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Abstract:  
The Last Planner System of Production Control (LPS) is, in today’s construction 
projects, a common used tool to secure a reliable planning. Even though LPS is an 
efficient system to keep track of the production, and a remarkable increase in 
productivity has been achieved; the system is not perfect. In order to gain further 
productivity improvement, elements in LPS have, therefore, been analyzed. This 
includes both the elimination of preconditions, defects, and quality issues which among 
others are affecting the time schedule. To determine if defects and low quality is 
substantial in construction, empirical data was collected and compared with previous 
studies. This showed that cost and time consumption related to rework, caused by 
defects and low quality, is significant. Rework is impossible to forecast, and it affects 
the time schedule, and decreases reliability and predictability. Quality has in LPS only 
minor direct attention, but in an attempt to increase reliability defects and quality has to 
be taking into account. In general the construction site is complex, dynamic and 
uncertain why one wonders why the “health check” when eliminating preconditions 
only is performed once. Because the soundness of each precondition easily can change, 
it brings uncertainty into the backlog of sound assignments. An approach to increase 
reliability is to expand the PPC measurement to include quality and by introducing a 
“health check” of the buffer as an addition to the conduction of the Weekly Plans.  
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1 Introduction 

Through this research there will be a focus on the defects and errors which surfaces 
during the construction process. The defects and errors consist of problems, 
inconvenience, mistakes, breakdowns etc. All the mentioned factors are affecting the 
time schedule, and are decreasing the reliability and predictability of the construction 
process. By determining the magnitude of defects and errors it can be concluded 
whether or not these problems are general in construction and if the related extra cost 
and time consumption are significant. The study reviled that cost and time consumption 
are significant, therefore, preventive actions have to be carried out, to help the 
construction industry in handling the mentioned problems.  
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To prove that defects and errors are a general tendency in construction and not just an 
isolated incident, previous studies are included. By including other studies the quantity 
of data is much greater.  

The Last Planner System of Production Control (LPS) is a scheduling tool developed to 
increase the reliability of the schedule and thereby handling errors and defects which 
occur during construction. Ballard (1994) who introduced LPS also introduced a tool to 
measure the reliability of the schedule called PPC.  

Before Ballard introduced the LPS, he measured the PPC level to be about 50 %, after 
implementation he recorded the PPC to be at the 70 % level. Furthermore he measured a 
decrease in non-productive time on 15 % from 50 % to 35 % (Ballard 1999). Here non-
productive time only included the loss of productivity which can be assigned to delays 
and rework 

Indeed there is still, both reliability in planning and more essential productivity to be 
achieved. Still 30 % of all planed activities do not finish as planned and still only 65% 
of all time is productive. The question is what can be done to improve the LPS, in the 
handling of defects and errors. Two issues are treated; the making ready process, and 
the purpose of the PPC.  

The making ready process is extremely important; through this preconditions are 
removed. This is done from every individual assignment and if the making ready 
process fails, the assignments cannot be executed. But changes in preconditions take 
place (Love 2002). In this research, a weekly “health check” is therefore proposed to 
ensure nothing goes wrong.  

The reason to introduce the PPC measurement was to measure the reliability of the 
schedule, to be able to react on variations, and to find and eliminate root causes. By 
only measuring the observance of the schedule, the quality aspect of the completed 
work is neglected. Therefore this research proposes that a quality aspect is added to the 
PPC measurement. The reason why, is that a completed assignment is very depended on 
quality. Increased quality also means reduced time spend on rework.   

1.1 Elucidation of the extends of defects in construction 

The costs of defects and errors during the construction process have been a popular 
objective for research in decades e.g. (Hammerlund et al. 1990b). A brief historical 
view to these studies points out that it is a general problem which usually amount to a 
considerable part of the total project costs (Burati et al. 1992). The costs of defects or 
errors can be divided into direct and indirect costs. The direct costs are the direct 
measurable costs attached to a given defect. The indirect costs are not directly 
connected to correcting the defects or errors and are, therefore, not directly measurable. 
The indirect cost or consequence of an error is multiple. Peter Love categorizes the 
consequences of errors into three groups which all attribute to cost at different levels in 
the company (Love 2002). 

- At the individual level, stress, fatigue, absenteeism, de-motivation, and poor 
morale are found to be the primary indirect consequences of rework. 

- At the organization level, reduced profit, diminished professional image, 
interorganizational conflict, loss of future work and poor morale are identified as 
indirect consequences of rework. 
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- At the project level, work inactivity (e.g. waiting time, idle time, travelling time 
etc) and end-user dissatisfaction are identified as indirect consequences of 
rework. 

Cited from (Love 2002) 
 
The results of the selected studies are presented in the text below. 

