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Executive summary

This report is part of Deliverable D7.1 of PROGRESS project. It covers pre-deconstruction audit,
steelwork deconstruction and demolition of the remaining parts of a single storey steel building (SSB).

A suitable SSB to become a test case to demonstrate the recommendations from Work Package 2
was found in Cologne. The hall was built in the beginning of 2000. The project contained steel
components and concrete based parts. The hall itself was a steel structure while remaining parts on
and below the ground were made of concrete.

The structure was surveyed by UAV device. The SSB is built of 7 different parts. From up to down the
hall consists of the roof insulation build out of styrofoam with a foil, the roof itself made of trapezoidal
sheets, a secondary steel structure connected to the primary frames. The steel construction is
founded on a reinforced concrete plate. The plate and abutments are located approx. 1.0 m above
the ground. The space in between is filled with sand or any other material suitable at the original
building time.

Costs and working hour information were collected to get results on how much extra costs are derived
due to deconstruction for reuse.

The project was selected as an example to demonstrate that deconstruction for reuse is possible even
for projects primary announced as demolition projects. The deliverable shows clearly, that the costs
for deconstruction are acceptable and reuse is an additional option making the extra effort worth for
all relevant parties.

The possibilities to perform deconstruction with the same machines as the regular demolition were
also tested in this study.

The pre-deconstruction audit report based on the Deliverable D2.1 of the deconstructed SSB is
attached to this report as Appendix.
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1 Introduction

The goal of this study is the verification of the theoretical research in WP2 in a real-life case. The
possible object needs to fit the earlier description of a modern single storey hall, should not be older
than 25 years and the cladding should be made of sandwich elements.

Typically, single storey halls are not built as temporary objects. Although costs for building are lower
compared to concrete structures, todays buildings are not typically intended for reuse. Nevertheless
a perfect single-storey steel building (SSB) was found in Cologne. The owner had to remove a single
storey hall from the area of the great market in Cologne. His intention was just the clearing of the area
as he was committed by contracts with the operator of the market area.

For the practical reasons, a compromise needed to be found between traditional demolition with the
advantages such as little costs and high performance and new technologies which intend the reuse
of the whole building.

Additional goal was to explore a technology based on machines which are typical for demolition work
and to perform a deconstruction with them. The use of the standard demolition machines is helpful
because it opens the possibility to switch from deconstruction to demolition extremely fast. Even for
projects not intended for deconstruction during planning this might open the possibility to optimize the
project for reuse on a later stage.

1.1 Overview of the project

Figure 1 Area of the great market of Cologne with the object to deconstruct for reuse
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The great market of Cologne is an area, where different sellers of food and fruits store imported goods
for reselling to companies, restaurants, and general food stores (Fig. 1). The area consists of many
buildings and halls from all decades. The great market itself is not operating as seller itself. It
generates the framework for other companies, which are selling the goods. The idea is to have all the
big players of imported fruits on one place. Most of the larger cities in Germany have such markets
for almost a century. Nevertheless, today there is little need for the idea of such centralized market.
Thus, the market area in Cologne is closing during the next years and first companies are leaving the
area already today.

Figure 2 View through the market area with the single storey hall to be deconstructed on the right.

Especially the bigger companies were running out of space somewhere in the past and built additional
storage halls to extend their capabilities. Unfortunately, when leaving the area they are contracted to
remove “own” buildings.

The result is the need to remove even relatively new buildings which are perfectly reusable.
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2 The hall in Cologne 

2.1 Surveying the structure

In most cases for objects to be demolished there is a lack of information. The original building plans
do not exist anymore after some decades and the change of owners. In most cases, there is no
information about materials used, possible hazardous waste (which in general was unknown to be
hazardous in older times) and no drawings of the formerly planned building.

Survey of materials and even chemical tests of mineral waste is common and necessary due to the
risk to contaminate the environment or risk health of people. To create drawings of buildings to
demolish is usually not worth the effort. Nevertheless, exact geometry knowledge could be very
helpful for the planning of a demolition project.

Figure 3; Overview of the SSB on a UAV model: The hall consist of a visible over the ground structure
which is made of steel with attached cladding (blue), a concrete structure which ends ca. 1m below
the surface (red).

During the planning of the work, the steel structure was identified as a possible reusable item while
the concrete founding are to be demolished. For the crushed concrete, there is a general possibility
to downcycling and reuse the material as recycling-gravel. This is obviously the lowest form of
recycling.

The concrete structure is mainly unknown. From general experience it can be assumed, that floor
plate and walls were made of 20cm reinforced concrete. The space below the floor plate is assumed
to be filled with sand or a similar filling. For calculation, a box with no holes and no empty spaces is
assumed.

The steel-work is easier to survey. While the roof is made of trapezoidal sheets with insulation, the
primary structure consists of 4 frames made of 2 parts which are connected in the middle axis. The
frames are made of non-standard steel beams. The secondary structure is made of small beams. It
was planned to deconstruct the primary and secondary structure. The trapezoidal sheets and the
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cladding are not recommended for reuse possibilities since a deconstruction of the light-weight parts
is very time intensive.

Figure 4: Steel structure: The primary structure is made of 4 steel frames. There is no visible
connection plate on the ground. Obviously, the columns are grouted with the concrete.

