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List of terms 

Envelope – the enclosure around the building that separates the enclosed space from the 

external environment and provides a range of structural and building physics functions. 

Recycling – Process of converting waste materials into new materials and products; recy-

cling steel involves re-melting of scrap to form new semi-finished products. 

Reuse – Use of old components with little or no reprocessing, largely in their original form; 

they may be reused for the original function, or repurposed. 
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1 Introduction 

This thesis work is the case study of steel envelope relocation of warehouse performed by 

TTV-kiinteistöt Oy. The purpose of this thesis is to describe the process of inspecting ele-

ments of the disassembled steel frame and calculate the environmental impact difference 

between manufacturing new elements and reusing the old frame through relocation. 

Part of this research will describe the methods of steel frame inspection. The elements of 

the envelope which will be relocated should be inspected and tested before they are suitable 

for reuse. An automated excel inspection sheet will be created as a result of this thesis work 

to ease the complex inspection procedure. 

The second part of the thesis will include the analysis of overall carbon dioxide (CO2) emis-

sions during the relocation process and erecting a structure from raw materials. Methods of 

calculating the emissions will be provided and the question of expediency of frame reloca-

tion will be addressed.  

As a result of this research the following questions will be answered: 

- How elements of steel envelope should be inspected? 

- How much CO2 emissions were saved due to steel envelope relocation? 
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2 Steel envelope reuse 

2.1 Steel as building material 

Steel is a fascinating building material, widely used in various construction all over the world. 

Its popularity can be explained by the benefits it provides. Steel is durable, flexible, sustain-

able and a high-strength material. 

Steel’s durability allows it to better resist weather conditions and fire hazards. Therefore, 

the lifespan of the steel frame buildings is really high. 

Another advantage of steel frame buildings is its ease of modifications. Steel framed build-

ings can be expanded, reinforced or repaired in a short period of time. 

 

Figure 1 Walt Disney Concert Hall, California, USA (Photo: Nash Photos 2016) 

Stell is sustainable material, because up to 99% of steel is reused or recycled at the end 

of its lifecycle. Recycled steel then can be used in manufacturing new elements. Moreo-

ver, the methods of manufacturing are constantly developing to minimize environmental 

impact and raw material consumption. (British Constructional Steelwork Association a.) 

Steel structures have highest strength to weight ratio compared to wood and concrete. Less 

material is needed, resulting in thinner and lighter frames. It opens the possibility for more 

enthusiastic and modern designs.  

2.2 Structural steel shapes 

Steel comes in a variety of different shapes due to its stiffness and ductility. 
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Figure 2 Types of structural steel sections (Image: depositphotos) 

The most common profiles are: 

- Steel angles or L-shaped cross-section. These elements have wide application, they 

can be used as wood connectors, shelfing and structural reinforcement. 

- Hollow sections. Various steel tubes are widely used as they consume minimum of 

material making light-weight structures that consume little material. At the same time 

these elements retain high structural characteristics. Application varies from tubes 

to columns and beams. 

- I-beams and H-beams. Steel beams have wide flanges to provide bending re-

sistance and bigger load distribution. I-beams can be used to support floors in resi-

dential buildings, H-beams have bigger strength capacity and often used as founda-

tions for buildings. 

All of these sections and many others are used in various steel elements that make up 

a frame of a building. 

2.3 Components of steel envelope 

Steel envelope serves primary functions of the building. It prevents free temperature flow 

inside, protecting people and equipment. To prevent this flow, the perimeter of the building 

should be protected from outside climate impact. Therefore, we need walls, roof and floor 

as well as any embedded elements (doors, windows etc.). Another purpose of the envelope 
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is to give the final decoration to the façade and sometimes even interior. The exterior is 

made with cladding (i.e. sandwich panels, wooden planks).  

All of the elements mentioned above act as a load, which should be transferred to founda-

tion through purlins, rafters, trusses, beams and columns. These elements together form a 

frame of the building. They carry the loads from the structural elements (dead loads), from 

people and furniture (live loads) and from snow, wind and sometimes seismic actions (en-

vironmental loads). (British Constructional Steelwork Association b.) 

