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ABSTRACT

In today’s construction, there is a paramount foonstime, and on the scheduling
and control of time. Everything is organized wigsspect to time. The construction
project has to be completed within a fixed androfight deadline. Otherwise a daily
penalty often has to be paid. This pins down thetregtors, and forces them to
rigorously adhere to the initial schedule. If deldythe work-pace or manpower has
to be increased to observe the schedule. In amptt® improve productivity, three
independent site-mangers have been interviewed tabme-scheduling. Their
experiences and opinions have been analyzed an#tnesses in existing time
scheduling have been found. The findings showedgative side effect of keeping
the schedule too tight as it becomes inflexible @adnot absorb variability in
production. Flexibility is necessary because of ttantractors’ interacting and
dependent activities. Variability delays the precasd results in conflicts between
the trades. Moreover, a tight schedule does taeater degree allow conflicts to be
transmitted from one contractor to another. Thizeases the number of hot spots
between contractors and produces more conflicte. fEsult is a chaotic, complex
and uncontrolled construction site. Furthermonggtstime limits entail the workflow
to be optimized under sub-optimal conditions. Exbough productivity overall
seems to be increasing, productivity per man-hewalecreasing resulting in increased
cost. To increase productivity and decrease caabee robust schedule is needed.
The solution seems obvious, more time has to e&aseld and more robustness has to
be put into the schedule. The downside is that sipomed completion data often
results in other costs for the client. Therefohe, deadline set has to be realistic. By
introducing flexibility into the deadline negotiatis can help achieve win/win
situations bringing productivity and value creatign
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INTRODUCTION

In construction as well as everywhere €léme is money’ Therefore, time is a
competitive parameter and often the most imporntaet Everything is planned with
concern to time. The contractor is in his contfanted to finish the project to a fixed
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completions date. If not daily penalties have tgob&l, and the contractor is in risk
for not allocating resources to other future agsignts.

Time also serves as a central part in Lean Cortgirugvhere any unnecessary
time consumption is regarded as waste, c.f. thers¢ypes of waste (Ohno 1988;
Suzaki 1987). The Lean approach is through transitons focusing on adding
costumer value to the end product. Meanwhile ndoevadding activities such as
moving, waiting, and inspection are sought elimedaiiKoskela 2000).

The scheduling tool Last Planner System (LPS) heaenbimplemented at
construction sites in the attempt to remove wastentke the production Lean
(Ballard 2000a). A part of LPS is the Phase Schedylrocess. Here the individual
contractors collaboratively determine the sequenbearing interactions and
dependencies in mind (Ballard and Howell 2003; &4dll2000b). The purpose of the
sequencing process is to streamline the producdiod thereby remove waste.
Through the making ready process, activities ardan@ady for completion (Jang
and Kim 2008). This is done to decrease variahdlitgd thereby achieve robustness in
the schedule. But still with respect to the fixednpletion date.

Transition from traditional time scheduling to LR®s increased the number of
planned activities completed (PPC). Before LPS im&r®duced, the PPC level was
approximately 50 9%, after implementation the PP@edh to around 70 %.
Furthermore, a decrease in non-productive time f&ihP6 to 35 % was recorded
(Ballard 1999). Non-productive time only includée ioss of productivity which can
be assigned to delays and rework. Indeed thetélj$sth reliability in planning and
more essential productivity to be achieved (Lindhamd Wandahl 2012). Still 30 %
of all planed activities do not finish as planned sstill only 65% of all time is
productive.

One way to increase the robustness of the scheaude thereby the PPC
measurement could be by improving workflows. Evieough LPS tries to manage
and improve the workflows a change in the compietiate is not considered. An
extended deadline would decrease dependenciesdretmatractors leading to a less
complex construction project. The complexity is sedi by highly interdependent
activities, a lack of standardization, multiple qmments, limited space, and many
trades and subcontractors represented on site (Alamd An 2008; Bertelsen and
Koskela 2004; Bertelsen 2003; Ballard and HowelB3)9 Thus leading to a
production where different contractors perform tseping and interacting activities.
The result is increased uncertainty which makectivestruction process very difficult
to schedule (Salemt al.2006; Bertelsen 2003; Lindhard and Wandahl 2011).

