3 178   154,5 Reinforcement 

W1, W2 267   118,2 Gaines 

W3 178   78,8 Gaines 

Façade-floor W4, W5 

80   120,6 Strips 

120   212,0 Strips 

320   19,2 Anchors 

Total       5409,6 Steel 

 
     

Other materials used    

  Label m m2 m3 Material type 

Wall-floor 

W1, W2 640,8 48,1   Felt 

W3 213,6 12,8   Felt 

  Codes n   m3 Material type 
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Wall-floor   7832   0,4 Plastic caps 

      

      

      

      

      

      
      

      

      

      

      

Machining in construction    

  Label m m2 m3 
Machining 

type 

Floors F1, F2, F3, F4 22,4   0,0 Drilling 
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Appendix E2 – Material use redesign 1 
Redesign 1     

         

Amount of reused elements (reused left, available right)    

  Office A Office B Office C Office D 

  n n n n 

HCS   430 112 1169   686 152 165 

Walls 46 50 n.a.   34 n.a. 

Beams   45 n.a.   138   84 

Columns   72 n.a.   60   84 

Façade 
elements 

  115 74 515   131 n.a. 

         

Amount of reused and new elements (reused left, new right)    

          

  n n n n 

HCS     128       152 92 

Walls 46 34 n.a.     n.a. 

Beams     n.a.         

Columns     n.a.         

Façade 
elements 

    74 36     n.a. 

 

Total concrete used in elements 
  

  Label 
  

m2 m3 Concrete type 

Floors 
F1, F2, F3, 

F4 
  

2680,3 708,0 Reused 

784,8 214,9 New 

3465,1 922,8 Combined 

Walls 
W1, W2, 

W6 

  

401,9 72,3 Reused 

350,8 77,3 New 

752,7 149,7 Combined 

45,3 8,2 Blocks 

Façade 
walls 

W3, W4, 
W5 

  

481,2 105,9 Reused 

597,4 107,0 New 

1078,6 212,8 Combined 

79,0 17,4 Blocks 

Total 

  

3563,4 886,2 Reused 

1733,0 399,2 New 

5296,4 1285,3 Combined 

124,3 25,5 Blocks 

 
   

 
 

Total mortar used in joints  
  

  Label m 
Section 
(mm2) 

m3 Mortar type 
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HCS-HCS 

F1, F2, F3, 
F4 (1-4) 

2067,5 13320 27,5 C12/15 

F1, F2, F3, 
F4 (0, 5) 

993,7 10800 10,7 C12/15 

Wall-floor 

W1, W2 
320,4 14060 4,5 C12/15 

267,0 5400 1,4 K50 

W3 
213,6 25530 5,5 C12/15 

178,0 6000 1,1 K50 

W6 76,7 6900 0,5 K50 

Façade-
floor 

W4, W5 427,2 11000 4,7 K50 

Wall-wall 

W1 95,9 9000 0,9 K50 

W2 49,3 9000 0,4 K50 

W3 27,4 6000 0,2 K50 

W4 186,6 30800 5,7 K50 

W5 93,3 4200 0,4 K50 

W6 68,5 6900 0,5 K50 

Total 
3381,6   48,2 C12/15 

1469,9   15,8 K50 

 
     

Total steel used in 
joints 

Mass of m3 steel: 
7850 

 

  Label n m kg Material type 

HCS-HCS 
F1, F2, F3, 

F4 
  988,0 876,4 Reinforcement 

Wall-floor 

W1, W2, 
W3 

  558,0 880,4 Reinforcement 

W1, W2 490   211,1 Dowels 

W3 178   239,1 Dowels 

Façade-
floor 

W4, W5 
180   668,3 Strips 

360   21,6 Anchors 

Total     2897,1 Steel 

 
     

 
     

 
     

 
     

Other materials used    

  Label m m2 m3 Material type 

Walls W1, W2   1190,4 17,9 Chalk plaster 

Façade 
walls 

W4, W5   795,0 4,0 Chalk plaster 

Floors 
F1, F2, F3, 

F4 (5) 
  577,5 14,4 

Glass wool 
plates 
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Floors 
F1, F2, F3, 