Primary
structure

No visible
connection plate
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Table 1: Calculated masses and parts

1 Roof 531 m² Recycling, disposal

2 Wall (steel) 414 m² Recycling, disposal

3 Ground plate 106,2 m³ Recycling off-site

4 Foundations / walls (concrete) 55,2 m³ Recycling off-site

5 Filling 630 m³ Based on chemical quality

6 Reusable structure 20 t Deconstruction reuse

Figure 5: Between each of the frames smaller cold-formed steel beams
as a secondary structure are visible. The connections are screwed.

Secondary structure
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Table 1 lists the main parts of the objects from the roof down to the foundations. In general, the
concrete and filling are about 700 m³ / 1.500 t. The steelwork with cladding is approximately 50 t only.
Even if the structure is going to be reused, most materials of the building are still becoming waste.

Figure 6: Inside there are 2 rooms. The walls between those rooms were made of cladding walls.

The height of the hall is below 10 m. That means, that the machines used for demolition may be used
for deconstruction as well. This is important to switch during the work process between parts to
deconstruct for reuse and concrete demolition work without changing the machines used. As a test
case this opens up the possibility as well for projects not initially intended for reuse to deconstruct
parts if it suits.

Internals

Connection
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2.2 Additional object information

Besides the exploration of a structure all known information are collected. Especially on industrial
sites it is urgently important to collect data about bombings due to World War II. Close to the building
a probably not-exploded bomb was detected. Also, exactly at the position of today’s hall, a German
gun emplacement was located. The bomb itself is not affecting the demolition of the hall – the distance
will not become closer as 30 m. Since the hall was built around the year 2000 the former gun
emplacement was already known at times of building the hall. During earthwork at that time possible
remains were already removed.

The following illustrations Fig. 8 and Fig. 9 show the original results from the German authorities on
possible leftovers from World War II for the area of the demolition project.

The result of the analysis of leftovers is, that there is no danger due to the found unexploded bomb
as well as there is no need for further local investigations. Nevertheless, work below the ground-level
should be done with care.

While the finding of a World War II leftover doesn’t affect the deconstruction / demolition project itself,
the possible bomb will be investigated by authorities soon.

2.3 Boundary conditions: Sewer pipes

Any building is connected to the sewage system in the ground as well as to electricity and other
services. It is evident that a building to remove needs to be cut from all the service systems before
the demolition. The connection to the sewer system needs to be sealed to prevent pollution of the
sewer system with ground material causing blockage of the sewage pipe.

The owner of the sewage system postulates a partly removal of the sewer system as well as sealing
of the connections with concrete. The sewer system of the area is well documented (Fig. 7)
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Figure 7: documentation of sewer system from 1952.
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Figure 8: Result of investigation about World War II leftovers such as bombs which were not exploded.
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Figure 9: Exact coordinates for a possible bomb from the times of world war II.
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2.4 Calculation of waste

Any demolition project needs detailed calculation of the possible waste and information about the
possible disposals. If possible, recycling plants are preferred.

Table 2: Calculated potential waste of the SSB

waste, not dangerous
starting from 1 to / 1m³
AVV  name mass type
170101 Concrete ☒ 600 to
170102 Brick ☐ to
170103 Tiles, ceramices, brick ☐ to
170107 Mixture of above ☐ to
170201 wood (not painted AII) ☐ to
170203 plastics ☐ to
170302 Bitumen ☐ to
170405 metals, steel ☒ 60 to
170504 earth, natural stones ☒ 600 to
170604 insulation ☒ 10 to
170802 Gipsum ☐ to
170904 other waste ☒ 40 to

Waste, dangerous

AVV  name mass type
170106 Mixtures of concrete, bricks, ceramics
                          with dangerous contaminations

☐ to

170204 Wood, plastics and glas with dangerous
                          contaminations

☐ to

170301 bitumen polluted with tar ☐ to
170303 products containing tar ☐ to
170503 Earth, natural stones contaminated ☐ to
170601 insulation containing asbestos ☐ to
170603 dangerous insulation ☐ to
170605 asbestos ☐ to
170801 contaminated gipsum ☐ to
170903 other waste contaminated ☐ to
170902 waste polluted by pcb ☐ to

In summary, the object of a SSB in Cologne can be divided into 5 different waste types. The total steel
was calculated to be up to 60 t including the sheets from the sandwich elements used as cladding.
The total constructional elements would be about the half of the total used steel. The main waste will
be produced from the concrete parts of the hall and the filling below the ground plate. Insulation and
general waste (for example the sealing of the roof) are calculated to be up to 50 t and therefore more
by weight than the total steel.

The list of possible waste is not giving information about the reuse potential, because it is not part of
the German protocol for demolition. Thus, for the planning all potential kinds of waste have to be
declared.



16 (56)

3 Deconstruction of the hall by excavators

3.1 Idea of excavator-based deconstruction

Generally, demolition is excavator based while deconstruction is based on lifting parts up. In easier
words: Demolition is a technique to destroy a building or hall controlled and sort the masses into
classes of materials. Deconstruction needs to survey the former elements. While during demolition
connections of steel beams can be cutted with the help of the excavator (e.g. steel shear devices), a
deconstruction project needs the connections to be unscrewed. Thus, an excavator seems not to be
the right instrument for deconstruction.