This reseach looks into what happens if the preasfirtime is relieved. The
interdependenceis will still exist but the numbérjants would be reduced. This
reduces the number of conflicts. By extending theadline a gab between
interdependencies would make it more easy for tetractor to finsh on time.
Moreover if enough time is releaviled the gabs witirease which make it possible
to optimize the work of the contractors more indually. This creates a situation
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where suboptimazion is acceptable as loong atheprocess still is keept in mind.
Finnaly, extra time would allow contractios toesglcheeper production processes.

It is important to stress that an extension of ¢bastruction period also would
cause negative effects. Firstly, there could bescadated to an extended deadline,
for instance rental of other constructional fag$tor loss of income. Secondly, the
construction process might be more expensive stheerental period of heavy
equipment might be prolonged. Therefore, the cliaas the final call when
determining the completion date.

In an attempt to develop new approaches to suplethenexisting scheduling
tools the following reseach quesiton is raised.

“What happens to a construction project if more dins released? And could
“win/win” situation be gained if more focus, witlimte consumption in mind, is on
securing a more optimal process?

The answer to this question is found by intervieyvexperienced site managers
and by looking into the theories of Lean Constiutti

RESEACH METHODOLOGY AND METHODS

Different research approaches capture differentecsp from the world of
construction sites. One approach is to capture ladge by interviews or
conversations. According to Burgess (1982) convienss are a crucial element in a
field research. It is important to notice that mtews are more than a conversation it
is a conversation with a purpose (Ritckteal. 2005; Dexter 1970). Interviews can be
“used to make sense of and understand, on a dasysbthe world in which we live”
(Ritchie et al. 2005, p.100). They can be used to capture experseinom people and
understand what meaning they make out of their repees.

Interviewing is an approach to learning (Rubin d&ubin 1995). Kvale (1996,
p.14) state it like thisithe qualitative research interview is a construti site for
knowledge”.During the face to face interchange the intervieiwerying to elicit the
needed information (Maccoby and Maccoby 1954).

Three site managers were interviewed in an attémpapture their experiences
with LPS to learn from practitioners (Seidman 1998herefore, when selecting
interviewees it was a basic requirement that LPS wajaplied in a daily basis at
current construction site. The interview was conedas semi-structured following
the interviewing guidelines presented in (Ritchteal. 2005, p.106). The interviews
were conducted individually for every site managsr a face to face interview.
Before the interviews were conducted the site memnged the interviewer meet in
several occasions to gain mutual trust which adogrtb Oakley (1981) is essential.
Only the oral communication was of interest. Thisams that no interest was put into
capturing kinesic, paralinguistic, or chronemicadat

Before the interview a number of open questionsewprepared to help

structuring the interview and making sure all intpot topics were covered. Wengraf
(2004) suggest that open questions are preparedghsvmind that questions cannot
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be planned in detail, since the informants respaasmot be predicted in advance.
Therefore, questions must be improvised in a taedrand deliberated way (Wengraf
2004). The interviews were recorded in Danish amgperted by additional field
notes. Afterwards the data from the interviews wasnscribed, analyzed, and
translated into English.

RESULTS

In the following section the results of the intews are presented. The site managers
are made anonymous. Instead (B1), (B2) and (BPeaw/ely represent the three site
managers.

LPS is implemented in the seeking of an increasddistness in the scheduling
processes. When scheduling, the PPC calculatioarrdigtes the quality or the
robustness of the schedule. Therefore, the siteageas (B2)“seek for a PPC
between 70 and 90%"This opens up rooms for non-completions which are
important.(B2)“If we do not take risks we get nowhereCollaboration is important
and we seek to involve the contractors in the saliegl process. (B2YSometimes
the schedule is kept sometimes not, but at leastevrying to schedule.”

The Phase schedule is very important. (B8) determining the right sequence
you speed up production and moreover often increasdity.” The sequence is tied
to the fixed timeframe.(B3) “It is within that frame the optimal sequenbas to be
found. (B3)"If no time limits were attached the apest solution would probably be
that one man had to do all the workTherefore, time needs to be taking into
consideration.