On Figure 3 you can see the typical structure of one-story building supported by steel frame. 

Such buildings are usually used as warehouses or production factories.  

 

 

Figure 3 Main components of steel envelope (Coelho et al. 2020, 3) 

2.4 Reuse and recycling 

Steel has great sustainability due to its ability to be reused and recycled. It is easier to see 

how effective the steel is used when we compare it to other building materials. 

While most concrete and wood elements are downcycled or disposed at the end of their 

lifecycle – only 1% of steel goes to landfill. And 13% of steel products are reused, which 

has much greater positive environmental impact than recycling. (Hradil et al. 2014, 23) 
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Figure 4 End-of-life scenarios of concrete, timber and steel buildings (Hradil et al. 2014, 23) 

It means that once the steel was manufactured from raw materials it will be reused and 

recycled for many years, allowing to save a great amount of CO2 emissions from manufac-

turing new steel.  

It is worth mentioning that when we talk about steel, there is a big difference in environmen-

tal impact between reuse and recycling, reuse being more environmentally friendly and en-

ergy saving process. 

Even though only 6% of steel is reused compared to 93% being recycled – industry devel-

ops in direction of design for deconstruction (DfD), which inevitably rises the reuse rate. 

2.5 Design for deconstruction 

It is important for future reuse to think beyond easy and low-budget construction.  According 

to Hradil (2014, 50) every participant of construction project can influence the reusability of 

the structure. The biggest contribution to reusability can be achieved by Architects and En-

gineers, as they decide how the structure will look and what components will be used to 

achieve the desired appearance.  
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Table 1 Possible impact of all parties involved in construction project (Hradil et al. 2014, 

51) 

Here are the most common principles for deconstruction that can be used by Designers 

according to steel construction encyclopedia for UK (2022) are: 

• Use bolted connections in preference to welded joints to allow the structure to be 

dismantled during deconstruction 

• Use standard connection details including bolt sizes and the spacing of holes 

• Ensure easy and permanent access to connections 

• Minimize the use of fixings to structural steel elements that require welding or drilling 

holes 

• Use long-span beams as they are more likely to allow flexibility of use and to be 

reusable by cutting the beam to a new length. 
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3 Case study: One-storey warehouse inspection 

3.1 Description of the case 

This research was suggested by TTV-kiinteistöt Oy and it concerns steel envelope reloca-

tion of warehouse in Lappeenranta region. The relocated elements are I-beams; CFRHS 

profiles and PAROC panels. 

The warehouse was erected in 2013 and decision to move the building was made due to 

economic reasons. 

Figure 6 represents the structural elements of the steel frame that will be relocated. In this 

case cold formed rectangular profiles make up 90% of relocated steel elements, they are 

highlighted with blue. Green elements are the I-beams used in the steel frame. The red 

elements are the ones that were only existent on the old drawings, although they were not 

constructed in the original building. 

 

 

Figure 5 3D representation of steel frame (source: Researched case) 
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The research goals that will be achieved in this section are: 

- listing the inspection requirements and methods that are used to assess the quality 

of elements 

- developing an excel sheet that can be used as a framework for steel one-story 

building dimensional inspection report 

3.2 General description of building reuse process 

Figure 7 shows the whole evaluation and inspection process. As it can be seen, the first 

step for reusing a structure is to determine if steel components of the structure can be re-

used. Only after certification was obtained company can get demolition permission and 

begin the site work. 
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Figure 6 Overlook at the process of reclaiming structural steel elements (Coelho et al. 

2020, 41) 
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The Guidelines for waste audits (2018) states that there are 4 main stages during the Pre-

deconstruction audit: 

1. Review of building documentation (desk study). It concerns collection of all the rel-

evant documents on the structure that will be reused. The primary documents that 

should be obtained should include: erection date of the building; technical drawings 

and architectural plans; history of maintenance and renovation; list of dangerous 

substances; local waste facilities. 

2. Field survey. It concerns analyzing the obtained documentation and comparing it to 

site situation. During this phase non-destructive and destructive methods can be 

used to assess the structure’s correspondence with collected drawings. 

