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Abstract 

Drilled foundations are often considered to be a standard method of installation of steel core piles and 

similar foundation components in sensitive environments such as urban areas where other common 

technologies such as stranding or diging cannot be applied. Much research has been made in the area of 

how the piles interact in the clay. BESAB, who are specialists within underpinning, have observed that it 

takes time for a house to settle after an underpinning. There are uncertainties when it comes to how the 

house adapts to an underpinning. During interviews experts have given many different possible 

explanations but it seems to be a lack of knowledge in the area. All agree that it takes a couple of years 

for a house to adapt to an underpinning. The recommendation is to wait at least 2 years before proceed 

with the work in the house. In the project that has been studied in this research, precision leveling points 

have been measured 2-3 times a week to monitor the settlements throughout the project. The 

measurements have shown a greater settlement on the street level than in the basement, 2 floors down 

from the street level during the same amount of time which lead to the question: 

What are the effects of underpinning in a house? 

The major reason for that settlement has occurred in the area is that the foundation, consisting of 

wooden piles, has lost its carrying capacity due to the lowered ground water level. 

During underpinning the house is mostly affected by dynamic forces. The structure gets temporary 

weakened when holes are made in walls for beams and drilling is made in already sensitive foundation. 

The fixated parts of the structure, where the load transferring elements are already installed between 

the pile and the structure, can get locally loaded when drilling is made in adjacent areas. 

After underpinning the house with its weight is settling on the piles. The house has to adapt to a new 

mode of action. This can be done either by just leaving the house and wait for the piles to take load and 

get compressed or by pre-load the piles with the expected final load of the house to avoid the time for 

the compression of the piles. 

The greatest risk linked to this phenomenon is that new cracks can occur due to post settlements and in 

worst case in an elevator shaft or in the water proofing in bathrooms or kitchen. If renovation work 

starts before the house have stopped settle than the risk is big that cracks will occur in the newly 

renovated areas resulting in that the renovation have to be re-done. 
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Effective communication is essential to assess risks involved with an underpinning and to avoid tensions 

between actors involved in an underpinning project if damage due to post settlement will occur. 

The problem investigated in this report is translated in to Kuhn’s theory on science the beginning of the 

crisis. Further research is required to develop the empirics in to theory. Accurate measurements must be 

collected and these must be processed in mathematical statistics. Models must be built and existing 

theories within structural- and geotechnical engineering must be studied in further depth to be able to 

state a new paradigm in this area. 
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Sammanfattning 

Borrad grundläggning anses ofta vara en standard metod för installation av stålkärnepålar och liknande 

grundförstärknings komponenter i känsliga miljöer där annan vanligt förekommande grundläggnings 

teknik så som slagning eller grävning ej kan utföras. Det finns en stor mängd forskning kring hur dessa 

pålar samverkar med den kringliggande jorden. BESAB som är specialister inom grundförstärkning har 

observerat att det tar tid för ett hus att anpassa sig efter att det grundförstärkts. Det råder osäkerhet i 

frågan kring hur ett hus anpassar sig till en grundförstärkning. Experterna har givit en rad olika möjliga 

förklaringar till vad som händer i ett hus men det verkar vara brist på kunskap i teorin. Alla är dock 

överens om att det tar några år för ett hus att anpassa sig till en ny grundförstärkning och man 

rekommenderar att vänta minst 2 år innan man fortsätter arbetet i det övriga huset. 

 I det här arbetet har man studerat ett projekt där man 2-3 gånger i veckan utfört precisionsavmätning 

för att följa huset sättningar under projektets gång. Man har då observerat att det uppmätts större 

sättningar på gatuplan än vad som uppmätts på källarplanet som ligger 2 våningar under, precis där 

grundförstärkningen sker vilket ledde fram  till frågeställningen: 

Vika effekter medför en grundförstärkning? 

Den största anledningen till att sättningar har uppkommit i de berörda områdena är att den befintliga 

grunden som består av träpålar har förlorat sin bärförmåga till följd av en sänkt grundvatten nivå i 

området. 

Medan ett hus grundförstärks så är det till största delen påverkat av dynamiska krafter. Huset blir 

dessutom tillfälligt försvagat då man gör hål i bärande väggar för att föra in lastupptagande balkar 

samtidig som man borrar i en redan mycket känslig miljö. De delar av byggnaden som redan fixerats med 

lastöverförande element kan bli tillfälligt överbelastade då borrning kan pågå i intilliggande punkter. 

Efter en grundförstärkning kommer huset med sin egentyngd sätta sig på pålarna. Huset kommer då 

behöva anpassa sig till ett nytt statiskt bärsystem. Detta kan ske antingen genom att lämna pålarna i 

marken och vänta på att pålarna tar upp lasten och komprimeras en grad eller genom att för-belasta 

pålarna med den förväntade vikten av huset för att påskynda förloppet.  

Den största risken relaterad till eftersättningar är att sprickor kan uppkomma. Dessa kan i värsta fall 

uppkomma i hisschakt eller i tätskikt i badrum eller kök. Om renoveringsarbeten startar innan 
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eftersättningarna upphört så är risken stor att man får sprickor i nyrenoverade ytor och att man måste 

göra  om arbetet. 

Effektiv kommunikation är grundläggande för att bedöma risker som är involverade med en 

grundförstärkning och för att förebygga en eventuell konfliktsituation mellan de inblandade parterna om 

skador till följd av eftersättningar skulle uppkomma. 

Om man ser till Kuhns vetenskapsteori så skulle man kunna översätta problemet som undersöks i det här 

arbetet till början av “krisen”. Det skulle behövas mer forskning i området för att befintlig empiri skulle 

kunna bli en del av vetenskapen. Noggranna och statistiskt bearbetade mätningar måste studeras. 

Befintlig vetenskap inom konstruktionslära och geoteknik måste studeras djupare och modeller behöver 

byggas för att man ska kunna hävda en ny paradigm i vetenskapsområdet. 
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1. Introduction 

 

1.1 Problem statement 
The purpose of this study is to investigate the effects of underpinning in a house. 

The study aims to answer 

 What the common understanding among experts is regarding the conditions that affects the 

house before- during- and after a underpinning 

 What the common understanding among experts is regarding how the house adapts to an 

underpinning and how long time it takes and what risks it involves 

 How to assess and communicate the risks involved 

 How to translate empirics in to theory 

1.2 Background to the problem 
For several years, the groundwater level at Södermalm in Stockholm has been sinking. This has in turn 

led to that clay, soil and filling mass have been set in motion resulting in that the ground sinks and it 

becomes settlements in buildings and cracks on the facades. Another contributing factor to the building's 

settlement is that the old wooden piles and wooden raft supporting bearing walls and piles, begin to rot 

when the wood becomes exposed to air. (Andersson, 2013). Since 2011 the company BESAB is ground 

reinforcing an old city block in Södermalm with steel core piles down to the rock level. BESAB who are 

specialists within ground reinforcement, with many years in the area, have made observations that it 

takes time for a house to settle during and after underpinning. Based on measured data from the 

project, they have observed major differences in the settlement at different measured leveling points in 

the house the months after the underpinning. This phenomenon is regularly explained in research that 

the piles are bending when they take load. Due to the great settlements measured in the street level the 

project manager of the project inserted leveling points in the basement as well because he suspected 

that the settlement there should have stopped due to the great amount of piles that should bear the 

house were already installed in the ground. This was done in April 2013. Measurements have been done 

every 2-3 day.   
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Generally time is money and renovation work often starts directly after an underpinning. This can be a 

problem if the house keeps settle alongside or even after a renovation. For this reason it is in the interest 

for several actors (for instance tenants, owner, or the contractor) in underpinning projects to give a light 

on the effects of underpinning in a house and how long time it takes for the house to adapt to the new 

conditions.  

BESAB have a vision to “Build on knowledge” and be “The best in the class” and they are observant and 

reflect upon the projects executed (Om oss: Betongsprutnings AB BESAB, 2002). In this thesis their 

observations combined with leveling data is the basic factors for the problem statement. 

1.3 The properties of the soil 
When constructing houses and other facilities the load on the ground increases. The tensions on the 

particles increases and deformations can occur. These can create a change in the foundation of the 

building which can lead to damage to the building if the building not adapts to the new changes 

(Bjureland, 2010). 

Foundation of houses is made in different ways depending on the ground conditions (Swedish 

Geotechnical Institute, 2013). In the information article about settlement for smaller houses they 

categorize the firmness and resistance of the soil in following increasing rang: 

 Mire and peat 

 Clay 

 Silt 

 Sand and gravel 

 Moraine 

 Rock 

Settlement can easily occur in soil consisting clay, soil consisting silt and poorly packed sand. Soils 

consisting mire and peat are usually avoided to build on for their bad carrying capabilities (Swedish 

Geotechnical Institute, 2013).  

Soil consists of three elements. The first element is solid mass of minerals, clay and sometimes organic 

material. These can be considered the skillet of the soil. The second element is gas in form of pore gas 

and the third is and liquid elements in form of pore water, see figure 1. The composition of the soil 
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depends on in which environment the soil is formatted. The geotechnical properties of a soil are affected 

by the relation between these elements (Larsson, 2008).  

The deformation of soil is depending on where the soil is deposited and what kind of tensions that are 

affecting the soil. These factors have given the soil its structure and its relative storage density. 