Even so the schedule is often too tight. (B@)erefore, things have to be hurried
and the result is increased expenses. This is wasteney.” (B1) “The more
activities you can complete on schedule the bettakflow you will get because
acceleration of work is cost full.’lf more time were added to the construction
process the workflow could be optimized. Maybe thenber of trades could be
reduced to make the scheduled tasks more foregeéatth more time (B2)We
could cut expenses by optimizing the sequence.”

In construction it is a tendency that (B8pntractors work best under pressure.
Everything has to be complete in the last posgitileute”. It is a risk that the extra
time | wasted. Therefore, one should only carefeitiend the timeframe.

Still the timeframe has to fit the project. (B1i)is important to be able to keep a
robust time schedule without accelerating the wdtle result of a too tight schedule
is increased costfB3) "Sometimes work accelerations forces the seleaticimolish
solutions where cost is neglectedherefore, a realistic deadline is important when
talking total costs of construction. We build whize owner wants. (B3)To us work
acceleration is waste but it is the owners calséd the deadline.But of cause (s)he
has other considerations (B3)aybe loss in turnover.”
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One thing is cost of accelerated works. Saving cduhve been gained by
selection cheaper production processes. At leastotiner should be willing to
negotiate to create a win/win situation. Therelayirsgs would probably be gained.
The final solution is not so important to us (B) the end the owner has to pay for
what he gets.'With regards to quality, accelerated work shoult lreve an effect a
noticeable effect. (B3)We still have to deliver the agreed quality. Thiere, we
cannot make compromises which affect the end ptddBait still (B1) “with more
time we could deliver better quality.”

As a site manager working under pressure, sometymesnake poor decisions.
To decrease the number of bad decisions (&8)try to involve the people who are
affected by the decision and together find the be&ition.” This has proven very
successful.

The low flexibility in project duration is often aaed by a very traditional way of
thinking and caused by contract bonds. Here, deaesulting in daily penalties.
This daily penalty is often very large forcing tt@ntractor to finish on time. (B3]t
sometimes even seems like the owner even speculatady penalties.”Therefore,
(s)he is of cause not willing to give extra time éonstruction.

THE LEAN CONSTRUCTION THEORY

To show that extend time, even though it is regandlaste, can have a positive effect
on the overall productivity the Transformation-FiMalue (T-F-V) theory is shortly
presented. In the T-F-V theory production is vieveeda flow of materials starting
from raw materials and ending as the final prodlibe material flow is undergoing,
moving, waiting, inspection, and transformation dvef the final construction is
finished (Koskela 2000; Koskela 1992).

Every activity consists of a cost and time consuomptOnly transformations are
adding value to the product, the other activities@nly expenditures in cost and time
and can be regarded as waste. The concept isdhalimtinate or minimize waste or
non-value-adding activities and to streamline tldue-adding activities to make
them as efficient and as value adding as posgitteskela 1996; Koskela 1992)

Value is a fulfilment of the customer demand amduirements. Johnson &
Kaplan (1987) defined value this wdyalue of any commodity, service, or condition,
utilized in production, passes over into the obj@cproduct for which the original
item was expended and attaches to the result, gyiviits value.” To increase value
generation costumer requirements needs to be defibxery activity has in general
two costumers, the following activity and the em$tamer. To maximize value the
needs for both costumers have to be determinediandg transformations fulfilled
(Koskela 1992).

A method to reduce waste is to simplify the procdsss includes reducing the
linkages and the number of steps in the informali@am material flow and reducing
the number of parts and components through pramlucéiccording to Koskela (1992)
“the very complexity of a product or process ingesa the costs beyond the sum of
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the costs of individual parts or stepsS3implification can be achieved by a
reconfiguration of the value-adding activities dndeliminating the waste activities.
Other approaches could be prefabrication, modw@tam, or standardization of parts
and materials etc. Moreover could it be achieveddegoupling linkages, and
minimizing the needed information (Koskela 2000sKela 1992).