On the other hand, after deconstruction of the steel parts an excavator is needed to remove the
concrete basement parts. That means, that even a deconstruction of all reusable parts ends in
traditional demolition of concrete based parts. Today, the removal of halls or other buildings is mostly
entitled as a demolition. Thus, the contract of the client only describes the total removement of a
specific object but does not describe the technique. The contractor owes the removement of the object
in a given time span. Mostly, the contract will not specify that the former object has to be destroyed
and become waste. Thus, it is up to the contractor how he plans to remove the object. Deconstruction
is only an alternative, if the deconstruction can be performed fast enough to follow the given time span
for the demolition project. To minimize costs of the extra work for deconstruction it would be a good
to use the same machines as for the demolition. Then, a deconstruction could be performed as an
alternative with the later chance to sell the reusable parts.

The less additional machines are used, the better the deconstruction can perform against the
demolition.

For the Cologne SSB the deconstruction by excavators was tested. As a first step, the different parts
of the SSB were analyzed if deconstruction would be an alternative to demolition.

3.2 Analysis of parts to be deconstructed

The SSB is built of 7 different parts. From up to down the hall consists of the roof insulation build out
of styrofoam with a foil, the roof itself made of trapezoidal sheets, a secondary steel structure
connected to the primary frames. The steel-based construction is founded on a reinforced concrete
plate. The plate and fundaments are located ca. 1,0 m above the ground. The space in between is
filled with sand or any other material suitable.

The deconstruction causes higher costs. Thus, it is important that parts are suitable for reuse after
deconstruction. If they fail to be reused, those parts would be handled as waste / recycling materials
only with the same effect as generally demolished parts. That means, that only those parts shall be
deconstructed, which are not predisponed for deformation during the deconstruction process.
Trapezoidal sheets are not deconstructable without deformation as well as sandwich elements could
easily be damaged. Thus, it was chosen to deconstruct the primary and secondary structure while
demolish the light-weight parts such as the cladding and the trapezoidal sheets.

Table 3 lists the parts and the decision about the handling for the test case. Figure 10 shows the
deconstruction plan.
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Figure 10: Deconstruction of the Cologne SSB by excavators. The primary and secondary strucutre
is deconstructed for reuse. Cladding and light-weight materials are chosen for recycling only.
Foundation is handled as regular demolition.
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Table 3: List of parts of the SSB and decision of deconstruction vs. demolition

Part Description De
m

ol
iti

on

De
co

ns
tr

uc
tio

n

Comment
Roof insulation Foil with insulation of styrofoam

(X
) Manual removal. Possible reuse but no

market for used insulation parts

Roof Trapezoidal sheets

X

Tends to warp. Potential of
deconstructed parts to fail for reusing.

Secondary
structure

Steel beams, screwed

X

parts can be unscrewed. Lifting by
excavator

Primary structure Steel frames, screwed but
grouted into concrete X

Uncovering old connection plates

Side walls Sandwich elements

X

Tends to warp. Potential of
deconstructed parts to fail for reusing.

ground plate reinforced concrete

X

Monolithic part. Only available
technique.

Filling Sand, earth or equal

(X
) No structure. Only waste-management

needed

3.3 Dismantling of structure by excavator

For general demolition of an SSB the safe technique for demolition of the structure is given in fig. 11.
The technique is based on flame cutting the adjacent girders and pulling the structure down. If the
primary structure is poured in concrete, there exist cutting techniques to create a hinge that allows
the needed movement.

Further in the project, it will be checked, if the connection can be uncovered so that flame cutting will
become evident.
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Figure 11: Combined technique to dismantle the primary / secondary structure for demolition.

In fact, the technique is the same for deconstruction, except that no flame cutting is used. Instead the
joints need to be unscrewed. The poured parts have to be dismantled by small excavators. It is evident
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not to release joints of the secondary structure before the anchoring in the ground. As well,
deformation may become an issue. Thus, it is recommended to use two excavators for laying the
frames on the ground.

3.4 Documentation of deconstruction / demolition

Any deconstruction or demolition follows the top-down principle. Halls in general are removed from
the outer parts to the bearing structure. That means, after the deconstruction of the roof and the walls,
the secondary and primary structure is dismantled. After the total removal of the steel based hall the
demolition works of concrete parts follows. In the end, the filling will be transported away. Preliminary,
the filling will need to undergo a chemical analysis.

3.4.1 Roof

Figure 12: Removal of roof insulation and sealing; Left picture before removal

Modern roof structures are insulated by a 30cm or more tick insulation of styrofoam. Removal by
machines causes parts of the styrofoam to be destroyed and being blown away. To avoid the waste
to be blown away it is recommended to remove the insulation by manual work. After the insulation
removal, above the trapezoidal sheets all non-steel materials are deconstructed.

3.4.2 Removal of cladding

After the insulation of the roof the side walls were dismantled. During the dismantling by excavators
with an attached gripper it was tested, whether the sandwich elements can be dismantled without
damage. Thus, it was tested, if those elements were usable for reuse. In fact, the gluing between the
metal sheet and the insulation was weathered so much, that the connection was not stable anymore.
Some parts were transported to RWTH Aachen to undergo more technical tests. At least, the metal
sheets were separated from the insulation. This separation helped to lower the total mass of general
waste and increase the steel, which could be recycled.
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Figure 13: SSB with removed roof insulation and removed walls of sandwich elements. On the right,
an excavator is starting to separate the metal sheets from the inner insulation of the sandwich
elements.

For separation the following technique was invented:

1) A Single element is laid down the ground.

2) The excavator grips one corner and pulls the metal sheet up. While pulling the sheet up the
weight of the element is used to separate the metal sheet.

3) Two workers remove parts of insulation which adhere on the sheet.