F4 (0-4) 

  2887,6 115,5 Granules 

  2887,6 72,2 
Polysterene 

plates 

  2887,6   PE foil 

  2887,6 115,5 Anhydrite 

1281,6 134,6   Edge foil 

Wall-floor 
W1, W2 640,8 25,6   Felt 

W3 213,6 12,8   Felt 

Wall-floor 
W1, W2 640,8 143,1   Tape 

W3 213,6 47,7   Tape 

  Codes n   m3 Material type 

Wall-floor W1, W3 397   0,0 Plastic caps 

      

Machining in adaptation and construction  

  Label m m2 m3 
Machining 

type 

Floors 
F1, F2, F3, 
F4 (0, 5) 

  1155,0   Hammering 

Floors 
F1, F2, F3, 

F4 
3101,2 1075,1   Hammering 

Floors 
F1, F2, F3, 

F4 
385 87,2   Sawing 

Floors 
F1, F2, F3, 

F4 
2542,1 127,1   Sawing 

Walls W1, W2 189,8 34,2   Sawing 

Façade 
walls 

W4, W5 225,0 49,5   Sawing 

Floors 
F1, F2, F3, 

F4 
21,6   0,0 Drilling 

Walls W1, W2 32,6   0,0 Drilling 

      

Machining in disassembly of Office A, B and D  

    m m2   
Machining 

type 

Floors   4233,6 1006,7   Sawing 

Walls   190,0 34,2   Sawing 

Façade 
walls 

  1596,5 351,2   Sawing 

    
n m2   

Machining 
type 

Beams   258 102,6   Sawing 

Columns   156 25,0   Sawing 
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Appendix E3 – Material use redesign 2 
Redesign 2     

         

Amount of reused elements (reused left, available right)    

  Office A Office B Office C Office D 

  n n n n 

HCS   430 333 1169   686   165 

Walls 50 50 n.a.   34 n.a. 

Beams   45 n.a.   138   84 

Columns   72 n.a.   60   84 

Façade 
elements 

  115 150 515   131 n.a. 

         

Amount of reused and new elements (reused left, new right)    

          

  n n n n 

HCS     363           

Walls 50 32 n.a.     n.a. 

Beams     n.a.         

Columns     n.a.         

Façade 
elements 

    150 21     n.a. 

 

Total concrete used in elements 
  

  Label 
  

m2 m3 Concrete type 

Floors 
F1, F2, F3, 

F4 
  

3441,5 808,0 Reused 

    New 

3441,5 808,0 Combined 

Walls 
W1, W2, 

W6 

  

462,2 83,2 Reused 

316,3 71,9 New 

778,5 155,1 Combined 

60,1 10,8 Blocks 

Façade 
walls 

W3, W4, 
W5 

  

883,0 194,3 Reused 

112,3 24,7 New 

995,3 219,0 Combined 

169,6 37,3 Blocks 

Total 

  

4786,7 1085,5 Reused 

428,6 96,6 New 

5215,3 1182,1 Combined 

229,7 48,1 Blocks 

 
   

 
 

Total mortar used in joints  
  

  Label m 
Section 
(mm2) 

m3 Mortar type 
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HCS-HCS 
F1, F2, F3, 

F4 
3081,5 10800 33,3 C12/15 

Wall-floor 

W1, W2 
320,4 11400 3,7 C12/15 

267,0 5400 1,4 K50 

W3 
213,6 20700 4,4 C12/15 

178,0 6600 1,2 K50 

W6 76,7 2300 0,2 K50 

Façade-
floor 

W4, W5 427,2 11000 4,7 K50 

Wall-wall 

W1 106,4 9000 1,0 K50 

W2 57,5 9000 0,5 K50 

W3 192,6 6000 1,2 K50 

W4 189,9 20900 4,0 K50 

W5 139,3 2800 0,4 K50 

W6 72,4 2300 0,2 K50 

Total 
3401,9   41,4 C12/15 

1706,9   14,6 K50 

 
     