By simplifying the production process variabilitg decreased. A decrease in
variability induces a decrease in the non valudgragdctivities and improves cycle
and lead time (Hoppt al. 1990). Schonberger (1986) further stated thédriability
is the universal enemy’Approaches to reduce variability could be by @liamting the
root causes, or by, as mentioned, simplificatiod atandardization (Koskela 2000;
Koskela 1992).

Lead time is defined as the sum of time appliegraressing, inspection, waiting,
and moving. Besides of a reduction of waste, acgeddead time results in a faster
product delivery to the customer and simplifies agement. It increases robustness
of the system because the recovery from upsetsoig mapidly and less wasteful
(Ballard et al. 2003). A more rapid response to upsets is inangakiarning and
project control. Thereby the need of buffers shrimkich reduces cost (Ballaed al
2003). Approaches to reduce lead time could beciadbatch sizes, reduce waiting
time, minimizing moving distances, smoothing anactyonizing flows, reducing
variability, conduct activities in parallel ordeor isolate the key value-adding
sequence from support sequences (Koskela 2000ek04R92).

An increased flexibility, gives an increased praduty and reliability. It
improves the ability to respond on unforeseen evéBallard and Howell 1995;
Koskela 1992). Approaches to increase flexibilibplkd be buffering, customizing as
late in the process as possible, reducing diffiesiltof setups, a multi-skilled
workforce, or finely by minimizing lot sizes to clely match demands (Koskela 2000;
Koskela 1992). This leads to process transparemicih increases the visibility of
errors and the motivation for improvement. Motieatican also be achieve or
stimulated by benchmarking. Initiatives to gainn@parence could be reducing
interdependence between production units, createroimplement visual controls,
measurements of the performance, and by making Ith¢h process and the
instructions directly observable (Koskela 2000; kala 1992).

To hinder sub-optimization there need to be a fasuboth the entire process and
on each subprocess. One way to hinder sub-optimizé to establish an overview
of the complete process and having the completeegso process in mind when
optimizing the subprocesses. To do this we shoctdraling to Koskela (1992) first
measure the total process, and secondly implenreauthority to control the entire
process.

And finally the improvement in every aspect hasb# continuous, and has to

involve every employee. A tangible improvement ¢then be gained in small but
steady steps (Koskela 1992).
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DISCUSSION

In relation to Lean Construction and the T-F-V tlyean expanded time frame is
positive. Though still one should remember thatetirs considered as a source to
waste. But could time be necessary waste to achieypgoved production? A
Removal of the fixed deadline will remove complgxitis means less trades on site
and more gabs between the interacting activitiesteldver, it will help simplifying
the construction process and minimizing variahilithis results in a more smooth
construction process. Because of simplificationte/és easier spotted and removed.
By optimizing the work of the individual contractégad time could be reduced.
Finally, more robustness will be put into the salledwhich lowers the needs of
buffers.

Even though more time will give a positive effect production there is still two
things which need to be considered. First of altclhas to be considered. An
unrealistic tight timeframe will be inflexible. Baase of limited slack between
activities it will be unable to absorb variabiliip production. Interdependencies
between contractors cause delays and conflicte twamsmitted from one contractor
to another. The result is decreased productivity Brcreased costs. A tight time
schedule increases the number of hot spots ledadimgmore chaotic, complex and
uncontrolled construction site. To catch up, therkwoeeds to be even further
accelerated resulting in even more hot spots. Asvslaccelerating work is cost full.
This is supported by Thomas (2000) who, as a redwtcelerated work, recorded a
decreased productivity on 25%. Finally, strict titimeits entail the workflow to be
optimized under non-optimal conditions. Even thouywioductivity seems to be
increasing, productivity per man-hour is decreasasylting in increased cost.

Still too much time is not necessarily positivecdese of a tendency in the
industry to work best under pressure. Often extne is wasted bringing productivity
down. Extra time brings extra costs (Bromilow 198@lker 1994; Kenley 2001). To
avid extra cost the deadline should be realistegotiable and flexibility in both
directions.