Deformation also depends on the degree of saturation, the size, the distribution and the shape of the 

grains as well as the constituent minerals and organic matter content. The deformation of soil can be 

changed if pore water composition is changed (Larsson, 2008). 

 

 

Figure 1 - Illustration of soil deformation from “Sättningar I småhus” (Swedish Geotechnical Institute, 2013) page 4. 

 

The ability to measure accurate deformation and strength parameters in the laboratory for naturally 

coarse stored soils are limited since the sizes of the soil tests are very small and the samples are often 

disturbed which leads o that the properties of the soil gests modified. To make calculations and 

estimations regarding soil deformations, great knowledge in the behavior of soils is required combined 

with relevant parameters for the loading conditions. Deformations in soil are dependent on the effective 

stress between the particles in the soil (Larsson, 2008). 

Before an underpinning starts a geotechnical pre-study is required to determine the conditions of the 

soil in the area concerned. This consists of following moments (Bredenberg H. , 2000): 

 The Rock level 

 The quality of the rock 

 Soil layers and properties 

 Groundwater conditions 
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 Existing barriers in the sol 

 Existing permissions for the surrounding facilities 

 In some cases core samples of the rocks is required to determine the compressive strength and 

E-module  

In many cases these pre-study is done in one area and assumptions for adjacent blocks is drawn based 

on this. In the observed project the soil conditions were way much worse than the assumptions based on 

the existing pre-study (Isa, 2011).  

 

1.4 Drilled foundation 

Due to urbanization construction sites have been closing in on residential areas and the existing 

structures parallel with of that old building in the urban areas are facing an increasing need for 

reinforcing of their foundations (Nikafroozi, 2013). Drilled foundations are often considered to be a 

standard method of installation of piles and similar foundation components in sensitive environments 

such as urban areas where other common technologies cannot be applied 

(Bredenberg J. I.-E., 2013). During the drilling no soil displacement or 

decreasing of the ground water level occurs (Bredenberg H. , 2000). The 

method is safe both when you look to calculations and to execution 

(Bredenberg J. I.-E., 2013). The drilling method used in the project is centric 

drilling with an air driven overburden drilling system (Isa, 2011). The system 

used in the project is the overburden drilling system ELMEX from atlas 

copco which is fitting for sensitive environment and reduces the air in the 

soil with up to 90% (Atlas Copco, 2010). In the drilling method the drilling 

bit is left in the ground. (Bredenberg H. , 2000) 

The drill is a light weight drilling rig (Isa, 2011) which is a drill specially 

constructed for work in narrow spaces and which can pass through door 

openings. The machine can drill through naturally occurring barriers in the 

soil such as stones and blocks but materials such as wood and metal can cause problem for the drilling.  

(Bredenberg H. , 2000). 

A steel tube case is drilled through the soil and in to the surface of the rocks. The drilling is extended 30 

cm in to the rock. A steel core is after that cast in to the steel tube and recast by grouting concrete 

Figure 2 Picture of mantel burden 
steel core pile used in the project. 
(Bredenberg H. , Pålkommissionen 
rapport 97, Stålkänepålar- 
Anvisningar för projektering, 
dimensionering, utförande och 
kontroll, 2000) page 9  
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(Bredenberg H. , 2000). The piles that are used in the project are mantel burden and have an overlay 

welding to increase the carrying capacity in the part of the pile that is molded in to the rock, see figure 2. 

The steel cores used in the project are in pieces of 1 m each and are threaded together to one whole 

pile. At the top of the pile a load transfer slap is mounted that transfers the piling force into the 

construction (Bredenberg H. , 2000). The underpinning is made from the cellars in the building. Due to 

existing wooden piles in the ground the new piles that are drilled are inclined as far as possible since 

drilling in wooden piles have shown bad results in earlier projects (Bredenberg J. I.-E., 2013).  

The method with drilled steel tube casts although have disadvantages when it comes to settlements in 

the ground around the pile. During the drilling soil is forced up and settlements can occur if the amount 

of soil that is taken up is greater than the volume of the steel tube casts. Another problem can occur in 

fine grained soils or in loosely stored friction soils. Settlements can occur if these soils are exposed to 

vibration since they can become more densely packed. These impacts are unavoidable but are less for 

drilling than hammering which is another common method for ground reinforcement with piles 

(Bredenberg J. I.-E., 2013). For these reasons different kinds of measurements are regularly are 

executed.  In the project thee different methods for measurements are used (Andersson, 2013). 

Vibrometers are installed in all of the houses that sense all vibrations in the walls. The second method is 

called precision leveling control which is a method that measures the settlements in the houses that are 

underpinned and in what rate these settlements occur. Studs and spikes (hereinafter referred to as 

leveling points) have been deployed in the houses and in the neighboring properties. These leveling 

points are regularly measured and compared to reference points (Andersson, 2013). The third method is 

to periodically check the water level so that it is not affected too much by drilling. A lowered 

groundwater level in fine grained soils increases the load on the skillet of the soil since the water 

contributes to the bearing capacity in the soil. (Andersson, 2013). 

 

1.5 Post-settlement 
During the drilling the house is settling in a much higher rate than before due to vibrations in the 

sensitive environment (Lehtonen, Virta, & Hattara, 2009). During the load transfer where the pile is 

exposed to the load of the structure, the foundation may suffer a settlement of approximately 10-30 mm 

caused by that the elastic contraction in the pile. (Lethonen & Hyyppä, 2010). The piles are exposed to a 

combination by normal force and a bending moment. The occurrence of the bending moment can be 

explained by that the normal force in reality has an eccentricity. (Bredenberg H. , 2000) The post-
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underpinning settlement is usually half the settlement before the underpinning and it can be minimized 

if the piles are pre-loaded (Lehtonen, Virta, & Hattara, 2009). 

2. Theory 
This thesis aims to give an explanation to the effects of underpinning in a house. In a construction 

project several actors are involved in a project and it is important that all of these actors have enough 

information to assess potential risks involved with an underpinning project. To be able to do this the 

actors must be able to communicate over boarders of knowledge. On top of that it is important that the 

right information is communicated. In this case the information that needs to be communicated is in 

what could be explained as a “grey zone” in the theory. In this coming chapter theory regarding risk, 

communication and Kuhn’s theory of science is presented to support an analysis of the problem 

statement in this research. 

2.1 Risk 
Risk is often defined as the likelihood that a phenomenon could happen combined with the impact that 

this phenomenon could cause on the achievement of the objective (Agrawl, 2009).  

Risk management is for an organization to identify and manage possible threats. This involves 

overlooking operations to evaluate possible threats and their likelihood and try to address activities to 

reduce chances for the threat to occur. To percept risk is a subjective judgment and a number of 

different studies have been done in the area. The reason for these studies are that people often 

disagrees about the level of risk for an event (Agrawl, 2009).  

Risk management in a project involves identify, analyze and respond to possible risks. These tasks are 

handled in the procedures risk identification, risk assessment and risk response planning (Tonnquist, 

2010). 
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Risk identification is to try to imagine all possible risk occurrences that could have a negative effect on 

the project. This is often done though brainstorming in group. SWOT-analysis is also efficient tools in the 

risk identification, see table 1.  

Risk evaluation is to try to evaluate 

the possibility that a risk occurs and 

what the consequence that could 

have. A common tool for risk 

evaluation is the mini risk method. 

In this method the risks and the 

consequences are evaluated on a 

scale from 1-5 where 1 is low and 5 

is high. By multiply risk with 

consequence a risk value is calculated.  

Risk ∙ Consequence = Risk value 

If the risk value is over 10 actions should be planned to avoid or minimize the damage but it is up to the 

one performing the risk analysis to decide which risks to further handle. Also if the consequence value is 

set to 5 the risk should be taken under consideration, see table 2 (Tonnquist, 2010).  

 

 

To measure risk with this method is often difficult since the likelihood of an event to happen is often 

based on similar events from the past and therefor rare failures and events are hard to estimate. 

Moreover the loss of human life is beyond estimation (Agrawl, 2009). 

 Positive Negative 

 Strengths Weaknesses 

 

Internal 

  

 Opportunities Threats 

 

External 

  

Table 2. Mini risk method inspired by the template presented by (Tonnquist, 2010) page 149 

Risk Probability 
1-5 

Consequence 
1-5 

Risk value = 
P ∙ C 

Actions 

     

     

     

     

Table 1 Template for SWOT analysis inspired by the SWOT template presented by 
(Tonnquist, 2010) page 41 
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Risk response planning is the activity of establishing a plan for how to handle the identified risks. There 

are a number of strategies for risk response planning.  

These are: 

 Avoid the risk by change the project plan  

 Move the risk to a third party 

 Minimize the risk by either minimize the probability or the consequence 

 Accept the risk  

 

It is in the hands of the owner of the risk to identify, evaluate and plan response to a risk (Tonnquist, 

2010). 

2.2 Communication 
In this report the basic theory used is that communication is fundamental for understanding businesses 

success or failure. Communication is a complex term and the way it is working is differing depending on 

the context where it is practiced  (Dainty, More, & Murray, 2006). 