Total steel used in 
joints 

Mass of m3 steel: 
7850 

 

  Label n m kg Material type 

HCS-HCS 
F1, F2, F3, 

F4 
  988,0 876,4 Reinforcement 

Wall-floor 

W1, W2, 
W3 

  558,0 880,4 Reinforcement 

W1, W2 490   181,0 Dowels 

W3 178   208,4 Dowels 

Façade-
floor 

W4, W5 
208   756,0 Strips 

416   25,0 Anchors 

Total     2927,2 Steel 

 
     

 
     

 
     

 
     

Other materials used    

  Label m m2 m3 Material type 

Walls W1, W2   1248,6 18,7 Chalk plaster 

Façade 
walls 

W3, W4, 
W5 

  1164,9 5,8 Chalk plaster 

Floors 
F1, F2, F3, 

F4 (1-5) 
  2867,9 71,7 

Glass wool 
plates 
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Floors 
F1, F2, F3, 

F4 (0-4) 

  2867,9 172,1 Granules 

  2867,9 71,7 
Polysterene 

plates 

  2867,9   PE foil 

  2867,9 186,4 Anhydrite 

1281,6 192,2   Edge foil 

Wall-floor 
W1, W2 640,8 25,6   Felt 

W3 213,6 12,8   Felt 

Wall-floor 
W1, W2 640,8 134,6   Tape 

W3 213,6 44,9   Tape 

  Codes n   m3 Material type 

Wall-floor W1, W3 24   0,0 Plastic caps 

      

Machining in adaptation and construction  

  Label m m2 m3 
Machining 

type 

Floors 
F1, F2, F3, 

F4 
  3441,5   Hammering 

Floors 
F1, F2, F3, 

F4 
3081,5 924,5   Hammering 

Floors 
F1, F2, F3, 

F4 
450,46 84,1   Sawing 

Walls W1, W2 205,7 37,0   Sawing 

Façade 
walls 

W3 109,8 51,6   Sawing 

Floors 
F1, F2, F3, 

F4 
25,0   0,0 Drilling 

Walls W1, W2 32,6   0,0 Drilling 

Façade 
walls 

W3 11,9   0,0 Drilling 

      

Machining in disassembly of Office A and B  

    m m2   
Machining 

type 

Floors   3837,6 860,2   Sawing 

Walls   190,0 34,2   Sawing 

Façade 
walls 

  1596,5 351,2   Sawing 

    
n m2   

Machining 
type 

Beams   90 29,2   Sawing 

Columns   72 11,5   Sawing 
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Appendix F – Input data for LCA calculations 
Production emissions 

 
kg CO2 eq. per Source 

Hollow core slab C40/50 (reality C45/55), 20% recycled 
binders 

237 m3 OneClickLCA 

Ready-mix concrete C30/37 (reality C30/37), 20% 
recycled binders 

311 m3 OneClickLCA 

Reinforcement steel (reality B500B), 97% recycled 
content 

0,567 kg OneClickLCA 

Ready-mix concrete C20/25 (reality C20/25), 20% 
recycled binders 

243 m3 OneClickLCA 

Ready-mix concrete C12/15 (reality C12/15), 20% 
recycled binders 

209 m3 OneClickLCA 

Ready-mix concrete C50/55 (reality K50), 20% recycled 
binders 

461 m3 OneClickLCA 

Structural steel profiles (reality S235), 90% recycled 
content 

0,812 kg OneClickLCA 

Gypsum plaster (reality chalk 
plaster) 

 
0,186 kg Knauf 

Glass wool plate 25 mm 
 

3,08 m2 Naber 

Equalizing granules 40 mm 
 

0,496 m2 Naber 

Equalizing granules 60 mm 
 

0,744 m2 Naber 

Elastified polystyrene plate 25 mm 
 

1,97 m2 Naber 

Anhydrate layer 40 mm 
 

0,482 m2 Naber, anhydriet.nl 

Anhydrate layer 65 mm 
 

0,783 m2 Naber, anhydriet.nl 

Polyester felt 10 mm 
  

17,8 m2 CE Delft 

Polypropylene film 3 mm (reality non-woven polyolefin 
tape) 