The timeframe has to be set individually for eveoynstruction project where both
internal and external costs must be taking intcsimt@ration. Therefore, as a general
guidance, the timeframe should fit the individuedjpct. But the deadline should be
flexible instead of fixed. Negotiations between ttaators and client should be in
focus in a constant search for win/win situatiohs.increased focus on collaboration
and negotiation between contractor and client mitive the construction industry
away from contract bonded projects. The resultd bél: decreased complexity,
improved workflow, increased productivity, and ieased value creation.

The second thing to mention is value. Accordingtiie Lean philosophy we
should try to increase costumer value. And timeaigparameter which effects
costumer value. Here delays would cause dissdtisfacrhis also indicates that the
timeframe needs to be realistic. However, accordinthe interviews, quality is not
noticeable affected by a tight schedule. The cetudrastill has to fulfill the contract.
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Therefore, (s)he has a fixed quality agreement vmay not be compromised when
accelerating the work.

The tight schedule also affects the site managddrs. sometimes results in too
fast and not thought through decisions. This teagénsupported by Wantanakorn et
al. (1999). But by involving the contractors whe affected by the decision and
collaboratively find a solution most poor decisi@me eliminated.

CONCLUSION

Through interviews with site managers and by logkimo theory the effects of an
extended timeframe was examined. It was found @htiio tight schedule leads to
conflicts and increased cost, while a too looseeduale often resulted in an
unnecessary waste of time which also resulted éneased cost. The conclusion is
that the time frame has to be realistic but flexiTherefore, the time frame needs to
be determined individually for every constructiamjpct. By introducing flexibility
into the timeframe negotiations between contraatwd client should help creating
win/win situations in the attempt to bring both guaetivity and value creation up.

By creation win/win situations project cost will a@ease. When negotiating
win/win situations both internal and external casteuld be taking into account. In
relation to costumer value, it is important that #higreed schedule is realistic and
obeyed. Delays and non-met agreements will decreastomer satisfaction and
thereby decreasing the value creation.

Finally, the relationship between extra time arel ThF-V theory was considered.
In the T-F-V theory time is considered waste. Etfeough extra time overall might
have a positive effect on productivity and costefHfiore, a more nuanced picture of
time is needed. Even though time is waste wiselerdgned extra time can be
necessary waste in the road to excellence in agigin. Furthermore, extra time
will increase the robustness of the schedule.

REFERENCES

Ahmad, H.S. and An, M., (2008), "Knowledge managemienplementation in
construction projects: a KM model for Knowledge &ren, Collection and
Updating (KCCU)" International Journal of Project Organisation and
Management] (2) 133.

Ballard, G., (2000a). "The Last Planner SystemrofdBction Control,' Ph.D. Diss.,
University of Birmingham.

Ballard, G., (2000b). "Phase schedulingCl White Paper.

Ballard, G., (1999), "Improving Work Flow Relialylf, Proceedings for the 7th
annual conference of the International Group foraheConstruction Berkeley,
USA, 26-28 July, pp. 275-286.

Ballard, G., Howell, G., (1995), "Towards constiantJIT", Proceedings of the 3rd
annual conference of the International Group for ahe Construction
Albuquerque, New Mexico, .

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



The Robust Schedule — A Link to Improved Workflow

Ballard, G., Harper, N. and Zabelle, T., (2003)geédtning to see work flow: an
application of lean concepts to precast concreteridation” Engineering,
Construction and Architectural Managemeb®,(1) 6 - 14.

Ballard, G., Howell, G., (2003), "An Update on L&anner",Proceedings for the
11th annual conference of the International Group tean Construction
Virginia, USA.

Bertelsen, S., (2003), "Construction as a Compleste®n”,Proceedings for the 11th
annual conference of the International Group foraheConstruction Virginia,
USA.

Bertelsen, S., Koskela, L., (2004), "ConstructioreyBnd Lean: A New
Understanding of Construction Managememtoceedings for the 12th annual
conference of the International Group for Lean Qondion, Copenhagen,
Denmark, 25-27 July, pp. 1-11.

Bromilow, F. J. (1969). "Contract time performaneepectations and thereality”,
Build. Forum 1(3) 70-80.

Burgess, R.G., (1982). "Field research: a sourdebod field manual'London, UK:
Routledge.

