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ABSTRACT
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Examiner: Professor Kalle Kahkdnen
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The objectives of this thesis were to study for Fira Oy, what takt planning process is like
in an interior work stage of an apartment building, and what kind of problems appear in
its implementation. Because takt production is different from traditional procedures, the
demands it sets for site management process were studied. Contributions of several digital
tools to a site management process were estimated. Research methods were literature re-
view and a case study, which contained semi-structured interviews and production mon-
itoring.

Theoretical part introduces lean construction and its background. Takt planning and takt
control were studied, and the concept of flow was researched from both production and
knowledge management point of view. The case study focused on a case site, in which
takt planning and several digital tools were implemented. Interviewed people were chosen
to represent different work groups, and they were asked questions related to the takt
schedule and digital tools. Production was observed by monitoring, if the works were
completed due the schedule, and if the data collected by digital tools met the expectations.
If there appeared to be differences, their causes were found out.

Takt schedule problems in production were drying times, logistics, incentives and con-
flicting revenue logic, faults in the schedule, partial implementation, education and com-
munication, contracts, resources, faults in structural design and accidents, absences and
other unpredictable factors. Earlier integration into plans and contracts, better planning,
education and communication, risk analysis and co-operation with subcontractors and
suppliers are recommended solutions for these problems. Traditional site management
processes were noticed to be inappropriate for takt production in cases of meetings, model
work timing and frequency of work area acceptances and inspections. They should be
developed by both contents and frequencies. Digital tools were experienced mostly use-
ful, and they are recommended to be a part of site management. Some shortages were
found in digital systems and their features, and they are proposed to be developed.
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Tadmén diplomityon tavoitteena oli selvittdd Fira Oy:lle, millainen tahtiaikatauluprosessi
on asuntorakentamisen sisdvalmistusvaiheessa, ja millaisia ongelmia sen kiyttoonotossa
ilmenee. Koska tahtiaikaan perustuva tuotanto eroaa perinteisestd mallista, sen asettamia
vaatimuksia tydomaan johtamisprosesseille selvitettiin. Digitaalisten tyokalujen kontri-
buutiota osana tyonjohtoprosessia arvioitiin. Tutkimusmenetelmind kaytettiin kirjalli-
suusselvitystd ja tapaustutkimusta, johon siséltyivat puolistrukturoidut haastattelut ja tuo-
tannon havainnointi.

Aluksi teoriaosuudessa tutustuttiin lean construction -tuotantotapaan ja sen taustoihin,
jonka jilkeen tutkittiin tahtiaikataulun suunnittelua ja tahtituotannon johtamista. Virtauk-
sen kasitettd tarkasteltiin seké tuotannon etté tietojohtamisen nikokulmasta. Tapaustutki-
muksessa seurattiin kohdetyOmaata, jossa tahtiaikataulu ja useita digitaalisia tyokaluja
otettiin kdyttoon. Tydmaan henkilostostd valittiin eri tyontekijiryhmid edustavia henki-
16itd, ja heitd haastateltiin tahtiaikatauluun ja digitaalisiin jirjestelmiin liittyen. Lisdksi
sisdvalmistusvaiheen etenemistd seurattiin, ja tarkasteltiin, pysyvétko tyot aikataulussa ja
saadaanko digitaalisilla tyokaluilla keréttyd ennustettu mdarad dataa. Mikili poikkeamia
ilmeni, niiden syyt selvitettiin.

Tahtiaikataulun ongelmiksi nousivat kuivumisajat, logistiikka, ristiriidat ansaintalogii-
kassa, virheet aikataulussa, osittainen implementointi, koulutus ja viestintd, sopimukset,
resurssit, virheet rakennesuunnitelmissa ja sattumanvaraisten riskien realisoituminen.
Tahtiaikataulun integrointi hankkeen suunnitelmiin ja sopimuksiin aikaisemmassa vai-
heessa, parempi suunnittelu, koulutus ja viestinté, riskien analysointi seké yhteistyo ali-
urakoitsijoiden ja toimittajien kanssa ovat ehdotettuja ratkaisuja ilmenneisiin ongelmiin.
Perinteisten tydnjohtoprosessien havaittiin olevan yhteensopimattomia mallityon ajoituk-
sen, mestan vastaanottojen ja tarkastusten tiheyden ja palaverien osalta, ja niita tulisi ke-
hittdd vastaamaan tahtituotannon tarpeita seké sisilloltdédn ettd frekvenssiltddn. Digitaali-
set tyokalut koettiin enimmikseen hyddyllisiksi, ja niitd suositellaan soveltuvin osin
osaksi tydonjohtoprosessia. Joistakin digitaalisista jérjestelmistd 19ydettiin tahtituotannon
ndkokulmasta puutteita, ja niitd ehdotetaan korjattaviksi.
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1. INTRODUCTION

1.1 Background and motivation

Construction productivity has been a long-lasting and serious concern, because it has not
been improving during the last decades. As one of the most traditional and broad indus-
tries construction has a significant impact on public economy. Statistics Finland has sur-
veyed productivity in industries since 1976 and rates in figure 1 indicate that construction
productivity remains low, while manufacturing has improved considerably.
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Figure 1: Multi-factor productivity by industry, value added by industry, sector, type and
year. Index 1975=100 including labor composition (Statistics Finland)

Some significant factors explain the difference between the industries. In construction
every product is a big unique on-site project with architectural design aspects and labor-
intensive methods. Complexity and uncertainty of projects has been growing because of
the customers growing demands and detailed requirements. Contracts has been distrib-
uted into numerous subcontracts, which makes projects very complicated. Organizations
and supply chains have become dynamic by nature. (Ballard and Howell 1998, Koskela
et al. 2002, Salem et al. 2006, Park et al. 2005) Construction productivity has also been
considered as a very difficult industry to evaluate, and there has not been a standard meas-
urement system. This may explain some of the numbers. (Park et al. 2005)

There are still signs of a great saving potential in construction. Many researches evidence,
that productivity can be improved with better management (Shehata and EI-Gohary 2011,
Arditi 1985, Koskela 2000) The Business Roundtable found out that more than half of
the time wasted was because of poor management (1983). Because of disruptions and



constant changes, labor performance may lose 25-50% of its efficiency. (Thomas and
Napolitan 1995) Situation in these days has not been improved. One practical example of
this is a Finnish pipe renovation company, which noticed that bathrooms are empty 80%
of the renovation time (Kauppalehti 2016). Construction seems to struggle with project
management year after year.

In search of ways to improve productivity, lean ideology has been one of the great inter-
ests. Lean is a production philosophy that aims to reduce waste and add value with some
clear principles and methods. Lean has origins in car industry and it has been successful
in manufacturing. Because of the differences between manufacturing and construction,
all the methods are not applicable as such. Lean construction is an application developed
for construction special needs. (Alarcon 1997) According to studies, productivity of
whole project can be improved by eliminating waste and variability, which is one basic
principle in the ideology. (Ballard and Howell 1998) Lead time of the project can be
reduced, when unnecessary movement, waiting time, rework and other types of waste are
reduced. Because of better control of the production, lean could also be a solution to
quality and safety problems, that have been discussed in the media lately. (Koskela 2000)

When pursuing shorter lead time, takt planning has been proved to be a beneficial tool. It
complies with lean basic principles, but additionally it provides a practical way to sched-
ule and organize works. Significant time savings has been reported, and takt planning
seems to stabilize the work flow, by setting clear objectives for short time performance.
Variability, which appears to be one type of waste, can be reduced by means of takt plan-
ning. (Binninger et al. 2018, Haghsheno et al. 2016, Frandson et al. 2014) Takt planning
sets different demands for site management, because work stages follow each other more
frequently, and there are more simultaneous works going on. Information technology
could be one kind of solution to improve the management, because it helps to acquire,
organize, storage and distribute information and hence situational awareness. (Cooper
2016)

1.2 Objectives

This research is a part of a bigger development project, which aims to improve construc-
tion productivity. The research was made for Fira Oy, which from now on is referenced
as a case company. The case company has decided to implement takt planning in their
construction projects, and by implementing takt planning, the case company seeks for
time savings and hence better productivity.

Objectives of this research are to find out, what the takt planning process is like, and what
kind of challenges and problems appear when implementing it. Takt planning sets de-
mands for conventional procedures, so the changes in the interior works process are re-
searched, and it is studied, if site management processes need to be adapted to the new
kind of production. Along with takt planning, several digital tools were implemented to



try, if they enhance the site management in takt production context. Only interior works
in an apartment building are considered, because takt planning was not implemented in
other work stages yet.

Based on these objectives, the research questions are:

What takt planning process is like in an apartment building’s interior work stage?
What are the main problems in takt planning implementation?
What kind of demands takt planning sets for traditional site management?

b=

How could digital tools contribute in the takt management processes?

1.3 Research methods

Research methods were literature review and a case study. The theoretical background
for takt planning was studied by literature review, and the main aspects of information
flow and its management were studied, to find out how digitalization could affect in man-
agement processes. A construction site of a 7-floored apartment building in Helsinki
served as a case site, in which takt planning and several digital tools were implemented.
The implementation was monitored by observing the data that implemented digital tools
provided, and by monitoring, whether the tasks were done due the schedule. If there ap-
peared to be shortages in data, or the works were late, the causes were found out and
reported. Disruptions in the schedule revealed some issues that the case company needs
to focus on in takt planning and takt management. Monitoring period started jointly with
interior works, and it ended after the fixtures. Most of the work stages in interior works
were included; only the finishing stage was entirely excluded.

Along with observation, there were 10 semi-structured interviews made in co-operation
with case company’s user-experience specialist. The purpose of the interviews was to find
explanations for the findings of the observation and have some different perspective. Dif-
ferent roles in the case site were identified and the interviewees were chosen to represent
each group. Six different groups were found altogether; 1) contractor’s management, 2)
contractor’s supervisors, 3) agency workers, 4) subcontractors’ management, 5) subcon-
tractors’ supervisors and 6) subcontractors’ workers. Because both management groups
seemed to fit poorly in this framework, they were left out from this research. The numbers
of the interviews in each studied group were: contractor’s supervisors 3, agency workers
2, subcontractors’ supervisors 3, and subcontractors’ workers 2. Interview questions were
related to takt planning and piloted digital systems, and they can be found in appendix 1.
The case company’s management processes were introduced and the conflicts with takt
planning were studied.



1.4 Structure of the research report

The research starts with introduction, in which the background and motivation are intro-
duced, along with the objectives, research questions and methods, and structure of the
research. Second chapter is a literature review focusing on lean construction, which pro-
vides the theoretical background for the study. Conventional project problems are re-
viewed, lean origins and principles are introduced, and the application in construction is
studied. Effects of partnering and subcontracting are estimated. After this, the takt plan-
ning and takt control are researched. The role of information flow and basics of
knowledge management are introduced in lean construction context.

After the literature review, third chapter introduces the case study. The case site, and the
pilots of takt planning and digital tools are introduced, and their findings are discussed.
The case company’s site management processes are studied, and their adaptability with
takt production is estimated. Fourth chapter is a discussion, in which the main findings
are introduced, their contribution is estimated, they are compared to the previous research
and the limitations of the study are discussed. Fifth chapter is a conclusion with recom-
mendations for the case company and further research.



2. LEAN CONSTRUCTION

2.1 Review of the conventional project management

Construction is a very traditional business controlled by considerable amount of laws and
regulations. Production management systems in different companies are often settled
upon similar procedures over the years. This makes things easier when working with sub-
contractors, because both sides are familiar with the process. Bureaucracy, either regu-
lated or proved its worth with conventional management processes, is strongly imple-
mented to the process. The whole construction system has been growing more complex
along with buildings. Even though there are good aspects in conventional project man-
agement, there are many downsides too.