3. Inventory of structure. All elements from furniture to columns should be inventoried 

in order to ease the waste management process. During this stage the thought 

should be given to how the waste management could be organized. 

4. Advice report for waste management. In this report the whole audit can be summa-

rized to give recommendations for people who will perform the demolition process. 

Assessment for reuse is performed in order to identify the element’s certification if it is pos-

sible and assign the class to the steel materials.   

According to European recommendations (Coelho et al. 2020, 51) here are the main CE 

marking classes:  

• If it is possible to find original certificates, which show material’s performance char-

acteristics and quality assurance certificates – class A is obtained for the steelwork. 

This means that steel can be used for structures with any service class (CC1, CC2, 

CC3). 

• Class B is given to the structure in case if no certificates were available before as-

sessment and the steel was re-certified through tests. Class B steelwork is appliable 

to all service classes. 

• Class C is the case when no detailed testing was performed and certificates are not 

available. This steel elements can be only used for service class 3 (agricultural build-

ings, fencing).  
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When the steel class was identified for the elements – they can be inspected to check if 

they are suitable to be reused or if they should be recycled. The inspection process is one 

of the interests of this research and it will be described in Section 3.3. 

After elements were inspected – the structural design for new structure and reused ele-

ments should be performed. The European Recommendations for Reuse of Steel Products 

in Single-story Buildings (2020, 111) state that usually the structures that use reclaimed 

steel elements can be designed in the same way that the ones with new steel. However, 

some precautions should be taken and the source mentioned above provides these recom-

mendations. For example, if the frame is relocated it usually has the same loads applied to 

it. However, if these loads change – the calculation should be performed again to check 

that given sections of the elements can still withstand the new loads. 

3.3 Field survey and risk evaluation 

When the warehouse frame in Lappeenranta was inspected, it was discovered that part of 

the frame that was on every architectural and structural drawing was not erected. That is 

why the field survey should be done simultaneously with the desk study of the structure. 

Otherwise, there is a risk of misinterpreting the structure’s composition and some problems 

might stay unnoticed. 

After completing the filed survey and settling all discrepancies between drawings and 

erected structure– risk evaluation of the frame must be performed. It means that we should 

analyze the steel frame as a whole and locate potential risks in the structure. This step is 

significant and might show some problems that could put the whole structure at risk.  

If there are any places in the structure that could be under risk during the exploitation of the 

building, for example there was a weather exposed load-bearing connection – we need to 

inspect it and based on the inspection report eliminate any risks. 

In the studied case the risk evaluation showed that the special attention should be paid to 

the connection between columns and foundation. This was a rigid connection which was 

located underground. It means that there was a risk of weakening of the weld splices, which 

potentially could lead to the failure of the structure. 
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Figure 7 The connection that bears potential risk (Source: Researched case) 

The ultrasonic scanning of the weld splices was performed in this case and some welds 

were repaired after inspection report, which is provided in Appendix 1. 

3.4 Inspection of dimensional tolerances 

Disassembling the frame is followed by checking the elements accordingly to the standards 

and making sure that they can be reused. Usually, it is important to check that reclaimed 

element is not corroded, change of original dimension is within tolerance and material qual-

ity is acceptable (Coelho et al. 2020, 101). 

In the case of the warehouse in Lappeenranta the dimensional tolerance check was not 

performed due to the results of the field survey. All of the elements were in a good shape 

and there was no need to perform the inspection. However, in case of any potential defects 

related to dimensional integrity of the elements – the inspection of dimensional tolerances 

should be conducted and the inspection process is described in this section. 

Different elements have their own standards for reusability evaluation. Two main standards 

that exist for every steel element are Dimensional and Tolerance standard and Material 

Quality standard. The table below provides the needed standards for the main steel ele-

ments used in construction. 
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Table 2 Standards used for inspecting the steel elements (Coelho et al. 2020, 58) 

The main purpose of this thesis was describing the inspection of dimensional tolerances, 

but it is also important to mention that material quality standards describe the material per-

formance of the elements. They can be used to check the mechanical properties, chemical 

composition, technological properties, delivery conditions, check the weld splices and other 

characteristics (EN-10219-1:2006, 2). 