Communication can be seen as an interaction between a transmitter who sends out a message and a 

receiver who takes it in. Both the transmitter and the receiver can be in form of a person, an 

organization or a group depending on the situation. The communication flow between these parties can 

be disturbed by “noise”. “Noise” can be all kind of things besides the communication flow takes different 

forms depending on the situation. (Dainty, More, & Murray, 2006). 

The communication process can be seen as encoding and decoding information. (Dainty, More, & 

Murray, 2006).  

Communication can be defined in 4 levels: 

3 Intrapersonal - internal communication. This is the process where one person interpret information 

from for instance reading 

4 Interpersonal – communication between 2 persons 

5 Small group – communication where more than 2 persons are involved 

6 Multi group – usually when workgroups are communicating with each other 
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A fifth level is also discussed in the literature and this is mass communication that often takes place 

through media etc. 

2.3 Communication in construction 
The construction business is a complex environment for communication since it is built on a project 

based culture consisting of temporary organizations with unfamiliar groups for a short matter of time. 

On top of that there are many people with different skills and specialist areas involved and the language 

used is often of technical nature (Dainty, More, & Murray, 2006).  

In construction there are series of transactions between transmitter and receiver that needs to work and 

facilitating the communication flow should be seen as a key issue in the business. 

The people involved in a construction project often have different objectives and needs and this can 

easily result in tensions among the participants in the project. Another difficult factor for communication 

is the big amount of people (Dainty, More, & Murray, 2006). 

Examples of “noise” in construction can be the physical and temporal nature of the project, it can be 

contractual issues or cultural boundaries or just any other factor that interferes with the communication 

flow in the project (Dainty, More, & Murray, 2006). 

For effective communication in a project these aspects must me overcome and a facilitating 

infrastructure for communicating in the project must be used. People who have been working in the 

industry for many years often have their ways of communicating based on “best practice” but an issue in 

this situation is that there are no guarantees for efficient communication (Dainty, More, & Murray, 

2006). 

 

2.4  Communicating technical information and risk 
Many people fear the thought technology because do not have information enough to understand. It is 

important for the audience to understand the phenomenon to be able to assess the risk involved with it  

(Nelkin, 1989). To be able to get acceptance for an idea the audience needs to understand the issue 

(D'Arcy, 1998). This requires better communication from knowledge experts (Nelkin, 1989).  

Before technical information (and risk involved with it) is communicated it must be judged. There are 

many concerns that must be taken under consideration while judging a risk. Some of these concerns are: 
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 What evidence in the situation is meaningful 

 Who is in the position of evaluating the acceptance of the risk 

 The level of certainty 

An audience possesses beliefs, values and ideas that sometimes are conflicting with the technical 

information or risk that is communicated and this is important to bear in mind (Nelkin, 1989).  

There are a number of key ideas to keep in mind to be able to communicate technical information and 

risk to someone without background in the area. It takes a lot of effort for a person to process 

information so effort should be paid in to choose the right information to present. It is important not to 

underestimate the intelligence of audience instead highlight and give an insight to the complex 

information so they have the tools to understand the phenomenon of interest (D'Arcy, 1998).  

The level of knowledge of the presentation should match the audience. An analysis of the audience 

should be made to present the complex material in an efficient way (D'Arcy, 1998). If the level of 

knowledge of the audience is expected to be widely varying then the presentation should start with 

some basic information and terms. Definitions of technical terms should be explained throughout the 

whole presentation. Acronyms that are fundamental and specific to one profession may be unclear to 

the audience and if these are not defined it can lead to that the audience misses the whole point of the 

presentation. To keep interest of the people in the audience who possesses higher knowledge in-depth 

points should be mentioned once in a while. Concrete words and examples should be used to be as clear 

as possible.  

Abstract or “fat” words such as quality or productivity should be avoided.   

“For example, if you say CADD (computer-aided design and drafting) is a high-quality software program, 

are you saying it is faster (how fast?), is it more interactive or has more pixels per inch?” (D'Arcy, 1998) 

There are a number of reasons for why communication is failing. It is up to the person that is presenting 

to make sure that the audience is able to understand the data that is presented. This is a key for them to 

understand and accept the phenomenon that is presented (D'Arcy, 1998).  
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2.5 Kuhn’s theory on science 

Thomas S. Kuhn is presenting in his book The Structure of Scientific Revolutions that science 

development is taking place through series of paradigm shifts where one existing paradigm is being 

replaced by another (Dietze, 2001).  

The term paradigm is often used to denote a theory or a shared assumption within an area. Paradigms 

are established in the area of “Normal Science”. Normal science is according to Kuhn the process when 

the scientist builds on a theory and develops it rather than question it. (Dietze, 2001).  

A paradigm shift starts when an existing paradigm gets undermined by anomalies where the normal 

science can no longer answer. This can occur as discovery of new facts or discovery of new theory. If 

these anomalies undermine the existing theory to an extent that the scientist questions the credibility of 

it is what Kuhn refers to as a “Crisis”. These crises can result in a new paradigm where facts get 

evaluated in a new way and assumptions get reconstructed  (Bird, 2012; Dietze, 2001). 

A revolution occurs when a new paradigm can replace the old one undermined paradigm.  The science is 

developing and the result is a new way to see the reality, a new period of normal science, see figure 3.  

2 paradigms can exist at the same time but after a while one paradigm will overtake another (Dietze, 

2001).  

 

 

 

Figure 3 – Easy illustration of Kuhns Theory 

Paradigm 

 Normal 
Science 

 

 

 

Anomalies 
 

Crisis 

Revolution 

New 
Paradigm 
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Kuhn’s theory have brooded the understanding and had a great impact for others and regarding the 

views on science. This have led to that his ideas have been adapted in many contexts and fields where 

the need for a paradigm shifts is recognized or easy expressed when ideas that earlier have been taken 

for granted is questioned and replaced. (Dietze, 2001)  
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3.  Method 

3.1  Research approach  
This thesis is a combination of interviews and theoretical work supported by leveling data from a real 

project. The study aims to explore and discuss the effects of underpinning in a house. The analysis helps 

the reader to understand-, evaluate in terms of risk- and communicate these effects. 

3.2  Execution 
The work were divided in to three parts 

Part 1: Interviews have been held with four experts in the area of geotechnical engineering and ground 

reinforcement and with three experts in the area of structural engineering to compile a reliable and 

comprehensive understanding about the effects of underpinning in a house. The critical questions from 

the problem statement were treated in these interviews 

 How the conditions that affects the house are before- during- and after a underpinning 

 How the house adapts to the new foundation and how long time it takes 

Part 2: The interviews were compiled in a “common understanding”  

Part 3: The common understanding were analyzed in the light of Kuhn’s theory of science to answer the 

critical question regarding - How to translate empirics in to theory 

The common understanding has been analyzed in the area of risk assessment and communication to 

answer the critical question - How to assess and communicate identified risks. 

In the analysis a templates for risk assessment have been sketched up as a tool for the reader. A 

stakeholder analysis and a small communication plan have been made with the identified actors.  

4.  Results 
 

4.1  Interviews 
The interviews in this report have been held with carefully choosen experts with long experience in the 

area of geotechnical engineering, ground reinforcement and within structural engineering. The chosen 

respondents have expertized knowledge in the areas of interest so they can give a reliable answer the 

questions (Bhattacherjee, 2012). The respondent’s answers form the basis for the understanding of the 
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effects of underpinning in a house. Before the interviews were held an interview script was written, see 

Appendix 1, where the questions and structure were made (Bhattacherjee, 2012). Sources of bias were 

taken under consideration during the writing of the interview script and the formulation of the script was 

done to minimize the risk of bias. While executing the interview, the interviewer had to keep in mind 

that that person can be a source for bias and actively avoid this (Bhattacherjee, 2012). 

Following is a presentation of the chosen experts that participated in the interviews: 

 Geotechnical expert 1– Entrepreneur and doctor of technology, KTH. More than 45 years in the 

business 

 Geotechnical expert 2– Principal lecturer of applied science. Many years of researching in the 

underpinning technique used in the project. 

 Sales manager for the manufacturer – Civil engineer. Sales manager to a company who are 

manufacturer of the steel core piles used in the project. 

 Project manager in the Project – Project manager for the contactor BESAB. Been managing 

similar projects for many years and the person who first put light on the phenomenon studied in 

this research. 

 Structural expert 1 – Professor Emeritus, KTH.  

 Structural expert 2 – Building and structural engineer. Many years in the business 

 Structural engineer in the Project – Structural engineer who made the construction drawings for 

the Project. Worked as structural engineer for many years. 

4.2 Common understanding 
How would you explain that greater settlement is measured at ground level than what is 

measured in the basement? 

 

The majority of the experts agree that this phenomenon is more in the light of structural engineering 

than in geotechnical engineering. The piles are adapted to the structure though beams or buttresses and 

it can be difficult to get perfect contact between the structure and the load transferring element. The 

observed phenomenon can also be a result of how different points in a structure respond to changed 

load conditions. It is difficult to give a general answer to this question because it depends on how the 

structure is constituted and how the structure is loaded. 

 ”One must look at the entire structure and analyze it. It is normal that various points of a structure is 

moving differently to each other” – Geotechnical expert 1 
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(Authors’ translation) 

“It is difficult to know why this is happening, the settlement of the leveling points should correspond to 

each other but somehow it must be some tensions that interact” – Structural engineer in the Project  

(Authors’ translation) 

The project manager, the structural engineer and Geotechnical expert 1is explaining the phenomenon 

with that the house is “hanging” on some other parts like, adjacent houses, and that is delaying the 

movement in the upper parts of the house. The project manager and the structural expert 2 is referring 

to that the surrounding soil could have a damping effect on the settlement that could explain the 

observed phenomenon. 