Conventional production planning procedure starts with dividing the project into small
activities and needed time and money to complete each are estimated. Schedule is made
by putting those activities in order and release of work from one crew to another is ig-
nored. Contracts are made with existing knowledge, and commercial terms define each
task. This causes push for work to begin on the earliest start date, even though there would
be no real prerequisites for completing the work. (Koskela et al. 2002)

Controlling projects is loose tracking of costs and schedules, and actions are rarely taken.
Start dates are well controlled, but tasks last longer than planned, because of discontinu-
ities and delays. When one subcontractor ends up working in the same location with an-
other one, interruption usually appears. There is a significant delay if a subcontractor
needs to demobilize the crew, because of lacking available work on the site. (Seppidnen
2009) Frequent interruptions have been widely accepted, and they are dealt with buffering
schedules. Time buffers allow inaccurate planning, and hence even more variation and
risks in projects. Poor control equates low reliability. (Koskela and Ballard 2006)

Productivity of a single task is often measured by costs, unit rates, time and total work
hours. Labor productivity is directly related to the costs and performance, so the measures
do matter. The problem is that demands are often set for the whole result, and not for
gradual progress. Because of this, variability of daily work performance can be high, and
there are no consequences because of generous time buffers. High variability in produc-
tivity rates is an indicator of a poor practice, but it also can derive from conditions, design
errors, accidents of changes. (Thomas, 2014)



2.2 Lean ideology

Lean is a production management ideology that has its origin in car industry. Toyota suc-
ceeded to develop the world-famous Toyota Production System which is commonly con-
sidered as a precursor of lean. Similar ideas were introduced earlier, for example by Henry
Ford in early 1900s, but the real breakthrough was because of Toyota. Few basic writings
serve as a foundation for the later studies. Lean principles are often derived from Toyota
Production System: Beyond Large-Scale Production by Taiichi Ohno (1988) and The
Machine that Changed the World by James P. Womack, Daniel T. Jones and Daniel Roos
(1990). One of the later important releases is Lean thinking: Banish Waste and Create
Wealth in Your Corporation by James P. Womack and Daniel T. Jones (2003).

The word “lean” represents the idea of keeping only the vital parts of the process, and
reducing everything unnecessary, so-called waste. To identify waste, process must be
studied, and transformations that create customer value must be identified. Waste consist
of three types; unnecessary work, overburden and unevenness. Besides value stream,
there is also work that is non-value-adding but necessary, for example cleaning and lo-
gistics, so the process may be difficult to define. (Womack and Jones 2003)

Transformation processes should be simplified as far as possible by dividing them into
small and simple subsequent tasks. Well organized workplace makes working more ef-
fective, safe and simple. When the process and its requirements are known, organized and
trimmed, flow needs to be created. Flow is a self-explaining word for the subsequent tasks
following smoothly each other. In the ideal situation waste would have been removed and
all the work would create value. Overproduction is one type of waste, so flow must be
fitted into customer demand. This happens by avoiding pushing the production and using
the idea of pull flow. Because situation hardly reaches ideal, one of the main lean princi-
ples is continuous improvement. (Womack and Jones 2003)

Lean is very well known by its techniques and it is often considered as a tool set to im-
prove productivity. This approach often includes Japanese names for the techniques and
very precise descriptions, how to implement and utilize them. Another approach is to
consider lean primarily as a cultural cause, which creates viable conditions for change
and improvement. Organization, that is ready for change, can utilize tools to achieve its
internal goals. In lean culture all the people are respected, and the whole organization
pursues for improvement. It is discussed, that cultural aspects are more important, and
much more difficult thing to implement. (Atkinson 2010) Pekuri et al. identified three
different layers of lean (2012);

1) principles and culture
- customer first
- continuous improvement
- respect for people



2) practices
- eliminating waste, unevenness and overburdening
- standardization
- visual management
3) tools and methods
- lean production
- lean product development
- lean construction.

These layers help to understand the structure of different approaches. The model specifies
the traditional division into lean thinking and lean production. It is argued, whether it is
better to start implementation with outer (principles and culture), or inner (tools and meth-
ods) layers first. Philip Atkinson blames in his article Lean is a cultural issue (2010), that
most organizations are focusing too much attention on the technical aspects of lean, when
more important angle would be creating a culture, that will sustain it. He points out, that
lean cannot be implemented upon organization, which does not have a change-welcoming
culture. No amount of training in tools and techniques compensates the changes in culture
and behavior. (Atkinson, 2010) Others prefer implementing lean tools, like Last Planner
System first, because it quickly gives notable improvements and motivates to carry on
with change. (Dave et al. 2015) Some even advise to seize or create a crisis to use as a
lever in implementation process, but there are more moderate approaches in implementa-
tion processes too. Advices of using a change agent, getting the knowledge, visible activ-
ity with immediate and measurable results and utilizing the momentum are more widely
acknowledged. (Howell and Ballard 1998)

2.3 Applications in construction

Because there had been difficulties with implementing lean into construction field, lean
construction started to diverge from the original manufacturing context. Ballard and How-
ell granted in their article “What kind of production is construction?”” (1998) that some
constructions characteristics are “apparently lean-resistant”, and should only be changed
when appropriate. They categorized construction as a project-type business, with very
jumbled flow, loosely linked process segments and relative uniqueness. Later opinions of
the type are more diverse; work stages are rather repetitive, and from subcontractors’
point of view, the volume of repetitive production is so high, that their work could be
categorized as line flow. The production flows are different between work stages, so the

challenge is to match the flows compatible, and improve the interfaces between them.
(Sacks, 2016)

To enhance lean implementation to construction, Koskela created the TFV theory of pro-
duction that combines views of transformation, flow and value (2000). Transformation
from inputs into outputs is divided into tasks, that need to be carried out as efficiently as
possible. Flow includes transformations, but additionally waiting, moving and inspecting



are part of the concept. Aim is to maximize the transformation by minimizing the amount
of waste. Value means the fulfillment of customer needs, and it defines which transfor-
mations are valuable. (Koskela 2000) TFV theory’s main contribution is to provide dif-
ferent views in modelling, structuring, controlling and improving production, and transfer
manufacturing ideology to construction context. (Koskela et al. 2002)

Another important milestone in applying lean into construction was Lean Project Deliv-
ery System (LPDS), which is pictured in figure 2. The contribution of the model is to
picture the whole construction project from its definition to use and point out that the
change cannot be made in site alone, if the other parts are not supporting lean. Maximiz-
ing value and minimizing waste starts with studying, what a customer wants. Design,
supply and assembly should support these objectives. (Ballard 2008)

‘ l
Purposes ; Design ‘ Product Fabrication Commissioning ' i
. Concepts , Design s. Logistics I Secommissibnifg
Constraints ' Process J Detailed
Design _ Engineering

‘ Installation Operations &
Maintenance

Project Lean Design Lean Supply Lean Assembly Use
Definition

Production Control
Work Structuring

‘: Learning Loops } -

Figure 2: Lean Project Delivery System (LPDS) (Ballard 2008)

Concept of waste is relatively similar in construction and manufacturing, but their distri-
butions and appearance are different. Traditional lean management identifies seven types
of waste, which are overproduction, correction, material movement, processing, inven-
tory, waiting and motion. (Ohno 1988). Some of these waste types can be easily found in
construction, but some seem not to be major problems. In project business for example
the concepts of overproduction and inventory are fundamentally different, but they both
exist. Overproduction can come up in construction, if for example the structures are un-
necessarily solid, or the features overrun the customer demands. According to the lean
ideology these situations can be categorized as waste because they do not add customer
value. Inventory is another example of the complexity in identifying the waste. Among



unsold apartments, there can be numerous inventories of tools, materials and components
in every link of the supply chain. Because of the versatile nature of waste, identifying
should start with studying the production process; what are the actions, that really provide
additional value to the customer? It is a simple question, but the answer rarely is as
straightforward as it seems.

Lee et al. (1999) listed the main issues in construction, and they ended up in seven wastes:
delay times, rework and quality costs, unnecessary transportation and long distances, lack
of work safety and on the top of these poor project management. Koskela (2000) mentions
defects, re-work, machine break downs, accidents and layout as waste, and points out,
that especially variability leads to additional waste. In modern subcontracted projects
contracts are often relatively small by contents but highly specialized. Interestingly, Ko-
skela (2000) identified, that waste increases, when a task is divided into subtasks. This
creates more inspecting, moving and waiting. When work-in-progress (WIP) accumu-
lates, lead time increases. This often derives from variability and the lack of maturity of
the tasks. They prevent completing tasks at once, which leads to several locations started
but not finished. (Koskela, 2000)

2.4 Subcontracting and partnering

Discontinuous and project-based nature of the industry has been disturbing lean imple-
mentation. Because of the big number of suppliers and subcontractors, implementation
process seems to start from the beginning in every individual project, with different peo-
ple and different companies. Per Erik Eriksson (2010) emphasizes supply chain improve-
ment by implementing lean in all activities during the whole buying process. If contrac-
tors are chosen based on lowest tender price, their attitude will be self-protecting, rather
than favourable to change and customer satisfaction. Partnering ensures the possibilities
for continuous improvement and for change of conventional procedures. (Eriksson 2010)
Frandson and Tommelein ended up in good results, when involving the partners at early
stage in planning. (2014) The accuracy of the takt schedule improved, and some work
packages were re-arranged to create a better flow.

Sacks introduces in his Portfolio, process and operations (PPO) model the idea of conti-
nuity of work flow between projects (2016). This brings in the perspective of a subcon-
tractor. Partnering enables main contractor to provide a continuous portfolio of projects
to a subcontractor, which benefits both sides and unifies their objectives. Conflicting in-
terests of a main contractor and subcontractors appear to be problematic.

Multiple projects enable subcontractors to let available work accumulate in each project,
so there would be no obstacles, when trying to reach maximum productivity. This can be
called buffering of locations, and it causes major disruptions in projects. The situation
can be called overbooking, because the subcontractors cannot supply all the sites simul-
taneously, if there appears to be more work available than expected. Traditional approach
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is to use large time buffers between subcontractors, so the work availability would be
higher, and it would enhance the productivity of a single subcontractor. This sub-optimi-
zation leads to high amounts of WIP, and hence longer duration of the whole project.
Unreliable schedules can make the situation worse, and lead subcontractors to buffer their
production even further. (Sacks 2016, Sacks and Harel 2016)

Partnering, or more precisely project portfolio, is one of the suggested remedies. Its ob-
jectives are to align long-term interests and increase trust between contractors. But part-
nering alone is not the answer to improve performance; if the variability remains high,
there is still risk of low productivity. Reducing variability benefits subcontractors and
encourages them to allocate their resources relying on a main contractor’s estimation. The
economic risk should be equally shared, and the production planning should be transpar-
ent. When the subcontractors do not have enough information of the production, they
choose to leave the site when it seems that losses occur from their point of view. (Sacks
2016, Sacks and Harel 2016) Frandson and Tommelein noticed that subcontractors

needed more top-down management than partners, when controlling the work flow.
(2014)

2.5 Takt planning

Takt planning is a scheduling method, that is based on setting a working period that al-
ways has a constant duration (takt). Workflow is adapted to match the takt by dividing
project into appropriate sequenced packages of tasks (wagons), and by dividing the work-
ing area into appropriate subareas (takt areas). The set of sequenced wagons, which move
through takt areas, are called trains. (Haghsheno et al. 2016) Takt planning has been
adopted in construction, and the results have been very good. Lead times of the projects
have been reduced, and time savings up to 55% has been reported. (Binninger et al. 2018)
Among shortened lead times, overproduction is prevented, and work processes are stabi-
lized. (Haghsheno et al. 2016) Takt planning increases the common understanding by
developing a daily goal for workers to meet, and work is being released at even intervals.
It increases focus on lookahead planning and make ready analysis. (Frandson et al. 2014)

In construction customers rarely have productivity rate demands for tasks, so the demands
can be set to match the takt. (Frandson et al. 2014) The takt planning follows next steps:

1) Identify the standard room unit (SSU). SSU is the smallest replicable area with
similar work stages. If there are areas that contain different work stages, they can
be divided into their own trains, like apartments and bathrooms.

2) Determine the takt area, which can be one or more SSUSs, for example if an apart-
ment is considered as an SSU, the takt area can be one apartment or one floor.