The considered one-story warehouse has 3 types of elements to inspect:  

• CFRHS profiles (Cold formed rectangular hollow section). Used as columns, lintels 

and bracing 
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• I-beams. In relocated warehouse studied in this research, they are used as load-

bearing beams to support the roof 

• PAROC elements. These sandwich panels are used to create an exterior façade 

and provide thermal insulation of the structure along with additional bracing 

According to European Recommendations (Coelho et al. 2020, 198) to measure the dimen-

sional characteristics of the elements we can use Vernier callipers, micrometres, three-di-

mensional laser scanning, ultrasonic measurements or other instruments. The preferable 

instrument and tolerances are not specified in the standard. 

We need to look at all of these elements separately, because characteristics that need to 

be inspected vary significantly depending on element and its section. That is due to unique 

shape, purpose of the envelope part and the loads it is subjected to. 

3.4.1 CFRHS profiles  

There are two standards which describe the tolerances and material quality for cold formed 

rectangular hollow section profiles. Main documents that should be used during assessment 

are: 

1. European Standard EN 10219-1:2019 – describes the material quality. 

2. European Standard EN 10219-2:2019 – describes tolerances and dimensions. 

The purpose of this research is describing the methods of inspecting shape and size of 

disassembled elements and criteria to check if the elements are suitable for re-use. For this 

reason, we will take a closer look at the second document – EN 10219-2. 

The following parameters are checked when we consider reusing cold formed hollow sec-

tions: 

• Outside dimensions 

• Thickness 

• Squareness of the side 

• Length 

• Concavity and convexity 

• External corner profile 

• Twist 
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• Straightness 

• Mass per unit length  

EN 10219-2 standard provides us with tables, which show the tolerances for the elements. 

The tables are very convenient to use and contain all the information needed for inspection 

result analysis. Tables are attached in Appendix 2. 

In order to check these characteristics, firstly, we need to take all the measurements. To 

conduct faultless measuring, it is important to read instructions that are provided in standard 

(EN 10219-2, Section 7 “Measurements of size and shape”). 

3.4.2 I-beams 

I-beam is element with standard dimensions which can be checked in EN 10365. The stand-

ard for I-beam tolerance inspection is EN 10034 and its material quality can be checked in 

EN 10025. 

After labeling structural elements and disassembling the structure each element should be 

measured and its dimensions should be compared to the original ones, obtained during pre-

deconstruction audit. The following tolerances should be checked according to the stand-

ard: 

• Section height 

• Flange width 

• Web thickness 

• Out-of-squareness 

• Web off-center 

• Straightness 

• Mass 

• Length 

Additional information and tables with tolerances can be found in Appendix 3. 
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3.4.3 PAROC panels 

The standard that is used to check the dimensional tolerances of the sandwich panels is 

EN 14059. According to the Technical guide (PAROC Panel system 2022, 23) maximum 

deflection for external wall panels is L/100. 

According to European Recommendations for Reuse of Steel Products in Single-Storey 

Buildings (2020, 79) there are also characteristics apart from dimensional properties that 

can be checked prior to reuse. It is important to emphasize that it is not mandatory to check 

these characteristics, as EN 14509 is a standard for the factory testing of the panels. These 

recommendations can be used if there is any doubt about the quality and it needs to be 

checked, or if it is specified by the commission or other party. 

Few mechanical parameters that can be tested (EN 10459): 

• Tensile strength. From 3 up to 10 panels should be taken and tested. If the tensile 

strength value is 10% lower from original value – only 1 more panel shear strength 

test is required. If the tensile strength is within the tolerance – no further mechanical 

testing is required. 

• Shear strength. One sample is tested if the tensile strength is OK. From 3 to 5 sam-

ples should be tested if tensile strength test was failed. 