4) The separated materials are sorted into metals and general waste.

Figure 14 shows the dismantling by excavator without deforming the sandwich elements. It was
determined that separation of the different materials is best function, if the elements are not badly
brought up but mostly in shape. Figure 15 illustrated the process of separation.

Thus, although in this example the sheets could not be reused, in general a dismantling technique
open for reuse is recommended for the sheets. Even if reuse seems not practicable separating the
materials will be easier if the elements are not deformed yet.
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Figure 14: Dismantling of sandwich sheets. Testing of reusability. Technically, safe dismantling is
possible by excavators. Reuse might not be recommended since the glue between metal and
insulation is weathered. Besides, the metal sheets have many holes e.g. from attached lamps, signs
and other inventory attached to the sheets.

After removal steps 1 and 2 the hall is left as a steel structure without any walls and the roof by
trapezoidal sheets. The further dismantling has to consider the special geometry. The steel-based
structure is connected to a concrete slab, which is located on metre above the ground for easier
access to trucks. For the deconstruction of the structure the excavators are moving forward and shall
remove only the trapezoidal sheets from the next axis to dismantle. Before removing the primary
structure, the secondary structure needs to deconstruct. After deconstruction of each axis, the
platform of concrete needs to be demolished.
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Figure 15: Separation of metal sheets by help of excavator and two workers

3.4.3 Preparation for deconstruction of structure

The main advantage of excavators in opposite to dismantling structures by hand is the better
efficiency. Trapezoidal sheets are very light weight compared to the secondary or primary structure.
If the sheets are not needed anymore the use of an excavator avoids unnecessary unscrewing of the
sheets. In fact, screws will burst if the excavator grabs a sheet. Because the sheets are much thinner
than any structure, no parts of the secondary or primary structure are affected. In fact, it seems that
the excavator just pulls off the sheets without any resistance.

At this stage, most materials from the object became waste. All metals became part of the recycling
process and are put back into the cycle for re-melting. All insulation was used for energy recovery –
in other words the styrofoam was burned and only used as energy source.

But, at this stage no parts were put back on the market as reusable parts. The reasons, why no parts
were suiting the idea of reusing were:

1) Thickness of flat parts. Parts to be reused should be able to be handled without too much care.
If parts tend to deform the chance is high that a certain percentage does not fit the claim of
later reusing. If the parts are sold later for reusing but are not reusable due to deformation,
they might be returned. The effort to deconstruct parts with zero deformation would be higher
than the costs for generally new parts.

2) Especially the cladding on walls and roof are used during the first life for connecting certain
building equipment parts to it. That causes changes in original colour, holes from connections
and scratches to the sheets. While the bearing structure is mostly as on the first day of usage,
the metal sheets look used. Reusing means that the whole SSB never will fit the definition of
a new building.
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3) It remains an open question, who will be responsible for deformations. If the former SSB was
sold as one piece of reusable hall, each deformed part can cause claims by the buyer for a
additional part which is free of deformation. Unfortunately, the risk is high to be responsible
for the costs of those additional parts.

4) Even if just dismantled parts are sold, which may fit or not fit the needs for reusing, a price
above the price of general scrap metal is only possible, if the percentage of not-deformed parts
is at least 90%. To reach such a high percentage of intact parts, the efforts is becoming very
high which may result in prices not in line with the market.

Figure 16: Dismantling old trapezoidal sheets just before deconstruction of structure.

After the removal of the trapezoidal sheets the structure remains. All parts up to this stage were sorted
and were planned to recycle. The structure now will be the part which is carefully dismantled and not
become waste but shall be reused. Mainly, in this stage there are 2 kinds of waste: Steel coming from
the sheets and the cladding and styrofoam as filling of the wall cladding and as part of the roof
insulation (see fig. 17)
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Figure 17: Sorted waste for recycling. Mixture of trapezoidal sheets and sheets from sandwich
elements.

3.4.4 Dismantling secondary and primary structure elements

The secondary structure is mad of small beams with a diameter of 8 cm. Dismantling them by
excavator can cause deformations while any manual deconstruction by workers is safe. Thus, the
dismantling was done by scissor lifts and workers. The excavator was used as a crane only to lift up
the parts. Besides, the excavator prevents parts from falling down.

To obtain stability, only the secondary structure between two main frames is dismantled. After the
removal of a main frame, the secondary structure between the next fields is removed.

Figure 18 illustrates the dismantling procedure: The excavator is used as a crane with chains to
prevent unwanted falling of the part. Workers release the connections of the beams to the primary
frames. After releasing all connections, the beam is lifted and removed.
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Figure 18: Dismantling of secondary structure. These parts are still too thin, that handling with an
excavator only would result deformation. On the other hand, these parts are not tending to deform as
long as dismantled manually. In opposite to the cladding, only five elements between each section
are to dismantle.
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Figure 19: The hall during the process of dismantling just before deconstruction of the structure. The
trapezoidal sheets are being removed by 50%. Only the structure is remaining. After the removal of
the trapezoidal sheets all remaining steel parts are considered for reuse.

Generally, the deconstruction of parts is mainly done by cranes. For the test case it was chosen to
use excavators. On the one hand, excavators are the typical machines for demolition and are
multifunctional. Excavators can be used not only to lift things up but also with attached tools to remove
concrete, to load materials and to separate waste.