3) Create appropriate sequenced work packages, which contain all the tasks in one
SSU. Many work stages in construction have a natural sequence. There is still
slight variability and the packages can be composed differently.
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4) Decide the takt. Takt length should be appropriate, so the all the tasks can be done
on time. Resources can be considered as variables and they can be added to match
the performance into takt.

5) Level the work packages (figure 3) and buffer the production. (Haghsheno et al.
2016)

6) Plan the release of work and continuation of flow. (Frandson et al. 2014)
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Figure 3: Levelling the work packages (Haghsheno et al. 2016)

Studies show that lead time decreases when using shorter takt. Lead time of the project
can be calculated by the equation:

Lead time = (Number of Takt Areas + Number of Wagons — 1) X Takt.

Takt and the size of takt areas are directly related if the capacity remains the same. Hence
the number of the takt areas is related to takt. Takt has significantly higher effect in lead
time than other factors, so using short takt has its advantages. One week is a commonly
used length for a takt, but even 15-minute takt has been used in cruise ship cabin refur-
bishment and the applicability of it to construction has been discussed. (Binninger et al.
2018)

2.5.1 Reducing variability

Common sense is that construction productivity can be improved by increasing resource
utilization. Studies indicate that the common sense is wrong; instead of improving
productivity, the high utilization rates of the resources seem to lead increasing variability.
Variability increases the whole project time, and effect is similar than rush hour in traffic;
when the density of traffic increases, even a small perturbation can cause the speed to
drop to zero. Constant accelerating and braking make the situation worse, than it would
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be when driving slower but uniform speed. (Howell et al. 2001) One good measure for
work flow reliability is Percent Plan Complete (PPC) which indicates how many of the
planned assignments can be completed in time. (Ballard 1999) Howell et al. concluded
that with the same target wait time the higher PPC increases the capacity utilization.
(2001) The effect of PPC is shown in figure 4.
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Figure 4: Capacity utilization, wait time and the effect of PPC (Howell et al. 2001)

High utilization rates benefit the subcontractor, because their earning is not depending on
the outcomes of the whole project. They choose to work when there is plenty of work
available, and they can make the best out of their contract. (Howell et al. 2001) One way
to improve the utilization rate are sound assignments, from which all constraints have
been removed. If design information is current and requirements are clear, resources are

easily available and work space has been allocated, the productivity of the crew improves.
(Ballard 1999)

Variability causes the release of work getting uncertain. The variability in a single task
duration is presented in figure 5. When the time of the task varies between time A and
time B, there are few options to plan the continuous work flow. The duration of the tasks
can be set to the time B, which is longest possible time it might take. This way the next
crew has work available, and they do not have to wait. One option is to set the duration
to the time A, which is the earliest moment the task can be ready. The following crew
probably need to wait for the prerequisite task to get finished, but the method leads to the
quickest progress in the project. Another option is that the prerequisite crew informs the
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following crew when the task is finished. (Howell et al. 2001) This may be problematic
if the crew is working elsewhere or they are otherwise unavailable.

Time Time
A B
o A
Task Average
Start Finish of
Prerequ isite
Task

Figure 5: Variability in task finishing time (Howell et al. 2001)

It must be noticed, that overtime causes decrease in labor productivity compared to typical
40-hour week. Such factors as shift work and overmanning have similar effect. (Hanna et
al. 2005) These factors must be considered when planning the resources, because dou-
bling the crew or working hours may not double the performance.

Real schedule variance appears when a task moves into another takt sequence, not when
varying within its own takt. Frandson et al. called this smaller non-affecting variance as
a schedule noise. (Frandson et al. 2014) Variance in working areas, for example between
apartments and public areas, can be dealt with using separate task forces for the public
areas or part of it and keep them out of takt schedule. If some apartments are considerably
bigger than others, they can be scheduled last in the sequence with longer takt, or they
can be treated like public areas. (Heinonen and Seppénen, 2016)

Takt plan is not a fixed concept, and it is more likely constantly evolving. (Haghsheno et
al. 2016) Updating the schedule might be difficult because of the complexity of it. Same
reason compromises the visuality. Dlouhy et al. suggest a three-level model to master the
complexity of the takt schedule without additional buffers. (2018) Dividing the schedule
into macro, norm and micro levels enables appropriate view in different use cases. Visu-
ality and understandability remain good, and even all the smaller tasks can be added to
the same schedule. Division is demonstrated in figure 6. Importance of the visuality of
the schedule has been proved, so the model offers a welcome solution for improving it.
(Frandson and Tommelein 2014, Salem et al. 2006)



14

> 5

siEEEEEEE .

NALCLUSTEF

w

BECT T T
oy LI NN EEEn

L 1 ] | —

0

]

SN L 1] [
vorweiannmne LU e mE w1 = TN
A *
M B u
B g ED
n n WORKSTEPS
c /] n
MICROSTEERING H

Figure 6: The three-level model of the takt schedule (Dlouhy et al. 2018)

There are several principles that help to reduce variability. Complex systems are inher-
ently less reliable than simple systems, and human ability to deal with complexity is
bounded. Simplification and organization of the process should be done as far as it is
possible. (Koskela 2000) Standardizing may reduce the number of tasks on site, it in-
creases repetitive work. If there are areas that do not fit into SSUs, they cannot be pro-
ceeded in takt schedule. Even the process should be standardized. The most important
things when improving site assembly are planning and control. They need to be standard-
ized at the meta-level by developing systematic procedures. (Ballard and Howell 1998)
Takt time planning should begin in the early project definition phase, because it is a work
structuring method, that sets demands on constructability, procurement and contracts.
(Ballard 2008)

2.5.2 Buffering the schedule

Even the most carefully made schedule should be buffered, even though lean thinking
considers buffers as waste. Buffers protect the production by preventing normal variance
to affect the whole schedule, and it helps to prepare for unexpected situations. The trick
is to avoid overrating the necessary buffer size, and place buffers in the right places. For
example, the tasks that have the biggest variance, the tasks that are unusual or include
high risk of failure, or the tasks that require cleaning, drying time or large-scale logistics,
are worth buffering.
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Time is the best-known buffer. Russell et al. studied time buffers in construction projects
and they identified 12 most frequent and 12 most severe causes for setting time buffers.
(2014) Top 12 most frequent causes of setting time buffers were project complexity, com-
plexity of the trade task, quality of documents, project size, required coordination with
other trades, contract period, design constructability, tendency of scope changes, material
transfer distance, material transfer method, work area access, and weather or climate. The
top 12 most severe causes of time buffers were quality of documents, project complexity,
complexity of trade task, tendency for scope changes, weather/climate, design construc-
tability, project size, work area access, strict specification requirements, quality control
requirements, low degree of repetition, and late materials. They noticed, that the causes
that seemed to be both frequent and severe need to be targeted first. Most of these causes
were found to be related to poor communication and information flow. (Russell et al.
2014) Drying times may require time buffers between tasks. Overnight drying time can
only be easily utilized, if takt is one working day. If takt is shorter, the drying times remain
the same, and they cause additional waiting time in production. Logistics require time
buffers especially if material deliveries or garbage collection outlast takt time considera-
bly. (Heinonen and Seppénen 2016) Time buffers in takt schedule can be seen as empty
columns in takt schedule shown in figure 7.
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Figure 7: Takt schedule (Haghsheno et al. 2016)

Among time, also capacity, space and plans can be considered as buffers. (Frandson et al.
2015) Glenn Ballard suggests that capacity should not be fully loaded. (1999) This im-
proves the reliability of the work flow, because underloading allows the variability with-
out affecting the lead time of the whole project. Loading 100% of capacity is acceptable
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only if the capacity can be certainly predicted. (Ballard 1999) Construction industry tra-
ditionally strives to fully load the resources, and the production system relies on it with
its contracts, incentives and conventional scheduling methods, so buffering the capacity
may turn out difficult to implement.

Space buffers are areas between trades and they can be identified in takt schedule as
empty rows in figure 7. Space buffers may come in question if the trade requires empty
space around it rather than time. Workable backlogs are planned buffers; if starvation of
the workflow, or other obstacles, prevent working according to the schedule, there is some
work available outside the takt production. This ensures the subcontractors productivity,
and it improves trust to continuous work and enhances commitment to the schedule.
(Haghsheno et al. 2016) Because of the conflicting interests, the main contractor tends to
build buffers of capacity and materials, because this ensures the continuous work in the
project. Subcontractors rather buffer locations in different construction sites. (Sacks
2016)

2.5.3 Just-in-time deliveries

One of the lean principles is Just-in-Time (JIT). It points that inventories are not valuable
and should be regarded as waste. Production should be pulled by a customer to avoid
overproduction, rather than pushed to the inventory. In construction, inventories espe-
cially occur when materials or components are stored in site for later use. (Salem et al.
2006) Normally inventories are placed in the unfinished building, where they consume
lots of space and increase fire load. (Heinonen and Seppénen 2016) Additionally, stored
materials are constantly blocking work stages, when they need to be moved. They also
affect in tidiness of the site. (Eriksson 2010)

Because space is one important resource in a construction site, inventories should be
avoided by using JIT deliveries. Long delivery times and reluctance of suppliers can ap-
pear to be challenging to deal with. Cost efficiency of bigger batches is usually better in
long haul logistics because of fewer trucks. A good compromise is to ship long haul items
in batches and to pick the materials to be delivered Just in Time closer the site. (Heinonen
and Seppinen 2016)

2.5.4 The Last Planner System

One way to reduce variability and improve reliability of the work flow is the Last Planner
System. It is a production planning method tailored for construction. It was originally
developed in United States and many researchers and companies have noticed its ad-
vantages. Productivity increase 10-40% has been measured and lead time reductions and
safety benefits are reported because of Last Planner System. (Koskela and Howell 2002)
It is one of the most popular lean construction tools. Last Planner is also said to be the
best place to start introduction of lean construction. (Dave et al. 2015, Koskela et al. 2000)
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The Last Planner System provides controlling mechanism and facilitates planning and
adaptation, when continuous flow is not possible, or interruptions appear. (Frandson et
al. 2014) The Last Planner System increases reliability of plans by dividing planning into
distinct processes that focus on different levels of detail. Plans become more precise as
the project goes on, and the ones making the most detailed plans are the ones acting as
interface to execution. The Last Planner System enhances collaboration, because workers
plan the work together, and it allows two-way communication between supervisors and
workers. As plan unfolds it is easier to make alternative plans, and knowledge among the
workers increases. Along with engaging workers, The Last Planner system facilitates var-
iation and provides control system. (Frandson et al. 2014)

Idea of the Last Planner is simple. Every plan period, which is typically 1 week, starts
with a meeting. At first tasks that should be done are pushed from the master schedules.
Then the should-tasks are evaluated and pulled into tasks that can be done, if the precon-
ditions are ready. There are different categorizations for pre-conditions, and one very
clear and construction site-friendly is provided by Koskela (1999): design, components,
materials, workers, space, connecting work and external conditions. Prerequisite work is
included into weekly plans, if there is work that should but cannot be done in upcoming
weeks. Actual weekly plan is based on tasks that can be done. Tasks that wil/ be done are
decided among these. Also, tasks that someone did are documented and feedback gath-
ered. (Frandson et al. 2014) If previous plans have failed, it is vital to find root causes for
the interruptions. (Koskela et al. 2002) This can be done for example by using one of the
lean tools, 5 Whys. It means asking “why” five times, using each answer as a basis for
next question. It helps with finding the real root cause and not just fixing the visible prob-
lem. (Womack and Jones 2003)

Dave et al. found out in their research in 2015 that there have been many problems in
implementation of Last Planner System. To mention few of them, there seems to be a
shortage of lookahead planning, supply chain integration and clear division of responsi-
bilities. Implementation is often partial, and it causes lack of information flow between
short-term and long-term plans. System is not working, if master plans are neglected.
Weekly meetings may easily slip into gathering information rather than planning upcom-
ing tasks, and it compromises the original idea of the system. Other problem is inability
to deploy the collaborative aspects in meetings. (Dave et al. 2015) Takt schedule fits well
with the Last Planner System, because it clarifies the definition, size and sequence for
each task. The meetings can focus on identifying the prerequisite work, materials, design
and other demands. (Frandson and Tommelein 2014)