 Another aspect is that the reason for the uneven movements in this case could be caused by faulty 

design solutions or inaccuracy in the measurements. 

 

How do a house response when it adapts to an underpinning? 

When a house adapts to a new underpinning the experts are referring to the changing load conditions 

that occur. The new piles are installed so the load conditions in the structure should be as close as 

possible to what they were before. Still the structure of the house gets weakened and some point of the 

house will probably react to the changed load conditions and forces involved with this. The new 

underpinning must match the load transferring elements and the structure of the house and how the 

house may respond to the underpinning is depending on the existing structure. And on top of that the 

piles will get a little bit compressed before they take full load and the house will during that time follow 

the settling foundation. 

“Equilibrium must prevail at all times but some points will react and the structure will then arrange so 

adjacent points instead gets loaded” – Geotechnical expert 1 

(Authors’ translation) 

If equilibrium must prevail at all times the structure of the house will possibly arrange so the adjacent 

points to those who strongly react will take load so the forces in the structure gets evenly balanced. 

During the underpinning the house suffers a greater settlement than what it probably has done during 
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the past couple of years due to the weakened conditions in the soil and structure combined with 

vibrations that is spread throughout the structure. Some parts will settle more than others and a possible 

reason for this is that the settlement gets damped in some points by external factors such as adjacent 

houses that counteract the settlement. Looking at the facades at the Project could possibly give a hint 

that different parts of the house is reacting at different times in the project.   

“Cracks first arise in the basement without any sign in the facade and if you look up at the facade at a 

later stage cracks will have occurred there while the cracks in the basement has compressed so they just 

look like a dash. The house does not move in a lump.” - Project manager of the Project 

 (Authors’ translation) 

One possibility discussed could be that the house cannot keep up with the fast changed conditions and 

when the house after the underpinning gets support from below by the piles the house with its self-

weight will start to compress the structure. 

 

What conditions or forces affect a house that is prone to settlement before an underpinning take 

place?  

The experts all agree that the major reason for that settlement occurs in the area are that the 

foundation, consisting of wooden piles, loses its carrying capacity due to the lowered ground water level. 

This exposes the piles to air which result in that the piles rot. The settlement will be unevenly distributed 

in the house due to that the ground water level has fluctuated over time. A lowered ground water level 

can also lead to that friction material in the soil gets compressed due to the increased load on the solid 

mass materials that a reduction of the ground water in the soil is resulting in. Another factor could be 

heavy traffic and subways in the area which spreads vibrations in the sensitive environment. How 

settlements are distributed is also dependent on how the houses structure looks like. It can depend on 

the upper parts of the house how the settlement has taken place. 

The settlement itself is caused by the self-weight of the house and the gravity and the weakened 

foundation and the soil gives way for these forces.  

 

What conditions or forces affect a house during an underpinning? 
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The general understanding is that during the underpinning the house is mostly affected by dynamic 

forces. The structure gets temporary weakened when holes are made in walls for beams and drilling is 

made in already sensitive foundation. It is also very hard to achieve perfect contact with the new load 

transferring elements. The carrying out of the underpinning can take several months and the house gets 

continuously more and more fixated throughout the underpinning. The fixated parts of the structure, 

where the load transferring elements are installed between the pile and the structure, can get locally 

loaded when ongoing drilling is made in adjacent areas. 

“It is a movement from the beginning then due to the underpinning, the existing static mode of action 

changes a little. This can affect all structures of the house, depending on how the house is constructed.” –

Structural expert 

 (Authors’ translation) 

“Some points gets fixated and then you move around and drill in adjacent points which leads to that the 

fixated points gets loaded locally and the structure can break at certain points which can cause  more 

cracks” – structural engineer in the Project  

(Authors’ translation) 

The drilling causes vibrations that can spread throughout the whole house and can lead to settlements. 

During the underpinning big settlements occur and this seems to happen no matter which technique 

that is used for underpinning. A lot of studies have been done in this area how to preform underpinning 

without this result. One method commonly used and recommended is to “plan the execution after 

observations” to avoid settlement. If one area of the house reacts strongly to the drilling the machine 

moves and the drilling continuous in another area. This has been done in the Project when great 

settlements were shown by the leveling data an certain areas. 

“The idea is to use the information provided during the work. If possible this method should always be 

used” – Geotechnical expert 2 

(Authors’ translation) 

 

What conditions or forces affect a house after underpinning?  
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After underpinning the house with its weight is settling on the piles. The experts say that house has to 

adapt to a new mode of action. This can be done either by just leaving the house and wait for the piles to 

take load and get compressed or by pre-load the piles with the expected final load of the house to avoid 

the time for the compression of the piles. How a house adapts to a new underpinning is depending on 

the structure of the house and it is very hard to know and to give a general answer to the effects of 

underpinning in a house. It is also very complex from a geotechnical point of view 

 “The piles are end bearing and drilled into the rock, but the adjacent soil may have a delay in its setting 

and then there will be the question of how the pile works in the soil”- Geotechnical expert 2 

(Authors’ translation) 

The surrounding environment can be settling due to the changed conditions and the house may not be 

perfectly adapted to the new level. 

 

How long time does it takes for a house to adapt to an underpinning?  

All experts agree that it takes a few years for the house to fully adapt to an underpinning and a new 

foundation. How long time it takes depends on the prevailing conditions and it can vary from project to 

project. The surrounding environment can have an impact on how long time it takes for the house to 

adapt to the underpinning. The warranty time from start to finish of an underpinning project is 5 years 

and that includes the carrying out of the work and that may take a couple of years. The statements from 

all the experts are roughly measured but all experts are united in the fact that it takes time for a house 

to adapt to a new foundation.  

 

Are there any risks for future work in the house that is linked to this phenomenon?  

The greatest risk linked to this phenomenon is according to the experts that new cracks occur due to 

post settlements and in worst case in an elevator shaft or in the water proofing in bathrooms or kitchen. 

If renovation work starts before the house have stopped settle than the risk is big that cracks will occur 

in the newly renovated areas resulting in that the renovation have to be re-done. 
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“It can break at certain points and you can get cracks that in the worst case can affect the waterproofing 

of bathrooms and similar” – structural engineer in the Project 

(Authors’ translation) 

“It is a little gambling. We recommend waiting but it is the customers chose and there is a risk and the 

risk is clear” –Project manager in the Project 

(Authors’ translation) 

4.3 Illustrations based on leveling data 
Precision leveling controls have been done every 2-3 day in the Project. In the beginning the settlements 

were very big on the street level. Due to the great settlements measured in the street level the project 

manager of the Project inserted leveling points in the basement as well. He suspected that the 

settlement should have stopped there due to the great amount of piles that already were installed in the 

ground. This was done in April 2013. There are 5 leveling points in the basement that can be compared 

with corresponding leveling points in the street level. The leveling data from the street level and the 

basement that can be compared have been studied and compiled and is presented in Appendix 2. A map 

over the positioning of the leveling points is presented in Appendix 3. An example of the leveling 

protocol is presented in Appendix 4. 

The measurements in the project have not been done as systematically as required to be able to support 

any conclusions. All leveling points have not been measured at every precision leveling control. The 

graphs in the following chapter visualize a pattern that underlies the problem statement of this research. 

 Table 4- shows the names of the corresponding points that have been compared. The same points can 

be seen on the positioning map and in the protocols in the Appendix 3 and 4.  
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Street level Basement 

GK215 K1 

HC220 K2 

HC213 K3 

HC209 K4 

34 K5 

Table 4 - Table over the compared points on the street level and in the basement 

Figure 4 shows the total settlement for each point over 11 month on the street level and in the 

basement. The blue bars represent the street level and the red bars represent the settlement in the 

basement. 

 

Figure 4 Comparison of the total settlement in 11 month between corresponding points in the street level and the basement. 
The blue bars are representing the street level and the red bars represent the basement. 

 Figure 5-9 shows the difference in settlements for the 5 cases with the correspondent points month by 

month. The figures shows that the leveling points on the street level is settling greater than the leveling 

points in the basements over the 11 months when leveling data is available for the both levels in the 

Project. The total settlement for each month is added together for each point and the correspondent 

points are compared in a height – time relation.  
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Figure 5 Comparison of settlement in mm between leveling point GK215 and K1 
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Figure 7 Comparison of settlement in mm between leveling point HC213 and K3 

 

 

 

 

 

Figure 8 Comparison of settlement in mm between leveling point HC209 and K4 
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Figure 9 Comparison of settlement in mm between leveling point 34 and K5 

 

4.4 Analysis 

4.4.1  Risk assessment 

During the underpinning the house gets exposed to vibrations that spread throughout the whole house. 

On top of that the foundation of the house gets temporary weakened and these factors will, according 

the experts lead to that the house undergoes great settlements during the underpinning.  In the business 

there is awareness this risk during the underpinning and the execution is in often planned after how the 

house reacts to the underpinning to an extent avoid to big settlements. 