If excavators are planned to be used, they are limited by height. If the object is larger than the height
of the excavator, a deconstruction by excavator work will fail. The possible height of excavators
already reaches 50m and more. Beside those special machines standard excavators reach ca. 15m
in height. That matched most SSB.

Nevertheless, the higher the distance between the structure and the excavator, the little horizontal
forces are (see. Fig. 20). Especially if the frame is made of connected parts additional forces should
be avoided. It was chosen to pull the frames down by two parallel working excavators.
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Figure 20: Forces in dependence to the vertical distance of the crane. The smaller the distance
becomes, the more horizontal forces arise. It may affect the connections so that other techniques are
needed instead of classical up lifting by excavators.
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Figure 21: To avoid instabilities, two excavators carefully pull down the structure to the ground.

Figure 21 shows the solution: Lifting the whole frame up by one excavator would affect the connection
point in the middle of the frame and is not recommended. Instead two excavators were used with
grabbers to slightly pull down the frame. On the ground, all connections were released without the
danger of collapse of parts of structure.

Before pulling the frame down, it was important to explore the connection of the steel-based frame to
the concrete floor. From first explorations it was known that the steel frames were not having plates
on the concrete plate but were shed into the concrete.

Figure 22 and 23 demonstrate the anchoring of the steel columns. After creating the fundaments, the
construction of the steel frames was set up. When the primary / secondary construction was finished,
the floor plate was made. The anchoring points were hidden underneath the concrete. During the
planning it was discussed to cut the steel just above the concrete slab. That would cause that the
reusable hall will be some smaller than before. After the exploration of the connection all anchoring
points were uncovered so that the parts kept their original length.

The uncovering of the anchoring points resulted in temporary instability of the hall if no device was
preventing tipping. Thus, while at least one excavator was stabilizing a frame, the anchoring points
were uncovered only for the frame to pull down.
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Figure 22: Removing concrete at jointing of steel frames. The steel connections was shed below the
floor plate directly on the fundaments. Afterwards the connections was shed into the concrete of the
floor plate. To release this connection, the concrete was removed partly around the anchoring.
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Figure 23: View from the downside of the connection. The plates were connected to the fundaments
and shed into the concrete of the ground floor plate.

3.4.5 Demolition of mineral based parts

After the careful deconstruction of the structure only the parts not made of steel were left. The
complete removal of the hall includes the demolition of those parts as well. The increase of the ground
plate compared to the general ground was filled with sand.

Unfortunately, the sand was contaminated by PAK (tar) and reused from somewhere else instead of
being a clean material.

Below the sand filling there exists still the old pavement from the times before the hall was created.
This pavement was not removed, so that today you will find a pavement as 25 years ago again.

The figures 24 and 25 give an expression of the demolition of the ground parts. In the end any traces
of the former SSB are gone.
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Figure 24: Demolition of concrete slab and removal of sand filling. Below the old pavement was
recovered.
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Figure 25: Area of the SSB afterwards. The site is cleaned up.



34 (56)

3.5 Calculation of extra costs for dismantling structure

3.5.1 General costs of removal the SSB

The removal of modern SSB is not expensive. In fact, an SSB consists of little materials only, is mostly
light-weight and mostly there are no contaminations like asbestos etc. Thus, for the given example
the costs were 62.174€. About half of the costs were loans for workers, truck drivers and other people
involved into the removal (32.979€). The second half of the costs included the waste management –
the costs for concrete, general waste and disposal of the sand which was used for the filling
underneath the concrete slab.

Table 4: Costs of the removal of the SSB

Removal costs
Workers, machines 32.979,50€

Waste management 29.194,66€

Total costs 62.174,16€

The costs of work are separated in demolition work, the additional deconstruction work and the costs
for separating the sandwich sheets and cleaning. Demolition and Waste management are quite the
same with 13.664€ for demolition and 12.275€ for waste management. The additional costs for
deconstructing the structure by scissor lifts, unscrewing on the ground, making the parts etc. were
7.039€. The additional costs were little because the machines planned for demolition were used and
no additional “deconstruction only” machines were involved. The goal was to perform deconstruction
by minimized costs and with the help of excavators to use this technique as alternative. In fact, the
result is very nice if the additional costs are only half of the general demolition and / or waste
management costs. The additional costs for deconstruction are about 1/5 of the total work-costs and
little more than 10% of the total costs. Thus, deconstruction of structure can compete market
conditions.

Table 5: List of work costs for Demolition, additional deconstruction and waste

Costs of work
Demolition 13.664,86 €

Deconstruction 7.039,47 €

Waste management 12.275,17 €

32.979,50 €
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The view on table 6 shows the costs of waste management including costs for disposal or recycling
plants. Since the filling sand was slightly contaminated the main costs were for disposal of this sand.
General (burnable) waste is of high costs always and mainly shows the immense costs of styrofoam
which is not recyclable yet. Steel does not produce real costs except some leftover of transportation
while concrete still is one of the lowest costs per ton.

Table 6: Costs of Waste management

Costs of Waste management
Concrete 520,18 to 4.768,58 €

Earthwork / sand 849,24 to 14.935,15 €

General waste 37,53 to 8.686,85 €

steel 38 to 804,08 €

29.194,66 €

The removal of the SSB took 688 hours “work” including general workers, truck drivers, excavator
drivers. Comparable to the costs about 20% were the additional time for deconstruction instead of
total demolition. Demolition took slightly more than waste management but still both actions are
comparable by time.