2.6 Takt control

Planning alone is not enough to manage any construction project. Takt control has lately
emerged as an interest in construction, because the production seems to lack effective
controlling. Some factories may stop the whole production if problems appear, but the



18

situation in construction is different. The production control processes seem to be non-
systematic and different from the model process. (Seppinen 2009) Appearing problems
often lead to confusion and suboptimal performance, but there seems to be no severe
consequences. Monetary penalties after completing the contract may appear, but they
have no enhancing effect in ongoing project. (Dave et al. 2015) Lack of control was no-
ticed to derive from ignorance, lack of tools or lack of commitment, and different causes
of waste seemed acting jointly accumulating to the end of the project. (Koskela 2000)

Project control can be defined as a process, which contains planning, monitoring, correct-
ing and re-planning for each manageable work packages. (Morris 2013) Specified plans
are communicated to each worker, for example in meetings. Many researchers have ended
up recommending short cycled and systematic control. For example, Haghsheno et al.
found it as a significant success factor in construction projects. (2016) Conventional con-
struction meetings tend to be a weekly occasion, but because of takt schedule the tasks
follow each other faster. This creates a need for more frequent meetings as well. Daily
takt status meetings that last approximately 15 minutes were used in the case study
Dlouhy et al. made in 2018. Its main purpose was to document the actual project status
and measure if the resultant fulfils the requirements of the norm level. The three-level
model, that was presented by Dlouhy et al. (2018) and introduced above, had the micro
level meant for takt controlling. Each work step and their completing can be controlled,
because the parts of the tasks and preparing works are listed in detail. Detailed plan for
the prerequisite work, logistics and cleaning is necessary when ensuring smooth release
of work. Pull flow can be only achieved when the previous work stages are carefully done
and the requirements for execution are fulfilled.

2.7 Creating flow

Word “flow” can be understood in different ways. Womack and Jones (2003) defined
flow as movement of resources, like materials, information, and equipment through a
system. Koskela (2000) identified flow in construction site to consist of material flow,
task flow, location flow and assembly flow. Later (2016) Sacks discusses that flow can
be defined as trade flow, location flow and additionally, project flow, which has been
discussed above when studying the impact of partnering. Understanding of trade flow has
evolved from separate means of production into flow of work packages that contain crew,
product, work method, design information and equipment. Work packages flow through
locations, which are perceived as components of the product. (Sacks 2016) Because the
sequence of the trades can vary, and they can be done simultaneously in one location (it
reduces productivity though), and because the division of the locations is not necessarily
fixed, the trades can be thought as “work stations”, which location flows through. (Kenley
and Seppdnen 2009) Achieving both good trade flow and good location flow simultane-
ously is very difficult. Re-entrant flow means that a trade is required to return to the same
work area for a different work stage. Re-entrant flow causes a big number of handovers,
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compared to the number of trades. If unplanned work appears, the trades may need to
prioritize, if they choose to open up new locations or close out the other ones. (Sacks
2016)

Another lean principle is that production flow should be pulled. It means that work is
released from the previous stage to the next one, rather than a work stage starting date is
scheduled and it pushes the previous task ready. Pull systems release the work based on
system status, and push systems schedule the release of work. Construction has tradition-
ally been pushing tasks. (Koskela 2000, Koskela et al. 2002) Seppénen found all the case
projects using push methodology in his thesis (2009). Because of this, there were long
time buffers in the end of the projects, and they ended up being fully spent after accumu-
lation of the problems. Worst problems were resources and their reliability, along with
out-of-sequence work. (Seppanen 2009) Koskela et al. (2002) suggest making tasks ready
to be performed, but this requires explicit commitment of the crews, and it may be diffi-
cult to achieve if the objectives are not consistent. The Last Planner System is one option
to transform the push system into pull system, when fully utilized. (Koskela et al. 2002)

2.8 Information flow

The role of information in production has been varying; others consider information flow
as its own (Womack and Jones 2003) and others define it as a part of trades (Sacks 2016).
In this thesis information flow is discussed as a separate flow, because it has dynamic and
various nature. Traditionally construction projects have been considered to have five ma-
jor life cycle phases: 1) initiation, 2) planning, 3) execution, 4) performance and moni-
toring and 5) closure. (The Constructor 2018) This model fits well in the idea of trade
flow; information has been produced before the execution phase and it remains quite sta-
ble. Real situation rarely is so simple: the plans are incomplete, incorrect, constantly
changing and becoming more accurate. Availability and utilization of information varies,
and the interpretations of it are different. Combined with individuals’ knowledge, skills
and perception, the same information can result in several applications. It is necessary to
understand, what is information, how the information flow can be created and how it can
be converted into value.
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Figure 8: Information flow (Hicks 2007)

Hicks presented the value-flow model applied to information management (2007), and it
is shown in the figure 8. It has similar principles than any of the other flow types; the only
difference is that the end-user pulling the flow is not necessarily the customer. Anyone
who needs the information can pull it through the system. When comparing information
flow to other flow types, it is not parallel with any of those. It is more complicated net-
work, which combines several sources. To understand the value stream of information,
basics of the knowledge management are reviewed.

Information flow and its value creation can be managed by the means of knowledge man-
agement. Knowledge management is the systematic process and strategy for creating,
gathering, organizing, refining, sharing and using knowledge in an organization. Its ob-
jective is to create value and leverage by getting the right knowledge to the right person
at the right time. (Cooper 2016, Gajzler 2016) An organization should be able to base
their decisions on explicit and correct information. First, it is necessary to define, what
are data, information, knowledge and wisdom, and how are they related. They are shown
in the figure 9. Data is raw material which carries information but is not very useful as it
is. It has no meaning without a context. When data is given a context, it becomes infor-
mation. Information is structured and organized, and there are both manual and automated
method to refine data into information. Knowledge is a result of cognitive processing and
validation of the information. Human experiences, values, contextual information and
expertise affect knowledge. Wisdom is the highest form, and it includes moral and ethical
framework. (Gajzler 2016, Cooper 2016)
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Figure 9: Data - information - knowledge - wisdom (Cooper 2016)

When connectedness and understanding grow, transferring gets more difficult. Infor-
mation is still quite transferable, but knowledge is more complicated. Knowledge can be
tacit or explicit. Tacit knowledge is difficult to transfer to another person and it contains
aspects that are hard to explain, for example riding a bike. Explicit knowledge is trans-
ferable, because it can be written or articulated somehow and accessed and understood.
SECI-model by Nonaka and Takeuchi (1995) which explains the relation between tacit
and explicit knowledge and how they can be converted into organization knowledge, is
shown in the figure 10. SECI-model underlines the value of tacit knowledge of workers
as a part of company’s intellectual capital. When there is a system for converting tacit
knowledge into explicit knowledge, which becomes gathered, part of the individuals’ in-
tellectual capital can be transferred into company’s knowledge.
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In organizations the process of knowledge management starts with identifying the infor-
mation needs. Information needs are not easy to define; they are changing over time along
with organization, industry and environment. This is very important stage of the process,
because it defines what kind of information should be acquired. The needed information
is acquired as a nonrecurring or a recurring process, and the gathered information can be
either organized and stored or distributed. Information can be used from the storage or
straight from distribution, and it can be utilized in decision making. The steps of the pro-
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cess are shown in the figure 11. (Choo 2002)
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Figure 11: Knowledge management process model (Choo 2002)

Information technology has a major role in information acquisition, organization, storage
and distribution. Information systems’ outputs are dependent on accurate and relevant
input data. (Cooper 2016)

When evaluating information flow in LPDS, it can be noticed that information flows
through the whole project from the definition to the lean assembly and use. The same
information gets enriched along the project, and it can be pulled from the information
storage or distributed when necessary. In takt production work stages follow each other
faster than in conventionally scheduled projects, so the information should be up-to-date
and easily available. Usually there are different people producing, consuming and enrich-
ing the information in different phases of the project, which points out the importance of
SECI-model and externalization of knowledge. When people leave the project, their tacit
knowledge will become inaccessible. If the LPDS process takes information flow into
account, most of the knowledge can be converted into explicit and utilized later.
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3. CASE STUDY

This chapter first introduces the case site. The takt schedule implementation is studied
from the planning process to the execution. Based on the interviews and monitoring, takt
schedule implementation and experiences of it are reported. Disruptions and problems
that appeared during the monitoring period are gathered, and the possible causes for them
are discussed. After this the digital tools implemented in the case site are introduced and
their utility is estimated from the takt production point of view. The site supervisors’
management process is studied, and the compatibility with the takt schedule is estimated.

Relatively big percentage of scheduled tasks were late, and the reasons for delays are
better introduced later. Monitoring revealed that there were difficulties with some digital
systems implementation because there was not much data or users. In some cases, over-
lapping systems, like Excel or WhatsApp, have replaced the implemented systems, which
was because of poor usability or other shortages. In some systems data was very incoher-
ent, which is also an indicator of shortages in usability or education. Interviews indicate
that better education and communication is necessary, because knowledge of takt sched-
ule and digital systems was inadequate. Additionally, some digital tools were not provid-
ing enough benefits to maintain the motivation in resilient usage.

3.1 Introduction of the case site

Case site is an apartment building that consists of 42 apartments and some common
rooms, like storages and staircases. It can be divided into lower part with three floors and
higher part with seven floors. Total area of the apartments is 2350 m? and apartment size
varies from 42 m? to 83 m?. Case site was selected to be a pilot for implementation pro-
cess, because it is relatively small and ordinary building, and the production and the main
features of it were quite well known before attempting to implement new systems. The
case site building plan can be seen in figure 12.
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Figure 12: 3D-Model of the case site

Site management organization appeared to be more variable, than expected. Changes in
site supervisors and engineers were mainly because of holidays and other leaves of ab-
sence, and they complicated the piloting project. Learning curve was not as steep as it
would have been with more stable organization. Site management had more resources
than conventional construction sites, but the high number of trainees compensated it a
little.

Objective of the case company’s piloting project was to gather more information about
takt planning, takt control and the support that digital tools could provide for these kinds
of projects. Hence, takt schedule was implementation was partial, and not fully applicated
in the work stages like painting, which traditionally have demanded a whole floor as a
work area. Digital tools had many levels of implementation. Some of those had been
already in daily use, but the data was utilized differently, and others were only lightly
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tested, without further data utilization. Each system and the use of them will be introduced
later in this chapter.

3.2 Takt planning pilot

Takt planning was piloted for the first time in the case company in apartment construction
context. Takt schedule was not included in production plans or subcontracts. Implemen-
tation was done anyway, because the given durations of the work stages did not dramati-
cally change, and because the subcontractors’ reactions were positive, and they seemed
to commit to it. Takt was only implemented in interior works, because it fits well with
takt scheduling. Apartments formulate a clear set of areas with similar work stages, and
the crews, materials and information can flow through them. SSU’s identified were apart-
ments and bathrooms, so there were two trains in the takt schedule.

Common areas were not included in takt, and they served as workable backlog. This was
because there were fewer work stages, which of them HVAC works were nearly done.
Only exception were some work stages that were scheduled to whole floors, so they in-
cluded common areas. Some work stages were not fitted in the takt. For example, leveling
and painting were scheduled in a traditional way (approximately one floor per one week),
because spraying needs clean environment, and the works are done also in the common
areas, which were left out from the actual takt schedule. This way the implementation
was estimated to be easier, and these work stages could be fitted to takt in later projects.