• Durability (optional)  

• Compression (optional) 

• Bending moment (optional) 

Along with mechanical and dimensional tolerances we can also test Fire safety, Moisture 

content and Thermal behavior of the panels (EN 10459). All of the tests that are mentioned 

in the standard were summarized in the European recommendations for reuse of steel prod-

ucts in single-story buildings (Coelho et al. 2020, 81) and the summary table from this study 

is provided below. 
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Table 3 Evaluation criteria for cladding (Coelho et al. 2020, 81) 

In the researched case the inspection of the Paroc panels was not performed because af-

ter visual inspection there was not any doubt about the quality of the panels. They are 

also not exposed to severe weather conditions or fire threat.  
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3.5 Automated Excel sheet for dimensional tolerance inspection 

This part will explain how inspection excel sheet can be used on the basis of the relocated 

warehouse in Lappeenranta. The excel sheet is automatic, however the important note is 

that this excel sheet was created for the inspection of the mentioned case and it needs 

close attention and attentive alternations if used in another project. 

 

Table 4 Cell color explanation 

Table 4 shows us the cell color legend, that can help us to use this table correctly and 

effectively.  

First and foremost, when we inspect dimensions, we usually compare the original dimen-

sions with the ones, that we took from disassembled element. Both original and new dimen-

sions should be inserted in the table. These cells where we need to put original and meas-

ured value have the yellow color and should be changed first. 

In some of the tests the tolerance rule is variable, depending on original dimensions or other 

factors. In this case we need to check the standard and choose correct tolerance. The 

needed extracts from the standards are provided next to the table and can be accessed 

easily. The color for cells, which require looking at the document is light-blue or cyan. 

Then we also have the cells that should not be changed, as they consist of formulas and 

will function without user’s help. Such cells will be later used to determine whether charac-

teristic is within the tolerance or not. They have white color.  

The last cell type is green/red cell. They show us the result of all the input inserted in the 

table in a form of simple “Yes” (meaning that certain characteristic is within tolerance) or 

“No” (meaning that the tolerance is not met and this element cannot be reused).  
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Important note should be made about “Yes” and “No” cells. There is an exceptional case 

when we calculate CFRHS profile’s “External corner profile parameter”. The formula there 

could not be automated and have to be manually adjusted. In Appendix 4 the calculation 

example can be found along with explanation to the case above. 

The necessary part of inspection is numbering the elements that will be inspected. This 

numbers will be later used in inspection report and will provide easier navigation for disas-

sembling team. 

 

Figure 7 Numbered elements off the steel frame (source: Researched case) 

The excel sheet has a separate tab for inspecting CFRHS elements, I-beams and PAROC 

elements. Here are some features and notes about each element: 

• CFRHS elements. One table is used for one element. It has 5 rows that do not need 

any alternations and 4 rows, which should be altered according to standard (2 of 4 

might need changing the formula) 

• I-beams. One table is used for one dimensional characteristic. Two tables do not 

need alternations, 3 tables need simple alternations according to standard (no for-

mula changes are needed) 
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• PAROC elements. Table checks only straightness of the panel; no alternations are 

needed. For more information on cladding inspection check Section 3.3.3. 

 

Table 5 Overlook at Excel sheet for CFRHS elements 

The right end of Table 5, shows us the summary of inspection for each element giving us 

a visual representation of element’s reusability. If any dimension is outside of the toler-

ance, we will get a “No” result next to the element number, meaning that this element can-

not be reused. 

This tool makes inspection of the dimensional tolerance easier and helps to provide an 

easy-to-read result. It is not a complete tool, but a foundation on which any dimensional 

inspection excel sheet can be made through correct information input and conscious edit-

ing of some parts of the table.  

This excel sheet can be found in the attachments to the thesis. 
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4 Case study: Environmental impact of steel envelope warehouse reloca-
tion 

4.1 Life Cycle Assessment 

Any element of the building has to go through many stages before it is installed on site, but 

even after that there are even more stages to come in its lifecycle.  All of stages that element 

has to come through have negative impact on the environment.  