13,8 m2 Materials and the 
Environment 

Polyvinylchloride 
  

5832 m3 Materials and the 
Environment        

Other variables needed 
    

Mass of m3 chalk plaster: 
 

1600 
  

Mass of m3 anhydrite floor: 
 

2050 
  

kg CO2 eq. per m2 of 50 mm cement 
floor: 

 
6,02 

 
Naber 

Mass of m3 polyester felt: 
 

200 
  

kg CO2 eq. per kg of polyester felt: 
 

8,9 
 

CE Delft 

Mass of m3 polypropylene: 
 

900 
  

kg CO2 eq. per kg of polyproylene: 
 

5,12 
 

Materials and the 
Environment 

Mass of m3 polyvinylchloride: 
 

1440 
  

kg CO2 eq. per kg of 
polyvinylchloride: 

 
4,05 

 
Materials and the 
Environment        

Demolition efficiency 
   

Source 

Lifting crane 
  

6 HCS/h Glias 

Lifting crane 
  

4 Walls/h Glias 

Lifting crane 
  

6 Beams/h Glias 

Lifting crane 
  

6 Columns/h Glias 

Lifting crane 
  

6 Façade 
walls/h 

Glias 
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Crane for crushing concrete 
 

5 m3/h Beelen 

Crane for collecting and crushing fallen concrete 6 m3/h Beelen 

Crane for loading trucks 
 

100 m3/h Beelen 
       

Demolition emissions 
 

kg CO2 eq. per Source 

Crane 100 kw/20 ton 
  

72,2 h Slim Slopen Tool 

Crane 250 kw/50 ton 
  

180 h Slim Slopen Tool        

Disassembly efficiency 
   

Source 

Lifting crane 
  

6 HCS/h Glias 

Lifting crane 
  

4 Walls/h Glias 

Lifting crane 
  

6 Beams/h Glias 

Lifting crane 
  

6 Columns/h Glias 

Lifting crane 
  

6 Façade 
walls/h 

Glias 

       

Transportation emissions 
 

kg CO2 eq. per Source 

Euro 5 7,5-16 tons truck 
 

0,536 tonkm Slim Slopen Tool 

Euro 5 16-32 tons truck 
 

0,309 tonkm Slim Slopen Tool        

Transportation distances 
    

Office building to waste processing 
 

50 km - 

Office building to apartment 
building 

 
50 km - 

Office building to element stockpile 
 

50 km - 

Prefab plant to apartment building 
 

50 km -        

Waste processing emissions 
 

kg CO2 eq. per Source 

Sorting 
   

0,122 ton Slim Slopen Tool 

Crushing 
   

2,00 ton Slim Slopen Tool 

Washing 
   

3,07 ton Slim Slopen Tool        

Adaptation efficiency 
   

Source 

Diamond sawing of elements 
 

25 m/h Glias 

Compressor hammering of non-structural topping 12,5 m2/h Glias 

Compressor hammering of sides of 
HCS 

 
30 m/h Glias 

       

Construction efficiency 
   

Source 

Compressor drilling of holes 
 

12 holes/h Glias 

Lifting crane 
  

6 HCS/h Glias 

Lifting crane 
  

4 Walls/h Glias 

Lifting crane 
  

6 Beams/h Glias 

Lifting crane 
  

6 Columns/h Glias 

Lifting crane 
  

6 Façade 
walls/h 

Glias 

       

Electricity use of machines 
   

Source 

Diamond saw 
  

5,5 kW Glias 

Dompressor hammer 
 

1,45 kW Glias 

Compressor drilling 
  

2,5 kW Glias 
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Electricity emissions 
  

kg CO2 eq. per Source 

Electricity use 
  

0,712 kWh Glias        

Diesel use of machines 
   

Source 

Lifting crane 
  

35 l/h Glias        

Diesel emissions 
  

kg CO2 eq. per Source 

Diesel use 
   

3,08 l Glias 
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Appendix G1 – CO2 emissions of end of life office buildings 

 

End of life office buildings

Original design Redesign 1 Redesign 2

Demolition Machinging type ton CO2 eq. ton CO2 eq. ton CO2 eq.