Table 7: Working hours

Working hours
Demolition 304,70 h

Deconstruction 156,97 h

Waste management 226,83 h

688,50 h

3.5.2 Reuse of cladding

As written above the wall cladding was removed as if these parts were planned for reusing. The
reason was just the separation of metal sheets. Nevertheless, due to the careful dismantling of the
cladding it was possible to calculate costs comparing two cases: Deconstruction of cladding and reuse
against demolition of cladding and buying new cladding for the hall to be reused.

If all the sandwich elements would be recovered without any transformations to the sheets, reuse
would be cheaper than demolition and buying new cladding, even although the costs for
deconstruction are much higher than demolition (see Table 8 deconstruction 15,84€ / demolition 3,5€;
but: total costs 19,34€ for deconstruction / 23,40€ demolition).

Starting with a loss of 20% of the deconstructed elements the idea of reusing would produce higher
costs than demolition with new cladding. That means, if during a deconstruction project including the
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sandwich elements costs are cheaper as long as more than 80% of the deconstructed sheets would
be in a condition to reuse those elements again. That means, mostly the reuse would be the cheaper
possibility.

But, the aging effects of sandwich elements have to be taken into account. For the Cologne SSB the
aging effects did not allow reuse of the sheets.

Table 8: Comparison of costs for reuse and renew sandwich elements for a hall to be reused.

costs of reuse cladding

Deconstruction
Deconstruction of wall cladding 1 [m²] 15,84 €
Transport, Warehouse 1 [m²] 3,50 €
Total costs 1 [m²] 19,34 €
Total w Loss / new 10% 0,1 [m²] 2,59 € 21,93 €
Total w Loss / new 20% 0,2 [m²] 5,19 € 24,53 €
Worker Deconstruction 16 [h] 160 [m²] 42,00 € [€/h] 672,00 €
Scissorlift 1 [pc] 1 [d] 300,00 €
Crane, small 1 [pc] 1 [d] 640,00 €
Worker Forklift / Packaging 16 [h] 42,00 € [€/h] 672,00 €
Forklift 1 [pc] 1 [d] 250,00 €

2.534,00 €

Demolition / New Cladding
Demolition 1 [m²] 3,50 €
Costs of new cladding 1 [m²] 19,90 €
Total costs 1 [m²] 23,40 €
Grabbing by excavator 4 [h] 600 [m²] 144,00 € [€/h] 576,00 €
Separating 8 [h] 600 [m²] 144,00 € [€/h] 1.152,00 €
Helper 16 [h] 42,00 € [€/h] 672,00 €

Income steel 4,464 [to]
-150,00

€ [€/to] -669,60 €
Costs of Waste 2,976 [to] 125,00 € [€/to] 372,00 €

2.102,40 €

3.6 Quality-check of parts

All parts identified for reuse needed to be checked afterwards. In general, all parts suited the quality
needed. No parts were deformed. Some screw holes were damaged during flame cutting. Flame
cutting was used, if unscrewing was not possible due to rust, mechanical errors, or impaired supply
of the threaded rods.
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Figure 26: deconstructed parts of primary structure ready to be reused.

Figure 27: Detail. Connection of frames
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Figure 28: Parts before transportation to the warehouse

Figure 29: Detail: Small damage due to flame cutting.
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3.7 Measurements of dust

Solid particle counters are used to measure dry particles for various industrial applications. One such
application could be for the detection of particle size coming from a rock crusher within a mining
quarry. Sieves are the standard instruments used to measure dry particle size. Vision based systems
are also used to measure dry particle size. With a vision based system quick and efficient particle
sizing can be done with ease and tremendous accuracy.

There are several methods used for detecting and measuring particle size or size distribution — light
blocking (obscuration), light scattering, Coulter principle and direct imaging.

The light blocking optical particle counter method is typically useful for detecting and sizing particles
greater than 1 micrometer in size and is based upon the amount of light a particle blocks when passing
through the detection area of the particle counter. This type of technique allows high resolution and
reliable measurement (Fig. 30).

Figure 30: General scheme of a particle counter

The light scattering method is capable of detecting smaller-sized particles. This technique is based
upon the amount of light that is deflected by a particle passing through the detection area of the
particle counter. This deflection is called light scattering. Typical detection sensitivity of the light
scattering method is 0.05 micrometre or larger. However, employment of the condensation nuclei
counter (CNC) technique would allow a higher detection sensitivity in particle sizes down to
nanometre range. A typical application is monitoring of ultrapure water in semiconductor fabrication
facilities.
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The light blocking method is specified for particle counters that are used for counting in hydraulic and
lubricating fluids. Particle counters are used here to measure contamination of hydraulic oil, and
therefore allow the user to maintain their hydraulic system, reduce breakdowns, schedule
maintenance during no or slow work periods, monitor filter performance, etc. Particle counters used
for this purpose typically use ISO Standard 4406:1999 as their reporting standard, and ISO 11171 as
the calibration standard. Others also in use are NAS 1638 and its successor SAE AS4059D.

Direct imaging is a technique that uses the light emitted by a laser as a source to illuminate a cell
where particles are passing through. The technique does not measure the light blocked by the
particles, but rather measures the area of the particles functioning like an automated microscope. A
pulsed laser diode freezes the particle motion. The light transmitted through the fluid is imaged onto
an electronic camera with macro focusing optics. The particles in the sample will block the light, and
the resulting silhouettes will be imaged onto the digital camera chip.