A Life Cycle Assessment (LCA) system was created to understand how each stage affects 

the environment. One of the goals of LCA is to make an estimation of carbon dioxide (CO2) 

emissions produced during building part’s lifecycle. (Simonen et al. 2019, 9) 

Figure 8 shows the stages that every material goes through during its life. 

 

Figure 8 Lifecycle stages of construction material (Simonen et al. 2019, 8) 

There are 4 main stages of Building’s lifecycle. Each stage has several modules which 

represent the processes during the creation of a building part (I-beam, CFRHS profile, etc.). 
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Table 6 Lifecycle stages of the building material (BRE Global 2018, 13) 

According to BRE Global (2018, 14), here are the stages of the building’s lifecycle: 

1. Product stage (A1-A3) is divided to 3 modules: 

a. Raw material supply, A1. Energy spent on extracting building materials (e.g., 

mining steel, cutting trees). 

b. Transport, A2. Energy used to transport extracted materials to the manufac-

turer. 

c. Manufacturing, A3. Energy used to create end products that will be used in 

the building from raw materials. 

2. Construction stage (A4-A5) is divided to 2 modules: 

a. Transport, A4. Energy used to transport elements to the site. 

b. Construction, A5. Energy used to mount elements in the correct place ac-

cording to design. 

3. Use stage (B1-B7) consists of 7 modules: 

a. Use, B1. Emissions produced by elements during their lifecycle (release of 

substances from the building façade) 

b. Maintenance, B2. Energy used to perform the regular maintenance of the 

structure (e.g., reapplying the fireproof paint on a structural element) 
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c. Repair, B3. Energy used on fixing the element of the structure that no longer 

can serve its function to the needed extent (e.g., mantling of concrete column 

after its section has decreased)  

d. Replacement, B4. Energy used to replace elements of the structure with a 

shorter lifespan than the building (e.g., changing the windows with 30-year 

lifespan in the 60-year lifespan building) 

e. Refurbishment, B5. Includes all of the energy used for a scheduled signifi-

cant program that can consist of maintenance, repair and replacement of the 

existing elements (B2-B4) as well as adding of new elements to renew or 

repurpose the structure (A1-A5). 

f. Operational energy use, B6. Energy used to provide electricity, heating and 

other energy needs of the structure. 

g. Operational water use, B7. Energy used to provide water resources used by 

the building according to its purpose. 

4. End-of-life stage (C1-C4) consists of 4 modules: 

a. De-construction or demolition, C1. Energy used to disassemble or demolish 

the building at the end of its lifecycle. 

b. Transport, C2. Energy used to transport the demolished parts to the site 

where element will be reused or recycling/disposal site. 

c. Waste processing, C3. Energy used to handle and sort the elements at the 

waste collection facility. 

d. Disposal, C4. Energy consumed by disposal facility to handle elements that 

were sent to the landfill at the end of their lifecycle. 

5. Benefits and loads beyond system boundary, D. The only stage where we calculate 

the environmental benefits received from the end-of-life stage. Here we find out how 

much energy and therefore CO2 emissions were saved due to recycling and reuse. 

(BRE Global 2018, 14.) 

All of those modules have different impacts depending on the materials used, distances of 

transportation and other factors. The main European Standard that describes the calcula-

tion of the environmental impacts is EN 15978. There are also online tools available to make 

Life Cycle Assessment of the structure easier and give it a better look. 
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The main outcome of LCA used to consider the numerical environmental impact of the 

structure is Global Warming Potential (Simonen et al. 2019, 9). This is the parameter that 

is calculated for the case of Lappeenranta’s Warehouse in this research. 

4.2 Global Warming Potential of relocated warehouse in Lappeenranta region 

In this research it was decided to calculate the GWP for two situations: 

• new Warehouse created from raw materials 

• relocated Warehouse (researched case) 

The amount of energy saved as a result of relocating the steel envelope will be calculated 

and some conclusions made in this section. 