Planning continued by dividing interior works into different work stages. Work stages are
rather similar in conventional apartment buildings, so they were identified relying on pre-
vious experiences and some model schedules. Work stages were divided into subsequent
tasks, and their durations were estimated. Some of the durations were calculated from
Ratu-database (2018), some were based on previous experiences and some were inquired
from subcontractors. The duration of the takt ended up being two apartments per one work
day. This seemed to fit well with most tasks, and the subcontractors committed to the
schedule in the negotiations before starting their work. The planned schedule differed
from theoretical takt schedule a little, because there was plenty of additional buffer time
between the tasks. Buffers were added just in case if the durations of the tasks appear to
be incorrect and for smaller work stages, like logistics, cleaning and quality controlling.
Part of the takt schedule is shown in figure 13, in which time buffers can be seen as empty
space, and work stages that were not fitted into takt as bigger boxes.
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Figure 13: Part of takt schedule

Executing the tasks from takt schedule started in 23.4.2018. Shortly after starting the ex-
ecution it was noticed that the takt schedule faced some difficulties. Tasks did not keep
to the schedule and the work stages strived to proceed in conventional ways. Despite of
time buffers, when single tasks did not proceed as it should have proceeded, subsequent
work stages disrupted each other, and the schedule needed to be updated. Several causes
for disruptions were found by monitoring the tasks proceeding and investigating the rea-
sons for the tasks delaying. They were:

1) Drying times. Some concrete castings in hollow slabs, especially the ones con-
nected to Schock-balconies, were not dry enough for coating on planned time. The
problem appeared mainly only in dry areas in the apartment, because the castings
were rather small and irregularly located, and hence not considered in scheduling.
Bathrooms contain bigger hollow slab castings, but their drying times were care-
fully planned, and the floor was waterproofed later. Other smaller drying prob-
lems appeared also whenever the work was not planned beforehand, for example
with glue or filler in preparing works.

2) Logistics. Especially bigger items, like gypsum boards and fixtures, caused some
special arrangements. Contracts usually instruct vertical transfers to belong to the
main contractor and horizontal transfers to subcontractors. Some horizontal trans-
fers were so troublesome that they needed to be re-allocated, because otherwise
they would have taken too much time. Just-in-time deliveries were not properly
implemented, and materials were often delivered for at least one floor or more at
the time. This caused problems when items needed to be stored in the apartments.
Additional storage or smaller delivery batches would have been necessary. Some
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delivery times were not considered, so there were tasks that delayed because of
shortage of materials. Better planning would have prevented these delays.

Incentives and conflicting revenue logic. The work stages that had workers who
were paid for performance were noticed to have more problems with takt schedule
than the others. Interviews indicate several conventions that conflict with takt
schedule objectives. Workers usually get paid for a square meter of completed
structure, but in the takt schedule for example drywalls and tiling are divided into
parts. These subtasks are continuous and originally planned to a single worker.
Another reason for one worker to complete the whole work stage in one area is
that this way no one should fix some other’s faults and it is fair if everyone is
required the same overall quality. Working conventions also may vary between
the workers. When performing a work assignment from beginning to end, there is
possibility to design one’s own working routine. The equity of the division of the
areas is also one major reason to object the takt schedule. In an apartment building
there are often similar floors. If one floor belongs to one worker and second floor
belongs to other worker, they get equal jobs and are equally paid. If the areas are
divided without considering the earnings, workers may protest. Lastly, the basic
earning logic when paid for performance is that the faster you work the more you
will earn. In takt schedule it is essential to stick to the schedule, and not work as
fast as possible.

Faults in the schedule. Some lesser work stages were missing from the schedule,
and it appeared to cause disruption, or at least to complicate the allocation of re-
sources. On the other hand, if all the smaller works are marked in the schedule, it
may reduce the clarity and visuality of the plan. One solution for this could be
using The Three-level Model introduced in chapter 2. The durations of the tasks
varied from planned. One reason for this can be that their estimation was based
on conventional production, and it differs a little from takt production. Some sub-
contractors seemed to overstate the durations of the tasks. They may be extra care-
ful trying not to commit to anything that might fail and have negative conse-
quences. Others seemed not to have a realistic perception of their abilities, and
they just agreed with any schedule. Impacts of overtime, working in shifts or over-
manning, all of which reduce productivity, were not considered. Some subcon-
tractors worked significant amount of overtime, and the schedule was sometimes
tried to catch up with overmanning. In these cases, the correcting operations did
not reach the desired outcome, because the performance was not increased as it
was planned. Still most of the subcontractors estimated the durations very well
and gave valuable recommendations. Inquiring from subcontractors alone appears
not to be reliable way to estimate the schedule, but it can be used with caution.
Varying size of the apartments caused some variation in the durations, but it was
considered when placing the time buffers and the situation was explained to the
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subcontractors. Ifthe sizes of the apartments would have varied more, the division
of the areas should have been reconsidered. Some work stages in the schedule
appeared to be too inaccurate from the perspective of controlling, because they
included an unconsidered chain of subcontractors. This did not lead to any disrup-
tions in this case, but it should be considered in the next project. Work ergonomics
was one of the factors that was not considered before the pilot. Monotonous work
with bad ergonomics, like floor tiling in the bathrooms, should not be planned for
a single worker continuously.

Partial implementation. Theoretically thinking, the takt schedule was only par-
tially implemented because of the big amount of time buffers and some work
stages outside from the takt. Other feature that differs from the theoretical takt
production is that the whole train was never stopped if there appeared to be obsta-
cles. This led to spending time buffers, and in some cases changing the plan in a
way that caused series of additional changes in the schedule, confusion and frus-
tration. It remains unclear if stopping the production would have been better from
the workers point of view, because there are no comparable experiences. Either
way the plan would have been more stable if the subcontractors would not have
continued their work in disorder.

Education and communication. It became clear in the interviews that additional
education and training would have been necessary. None of the interviewees had
previous experiences in takt production. Only the main contractor’s supervisors
and one subcontractor’s supervisor from all the interviewed persons knew the takt
schedule and its objectives and principles well (4/10). It seemed like the ones
knowing the idea of the takt schedule also considered the takt system as a prom-
ising and a positive thing. Others had rather negative attitude towards it. The ob-
jectives of the takt production were not clear enough either among the workers or
the supervisors. If workers understand the idea of the takt, they know their goals
and it would be easier to explain why they should depart from the usual conven-
tions they strived to keep. Commitment was poor in some cases and it seems to
derive from lack of knowledge. Supervisors should have been better educated into
takt planning too. Updating took the schedule constantly further from the theoret-
ical takt ideology and it usually lead to confusion and defects in planning. Super-
visors and management would have needed instructions, means and processes to
control the new kind of production. Communication in case of organizational re-
sponsibilities and changes in plans could have been better. Lack of appropriate
view in scheduling software caused some problems. There were two schedules;
one in SiteDrive and other in Excel, which was regularly printed. All the inter-
viewed supervisors considered Excel better, because it provided clear image of
the whole situation, and it was easy to use. On the other hand, communication and
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transparency were weaker with Excel, when the updated schedule was not avail-
able to everyone, like it was with SiteDrive. Multiple versions of the schedule
were noticed to cause confusion and extra work.

Contracts. As mentioned above, takt schedule was not included in contracts. In
most cases it did not cause any harm, because subcontractors were committed to
the schedule. Only negative influence was that if there appeared to be problems,
the contract did not support the objectives well enough, and there was no use to
plead to it. Contracts could have included some incentives to support the subcon-
tractors’ commitment to the takt schedule. There were not many works that were
left out of the subcontracts, but some boundaries should be planned more care-
fully. For example, bathroom thresholds can be interpreted to belong in many sub-
contracts in both bathrooms and other parts of apartment, but they were meant to
be done by agency workers. Because these kinds of “no-one’s” works were often
left out of the plan too, it depended on supervisor’s abilities to remember, predict
and arrange them.

Resources. Success of takt production requires adequate availability of resources.
Sometimes availability of resources seemed to be a problem with some smaller
subcontractors that did not have any worker reserves. Many of the interviewees
mentioned that it is difficult to find and hire capable workers. Ministry of Eco-
nomic Affairs and Employment published a report of hiring labor, and it shows
that in year 2017 about 47% of all the construction companies had difficulties in
recruiting. Lack of employees concerned 21% of companies. Construction work-
ers were one of the most wanted professionals and increasing workforce was the
reason for recruiting in construction in 66% of cases. Lack of workforce seems to
be a bottleneck in the industry. (Maunu, 2018) In this case study subcontractors’
overbooking to simultaneous construction sites did not seem to be a problem. In
bigger companies it enabled to regulate the resources by choosing the workers
whose performance naturally match the takt. If there were not enough work avail-
able, subcontractors allocated their workers to other sites, but this was rather a
consequence than a cause. Other under-resourced group was agency workers. Be-
cause of the compressed schedule, the agency workers’ tasks were appearing more
frequent than normally. They were allocated to many important work stages that
were vital to enable subcontractors’ work. Because of this, some less urgent tasks
like clearing were often delayed and it affected to the site functionality and work
safety.

Faults in structural design. Planning faults and imperfections were a rare prob-
lem, but they had major consequences in production. Some tasks in certain loca-
tions could not be finished because additional tasks needed to be planned and
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completed first. This caused a need of re-routing the works and the changes dis-
turbed the production. For example, the amount of pipe casings was surprisingly
big, and they were missing from both plans and consequently contracts. Construc-
tability of the building should be carefully planned, and there were several places
that needed extra work because of unconsidered joints or structures. These details
are rarely taken into account when planning contains of contracts so their costs
and consequences in production are rather unpredicted.

10) Accidents, absences and other unpredictable factors. Some unpredictable things
like water leaks and sick leaves caused disturbances in production. These factors
cannot be completely prevented, but through proper risk analysis and preparing
the consequences can be minimized.

Despite these problems, those who understood the takt schedule principles, considered it
as a promising new practice, which helped to plan the production much earlier than in
conventionally scheduled projects. Especially contractor’s supervisors felt the takt sched-
ule useful, because it was clearer and more accurate. It helps for example planning the
deliveries. Delivery times can be several weeks in some cases, and some factories even
close during July to have summer holidays. The materials and components need to be
booked so early, that in conventional production the appropriate delivery day should be
guessed, or additional time buffers should be added to make sure the timing is not too
early. One of the subcontractors’ supervisors said the accurate schedule to help allocating
their resources between multiple construction sites.

Other good sides of the takt schedule were reduced lead time, clarity and visuality of the
schedule. Reduced lead time reduces costs rapidly, and the lead time seemed to decrease
about two months, even with tentative implementation. Printed takt schedule was consid-
ered as a good tool for planning and meetings, because it clearly provided a look for the
current situation, along with planned and completed tasks. The schedule presents the se-
quence and dependencies between the tasks, so changing the plan rarely caused faults.

3.3 Digital tools pilot

Among takt schedule, there were several digital tools implemented in the case site. As
mentioned above, their implementation level varied; some tools had already been in use
for years, but their data was utilized in a new way, others were only tested to find an
appropriate technical system for further development. Each digital system is introduced
in this chapter. Their implementation and contribution to takt management is estimated,
and some problems and deficiencies were found. Takt schedule provided plenty of rather
accurate information to share, and on the other hand, it demanded sticking to the plan,
rapid actions when necessary and careful planning. It was essential for supervisors to
know the real-time situation and identify if there was something that needed further ac-
tions.
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3.3.1 Insite

Main driver for piloting a set of different digital tools was development of an open data
platform (ODP) and business intelligence view Insite. Objective of the case company is
to create an ODP, which combines data gathered by digital tools on site. Data itself may
not be useful, but it can be refined into information when combining and presenting it in
an appropriate way. In the case site the objectives were to develop views that provide
situational awareness for the site management, and to test how data of different digital
systems could be combined. The working principle of Insite is shown in the figure 14.
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Motion detecting
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conditions
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Figure 14: Working principle of Insite

Data combined in ODP from different systems is displayed in business intelligence view
Insite. When giving data a context it becomes information, and it can be easily distributed
with visual interface. Situational picture is provided by choosing the main issues, like
proceeding of the works, obstacles and quality faults, to the front page. Insite front page
is demonstrated in the figure 15.
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Figure 15: Insite Business Intelligence view

Data from different systems is not automatically compatible, so the congruences need to
be identified and implemented before gathering the data. For example, the division into
areas or the names of the subcontractors need to be similar in every subsystem. These
kinds of rough guidelines were not enough for some systems. A four-numbered tag was
implemented for each work stage, to make sure that different spelling will not cause prob-
lems. Some digital systems turned out to allow very variable uses, so an appropriate use
needed to be created and instructed. Development of Insite was agile, which means that
it was continuously improving and changing based on users’ feedback.