All experts agree on the risk of post settlements after an underpinning. They also agree that it takes time 

for a house to fully adapt to the underpinning. It is not possible to exactly determine the time that it 

takes for the house to adapt.  

The experts have identified following risks: 

 Internal re-renovation 

 Internal re-renovation 

 Repair of elevator shaft 

 Repair of bearing walls 
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 Injuries in door and window posts 

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

Settlement ground
level, 34

Settlement basement;
K5



24 
 

The possibility of post settlements seems to decline with how much time that has passed since the 

underpinning. The experts say that it can take few years before the post-settlements ends and the 

warranty time in which the house will be fully adapted is today set to 5 years. The sales manager for the 

manufacturer argues in the interview that this warranty maybe should be extended to 10 years. Based 

on these arguments one could say that it is a factor of uncertainty in this area.  

As Agrawl argues in his book Risk Management the likelihood of an event to happen is often based on 

similar events from the past and therefore rare events are hard to estimate. This event could be seen as 

a rare since there a lack of studies and reports in the area. To link this analysis to the mini risk method 

(Possibility ∙ Consequence = Risk value) one could say that the possibility of post settlements, P, is 

greater the closer in time after the underpinning. The experts recommend the client to wait at least 2 

years after the underpinning is finished before proceed with the work in the house. Based on these 

statements one could say that within 2 years after an underpinning the possibilities to get post 

settlements are on the higher level in the scale from 1-5. 

It is hard to comment on the level of consequence in the mini risk method. Each project is unique and as 

Agrawl argues, risk perception is a subjective judgment and people often disagree on the level of risk.  

A template of the mini risk method where the, by the experts, identified risks are filled in is presented in 

Appendix 5 to facilitate risk evaluation for similar projects. 

The risk response planning is also hard to comment on since each project is unique.  Based on the 

situation the risk owner must decide which response that is fitting. In some cases, as the project 

manager in the Project mentioned in his interview, a property owner is willing to accept the risk of 

damage due to post settlements because they are dependent on revenues from their tenants so it would 

be too expensive to wait the recommended amount of time for the house to settle. 

4.4.2 Stakeholder analysis 

The key stakeholders that could be affected by problems related to the effects of underpinning in a 

house are defined as: the project manager for the developer, the property owner, the contractor that is 

executing the underpinning, the structural engineer who is in charge for the technical drawings and the 

geotechnical engineer, see figure 10. 
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Figure 10 Illustration of the identified key stakeholders  

 

 

4.4.3  Communication 

It is important that problems related to the effects of underpinning in a house can be communicated and 

understood in all levels of communication that is presented in Nelkins theory about communicating 

technological risk. This with extra focus on small group- or multi group communication since that often is 

the platform for communication in a construction project where it is common with temporary project 

teams. The people involved in construction projects often have different background, skills and 

sometimes objectives. Effective communication is essential to assess risks involved with an underpinning 

and to avoid tensions between actors involved in an underpinning project if something should go wrong 

and damage due to post settlement will occur. 

To be able to communicate the essentials from the finings the information is judged according to: 

 What evidence in the situation is meaningful 

- All experts agree on the risk of post settlements after an underpinning. They also agree that 

it takes time for a house to fully adapt to a new foundation. The identified risks are 

presented in previous paragraph and visualized in the template for risk assessment through 

the mini risk method in Appendix 5.  

 Who is in the position of evaluating the acceptance of the risk 

- All key stakeholders can be affected if the communication is not working in a project. The 

risks defined by the experts in the “common understanding” is to the greatest extent 

affecting the property owner since that is the party who is directly concerned by the 

potential effects of damage in the building due to post settlements. It is therefore important 
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that potential risks are communicated efficiently for them to make proper decisions 

regarding risk assessment. 

 The level of certainty 

- In this case the level of uncertainty is high and that needs to be communicated. It is hard to 

estimate the risk involved with problems related to the effects of underpinning in a house 

due to the lack of information and research in the area. The experts agree that it takes time 

for a house to adapt to a new underpinning and the recommended warranty time should be 

clearly communicated. 

4.4.4  Communication plan 

The key stakeholder needs to be able to communicate over their boarders of knowledge. These actors 

have different objectives and needs and it is important that the information flow is going smoothly 

among these actors to be able to stir the project in the right direction. The project manager from the 

developer will be the link in communication between the property owner, the contractor and the 

structural and geotechnical engineers in the project.  

In Appendix 6, an easily drawn communication plan for the key stakeholders is presented. 

4.4.5  Kuhn’s theory on science 

A lot of focus has been paid in research in how the piles interacts with the soil and which solutions that is 

best in terms of underpinning but no research have been found in the area of how the structure of the 

house interacts during an underpinning. One could say that it is a lack in theory regarding this 

phenomenon.  

During the interviews comments about the accuracy of the observations have occurred frequently. These 

comments are of greatest relevance and it would take further investigation in the subject to reject these.  

“One must also incur the issue of measurement error. It often occurs that it proves that the 

measurements are incorrect. It is difficult to know the accuracy of the used measurement method. There 

are a number of leveling points to measure and the procedure can possibly vary.  The measurement is 

often done only once, but to be scientific this should be measured several times and the data should be 

processed with mathematical statistics.” -  Geotechnical consultant 

(Authors’ translation) 
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 “We have assumed that the house and its construction are settling as a whole, and we have not 

considered an elastic depending of it. These observations are to me surprisingly. Are the observations 

reliable?” - Geotechnical researcher 

(Authors’ translation) 

 

“Assuming that the underpinning is done correctly, I would say” - Sales manager for the manufacturer 

(Authors’ translation) 

From what encountered throughout this study both based on the literature review and the interviews, 

the shared assumption or paradigm regarding the effects of underpinning in a house is that the house is 

settling as one unit.  

What BESAB have observed is what Kuhn would refer to as; an anomaly that questioning the way people 

sees the reality today. This research can be seen as the first step in exploring this anomaly. Kuhn states 

that a paradigm shift can start with discovery of new facts or theory. The observations that underlie this 

problem statement can be seen as a discovery of new facts that have not yet been investigated in the 

context of underpinning. 

The problem investigated in this report is translated in to Kuhn’s theory on science the beginning of the 

crisis. The common understanding gives a hint in that it is a lack of knowledge about the effects of 

underpinning in a house. Further research is required to develop the empirics in to science. 

Accurate measurements must be gathered and these must be processed in mathematical statistics. 

Models must be built and existing theories must be studied in further depth to be able to state a new 

paradigm in this area of science. 
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5.  Discussion 
The common understanding can be seen as the result of this research and the interviewed experts have 

been chosen carefully to be able to give as broad picture as possible to the problem statement. All 

experts have many years’ experience in their field. The experts have been chosen to increase the 

reliability of the common understanding.  

The common understanding among the geotechnical experts are, roughly expressed, that the reason for 

that greater settlements could been seen on the street level than in the basement depends on how the 

structure takes care of the changed load conditions. It has been a bit difficult to find qualified experts 

within structural engineering for interviews and some the interviewees have been very careful in their 

answers and given very general answers to the questions. Some experts have after a presentation of the 

research question denied to participate. The reason for this have been that they feel like their lack of 

knowledge for the underpinning method and the geotechnical aspect of how a house adapts to an 

underpinning is to weak and they cannot give an credible explanation to the phenomenon since they 

cannot see the whole picture. A common comment from the structural engineers is that the reaction 

from the structure is very complex and it varies from house to house.  

The answers to the first two questions that are linked to the observations in the Project have been much 

spread. Therefore it has been hard to see a pattern in the answers. The similarities and the differences in 

the answers have therefore been presented in the common understanding for these two questions. 

The questions are: 

 How would you explain that greater settlement is measured at street level than what is 

measured in the basement? 

 How do a house response when it adapts to an underpinning? 

Among the geotechnical engineers a common understanding is that the observed phenomenon is in the 

light of structural engineering. In two of the interviews it has been discussions regarding a time 

dependent factor in how a house adapts to a new foundation. None of the 3 structural experts have 

been talking about time dependency specifically but the structural engineer for the Project were during 

the interview talking about that the house possibly can “hang” on other parts like adjacent houses and 

that that could explain the uneven settlements. Structural engineer 2 was saying that the observed 

uneven settlements should all depend on the surrounding soil rather than the structure.  
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Looking at the facades at the Project could possibly give a hint that different parts of the house have 

been reacting at different times in the project.  In the Project cracks could first be seen in the basement 

with no sign of cracks on the facade. At a later time of the project the cracks in the basement were 

compressed together and instead cracks could be seen at the facade and walls higher up in the house. 

The question is what this means.  

This could be an example when time dependent movements occur. If the house is “hanging” on other 

parts or if the soil damps the settlement it could lead to that the settlement in the street level occurs at a 

later time than the correspondent settlement in the basement.   

The development of the cracks in the facade could also be a chain reaction where the first crack causes 

tensions that spread to other parts of the walls instead of being the same corresponding settlement that 

happens with a time dependency to the higher parts of the house. 

Some structural experts have during discussions stated that the structure of the house should react 

momentary rather than with time dependency to changed load conditions.  