The unit of measurement for GWP is kgCO2eq/kg. It shows how many kilograms of carbon 

dioxide equivalent were emitted for 1 kg of produced building material. We use equivalent 

kilograms of CO2 because carbon dioxide is not the only gas emitted in the lifecycle of 

building element. The CO2eq includes all of the harmful gasses as well as carbon dioxide 

itself combined together. All of the gases are converted to the equivalent of CO2 (i.e., 1kg 

of methane CH4 emission is the same as 25kg of CO2, so 1 kg CH4 = 25 kg CO2eq). (Matthew 

Brander, 2) 

The first thing that should be done prior to calculating GWP of the structure is inventory of 

the materials used. On Figure 9 the elements identified during inventory are used to calcu-

late the total mass of the building. 
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Figure 9 Total mass of Warehouse’s envelope 

When mass is defined, the unit impacts for different stages can be looked up in the standard. 

For this research the Methodology for LCA of buildings (Table 7) and Environmental Product 

Declaration for PAROC (Table 8) were used to define unit impacts from materials used in 

the building’s envelope. 
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Table 7 Unit impacts for building materials based on lifecycle stages (Global 2018, 27) 

 

Table 8 Unit impacts for PAROC materials based on lifecycle stages (The Norwegian EPD 

Foundation 2021, 6) 

When we look at the warehouse erected from new steel or raw material (RM in calculations) 

we can calculate all stages from A1 to D according to the standard: 

 

In case of relocating the old frame, we take the Product stage (A1-A3) out of equation. 

Instead of Product stage we have demolition and transportation to the site (C1-A4): 
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Due to the fact that we only need the difference between environmental impacts – all the 

stages shared between 2 cases do not need to be included in the final equation. Then, the 

final equation will have the following impacts: 

• New steel frame: Stages A1 (Raw material supply), A2 (Transport to the manufac-

turing facility) and A3 (Steel manufacturing) 

• Relocated steel frame: Stages C1 (Deconstruction)  

In this case we do not consider the impact from transportation to the site, because there are 

some steel manufacturing facilities in Lappeenranta and the distance of relocation and fac-

tory-to-site transportation will be approximately the same. Therefore, the total difference is 

achieved through the equation: 

 
Figure 17 The environmental impact achieved through frame relocation. Benefit from steel 

The Paroc panels go through the similar cycle and the the final equation will have the fol-

lowing impacts: 

• New steel frame: Stages A1 (Raw material supply), A2 (Transport to the manufac-

turing facility), A3 (Steel manufacturing) and A4 (Transportation from manufacturing 

facility to the site) 

• Relocated steel frame: Stages C1 (Deconstruction) and A4 (Transport from an old 

site to the new site) 

It was decided to include the impact from transportation to the site here, because the dis-

tance of relocation was 8 km and the closest Paroc factory to Lappeenranta is located in 

Helsinki which is approximately 230 km away from the site.  

The impact for both cases (NP – new panel, RP – reused panel) is calculated below: 
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Figure 18 The environmental impact achieved through envelope relocation. Benefit from 

PAROC panels 

After obtaining the GWP benefit from all of the relocated parts of the envelope – the total 

deduction of the carbon waste can be calculated: 

 

Figure 19 Total environmental benefit achieved through relocation 

The results are presented on the Figure 20. The relocated warehouse emits approximately 

43 times less carbon dioxide into the atmosphere than the warehouse manufactured from 

new steel. The only noticeable impact from the relocated frame was due to disassembling, 

the distance of transportation of the relocated frame was only 8 km and did not have signif-

icant environmental impact.  
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Figure 20 The representation of global warming potential for newly manufactured and relo-

cated one-story warehouse 

According to Greenhouse Gas Equivalencies Calculator the amount of saved energy is 

equivalent for providing electricity for 1 year for 8.2 homes or energy enough to charge 5.1 

million smartphones. This relocated warehouse is a relatively small 5 tonne building, 

therefore these results can be considered quite notable.  

There are some examples of much bigger steel frame relocations as much as 3720 tonne 

BRE test facility in Cardington, UK (Coelho et al. 2020, 20). It means that buildings of any 

scales can be relocated and the potential environmental impact from the reuse of steel 

structures should be always thought of. 