Interviews indicate, that Insite was considered as a promising tool to control the site. Main
issues were the structure, quality and reliability of the data, but they seemed to concern
more likely the subsystems and their data. Other shortage was a one-way nature of the
information flow; all the changes and updates needed to be done in the subsystems, even
though it could have been easier to modify them in Insite. For example, the schedule view
was more appropriate in Insite than in SiteDrive, but it could not be updated. As a result,
it was decided to lean on Excel version of the schedule in the meetings. Insite was not yet
utilized among other stakeholders than the main contractor’s supervisors.

3.3.2 Site Manager

Site Manager is an access control and license management system for construction sites.
(Takaméki 2018) It has been developed by Takamédki Group and the case company has
been using it for years. The reason for Site Manager introduction in this thesis is that its
information can be utilized in a new way when combining it in Open Data Platform. Site
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Manager provides several features. Most important for the case company are work safety
related features, working hours monitoring, automatic information verification and re-
ports to the authorities. Every worker in construction sites has a Valtti smart card which
includes worker’s name, picture, tax number, company details and a unique bar code and
number. The card can be electronically identified with its NFC-chip. (Tilaajavastuu 2018)
There are card readers usually in every bigger construction site in Finland and workers
are required to register themselves with the card every time they are entering or leaving
the site. With Site Manager working hours for each employee and each company can be
checked.

Even though the convention is very general, there are some problems with getting correct
information. Lacking registering seem to accumulate for a small group of people, so con-
stant oblivion or technical issues can hardly explain the deficiencies. Convention should
be considered from human point of view; why some people do not obey the rules. Attitude
towards the system can be negative for several reasons. Workers may not achieve any-
thing that motivates them, and they may feel uncomfortable because of monitoring of
their working hours. They may consider, whether the consequences are more severe with
no registering or being provably late or leaving early.

Registering to the site tells only whether the workers are on site. It does not indicate at all
what they are doing and in which location, so some additional information for production
management is needed. Site Manager can still provide very valuable information. Be-
cause the implementation of the card readers has already been done and the use of it is
very easy and the system is well-known, data should be utilized further. For example,
when comparing the numbers of present workers on the site with the numbers planned, it
indicates if the production is running the way it should be. If there are significant differ-
ences, the plan may be imprecise, and the actual outcomes cannot be predicted.

3.3.3 SiteDrive

SiteDrive is an online-based scheduling software that case company has utilized in several
projects. It can be used in a browser or in a mobile application. All the changes are auto-
matically updated so the same version of the schedule is available for all users. There are
different access rights: project admins can edit, and update and project users can view the
schedule. (SiteDrive 2018) In this case project the admin rights were granted for the main
contractor’s engineers and supervisors, and the user rights for subcontractor’s supervi-
sors, foremen and workers.

Scheduling process is similar with conventional scheduling software: a project can be
divided into appropriate subtasks and after this the starting dates, durations and sequences
are planned for each. Resource, which in this case is subcontractor, is allocated for each
task and assignees can be allocated for each resource. Schedule can be viewed from dif-
ferent perspectives like location, resource or assignee. Assignees can see their upcoming
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tasks and mark them started and completed. If a scheduled task cannot be done, an as-
signee can mark an obstacle which must be acknowledged. SiteDrive offers possibility to
easily monitor the real-time progress. This requires though precise scheduling and disci-
plined usage.

In the case study there were several problems found. Most of them are schedule-related
and discussed above in the takt time planning context. At first, the structure of areas and
work stages needed to be standardized across the separate systems. Because some work
stages were divided into smaller subtasks, a four-numbered tag compatible with Congrid
quality matrix was added to each task to combine the information for Insite. For example,
drywalls and tiling were marked as one work stage in Congrid, but in SiteDrive drywalls
include one task for both sides and tiling is divided into several subtasks for walls and
floors separately. This way it was possible to name the subtasks differently. Tasks were
divided by the area into either apartments or floors. This kind of partition appeared to be
confusing and it would have been better to use the same hierarchy of places with all the
tasks.

SiteDrive was found to lack a practical view that easily visualizes the takt schedule. Be-
cause of this, the schedule was originally planned in Excel and the sheet was printed.
SiteDrive could not fully replace the Excel-sheet in production stage either so there were
two parallel scheduling systems. It caused additional work and there were some conflicts
with the schedules because often only one of them was updated. Printed version of excel
did not help with the updating problem: printing a big colorful table on roll-paper was
rarely done and hence the visual and handy schedule in meetings was often out of date.
Some improvements were suggested to SiteDrive developers to get rid of the two sched-
ules problem.

In the beginning there seemed to be uncertainty within the organization, who’s responsi-
bility it was to update the schedule. Updating it was irregular and interviews indicate that
if the schedule did not match the agreed plan, workers easily gave up with trying to follow
it. When supervisors were encouraged to edit the schedule, it remained better updated and
the transparency of the arrangement improved. On the other hand, in some cases the free-
dom to update the schedule seemed to result in constantly changing plan that diverged
from takt schedule considerably. Interviews indicate that also the frequent changes lower
the motivation to stick to the plan. Updating the schedule was seen as a troublesome extra
task. Conventions were taking shape for some time and some ways appeared to be better
than the others. For example, if the task cannot be finished for some reason, it can be
marked completed and a new task can be created for the rest of the work in more appro-
priate time. Like that the unfinished task is not disturbing the monitoring if it does not
require any additional attention.

In the beginning of the implementation process the communication failed and there was
some uncertainty if the application was intended only to the supervisors or to workers
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too. It was first introduced only to the supervisors. When this appeared to be inadequate
way to get tasks and obstacles marked, introduction was gradually made among the work-
ers too. When it comes to using SiteDrive in the site, there were many kinds of user ex-
periences. Some users seemed to refuse learning to use the application. They had negative
attitude towards the system and the results remained poor even when additional education
was provided. Others found the application very handy and easy to use. They suggested
that the usability or skills can hardly be the reason for neglecting the use.

The idea of collecting information about actual durations of tasks worked only if the tasks
were marked both started and completed on time. If only the supervisors updated the
progress of the work stage, usually they only marked completed tasks every now and
then. Workers were not very motivated to mark the progress of the tasks, but when they
did so the results were more accurate than when only supervisors marked them. Workers
felt they did not benefit from marking the progress, but they marked obstacles very well
instead. At first workers felt like there was too long reaction time for the obstacles they
reported. Because of this, the case company set a 4-hour time limit to react the obstacles
and inform the workers about the solution. This worked very well, and the obstacles were
widely and accurately marked. They help the case company to identify repetitive prob-
lems and to fix their processes to prevent them. To help the analysis of the obstacles,
certain obstacle types were created to organize them.

It was argued if the works of the agency workers were more practical to add to SiteDrive
schedule or to leave out from it. Agency workers’ work was mainly cleaning, clearing,
logistics, work safety and preparing, and some other tasks that were left out from the
subcontracts. Work includes constant prioritizing because of small resources and sud-
denly appearing urgent needs. Interviews indicate high consensus among both supervisors
and workers that WhatsApp is the best digital tool for allocating the tasks for agency
workers among other communication. It overcame SiteDrive because of several reasons;
1) notifications helped with rapidly changing plans and urgent tasks, 2) all the important
stakeholders were informed at the same time, 3) the agency worker who is nearest and
has time can sign up for tasks, 4) pictures and additional information was easy to attach
and 5) the progress and completion of the task or problems can be informed and discussed.
WhatsApp application is also widely known and does not require additional applications
or user accounts if it has already been downloaded.

Because of low rate of users, all the possible benefits were not reached. Partial implemen-
tation leads to more inaccurate information and additional work for supervisors who need
to patch the progress monitoring. When the benefits did not reach the level they could
have reached, it lowered the motivation to use the system. That is why the implementation
may be better when done all at once and not gradually. Despite some problems, SiteDrive
was experienced as the most beneficial digital tool and it was the most used system in the
case site after WhatsApp.
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3.3.4 Congrid

Congrid is a digital quality tool that is used for documentation and inspections. Congrid
software package consist of Congrid Live Portal and Congrid Mobile application. Addi-
tionally, there is a simpler Congrid Lite application that is meant for subcontractors. With
them main contractors, subcontractors and developers can manage construction site by
having access to necessary files, making inspections and taking photographs on site and
monitoring defects and fault correlations in real time. (Congrid 2018)

From the perspective of getting the production situational picture, there were two im-
portant features: 1) planned quality inspections for work stages and 2) the notices of the
defects found. First mentioned is precautionary by nature and it must be done on time. It
depends on work stage how comprehensible set of inspections will be made. Particularly
briefer inspections are not necessarily including any defects, so they might only securely
indicate if the quality control actions are done. Second use case gives valuable infor-
mation about the completion of the work stages. Defects that have eluded the inspections
or result from later actions can be documented separately. Congrid has some other fea-
tures too, like reclamation and site diary, but they are not relevant in this research and
hence bypassed.

In the case study it was noticed that Congrid can be used in many ways and most users
have their own habits. In the case company there were no common instructions for the
documentation, so some users apply Congrid as a checklist with no organized structure
and some use only certain features. Defects can be allocated to a certain place and a cer-
tain company, and to a list or an inspection, but there was no common way to do so.

Because of the lack of systematic conventions, the data structure was too incoherent to
process and to automatically produce information. Inspections for different work stages
were displayed in a quality matrix that was based on outdated Talo80 nomenclature. Be-
cause of this, the same nomenclature needed to be implemented in other systems to inte-
grate the information gathered. Another problem was that precautionary inspections and
noticed defects were not identified as different kinds of cases. This created confusion,
because inspections were processed as faults that needed fixing. To correct the situation,
a common instruction for Congrid was created. It is shown in the figure 15. Urgent repairs
were decided to separate from others by creating additional list, because it was not possi-
ble to filter the notes by urgency.
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Figure 16: Basic principles of organization of quality documentation

WhatsApp appeared to be a competitor for not only SiteDrive but for Congrid too. Noti-
fications and common groups ease fluent communication, especially in cases that need
fast reactions. Congrid’s usability was estimated to be rather poor, but it was well known
software among both main contractor’s and subcontractors’ supervisors, and especially
the defect list in finishing state was considered as a very good tool. Some improvements
need to be done. Demands for the frequency of the inspections, and all the quality docu-
ments, including execution plans, should be included into Congrid, so the documentation
would not be in different systems. Inspections can only be done by mobile application,
and execution plan and start-up meeting transcript usually contain so much text, that they
need to be written by some appropriate software. Documents can be uploaded in Congrid,
but quality matrix does not recognize them as completed quality actions. This shortage
makes quality control more difficult, if Congrid is the only tool to monitor the quality
documentation. Congrid was noticed to lack one important feature; the documentation
could not be electrically signed. Because of this, reports needed to be printed or e-mailed
to get an acceptance, and the signed documents were saved somewhere else. Despite of
some difficulties, Congrid manages to convert tacit knowledge into explicit, by providing
an opportunity to create instructions and guidelines for each inspection and quality-re-
lated action. Instructions have been created by a group of professionals and they are up-
dated when knowledge increases. Knowledge gets distributed in the organization when
an employee uses Congrid.
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3.3.5 Location tracking and condition monitoring

Location tracking and condition monitoring are briefly introduced in the same chapter,
because both parts of Insite were at the stage of testing in search of right kind of solution.
Additionally, one of the tested three solutions gathered both location and condition data.
Tested systems were Haltian Kaltiot, and Bliot. Haltian system included only motion de-
tectors, which were tested in fifth and sixth floor of the case site. Both floors had different
number of sensors, to find out if data was more applicable with different setups. The
objective was to compare, if there is movement in right places. For example, if there
appears to be only little of movement in an apartment where a task should have been
executed, or plenty of movement in an apartment which should be empty due the sched-
ule, it can be concluded that the worker might not be in the right place. Unlike Kaltiot,
this system could not any way identify the character moving in different places, so sepa-
rating the planned movement from unplanned turned out to be difficult. The data was not
yet accomplished to transform into useful information, which could be helpful with man-
aging the project.