Another aspect is that in the Project the greater settlements could have occurred during the load 

transfer when the buttresses were adapted to the structure to transfer the load from the house in to the 

piles. The buttresses were adapted to the level above the basement and one level under the street level 

(the basement is 2 levels down from the street level).The house could during the load transfer have been 

exposed to changes load conditions since, as structural engineer 1 argues, it is very hard to achieve 

perfect contact between the load carrying elements when these are merged together. This can be one 

alternative explanation to why greater settlements are measured at the street level than in the 

basement during the same time.  

In the observed project the soil conditions were way much worse than what was assumed based on the 

existing pre-study. It would be interesting to do a comparison with the settlement development in 

another house where the soil conditions were as expected to investigate if the observed event of 

settlements in the project could be caused by the bad soil conditions or if this don’t have an impact.  

The experts are generally agreeing in their answers to the interview questions regarding:  

 What forces and condition that affect the house before- during- and after an underpinning  

 The risks involved with underpinning 

 That it takes time for a house to adapt to an underpinning 
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Therefore the analysis has been focused on these questions where a common understanding could be 

consolidated. All experts are agreeing in that it takes a few years for the house to fully adapt to an 

underpinning. The warranty time from start to finish is 5 years but the carrying out of the work may take 

a couple of years and is included in that time. The statements from all the experts are roughly measured 

but all experts are united in the fact that it takes time for a house to adapt to a new foundation. This 

gives weight to the fact that things will happen with the house after the underpinning is finished. 

The illustrations based on the leveling data shows a pattern that underlies the problem statement. These 

are not as systematically preformed as required to support definite conclusions. On top of that, leveling 

data for both the street level and the basement are not available from the very first beginning of the 

project. It would be very interesting in another project insert leveling points in all levels of the house 

before an underpinning project starts and to perform the measurements carefully throughout the whole 

project. If these data then should be processed with statistical models they could probably be useful for 

supporting a hypothesis. 

A next step in investigating this problem statement could be to make a numerical model of the structure 

and the foundation, including material properties, and make calculations on different interesting parts of 

the structure to investigate how the structure would react to changed load conditions in different 

interesting points.  

One could say that it is a lack of knowledge in this area science. Both the geotechnical and the structural 

engineers agree that it is a very complex interaction how the piles work in the soil and how the structure 

of the house respond to these changes conditions. Previous assumption have generally been that 

nothing specific happens to the house if the project is carried out correct but all experts interviewed in 

this research agrees that the house is affected by the changed load conditions and that it takes time for 

the house to adapt to the new foundation. This thesis gives light to the lack of knowledge in this area and 

show tendencies. 

Communication between different actors in a construction project is as mentioned difficult since the 

project based platform and short term interactions between actors involved is difficult to manage. The 

actors often face situations when they have to negotiate between their interests. In those situations it is 

fundamental that all actors involved have an understanding about how the house gets affected by an 

underpinning so risks not get overlooked. The lack of knowledge in this area may lead to unpredicted 

consequences and the uncertainty in the area as well as the identified potential risks needs to be 
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communicated efficiently so all actors have access to enough information to be able to assess risks 

properly.  

 

It would be of the greatest interest to further investigate the structural aspect of the effects of 

underpinning in a house and to make comparisons to other projects. 
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6.  Conclusion 
The major reason for that settlement occurs in the area is that the foundation, consisting of wooden 

piles, loses its carrying capacity due to the lowered ground water level. 

During underpinning the house is mostly affected by dynamic forces. The structure gets temporary 

weakened when holes are made in walls for beams and drilling is made in already sensitive foundation. 

The fixated parts of the structure, where the load transferring elements are installed between the pile 

and the structure, can get locally loaded when drilling is made in adjacent areas. 

After underpinning the house with its weight is settling on the piles. The house has to adapt to a new 

mode of action. This can be done either by just leaving the house and wait for the piles to take load and 

get compressed or by pre-load the piles with the expected final load of the house to avoid the time for 

the compression of the piles. 

There are uncertainties when it comes to how the house adapts to an underpinning. The experts have 

given many different possible explanations and the tendency is that it seems to be a lack of knowledge in 

the area. All agree that it takes a couple of years for a house to adapt to an underpinning. The 

recommendation is to wait at least 2 years before proceed with the work in the house. 

The greatest risk linked to this phenomenon is that new cracks can occur due to post settlements and in 

worst case in an elevator shaft or in the water proofing in bathrooms or kitchen. If renovation work 

starts before the house have stopped settle than the risk is big that cracks will occur in the newly 

renovated areas resulting in that the renovation have to be re-done. 

Effective communication is essential to assess risks involved with an underpinning and to avoid tensions 

between actors involved in an underpinning project if something should go wrong and damage due to 

post settlement will occur. 

The problem investigated in this report is translated in to Kuhn’s theory on science the beginning of the 

crisis. Further research is required to develop the empirics in to theory. 

Accurate measurements must be collected and these must be processed in mathematical statistics. 

Models must be built and existing theories must be studied in further depth to be able to state a new 

paradigm in this area of science 
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Appendix 1 - Interview questions  
Jag heter Johanna Forsström och jag håller på att skriva mitt examensarbete inom construction 

management på KTH. Meningen med den här intervjun är att samla experters uttalanden kring hur 

sättningar fördelar sig i ett hus under och efter att det grundförstärkts. Dessa uttalanden ska sedan i mitt 

examensarbete sammanvägas och ligga till grund för en möjlig förklaring till det fenomen som uppstår i 

hus då de grundförstärks. En fördjupande del av arbetet kommer att ligga i kommunikationsteori och hur 

man kan kommunicera ett tekniskt komplext problem till någon som berörs men som inte har 

förkunskap i ämnet, exempelvis en hyresgäst eller liknande.  

1) Är det okej att jag spelar in vårt samtal och citerar dig i mitt arbete för att sammanställa en 

samlad förståelse bland experter kring hur ett hus beter dig under och efter att det 

grundförstärkts? 

2) Vad är ditt namn? 

3) Vad är ditt yrke? 

-så din titel är? 

4) Hur länge har du arbetat med detta? 

 

Detta examensarbete görs i samarbete med BESAB som är specialister inom grundförstärkning. 

Examensarbetet och frågeställningen är baserad på observationer som BESAB har gjort under ett av sina 

projekt där de med en finkänslig metod grundförstärker ett kvarter på söder malm med stålkärnepålar 

ner till bergnivå. Grundförstärkningen sker med hjälp av en källarmus som borrar foderrör med en 

luftdriven sänkborrhammare. Arbetet utförs från källaren på byggnaderna och man använder ett 

jorborrningssystem som ska minimera luftutsläppet i marken. Man har observerat att det tid för ett hus 

att anpassa sig till de nya grundförhållandena under och efter en grundförstärkning. I projektet som 

observeras i det här arbetet så har det uppmätts större sättningar på gatuplan än vad som uppmätts på 

källarplanet som ligger 2 våningar under, precis där grundförstärkningen sker. 

5) Hur skulle du förklara vad detta beror på att man uppmäter större sättningar på gatuplan än vad 

man gör på källarplanet? 

6) Hur beter ett hus när det anpassar sig till en ny grundförstärkning? 

7) Vilka förhållanden eller krafter påverkar ett hus somär utsatt för sättningar före en 

grundförstärkning sker? 

8) Vilka förhållanden eller krafter påverkar ett hus medan det grundförstärks? 
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9) Vilka förhållanden eller krafter påverkar ett hus efter att det grundförstärkts? 

10) Har du någon uppfattning om hur lång tid det tar för ett hur att anpassa sig till en 

grundförstärkning? 

11) Finns det några risker för det fortsatta arbetet i huset som är knutna till detta fenomen? 

Tack så mycket för din tid och ditt engagemang. Arbetet planeras att vara färdigt i slutet av maj och det 

kommer då att publiceras i KTHs publikationsdatabas DIVA. 
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Appendix  2 – Leveling data  
 S S S S S S S Summa 

org.höjd 02-apr 05-apr 11-apr 16-apr 19-apr 23-apr 25-apr April 

22,8623 -0,4 -0,1 -0,1 0 0,1 -0,2 -0,2 -0,9 

22,7265 0 -0,1 0 0 0 0 0 -0,1 

23,7234 0,2 -0,1 -0,3 0 -0,2 -0,1 -0,1 -0,6 

24,1408 -0,1 0 -0,7 0,5  -10,2 0 -10,5 

22,9245 -0,5 0 -0,7 0 -0,6 -0,2 -0,1 -2,1 

        0 

16,579 -0,6 -0,7      -1,3 

16,699   -0,3 0 0   -0,3 

17,039 -0,4 -1 -0,6 -0,2 -0,2   -2,4 

16,851 -0,4 -0,5 0 -0,1 0,2   -0,8 

16,988 0 0 -0,3 -0,5 0   -0,8 

 

S S S S S S S Summa S 

02-maj 07-maj 15-maj 20-maj 23-maj 27-maj 29-maj Maj 05-jun 

0 -0,1 0,1 -0,1 0 -0,1 -0,3 -0,5 -0,6 

0 0 0,1 0 0,2 0 0 0,3 0,1 

0,1 -0,1 0,1 0 -0,1 0 0,1 0,1 0 

0,1 0 0,2 0 0 0  0,3  

0 0 0 0 -0,2 -0,2 -0,2 -0,6 0 

       0  

       0  

-0,7 -0,8 0 0,1 -0,2   -1,6 0 

  0 0,1 0   0,1 0 

0,1 -0,6 0,1 -0,1 -0,5   -1 -1,2 

-0,2 0 -0,7 -0,3 -0,2   -1,4  
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S S S S S S Summa S S 