The full calculations can be found in Appendix 4. 
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5 Summary 

In this thesis the process of steel frame dimensional inspection was described according to 

the European Standards. The main focus of this research was inspecting the elements used 

in the studied case. As the result the automated excel sheet was developed to speed up 

the inspection process and make the outcome easier to read. The excel sheet is mainly 

designed for inspecting CFRHS and I-beams and it can be also used as a starting point for 

inspecting CFCHS, hot rolled sections and other steel elements.  

The recommendations for inspection of steel frame given in this thesis are not mandatory 

and can be used if there is a specific need to check some of the dimensional characteristics. 

The inspection report was not created for the TTV-kiinteistöt Oy as there was no need to 

perform dimensional tolerance inspection according to visual inspection and field survey. 

In the environmental part of the research the Lifecycle stages of the building elements were 

described to understand what processes contribute to pollution. The calculations were per-

formed to see the effect that can be achieved through the reuse of steel. 

According to the calculation results the benefit achieved through the relocation of the steel 

frame can be very significant. It is due to the high energy consumption during steel manu-

facturing.  

It should be mentioned that manufacturing companies already reuse and recycle the steel 

to a great extent and every new steel element has some recycled, melted down steel in its 

composition. The calculations in this thesis compare the impact from steel manufactured 

from purely new raw material and steel entirely reused through relocation. 

Nevertheless, the results obtained from calculations show us the importance of reuse and 

recycling during the manufacturing stage. As this stage is the most polluting, it is always 

important to think how it can be avoided or minimized. In the future, this question should be 

raised throughout all parties involved in the contract. The client and architect can find a way 

to reduce the global warming potential of the building through reuse and environmentally 

friendly materials. The designing team could give a considerable thought about the future 

of the building, how to make it easy to reuse and relocate. This way the maximum potential 

of steel’s sustainability can be achieved. 
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Appendix 1. Weld splice inspection results (translated from Finnish). 
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Appendix 2. Extract from EN 10219-2. Cold formed welded structural hollow sections of 

non-alloy and fine grain steels. Tolerances on shape and dimensions. 

 

Table 1 Tolerances on shape and mass (EN 10219-2:2006, 6) 
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Table 2 Tolerances on external corner profiles (EN 10219-2:2006, 7) 

 

Table 3 Tolerances on manufacturer's delivered length (EN 10219-2:2006, 7)
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Appendix 3. Extract from EN 10034. Structural steel I and H sections. Tolerances on shape 

and dimensions. 

 

Figure 1 Additional information about tolerance for I- and H-beams (EN 10034:1993, 3) 
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Figure 2 Dimensional tolerance for I- and H-beams (EN 10034:1993, 4) 
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Figure 3 Out-of-square and web off-center tolerance for I- and H-beams (EN 10034:1993, 

5) 
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Figure 4 Straightness tolerance for I- and H-beams (EN 10034:1993, 6)



1 

Appendix 4. Example of working with table. Manual formula correction. 

In this example we will take a look at external corner profile characteristic of Cold Formed 

Rectangular Hollow Section (CFRHS profile). The table already has values to see the order 

of numbers, it helps to make table easier to work with. 

 

Original thickness of profile was 7 mm and we measured C1 and C2 dimensions which are 

15 mm in our case. Firstly, we need to put the original and measured values into the table. 

Then, we should take a look at the standard, as blue cells imply this. 

 

Table 1 Tolerances on external corner profiles (EN 10219-2:2006, 7) 

According to the Figure 11 we can find our thickness range and its tolerance. Here is how 

the table will look like after our alternations. 

 

The last thing that we need to do is we need to change the formula.  

1.6 T to 2.4 T range changed to 2T to 3T, therefore we need to change the following values 

in the last “Yes” / “No” (Within the tolerance?) column: 
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Figure 1 Fixing of the formula according to the standard. Translation of Excel formula to 

English: “ЕСЛИ“ = “IF“ ; “И“ = “AND“ 

The results are the right columns (in this case both C1 and C2 should be within tolerance) 

showing us “Yes”, which means that this characteristic is within the tolerance. 
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Appendix 4. Calculation of global warming potential. 
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