Especially for controlling conditions of clean rooms, small particle counters are on the market. These
counters were tested now for indoor conditions of fiber contaminated rooms. In fact, the number of
fibers / m³ are give an important information about the contamination. For asbestos a room is free of
contamination if the number of fibers is below 500/m³. Exact measurement is expensive and not
possible ion the air. Since fibers of asbestos are little a good possibility to control the conditions is a
small particle counter. Since particle counters result in information of the number of particles of a
specific size, this instrument can give an approximate feedback of the total number of particles in a
room. The difference to regular measurements of asbestos or other fibers is, that particle counter do
not differentiate between a fiber-particle and a general particle. It can be assumed, that particles
smaller than 0,5mm could be fibers.

With particle counters originally created for controlling clean rooms (medicine reasons, electronical
devices) there is a possibility to use results as approximate tests for contaminated rooms in buildings
to demolish.

Figure 31: Particle counter with display.
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First tests showed the following results:

1. The measured number of particles indoor is generally high and above 10.000 / m³.

2. A dusty room results in a measured number of particles > 1.000.000.

3. The use outside e.g. to control the dust produced due to demolishing a building is not given
usable results.

4. A room cleaned up after the removal of asbestos and other fiber products shows particle
numbers of < 2.500. This may be a sign that the work was following the guidelines.

5. Official measurement to declare a room as free of asbestos is still only possible by special
measurement of asbestos.

Today, particle counters are helpful for self control reasons. Small numbers of particle are a sign of
good work especially in contaminated areas. Measurement may become interesting for outdoor as
well. Ongoing research is needed here.
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4 Conclusion

A SSB suitable to become a test case was found in Cologne. The hall was built in the beginning of
2000’s. The possibilities to perform deconstruction with the same machines as the regular demolition
were tested.

The identification of parts which were deconstructed for reuse tried to estimate the risk of damage
due to deformation. Thus, the primary and secondary structure was deconstructed while all light-
weight parts were recycled only. During the deconstruction and demolition, it was realized, that the
sandwich elements were aged so much over 20 years, that the glue failed on the connection of metal
sheets and insulation was too bad for reuse. On the other hand, it was experimented, how separation
of sheets could be possible on site.

Nevertheless, most waste masses are created by the demolition of concrete parts. The total masses
only change little if reuse is applied.

On the other hand, if reuse is prepared with deconstruction techniques performed by excavators, the
total costs are only little higher compared to general demolition. The additional time for deconstruction
was only 20% higher than for a demolition without deconstructing parts. Thus, to increase the decision
to deconstruct parts of modern SSB for later reuse, the later reuse has to been seen as an additional
chance with low extra costs. This might help to start deconstruction as an idea performed even without
having a special client or buyer. The risk of high costs is little. The chance to increase income of
demolition of SSB due to selling reusable parts may justify more experiments.

From the practical view the deconstruction of light-weight parts seems the challenging thing in the
future. Besides technical issues it is important to find a solution for the following question:

Who is responsible for parts which are not reusable after deconstruction due to deformation? What
percentage of loss is acceptable? At the moment it seems difficult to put a hall on the market with only
75% of cladding. Additional, sandwich profiles undergo an evolutionary process and may not be the
same some years in future as today. That could result in a higher percentage of parts which are
needed to be renewed. On the other hand: Deconstruction of light-weight parts is even competing
against new parts if about 20% loss is included. Besides the technical problems the reuse of light-
weight parts is a legal question of acceptable contract conditions.

The main result is the possibility to perform deconstruction by excavators instead of cranes.
Deconstruction for reuse becomes so something, any demolition contractor could do or at least try.

Nevertheless, planning becomes important. A view to temporary situations as well as a higher risk of
collapse follows the deconstruction idea.
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Annex A: sampling protocol of possible contaminated sand 

probe: Sand filling from Cologne
Site: Cologne, Bischofsweg 48a
Reason: Analysis of material

following the German LAGA
/ DK0 classification

Where: Middle of heap
Whether: sunny, dry, 16°
Type of sample: Mixture of sand
Tool: shovel
Nr. Of samples:  One mixture
Depth: 40cm
Color: brown / yellow
Mass: 3,5 kg
Container: bucket
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Annex B: sampling result. PAK (red marker) above limit
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Annex C: List of waste transports 
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Annex D: Example of pre-deconstruction audit report

A General information

A1 Description of the building
 A1.1 Building description Single-storey steel steel hall with welded-steel frames,

fabricated by unknown
sandwich panel wall envelope, unknown fabricator
trapezoidal sheet roof, unknown fabricator

 A1.2 Address, site number 50969 Cologne, Bischofsweg 48a, Germany
 A1.3 Year of steelwork fabrication 2002
 A1.4 Floor area 523m²
 A1.5 Main dimensions span: 22,26m, length 23,60 m, height: ca. 8,5m
 A1.6 Envelope sandwich panels: 578m²,
                                                                trapezoidal sheets: 530m²
 A1.7 Crane (description, type, tonnage) no
 A1.8 Steelwork is already deconstructed no

 A2 Purpose of the deconstruction
The rental agreement for the land on which the hall is located expires. The tenant must deconstruct
the hall he has built himself.