10-jun 13-jun 17-jun 19-jun 25-jun 27-jun Juni 02-jul 04-jul 

-0,5 -0,1 -0,2 -1,1 -1,5 -2,4 -6,4 -2,4 -0,6 

0   0 -0,1 0 0 0 -0,1 

0,1   0 0,1  0,2   

0,1   -0,1 0,3 -0,3 0 0 0 

0   -0,5 -1,3 -6,7 -8,5 -1,3 -4 

      0   

      0   

   -2,4 0,1  -2,3  -0,2 

   -0,6 0  -0,6  0,2 

   -5,2 -0,1  -6,5  -0,7 

   -5 -0,1  -5,1   

 

S S S S S S S Summa S 

08-jul 10-jul 15-jul 18-jul 22-jul 29-jul 31-jul Juli 05-aug 

-0,5 -0,1 0 0 0 -5 -2,7 -11,3 -3,1 

-1,5 0  0 0 -2,2 -0,2 -4 -0,8 

0   0 0   0  

-0,1 0  0 0 0  -0,1  

-4,7 -3,1 -4,4 -4,4 -1,4 -15,2 -5,3 -43,8 -6 

       0  

       0  

-0,2   -0,7    -1,1  

0   -0,4    -0,2  

0,4   -0,4    -0,7  

0,1   -0,3    -0,2  

 

S S S S S S S Summa S 

09-aug 13-aug 15-aug 20-aug 23-aug 26-aug 28-aug Augusti 02-sep 

-5,2 -3,1 -3,7 -6,2 -2,6 -1,2 -1,4 -26,5 -2,6 

-4,4 -4,6 -8,4 -10,7 -3,8 -1,5 -0,8 -35 -2,1 

-0,4   -0,4 -1  -5,1 -6,9 -6,4 

-0,2       -0,2 0 

-1,1 -0,6 -0,2 -0,3 0 -0,1 -0,1 -8,4 0 

       0  

       0  

       0  

       0  

       0  

       0  
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S S S S S S S S Summa 

04-sep 09-sep 11-sep 16-sep 18-sep 24-sep 26-sep 30-sep September 

-3,2 -4 -2,2 0 -1 -3,2 -0,8 -1,1 -18,1 

-1,8 -3,4 -1,5 -0,7 -3,4 -4,9 -1,8 -2,2 -21,8 

-7,2  -7,8 -1,2 -0,1 -0,4 0 -0,7 -23,8 

-0,7 -0,5 0 0 -0,3 0 -0,1 -0,7 -2,3 

0 -0,6 -1,4 -3,2 -2,6 -0,8 0 -1,2 -9,8 

        0 

        0 

        0 

        0 

        0 

        0 

 

S S S S S S S S Summa 

07-okt 09-okt 14-okt 16-okt 21-okt 23-okt 28-okt 30-okt Oktober 

0 -0,4 -0,5 -0,5 -0,5 0 0 -0,1 -2 

-2,3 -1,5 -0,8 -1,2 -0,5 -0,2 -0,2 -0,3 -7 

0 0 -1,9 0 -1,3 -0,2 -0,3 -0,2 -3,9 

-0,6 0 -0,4 -0,2 -0,6 -0,3 -0,1 -0,3 -2,5 

-1,3 -0,9 -1,1 -0,1 -0,2 -0,2 -0,5 -0,2 -4,5 

         

0 -0,5 -0,5 0,5 0 0 0 0 -0,5 

-1        -1 

-1 -0,5 -2,5 -0,5 0 -0,5 0 0 -5 

0 0 0 0 0 0 -0,5 -0,5 -1 

-1 -1 -1  0 0 -0,5 -0,5 -4 

 

S S S S S S S Summa S 

04-nov 06-nov 11-nov 13-nov 18-nov 20-nov 26-nov November 02-dec 

-0,1 0 -0,2 -0,1 0 0 -0,1 -0,5 0 

0 -0,1 -0,2 -0,2 0 0 -0,1 -0,6 -0,2 

-0,5 -0,3 -0,3 -0,1 -0,1 0 -0,3 -1,6 -0,2 

-0,3 -0,1 -0,1 -0,2 -0,3 0 -0,2 -1,2 -0,4 

-0,3 0 0 -0,2 -0,2 -0,4 -0,3 -1,4 -0,5 

       0  

0 0 0 0 0 0 0 0 0 

       0  

0 0 -1 0 0  -0,5 -1,5 0 

0 0 -0,5 0 0   -0,5  

0 0 0 0 0  -0,5 -0,5 0 
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S S S S S Summa S S S 

05-dec 09-dec 11-dec 16-dec 19-dec December 07-jan 13-jan 20-jan 

-0,1 -0,2 0 -0,1 0,1 -0,3 -0,2 0 0 

-0,2 -0,2 -0,1 0 0 -0,7 -0,4 0,2 -0,1 

-0,2 -0,4 -0,2 -0,2 -0,1 -1,3 -1,5 -0,6 -0,2 

-0,3 -0,3 -0,2 -0,2 -0,2 -1,6 -0,5 -0,4 0 

-0,4 0 0 0 -0,3 -1,2 -0,1 -0,1 0 

     0    

0 0 0 0 0 0    

     0    

0     0   0 

 0 0 0 0 0 0 0 -0,5 

0 0 0 -0,5 0 -0,5 0 0 0 

   

S Summa S S S summa Summa tot 

27-jan Januari 03-feb 10-feb 12-feb Februari  

0 -0,2 0 0,1 0 0,1 -66,5 

0 -0,3 0 0 0,1 0,1 -68,9 

-0,3 -2,6 -0,1 -1 -1,7 -2,8 -37,8 

-0,5 -1,4 0,1 -0,3 -0,8 -1 -18,1 

0 -0,2 0 0 0 0 -80,3 

 0    0 0 

 0 0 0 0 0 -1,8 

 0    0 -6,3 

0 0    0 -9,6 

0 -0,5 0 -0,5 -0,5 -1 -10,5 

0 0 0 -0,5 0,5 0 -12,5 
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Appendix 3 – Map over leveling points
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Appendix 4 - Example of leveling protocol 
Precisionsavvägningskontroll 

Projekt  - Grundförsärkning 

 
 

atum 2013-02-28 Anm 2013-03-21 2013-03-27 2013-04-02 2013-04-05 2013-04-11 2013-04-16 2013-04-19 

Mätt av:          

Mätn. nr:         
Utgångsfix                                 
Nivå  S TS   S TS MAX  S TS MAX  S TS MAX  S TS MAX  S TS MAX  S TS MAX  S TS MAX 

 Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  Nivå • H • H•  
Dubb nr: (m) (mm) (mm)  (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 (m) (mm) (mm) -30,0 

D11 22,6548    22,6546 -0,2 -0,2 -30,0 22,6548 0,2 0,0 -30,0 22,6542 -0,6 -0,6 -30,0 22,6539 -0,3 -0,9 -30,0 22,6531 -0,8 -1,7  22,6520 -1,1 -2,8 -30,0 22,6518 -0,2 -3,0 -30,0 

D19 22,8467    22,8467 0,0 0,0 -30,0 22,8467 0,0 0,0 -30,0 22,8462 -0,5 -0,5 -30,0 22,8458 -0,4 -0,9 -30,0 22,8452 -0,6 -1,5  22,8445 -0,7 -2,2 -30,0 22,8440 -0,5 -2,7 -30,0 

D31 22,6316    22,6315 -0,1 -0,1 -30,0 22,6315 0,0 -0,1 -30,0 22,6311 -0,4 -0,5 -30,0 22,6304 -0,7 -1,2 -30,0 22,6308 0,4 -0,8  22,6304 -0,4 -1,2 -30,0 22,6304 0,0 -1,2 -30,0 

D18 22,8252    22,8252 0,0 0,0 -30,0 22,8254 0,2 0,2 -30,0 22,8250 -0,4 -0,2 -30,0 22,8248 -0,2 -0,4 -30,0 22,8249 0,1 -0,3  22,8248 -0,1 -0,4 -30,0 22,8249 0,1 -0,3 -30,0 

D17 22,7707    22,7708 0,1 0,1 -30,0 22,7709 0,1 0,2 -30,0 22,7705 -0,4 -0,2 -30,0 22,7702 -0,3 -0,5 -30,0 22,7703 0,1 -0,4  22,7702 -0,1 -0,5 -30,0 22,7704 0,2 -0,3 -30,0 

D16 22,8035    *   -30,0 22,8037  0,2 -30,0 22,8036 -0,1 0,1 -30,0 22,8035 -0,1 0,0 -30,0 22,8035 0,0 0,0  22,8034 -0,1 -0,1 -30,0 22,8018 -1,6 -1,7 -30,0 

GK2141 23,5093    23,5091 -0,2 -0,2 -30,0 23,5092 0,1 -0,1 -30,0 23,5085 -0,7 -0,8 -30,0 23,5068 -1,7 -2,5 -30,0 23,5047 -2,1 -4,6  23,5038 -0,9 -5,5 -30,0 23,5038 0,0 -5,5 -30,0 
GK213 22,7950    *   -30,0 22,7952  0,2 -30,0 22,7950 -0,2 0,0 -30,0 *   -30,0 *    *   -30,0 *   -30,0 