Kaltiot contained a fixed beacon in every apartment in the site. They measure tempera-
ture, humidity and air pressure, and the data remains stored for approximately two weeks.
Additionally, these beacons have their own location data. Additionally, among fixed bea-
cons there are scanner beacons, which can be carried. Other part of Kaltiot Smart Tracker
is a mobile application, which collects data from beacons when nearby, and transfers it to
a cloud service. There mobile applications are both carried (employees’ phones) and
fixed. (Kaltiot 2018) Third of the tested solutions was Bliot, which offers real-time con-
crete moisture and temperature measurement. 18 sensors were placed to measure air tem-
perature and humidity, 5 sensors measured concrete conditions and one was outside.
Measurements were done every 30 minutes, and the data was available in real time.

In the case study it was noticed that none of the interviewed people considered the loca-
tion tracking as a positive thing. The main problem was that workers assimilated location
tracking to constant watching or spying, which made them feel uncomfortable. Few were
willing to install the app to their phone, and some said it was because of their phone had
full data storage or bad battery life. This was corrected by lending phones or using bea-
cons to get some user experiences from the site. None of the interviewees experienced
that they would have gained benefits from it. This may be because the case site is rela-
tively small, so it is not so difficult to find lost tools from there. Hence, beacons which
could have been attached to tools gained no popularity. Additionally, marking the tools
would have demanded the mobile app which tracks the phone and the user, which leads
back to the first problem. Only marking the tools was considered as a useful practice.

There were some technical issues concerning the location and condition tracking systems.
Beacons and sensors were small, and they needed re-placing when the interior works were
proceeding. Finding the lost beacons from the site was rather troublesome. Beacons
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needed to be protected for example from painting. In Kaltiot system the data was gathered
from beacons via mobile applications, so the information was not updated real time. Be-
cause of this, for example information of too low temperature may come with a delay.
This problem did not appear in Bliot system, which sends the data real time to the cloud.
Bliot was considered to have least technical shortages from the two compared condition
monitoring systems, and it lacks location tracking and its issues.

3.3.6 Knowledge in the project

When evaluating the data, information and knowledge in the project, it was noticed, that
some of it disappears during the proceeding. Firstly, all the tacit knowledge cannot be
turned into explicit knowledge, so when employees change, their tacit knowledge leaves
the project too. Differentiation of the teams in different phases of the projects emphasizes
the situation. On the other hand, if differentiation is places in LPDS concept, it enhances
the learning loop of a team. There are many ongoing construction projects, and hence
many ongoing learning loops, which provides more frequent feedback in a narrow field.
Learning loop may not necessarily last from the beginning to the end of a project, because
knowledge cumulates gradually, and some lessons can be learned during projects. Some
data gets lost because different teams may use different systems in their processes. Notes
and transcripts often contain knowledge that could be valuable, but they are not widely
distributed. Other aspect is that there can be so much unnecessary information available,
that lean principles and waste elimination should be applicated in information flow field
and only relevant things should be distributed. This view supports Hicks’ ideology and
pull flow through digital systems.

3.4 Management process

This chapter studies management process on site, focusing on the role of the main con-
tractor’s supervisors. In search of identifying a site management process, management
actions were divided into three different cases; subcontract management, meetings and
daily management. Subcontract management contains a conventional process between
main contractor and each subcontractor. Meetings are summoned regularly, in this case
weekly, and they are concerning the whole project. Daily management was the hardest to
identify, because there is no defined process for it. It was considered as daily actions
supervisors do to contribute the completion of the project. These three management pro-
cesses and are introduced and their adequacy with takt planning is evaluate

3.4.1 Subcontract management

Certain model for managing the subcontracts has become common in construction, and it
is shown in the figure 18. After the contract has been signed, the main contractor and
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subcontractor start planning the work with startup meeting. Contract is reviewed and re-
sponsibilities, plans and schedules are introduced and specified. The actual work starts
with model work, which’s purpose is to prove that quality fulfils requirements, and to
point out appearing problems. Hence, duplication of the faults and defects can be pre-
vented. Model work is inspected very carefully, and depending on work stage, there might
be inspector, designers or other stakeholders involved.

After the model work is inspected and accepted, subcontractor accepts the work area and
performs the work, which main contractor inspects. This phase of the subcontract man-
agement process can vary greatly. Firstly, this phase can be done for the whole site at
once, for each floor or even for each apartment. Secondly, subcontractors may have their
own quality management process, which affects the process. For example, some may in-
spect their own work, and some may have demands on the frequency of the inspections.
Usually these procedures derive from economic reasons; subcontractor separates their
own faults from others and hence has an estimation of the cost of the repairs. Payments
may be divided into parts, and the performed work needs to be inspected before it can be
paid. After completing all the works subcontract contains, the closure of the subcontract
1s made.

M Work Acceplance Execution Inspection Closure
+ Inspection of Work Area P

Figure 17: Subcontract management process

In the case site, there seemed to be some issues concerning the timing of the model work
and its inspection. All the apartments were included into takt schedule, so there was no
separate apartment for performing the model work separately. Takt area was two apart-
ments, so the inspection needed to be done in very tight schedule. Because there may be
several stakeholders inspecting the model work, the timing should be carefully planned
in advance. Frequency of the work area acceptances and inspections of the work were not
planned to match the takt schedule. They were attempted to be done in a traditional way,
usually floor by floor, but the following work stage was usually already performed in
some apartments, and the inspection was too late. The amount and frequency of the in-
spections was not planned, and the supervisors were uncertain how the process should
have been. In the case company it should be decided, whether to do model works in the
first takt or separately. Additionally, acceptance of work area, execution and inspection
cycle could be established for each takt area after every takt, and not vary the system for
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each subcontractor. Congrid is the main digital tool to contribute the subcontract man-
agement process. All the inspections (model work inspection, acceptance of the work area
and work inspections) are done by creating a quality document in Congrid.

3.4.2 Meetings

In the case company there are established meeting practices, which usually contain three
different meetings: The Last Planner meeting, contractor meeting and supervisor meeting.
The frequency of the meetings may depend on size and type of the site, but in the case
site all the meetings were summoned once a week. Meetings were generally noticed to be
ineffective, because they had no chairperson, their agenda slipped into free conversation
about whatever comes to mind, their duration was usually longer than planned and all the
stakeholders were not present. This situation was tried to improve during the case study,
by requiring better preparing, naming a chairperson and setting an agenda for the meet-
ings. Still the old habits were not completely overcome. Even though the meetings were
not included in the interview questions, three out of six supervisors mentioned that there
are too many meetings.

The Last Planner System has been utilized in the case site before the case study. Before
the implementation of the takt schedule and digital tools, weekly plan was created in Ex-
cel and it included less accurate lookahead planning for the following six weeks. Because
the case site utilized takt schedule and digital tool SiteDrive in Last Planner meetings,
there was no conflict between weekly plan and the master schedule. Visuality of SiteDrive
was noticed to be rather poor for these meetings and the printed version of Excel was
often out of date and it did not contain all the lesser work stages. This caused some diffi-
culties whenever the plan needed some changes in the meetings.

In the case study the Last Planner system was noticed to be only partially implemented,
because tasks are pushed to weekly plans and division into should, can and will -catego-
ries is missing. Because only should-category is regarded, the idea of pull flow is not
utilized, and one basic principle of lean disappears. Did-category, which includes both
succeeded and failed tasks and search of root causes for failures, was only very briefly
discussed. This had both positive and negative sides from this case study and human point
of view. Firstly, digital tools could replace the data collection, so in the meetings there
should be no need for checking the execution and looking for root causes for the delayed
tasks. Secondly, interviews indicate that some people felt pressured when the failed tasks
were discussed in the meetings. On the other hand, discussion about bygone tasks pro-
vides a chance to speak one’s mind and give feedback.

Contractor meetings were summoned every Wednesday and they were meant for the main
contractor, all the subcontractors and inspector. Representatives from each group are in-
troducing the stage of their contracts, and work safety, schedule, plans, complaints and
other issues are taken a look. Contractor meeting is an important way to monitor and
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document the proceeding of the project, and the transcripts can be used to solve possible
conflicts afterwards. It provides a chance to communicate with other contractors and
make sure that all the issues are known. Hence, it is essential to take part in these meetings
and adduce issues concerning the execution of the contracts. Supervisor meetings took
place every Friday and all the main contractor’s supervisors were present. Agenda of
these meetings was to discuss and plan the project. Work safety, schedule, resources and
subcontract management are taken a look, and solutions for possible conflicts and prob-
lems are decided.

3.4.3 Daily management

Daily management includes all the everyday work supervisors do to contribute the com-
pletion of a site. This includes controlling the project; planning, monitoring, reacting on
deviations, allocating the resources, materials and deliveries, and taking care of all the
prerequisites workers need. It was noticed, that the process for daily management is not
defined; it can depend on supervisor’s personality, education and routines. Solid recom-
mendations cannot be given, but there are some characteristics that can improve daily
management. Supervisors need to be aware, what is happening, and which issues may
need attention. Role of digital tools arises especially with situational awareness in com-
plex projects. Supervisors need good communication with workers and other stakehold-
ers.
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4. DISCUSSION

The case study revealed several problems in implementation process of takt schedule, and
the findings set demands on the case company’s policies concerning project management.
Main findings are introduced in this chapter. Findings seem to fit well with previous re-
search, and the main problems seem to relate with lack of early integration and planning,
as well as lack of education and communication. User experiences from digital tools were
gathered, and the main findings are introduced. It is discussed, how digital tools could
contribute in the site management process with takt schedule.

41 Findings of the research

Takt schedule seemed to shorten the lead time considerably. Project was not finished
during this research, so the actual time saving has not yet become clear, but approximately
two months seems to be a good estimation. There were both positive and negative expe-
riences. The main contractor’s supervisors considered takt schedule helping to plan the
whole production, when there is more precise schedule for the whole interior work stage.
Workers on the did not have enough knowledge of the schedule and its objectives, and
some of them thought it only means they need to work faster. Ten main problems con-
cerning takt schedule were: 1) drying times, 2) logistics, 3) incentives, 4) faults in the
schedule, 5) partial implementation, 6) education and communication, 7) contracts, 8)
resources, 9) faults in structural design and 10) accidents, absences and other unpredict-
able factors. These findings seem to conform well to previous research, which state the
importance of integrating the whole process. Most of the problems could have been pre-
vented with better planning in early stage of the project. Co-operation or partnering with
subcontractors could have been helpful when estimating the performances and their du-
rations, as well as unifying the objectives. Contracts are an important interface to other
operators in the project, so it must be ensured that the objectives do not conflict with
revenue logic. Pay for performance was noticed to be one of the incentive types that had
conflicting objectives with takt schedule. Expectedly, variability seemed to be one of the
most important reasons for delays, and from time to time variability was so big, that the
whole schedule needed to be changed. Too frequent and major changes decreased the
reliability of the schedule, when the supervisors gave up following it. Buffering was done
with empty wagons, and this may have been the reason for spending them fully.

Along with takt schedule, seven digital tools were piloted in the case site. User experi-
ences were collected from different systems, and their possible contributions to the site
management process were estimated. Piloted systems were Insite, Site Manager, Sit-
eDrive, Congrid, Kaltiot, Haltian and Bliot. Business intelligence view Insite was consid-
ered as a useful tool for site management, because it gives a clear situational picture of
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the complex project and helps to focus on the most critical issues. Insite could also patch
some shortages in other systems; if the organization or visuality are poor, the data can be
organized and showed in a different way, or it can be combined with additional data to
create new information. Development is still in progress though, and the reliability of the
data depends on use of the other systems. Combability of the data was a challenge, which
caused lots of extra work and iteration of the user applications. Insite works only as a
view, so the updates cannot be made through it. Site Manager is a well-known and func-
tional digital system, and the only clear problem concerning the data was that registering
to the site is manual and may be forgotten.