A3 Description of the future use of deconstructed components (if known)
n/a

A4 Building owner (name, address, e-mail, phone)
Fruchtimport vanWylick.GmbH, Industriestraße 16, 50735 Cologne

A5 Information about the auditor (name, address, e-mail, phone, certification(s))
Paul Kamrath Ingenieurrückbau GmbH, Hamburger Str. 97, 44135 Dortmund

A6 Information about the demolition/deconstruction company (if known)
Paul Kamrath Ingenieurrückbau GmbH, Hamburger Str. 97, 44135 Dortmund

A7 Building documentation and drawings

 A7.1 Design documentation no

 A7.2 Fabrication documentation no

 A7.3 Documentation of use and inspection reports no

A8 Certification

 A8.1 Mill certificates of delivered steel no

 A8.2 CE marking of delivered steel products or steelwork no

 A8.3 Other certification: no
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B Description of the audit and recommendations

B1 Description of the available documentation

No design documents or certificates are available. Information of past WW2 bombing is given

B2 Description of the on-site visits (dates, persons, equipment)

1st visit:
Date January 2020
Persons: Paul Kamrath, Richard Stork, Responsible owner
Equipment: Standard measuring equipment, camera

Distances, spans and cross-sections were measured during the visit. Since no design
documentation was available, some of the primary structure and secondary structure was
checked in more detail. Photo documentation was obtained. Connection of main frame to
ground was checked in detail. The frame structure ends underneath the concrete and is not
visible.

After a visual inspection, it was concluded that the structure is not visibly damaged and its
dimensions are within the acceptable tolerances.

2nd visit:
Date 4 March 2020
Persons: Paul Kamrath, Markus Kuhnhenne, Kevin Janczyk, Richard Stork
Equipment: Standard measuring equipment, cameras, drones

· Site inspection
· Discussion between RWTH and PKIR concerning dismantling and testing of envelope
· Drone flights, data recording for 3D-Model

B3 Description of the labelling system of reusable components

The main structure consists of four mainframes A to D.

B4 Description of the on-site measurements (equipment, results)

Distances and cross-sections were measured by help of 3D model:
Spans: Outer: 2 x 11,13m Distance between frames: 5,3m
No regular steel girders. Connections of mainframe and secondary structure are screwed.

B5 Description of sampling (methods, sample sizes, locations, numbers)

Samples of cladding were extracted
Samples of sand were taken for the contamination tests

B6 Evaluation tools and methods for off-site testing and condition evaluation



52 (56)

Samples of cladding were sent to RWTH for further investigation
Results of sand testing are included in the Annex B

B7 Results of the evaluation

Structural frames A to D can be reused as they fulfil the admissibility conditions.
Secondary structure was not evaluated before the deconstruction.

B8 Recommended reuse scenario(s) with optional evaluation of reusability (if not in A3).

Envelope will be recycled. Insulation is used for thermal energy. Only main structure and
secondary structure are reused.

B9 Recommended treatment of materials and components

Roof skin: waste for energy plant:   AVV 17 09 04
Roof insulation: waste for energy plant:  AVV 17 09 04
Cladding: recycling of metal sheets: AVV 17 04 05
Insulation: AVV 17 09 04
Trapezoidal sheets: recycling of metal sheets: AVV 17 04 05
Doors, gates: recycling of aluminium: AVV 17 04 02
Illuminants: recycling ba lightcycle: AVV 16 02 14
Concrete founding: demolition and recycling
Off-site AVV 17 01 01
Filling beneath: recycling off site AVV 17 05 04
Frame structure: Deconstruction and reuse

Deconstructed elements for reuse will be transported to their new place.
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C Inventory of reusable components

C1 General information

C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7

Component Dimensions Quantity Location Year of
fabrication

Will be
reused

Reuse
description

Frames see the
drawings 4 see the

drawings 2002 no1 -

Secondary
structure m see the

drawings 2002 no1 -

Trapezoidal
Sheets m² roof 2002 no -

Sandwich
Panels

see the
drawings m² walls 2002 no -

1 It was decided about reuse after the audit was completed

C2 Material information

C2.1 C2.2 C2.3 C2.4 C2.5 C2.6

Component Steel
manufacturer

Component
manufacturer

Certified
steel grade

Recommended
steel grade

Recommended
material testing

Frames unknown unknown n/a S235 without
testing -

Trapezoidal
Sheet Unknown tba n/a S235 without

testing -

Sandwich
Panels unknown tba n/a -

PROGRESS
procedure,

testing according
to EN 14509

C3 Recommended treatment

C3.1 C3.2 C3.3 C3.4 C3.5

Component Observed
damage

Recommended
repairs

Existing
coating

Recommended
surface treatment

Frames with
intumescent paint n/a n/a n/a -

Purlins n/a n/a n/a -
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D Inventory of waste and hazardous substances

D1 Hazardous substances

D1.1 D1.2 D1.3 D1.4 D1.5

Substance Present Quantity/concentration Location Recommended
treatment

Asbestos no n/a n/a n/a
PCB no n/a n/a n/a

Creosote no n/a n/a n/a
Other: no n/a n/a n/a

D2 Inventory of waste19

D2.1 D2.2 D2.3 D2.3 D2.4 D2.5 D2.6
Material Code Hazardous Quantity Location Condition Recommended treatment

Iron and steel 170405 no 30 t steelwork painted,
corroded R4 (recycling of metals)

Concrete 170101 no 500 t base slab good for
recycling

R5 (recycling of inorganic
materials)

Mixed CDW 170703 no 60 t base slab n/a D12 (permanent
storage/backfilling)

Soil and stones 170504 no 800 t excavation n/a D2 (land treatment)
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E Drawings and photos
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