GK2241 23,4869    *   -30,0 23,4864  -0,5 -30,0 23,4864 0,0 -0,5 -30,0 23,4859 -0,5 -1,0 -30,0 23,4853 -0,6 -1,6  23,4851 -0,2 -1,8 -30,0 23,4850 -0,1 -1,9 -30,0 

GK216 22,8612    22,8615 0,3 0,3 -30,0 22,8611 -0,4 -0,1 -30,0 22,8606 -0,5 -0,6 -30,0 22,8606 0,0 -0,6 -30,0 22,8604 -0,2 -0,8  22,8603 -0,1 -0,9 -30,0 22,8604 0,1 -0,8 -30,0 

GK215 22,8623    22,8625 0,2 0,2 -30,0 22,8622 -0,3 -0,1 -30,0 22,8618 -0,4 -0,5 -30,0 22,8617 -0,1 -0,6 -30,0 22,8616 -0,1 -0,7  22,8616 0,0 -0,7 -30,0 22,8617 0,1 -0,6 -30,0 

32 22,9027    *   -30,0 22,9028  0,1 -30,0 22,9022 -0,6 -0,5 -30,0 22,9018 -0,4 -0,9 -30,0 22,9019 0,1 -0,8  22,9018 -0,1 -0,9 -30,0 22,9010 -0,8 -1,7 -30,0 

34 22,9245    22,9247 0,2 0,2 -30,0 22,9245 -0,2 0,0 -30,0 22,9240 -0,5 -0,5 -30,0 22,9240 0,0 -0,5 -30,0 22,9233 -0,7 -1,2  22,9233 0,0 -1,2 -30,0 22,9227 -0,6 -1,8 -30,0 

HC221 23,4637    *   -30,0 23,4636  -0,1 -30,0 23,4634 -0,2 -0,3 -30,0 23,4622 -1,2 -1,5 -30,0 23,4607 -1,5 -3,0  23,4606 -0,1 -3,1 -30,0 23,4606 0,0 -3,1 -30,0 

HC207 24,1694    *   -30,0 24,1694  0,0 -30,0 24,1692 -0,2 -0,2 -30,0 24,1694 0,2 0,0 -30,0 24,1689 -0,5 -0,5  24,1693 0,4 -0,1 -30,0 24,1692 -0,1 -0,2 -30,0 

HC2101 24,1400    *   -30,0 24,1401  0,1 -30,0 24,1402 0,1 0,2 -30,0 24,1400 -0,2 0,0 -30,0 24,1395 -0,5 -0,5  24,1398 0,3 -0,2 -30,0 24,1397 -0,1 -0,3 -30,0 

HC211 23,9683    *   -30,0 23,9684  0,1 -30,0 23,9685 0,1 0,2 -30,0 23,9683 -0,2 0,0 -30,0 23.9679    23,9681  -0,2 -30,0 23,9679 -0,2 -0,4 -30,0 

HC208 24,1133    *   -30,0 24,1132  -0,1 -30,0 24,1129 -0,3 -0,4 -30,0 24,1130 0,1 -0,3 -30,0 24,1125 -0,5 -0,8  24,1130 0,5 -0,3 -30,0 24,1126 -0,4 -0,7 -30,0 

HC209 24,1408    *   -30,0 24,1405  -0,3 -30,0 24,1404 -0,1 -0,4 -30,0 24,1404 0,0 -0,4 -30,0 24,1397 -0,7 -1,1  24,1402 0,5 -0,6 -30,0 24,1497 9,5 8,9 -30,0 
HC225 22,9619    *   -30,0 22,9620  0,1 -30,0 22,9620 0,0 0,1 -30,0 22,9620 0,0 0,1 -30,0 22,9611 -0,9 -0,8  22,9612 0,1 -0,7 -30,0 22,9612 0,0 -0,7 -30,0 

HC219 22,9166    *   -30,0 22,9168  0,2 -30,0 22,9172 0,4 0,6 -30,0 22,9170 -0,2 0,4 -30,0 22,9157 -1,3 -0,9  22,9156 -0,1 -1,0 -30,0 22,9158 0,2 -0,8 -30,0 

HC220 22,7265    *   -30,0 22,7265  0,0 -30,0 22,7265 0,0 0,0 -30,0 22,7255 -1,0 -1,0 -30,0 22,7255 0,0 -1,0  22,7255 0,0 -1,0 -30,0 22,7255 0,0 -1,0 -30,0 

HC212 23,9991    *   -30,0 23,9989  -0,2 -30,0 23,9986 -0,3 -0,5 -30,0 23,9989 0,3 -0,2 -30,0 23,9989 0,0 -0,2  23,9988 -0,1 -0,3 -30,0 23,9987 -0,1 -0,4 -30,0 

HC213 23,7234    *   -30,0 23,7234  0,0 -30,0 23,7236 0,2 0,2 -30,0 23,7235 -0,1 0,1 -30,0 23,7232 -0,3 -0,2  23,7232 0,0 -0,2 -30,0 23,7230 -0,2 -0,4 -30,0 

HC247 23,7886    *   -30,0 23,7884  -0,2 -30,0 23,7886 0,2 0,0 -30,0 23,7884 -0,2 -0,2 -30,0 23,7881 -0,3 -0,5  23,7882 0,1 -0,4 -30,0 23,7881 -0,1 -0,5 -30,0 

                                 
PK1 22,3245    *   -30,0 22,3265  2,0 -30,0 22,3259 -0,6 1,4 -30,0 22,3252 -0,7 0,7 -30,0 *    *   -30,0 *   -30,0 

PK2 22,2936    *   -30,0 22,2938  0,2 -30,0 *   -30,0 22,2932  -0,4 -30,0 22,2929 -0,3 -0,7  22,2929 0,0 -0,7 -30,0 22,2929 0,0 -0,7 -30,0 

PK3 22,2417    *   -30,0 22,2445  2,8 -30,0 22,2441 -0,4 2,4 -30,0 22,2431 -1,0 1,4 -30,0 22,2425 -0,6 0,8  22,2423 -0,2 0,6 -30,0 22,2421 -0,2 0,4 -30,0 

PK4 22,2138    *   -30,0 22,2120  -1,8 -30,0 22,2116 -0,4 -2,2 -30,0 22,2111 -0,5 -2,7 -30,0 22,2111 0,0 -2,7  22,2110 -0,1 -2,8 -30,0 22,2112 0,2 -2,6 -30,0 

PK5 22,2240    *   -30,0 22,2227  -1,3 -30,0 22,2227 0,0 -1,3 -30,0 22,2227 0,0 -1,3 -30,0 22,2224 -0,3 -1,6  22,2222 -0,2 -1,8 -30,0 22,2222 0,0 -1,8 -30,0 
PK6 22,3074    *   -30,0 22,3070  -0,4 -30,0 22,3066 -0,4 -0,8 -30,0 22,3069 0,3 -0,5 -30,0 22,3065 -0,4 -0,9  22,3060 -0,5 -1,4 -30,0 22,3060 0,0 -1,4 -30,0 

PK7 22,4013    *   -30,0 22,4010  -0,3 -30,0 22,4015 0,5 0,2 -30,0 *   -30,0 *    *    22,4005  -0,8 -30,0 

                                 
                                 
                                 
                                 

 

Hjälpfix nr 2000 i fasighet Täppan 1 har nivå +22,798* = hinder på vägen, fix kan ej mätasUpprättad av: 



 

 
 

    

Appendix 5 - Mini risk method 
 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

Risk Probability 
1-5 

Consequence 
1-5 

Risk value = 
P ∙ C 

Actions 

Internal re-renovation      

External re-renovation     

Re-renovation of elevator 
shaft 

    

Re-renovation of bearing 
walls 

    

Re-renovation of water 
proofing 

    

Injuries in door and window 
posts 
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Appendix 6 - Communication plan 
 

Who? – 
Receiver Why? What? How? When? 

Who? – 
Transmitter 

Property 
owner 

To steer the 
project and make 
decisions 

Formal 
information  Meetings 

At the beginning 
of the project Developer PM 

Property 
owner 

Information about 
how the project 
develops 

Formal 
information  Report 

Monthly 
progress report Developer PM 

Property 
owner Q & A 

Formal 
information E-mail When needed Developer PM 

Developer PM Q & A 
Formal 
information E-mail When needed 

Property 
owner 

Contractor 
Information 
planning 

Information- 
progress- 
production 
meetings Meetings Weekly Developer PM 

Developer PM Controlling  

Self-controls 
of that the 
work is 
executed as 
required Reports When executed Contractor 

Contractor Information 

Formal and 
informal 
information 

E-mail, 
phone When needed Developer PM 

Developer PM Information 

Formal and 
informal 
information 

E-mail, 
phone When needed Contractor 

Geotechnical 
and structural 
engineer information 

Information, 
requirement, 
mission 
statement Report 

In the beginning 
of the project Developer PM 

Contractor Information 

Formal 
information 
Drawings Drawings 

In the beginning 
of the project 
and when 
updated 

Geotechnical 
and structural 
engineer 

Developer PM 
Information and 
control 

Progress/ 
production 
meeting Meetings 

Every second 
week 

Geotechnical 
and structural 
engineer 

 

 