Machining

Floors Crushing 99,6 8,0 6,4

Walls Crushing 3,3 0,3 0,3

Beams Crushing 8,2 0,7 0,2

Columns Crushing 4,8 0,4 0,3

Facade walls Crushing 27,2 2,2 2,2

Floors Collecting and crushing 33,3

Walls Collecting and crushing 1,1

Beams Collecting and crushing 2,7

Columns Collecting and crushing 1,6

Facade walls Collecting and crushing 9,1

Floors Loading trucks 2,0 0,4 0,3

Walls Loading trucks 0,1 0,0 0,0

Beams Loading trucks 0,2 0,0 0,0

Columns Loading trucks 0,1 0,0 0,0

Facade walls Loading trucks 0,5 0,1 0,1

Total 193,8 12,1 9,8

Disassembly Machinging type ton CO2 eq. Machinging type ton CO2 eq.

Machining

Floors Sawing 0,7 Sawing 0,6

Walls Sawing 0,0 Sawing 0,0

Beams Sawing 0,0 Sawing 0,0

Columns Sawing 0,0 Sawing 0,0

Facade walls Sawing 0,3 Sawing 0,3

Floors Lifting 31,7 Lifting 28,7

Walls Lifting 1,3 Lifting 1,3

Beams Lifting 2,3 Lifting 0,8

Columns Lifting 2,8 Lifting 1,3

Facade walls Lifting 11,3 Lifting 11,3

Total 50,5 44,4

Transportation Destination ton CO2 eq. Destination ton CO2 eq. Destination ton CO2 eq.

Concrete debris/elements

Floors Waste processing 102,6 Waste processing 20,5 Waste processing 16,5

Walls Waste processing 3,4 Waste processing 0,7 Waste processing 0,7

Beams Waste processing 8,4 Waste processing 1,7 Waste processing 0,6

Columns Waste processing 4,9 Waste processing 1,0 Waste processing 0,7

Facade walls Waste processing 28,0 Waste processing 5,6 Waste processing 5,6

Floors Apartment building 45,5 Apartment building 52,0

Walls Apartment building 4,7 Apartment building 5,4

Facade walls Apartment building 6,8 Apartment building 12,5

Floors Element stockpile 96,8 Element stockpile 62,5

Walls Element stockpile 0,1 Element stockpile 0,0

Beams Element stockpile 11,7 Element stockpile 4,0

Columns Element stockpile 6,9 Element stockpile 4,7

Facade walls Element stockpile 32,0 Element stockpile 26,3

Total 147,4 234,0 191,5

Waste processing Process ton CO2 eq. ton CO2 eq. ton CO2 eq.

Concrete debris

Floors Sorting 0,8 0,2 0,1

Walls Sorting 0,0 0,0 0,0

Beams Sorting 0,1 0,0 0,0

Columns Sorting 0,0 0,0 0,0

Facade walls Sorting 0,2 0,0 0,0

Floors Crushing 13,3 2,7 2,1

Walls Crushing 0,4 0,1 0,1

Beams Crushing 1,1 0,2 0,1

Columns Crushing 0,6 0,1 0,1

Facade walls Crushing 3,6 0,7 0,7

Floors Washing 20,4 4,1 3,3

Walls Washing 0,7 0,1 0,1

Beams Washing 1,7 0,3 0,1

Columns Washing 1,0 0,2 0,1

Facade walls Washing 5,6 1,1 1,1

Total 49,5 9,9 8,1

Grand total 390,7 306,4 253,8
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Summary end of life office buildings

Original design Redesign 1 Redesign 2

ton CO2 eq. ton CO2 eq. ton CO2 eq.

Demolition 193,8 12,1 9,8

Disassembly 50,5 44,4

Transportation 147,4 234,0 191,5

Waste processing 49,5 9,9 8,1

Grand total 390,7 306,4 253,8
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Appendix G2 – CO2 emissions of creation apartment building 

 

 

Creation apartment building

Original design Redesign 1 Redesign 2

Production Material ton CO2 eq. Material ton CO2 eq. Material ton CO2 eq.