SiteDrive had very good usability, and it could provide valuable information about the
progress of the project. Lack of users caused some lost benefits; the actual durations of
the tasks were not recorded if workers did not mark them started and finished, and the
proceeding information was not real time, if only the supervisors were using SiteDrive.
This was because they usually did the markings only occasionally, when there were sev-
eral tasks finished. SiteDrive lacks the right kind of view for a takt schedule, so there was
Excel version of the schedule too. Parallel versions cause confusion and additional work.
Congrid was noticed to require common instructions, because the usability allows too
many ways to use the system, and the data is too incoherent for further use. Another
shortage is that the documents cannot be electrically signed, so the reports still need to be
printed or emailed. Haltian is a motion detection system, Bliot is a condition monitoring
system and Kaltiot includes both location tracking and condition monitoring. Location
tracking and motion detectors were considered offending the privacy of the workers, and
there were experienced no benefits among the interviewees. Only tracking the tools was
considered as a promising idea, along with condition monitoring. Compared to traditional
perceptions of the information flow, the mindset could be changed into more modern way,
which consider information flow as a complex network rather than a constant and straight-
forward part of a trade. WhatsApp turned out to be the most popular digital tool in the
case site, which indicates that better usability could enhance the use of other digital sys-
tems. Additionally, WhatsApp’s common groups created transparency and notifications
helped to follow the constantly changing plans.

Takt control is a topic that has not yet been much discussed, so takt schedule implications
for the traditional management process should be considered. It was noticed, that some
of the traditional management processes should be updated to match the takt schedule.
Subcontract management includes a start-up meeting, model work and its inspection, re-
petitive cycle of accepting the work area, work execution and inspection, and finally the
closure of the subcontract. Timing of these procedures seemed to fit poorly to the takt
schedule. The start-up meeting could provide valuable information to the scheduling pro-
cess, if it was done earlier. It should be decided if the model work is done at the same
time with first takt or should there be a separate apartment for the model works. The
number of work area acceptances and inspections varies greatly, and there are necessarily
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no demands for the frequency of them. Takt schedule causes rapid progress, so traditional
number of inspections may not be enough. There were three kinds of meetings in the case
site that were considered to belong to the site management process; The Last Planner
meeting, contractor meeting and supervisor meeting, all of which were weekly. Even
though literature recommends frequent, even daily, meetings in takt production, the in-
terviews indicated that the number of the meetings is considered too high. At the same
time, meetings were noticed to be ineffective and long, with no clear agenda or chairper-
son, which may explain some of the complaints rather than the number of meetings.

Contributions digital systems have in the management process are enhanced information
flow, transparency and better situational awareness. Digital tools make sharing the infor-
mation easy, and all the users have access to it. Better knowledge of the stage of the
project could improve meetings; sharing the stage of different works has a major part in
the meetings, which were estimated to last too long. On the other hand, the amount of
data 1s so high, that it sets further demands for organizing and refining data into infor-
mation and knowledge. It must be noticed, that overlapping systems cause additional
work, and if there are no experienced benefits, it reduces motivation to stick to the sys-
tems. Hence, the set of tools and their coverage should be carefully planned, and maybe
consider fully replacing some old habits.

4.2 Limitations of the study

There were some limitations in this research. Research methods were clearly qualitative
in nature, because the case study concerned only one construction site and the number of
interviews is small. Interviewees were chosen by quota sampling, which is non-random
sample. Different sampling or better coverage could have provided valuable information
about the potential users, who are not willing to test new tools. Results could have differ-
ent in some other construction site, because of different project, organization and proce-
dures. Interviews were semi-structured, which means that the results are not exact, and
they may be hard to compare. The questions were not very accurate, because of the di-
verse population of interviewees, and the management process was not included in the
interviews.

Takt schedule concerned all the interviewees, but the tested combination of the digital
tools varied greatly among interviewees. Because the tools were not systematically im-
plemented, it was not clear if the interviewees refused using them, or were they not even
offered. Variable number of users make the sample even smaller, at least in case of Insite,
location tracking and condition monitoring systems. During this study, digital tools did
not replace for example company’s own quality system, subcontractor’s work stage re-
ports and traditional condition measurements, so overlapping systems may have caused
frustration and hence affected to the interview results. Some systems were at stage of
development or early testing, so the recommendations may depend on improvements.
Many of the system developers are in close co-operation with the case company, and there
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were improvements made even during this study. Additional features and technical im-
provements make the situation constantly changing. The suggested management process,
which better matches the takt, has not yet been tested, so further research is necessary.
Suggested processes are tightly related to the case company policies, so they may not
necessarily fit to other construction companies as such.
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5. CONCLUSIONS

As a conclusion it can be said, that a takt schedule shortens the lead time and provides
clear framework for the project. Takt schedule needs to be integrated in earlier stages of
the project. Planning, procurements and contracts are an important part of successful pro-
ject, because they ensure predictable execution and good constructability, unify objec-
tives and provide support for conflict situations. After the execution has started, it is more
difficult to influence these factors, because contracts are the most important interface to
other stakeholders. Faults and shortages in structural design may cause need for changing
the whole schedule, and their correction takes lots of time. Subcontractors’ revenue logic
and workers’ pay for performance were noticed to conflict with takt schedule objectives,
and some deliveries were hard to adapt to match the unconventional needs. Literature
review introduces the idea of partnering and co-operation with subcontractors, which
could provide valuable information not only for execution phase but planning and sched-
uling too. It could also enhance achieving common objectives and improve commitment
to them, and the learning curve would continue between projects.

Along with structural planning, the execution stage should be carefully planned. It was
noticed, that especially drying, and logistics need more attention than in conventional
projects, because the duration is significantly shorter. Instead of only preventing the
building from getting wet, the mindset should be changed to actively ensuring the drying.
Digital condition monitoring systems, like Bliot, enhance awareness of the stage of drying
conditions, and alarms and forecasts can be developed to support it. Better risks analysis
could prevent unexpected occasions or minimize their consequences. Additionally,
fallback plans for sick leaves, lack of task requirements, organizational changes or other
probable challenges should be considered in advance for each subcontractor, to prevent
them leaving the site.

All in all, digital systems seem to improve information flow, transparency and situational
awareness in a construction project, so their implementation is worth continuing further.
Some of the piloted digital systems need further development and unified instructions.
SiteDrive needs to develop a practical view for a takt schedule, to dispose the need of two
different software and parallel schedules. Utilizing the three-level model could improve
the view even further. Replacing the work stage reports with SiteDrive and sharing the
actualized durations to the subcontractors could be some motivators for more disciplined
use. SiteDrive could provide valuable information for upcoming projects and their plan-
ning if the recordings are precise. Congrid needs common instructions, because there are
too many variations for creating the notices and the further use of the data is difficult.
Electrical signature could be beneficial feature. Implementation of the location tracking
systems should be reconsidered, because in the case study they seemed not providing
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enough benefits to motivate the use. WhatsApp appeared to be the most popular digital
tool, even though it has not been intended to belong in site tool set. To compete with it,
notifications, good usability and big percentage of users could be some desirable trends
in further development and implementation.

Implementations should be better defined beforehand. Implementation of the digital sys-
tems should not be partial, if the benefits, and hence the momentum, cannot be fully
gained by partial use. Especially software that provides situational picture, like SiteDrive
of Insite, suffer from lack of users, irregular use and neglecting the updates. Overlapping
systems or procedures should be avoided, by choosing the preferred ways and replacing
the old ones with them. Overlapping systems cause additional work and confusion, when
the changes require updating in different systems. Better education is needed in all dif-
ferent groups, and it should contain clarifying the objectives along with technical instruc-
tions. It should be ensured that all the stakeholders are using the same systems, so the
communication and transparency are not deteriorating. Digital systems have some con-
tributions to the management processes. They could improve the procedures if the situa-
tional picture is not necessary to be investigated during them. Including the desired digital
tools in contracts ensures that all the subcontractors use them. Relations of different sys-
tems and site management processes are shown in the figure 18.
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Figure 18: Relations of different systems and site management processes
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Conventional management processes seem not to fit with takt schedule at some parts. In
the case study, the management processes were not adapted to the takt, and some needs
for improvements were found. Literature review recommends frequent, often daily meet-
ings, but the interviews indicated that even weekly meetings were experienced too much.
Pay for performance decreases workers’ incomes during meetings, which along with in-
efficient and long meetings decreases the motivation to take part. The situation could be
improved by enhancing the meetings; they should be shortened with strict agenda and
chairperson, so they could be more frequent. If information, plans and schedule are up-
dated, they have positive affect in meetings and enhance their effectivity. Hence, well
completed supervisor meeting creates prerequisites for the following Last Planner and
contractor meetings.

Subcontract management process should be adapted to takt schedule and change the
mindset from traditional division of the areas into takt areas. It should be decided if the
model work is done in first actual takt or separately beforehand. Work area acceptances
and inspections should be done in each takt area between the tasks, not floor by floor or
some other traditional way, which does not match the takt. This leads to more frequent
inspections, but the areas are smaller, and the procedures can become a part of daily rou-
tine. If model work is done separately, the suggested process is visualized in the figure
19.

<—— Model Works + Inspections
<—— Startup Meetings
<+—— Execution Plans

Takt 1 Takt 2 Takt 3 Takt 4 Takt 5 Takt 6 Takt 7

Takt Area 1 -_\ Task 1 Work Area Acceptance
and-Task-2 Inspection

Takt Area 3

Takt Area 4

Takt Area 5

Takt Area 6

Figure 19: Subcontract management process adapted to a takt schedule with separate
model work

If model work is performed during the first takt, the suggested process is visualized in the
figure 20. This model requires early communication with all the stakeholders because the
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inspection and possible improvements need to be done before the second takt. If takt is
shorter than a workday, separate model work should be considered.

Task 1 Model Work + Inspection

<— Startup Meetings Task 2 Model Work + Inspection
<—— Execution Plans /

Takt4 Takt 5 Takt 6 Takt 7
Takt Area 1 Task 1 Work Area Acceptance
and-Task 2 Inspection
and Task-2 Inspection
Takt Area 2 //
Takt Area 3
Takt Area 4
Takt Area 5
Takt Area 6

Figure 20: Subcontract management process adapted to a takt schedule with model work
in Ist takt

Further research is needed in the field of takt planning. Recommended actions, like earlier
implementation, integration in contracts, planning and revenue logic, changes in the man-
agement procedures, and developing the digital tools should be further studied and their
consequences should be investigated. Takt planning should be quantitatively analysed,
because the previous research has been mainly qualitative. The information flow seems
to be more complex than it has been considered in the field of lean construction, so its
role in the concept of flow may need further research. Knowledge management and in-
formation technology are still only loosely connected to the flow, but they could provide
valuable contribution in lean construction.
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APPENDIX A: SEMI STRUCTURED INTERVIEW QUESTIONS

Common Work Assignment Questions

What is your top priority today?

What are the expectations you meet in your work?

How do you fulfill your expectations?

What is important in your work?

What are the problems you face regularly in your work?

A e

Which matters you need more information about?
Takt Planning

What are the objectives of takt planning?

How do you keep track of the schedule?

Has the schedule been too tight/appropriate/loose?

Have the work packages been soundly composed?

How the division of the works has been done among the team?
How takt schedule has affected in work?

Do you consider takt planning as beneficial?

Do you consider takt planning as equal to all the workers?

A S A AR

What other feedback would you give about takt planning?
Digital tools

Which digital tools have you been using and how?
How were the tools introduced and has education been adequate?
In which cases have you considered digital tools useful/useless?

il

What kind of information would you like to get by using digital tools?
Background Questions

1. Role and work assignments in the case site?
2. Previous work experience in current assignment?
3. Payment type (pay for performance/hourly or monthly payment)