Dexter, L.A., (1970). "Elite and Specialized Intewing". Northwestern University
Press. Evanston.

Hopp, W.J., Spearman, M.L. and Woodruff, D.L., (@R9'Practical strategies for
lead time reduction'Manufacturing Reviews (2) 78-84.

Jang, J.W., Kim, Y.W., (2008), "The RelationshiptBeen the Make-ready Process
and Project Schedule Performandefoceedings for the 16th annual conference
of the International Group for Lean Constructjadanchester, UK, 16-18 July,
pp. 647-656.

Johnson, H.T. and Kaplan, R.S., (1987). "RELEVANGEST - The Rice and Fall
of Management AccountingHarvard Business School Press. Boston: .

Kenley, R. (2001). "The predictive ability of Brdmw's time—cost model: A
comment."Civ. Eng. Pract.19(8) 759-764.

Koskela, L., (1996), "Towards the Theory of (Le&gnstruction”,Proceedings for
the 4th annual conference of the International Grdior Lean Constructign
Birmingham, UK, .

Koskela, L., (1992). "Application of the new prodioa philosophy to construction.”
Standford University.

Koskela, L., (2000). "An Exploration Towards a Rwotion Theory and its
Application to Construction”, VTT Building Techn@yg (ESPOO).

Kvale, S., (1996). "InterViews: An Introduction tdQualitative Research
Interviewing"CA: Sage. Thousand Oaks, USA.

Maccoby, E.E. and Maccoby, N., (1954). "The intewi A tool of social science.” In:
G. LINDZEY, ed, Handbook of social psychology: Theory
and methodReading, UK: Addison Wesley, pp. 449-487.

Lindhard, S. and Wandhal, S., (2011), "Handlingr&mess and Quality to Improve
Relaibility in LPS — A Case Study of an OffshorenSwuction Site in Denmark”,
COBRA 2011-RICS International Research Confere®eptember 11-12.

Lindhard, S. and Wandahl, S., (2012), "Schedulirfig Large, Complex, and
Constrained Construction Projects - An Exploratioh LPS Application”,

Production Planning and Control



Lindhard and Wandahl

International Journal of Project Organisation and akWagement (IJPOM),
Accepted

Oakley, A., (1981). "Interviewing Woman: A Contratibn in Terms?" In: H.
ROBERTS, edDPoing Feminist Researchondon, UK: Routledge & Kegan Paul,
pp. 30-61.

Ohno, T., (1988). "Toyota Production System: Beydratge-Scale Production."
Productivity Press Inc.

Ritchie, B.W., Burns, P. and Palmer, C., eds, (200bourism research methods:
integrating theory with practicel'. edn. Cambridge, USA: CABI Publishing.
Rubin, H.J. and Rubin, I.S., (1995). "Qualitativeerviewing: The Art of Hearing

Data." CA: Sage. Thousand Oaks, USA: .

Salem, O., Solomon, J., Genaidy, A. and Minkarah(2006), Lean Construction:
From Theory to Implementatiodpurnal of Management in EngineerirZg (4)
168-175.

Schonberger, R.J., (1986). "World class manufaatdriThe lessons of simplicity
applied."The free press. New York, USA.

Seidman, I., (1998). "Interviewing as Qualitativedearch: A Guide for Researchers
in Education and the Social Sciencel2achers College Press. New York, USA.

Suzaki, K., (1987). "The New Manufacturing Challen@echniques for Continuous
Improvement.'Free Press. London.

Thomas, H.R., (2000), "Schedule Acceleration, Wieldw, and Labor Productivity",
Journal of Construction Engineering & Managemelr6 (4) 261-267.

Walker, D. H. T. (1994). "An investigation into thactors that determine building
construction time performance.” Ph.D. Diss., Roylbourne Institute of
Technology, Melbourne, Australia.

Wantanakorn, D., Mawdesley, M.J. and Askew, W.H990), "Management Errors
in Construction”Engineering, Construction and Architectural Managsm6 (2)
112-120.

Wengraf, T. (2004). "Qualitative Research Inteniieyv Biographic narrative and
semi-structured methods." SAGE Publications. Thod€aaks, USA.

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