Concrete in elements

Floors Concrete C45/55, Steel FeP1860 253,6 Concrete C45/55, Steel FeP1860 50,9

Walls Concrete C30/37, Steel B500B 66,5 Concrete C30/37, Steel B500B 25,8 Concrete C30/37, Steel B500B 24,0

Walls Concrete blocks C20/25 2,0 Concrete blocks C20/25 2,6

Facade walls Concrete C30/37, Steel B500B 40,1 Concrete C30/37, Steel B500B 35,6 Concrete C30/37, Steel B500B 8,2

Facade walls Concrete blocks C20/25 4,2 Concrete blocks C20/25 9,1

Mortar in joints

HCS-HCS Concrete C12/15 8,2 Concrete C12/15 8,0 Concrete C12/15 7,0

Wall-floor Concrete C12/15, mortar K50 5,8 Concrete C12/15, mortar K50 3,8 Concrete C12/15, mortar K50 3,3

Facade-floor Mortar K50 0,4 Mortar K50 2,2 Mortar K50 2,2

Wall-wall Mortar K50 0,4 Mortar K50 3,7 Mortar K50 3,3

Steel in joints (and structural topping)

HCS-HCS Steel B500B 0,5 Steel B500B 0,5 Steel B500B 0,5

Wall-floor Steel B500B, gaines 2,4 Steel B500B, dowels 0,9 Steel B500B, dowels 0,8

Facade-floor S235, anchors 0,3 S235, anchors 0,6 S235, anchors 0,6

Other materials used

Walls Chalk plaster 5,3 Chalk plaster 5,6

Facade walls Chalk plaster 1,2 Chalk plaster 1,7

Floors Glass wool, granules, polystyrene, PE foil, anhydryte, foil10,3 Glass wool, granules, polystyrene, PE foil, anhydryte, foil18,9

Wall-floor Felt, plastic 3,7 Felt, tape, plastic 3,3 Felt, tape, plastic 3,2

Total 381,8 158,3 90,9

Adaptation Machinging type ton CO2 eq. Machinging type ton CO2 eq.

Machining

Floors Hammering 0,2 Hammering 0,4

Floors Sawing 0,1 Sawing 0,1

Walls Sawing 0,0 Sawing 0,0

Facade walls Sawing 0,0 Sawing 0,0

Total 0,3 0,5

Transportation Origin ton CO2 eq. Origin ton CO2 eq. Origin ton CO2 eq.

New elements

Floors Prefab plant 68,8 Prefab plant 13,8

Walls Prefab plant 12,8 Prefab plant 5,0 Prefab plant 4,6

Facade walls Prefab plant 7,7 Prefab plant 6,9 Prefab plant 1,6

Reused elements

Floors Office buildings 45,5 Office buildings 52,0

Walls Office buildings 4,7 Office buildings 5,4

Facade walls Office buildings 6,8 Office buildings 12,5

Total 89,4 82,7 76,0

Construction Machinging type ton CO2 eq. Machinging type ton CO2 eq. Machinging type ton CO2 eq.

Machining

Floors Drilling 0,0 Drilling 0,1 Drilling 0,1

Walls Drilling 0,1 Drilling 0,1

Facade walls Drilling 0,0

Floors Lifting 13,2 Lifting 13,4 Lifting 13,0

Walls Lifting 3,0 Lifting 4,3 Lifting 4,4

Facade walls Lifting 2,2 Lifting 4,0 Lifting 6,1

Total 18,3 21,7 23,8

Grand total 489,5 263,0 191,2

Summary end of life office buildings

Original design Redesign 1 Redesign 2

ton CO2 eq. ton CO2 eq. ton CO2 eq.

Production 381,8 158,3 90,9

Adaptation 0,3 0,5

Transportation 89,4 82,7 76,0

Construction 18,3 21,7 23,8

Grand total 489,5 263,0 191,2