Back in 1990 Hammalund et al. (1990a; 1990b) conducted a study of quality failure 
costs. The study included one main site which was monitored spanning over a 20 month 
period. To test the validity, 21 small building sites were monitored in a 3 week period. 
The study reviled that the costs of correcting the quality failures amounts to 6 % of the 
total production costs. 

Burati et al. (1992) monitored the cost of quality deviation from nine construction 
projects. The collected data did include the direct costs related to rework, and cost of 
rework associated with design changes. Burati et al. found that the costs of rework on 
the nine projects varied between 0.4 and 26.0 % of the total project costs resulting in an 
average cost at 12.4 %.  

Through studies performed from 1994-1996 Josephson and Hammerlund (1999; 1994) 
monitored seven different construction projects to ascertain the causes of defects and the 
related costs. The studies showed that the costs of defects varied between 2.3 and 9.4 % 
of the total production costs, this only including the direct costs of the defects.  

In a research conducted by Abdul-Rahman et al. (1996) the costs of non-conformances 
on constructions sites were measured to be 6 % of the total project costs. Here a single 
construction site was monitored during a 22 week period. Non-conforming costs include 
costs of rework, material waste, warranty repairs etc. while conformance costs include 
costs of training, indoctrination, verification, validation, testing, inspection, 
maintenance, audits etc. (Love and Li 2000). 

Love and Li (2000) studied the courses and costs of rework at two Australian 
construction projects. This revealed a cost of rework at respectively 3.2 and 2.4 % of 
project contract value. Even though the study only included the direct costs, Love and 
Li (2000) stated that the results were not to be considered indicative. This mainly 
because the costs were significantly lower than indicated by previous studies. 

In 2000 Barber et al. (2000) measured the costs of quality failures in two major road 
projects. Only the direct costs of failure were observed. The findings showed that the 
costs of failure were respectively 3.6 and 6.6 % of the total project costs. To this Barber 
et al. (2000) afterwards added the calculated costs of both delay and work acceleration 
resulting in a significantly higher los at respectively 16 and 23 % of the total project 
costs. 

In Denmark Apelgren et al. (2005) during a three months period studied the amount of 
stumbling stones in a housing construction. Where the term, stumbling stones, is 
defined as: All conditions in the product or process which prevents the entrants in 
conducting his work as effective and correct as possible – the first time (Apelgren et al. 
2005). The findings showed that the amount of stumbling stones amount to 7 % of the 
total contract sum. The result includes both the direct and indirect cost; it is though a 
conservative estimate to the costs of stumbling stones. This is primarily due to limited 
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resources to the registration of stumbling stones and to difficulties in determining the 
extent of the indirect costs. Design changes are not included in the study. 

All the mentioned studies include only the direct costs related to rework or errors, this 
except Apelgren et al. (2005) who also have included a conservative estimate to the 
indirect costs. The direct costs are according to Burati et al. (1992)  only the “tip of the 
iceberg”. An study by Love (2002) states that the indirect costs are a significant 
expense, and have a multiplier effect of the direct cost at between 3 to 6 times. This 
agrees with Love and Li (2000) which state that indirect costs are a considerable part of 
the costs. The reason why only the direct costs are included is because it is very difficult 
to determine the indirect costs (Love 2002).  

Wantakorn et al. (1999) studied management errors in construction. They concluded 
that no matter levels of skill, experience or training of the management, they can make 
errors at any time. Wantakorn et al. (1999) identified the following factors as affecting 
the frequency and severity of the errors: Task complexity, pressures of time and cost of 
project, and the uncertainty of the management task. They furthermore simulated the 
probability of management error in consideration of the mentioned factors.  

Of course there is conducted more studies than those included in this short review. The 
included studies confirm that errors do occur, and they provide a basic knowledge to 
which extent errors occur. Since only the direct costs are included in the above 
mentioned studies, with the exception of Apelgren et al. (2005), the figures gives a very 
conservative bid to the costs of error in construction. However the studies do show that 
the costs of error represent a significantly part of the estimated total construction costs. 

2 Research Methodology 

This case study is in a four months period conducted at an offshore wind farm project in 
Denmark. The study is conducted in collaboration with the main contractor of the civil 
works. Because the construction site was placed at sea, the logistics and storage of 
equipment and materials took place with limited resources. Transportation was done by 
boat, and depending on the speed and the placement of the foundation, the transport 
time varied between 20 – 60 minutes. 

The purpose of the case study was to A) prove that errors do occur and B) to find root 
causes to these problems in an attempt to increase productivity. The main research 
question throughout the study has been: How is it possible to improve reliability in 
order to increase productivity.  

The data collection consists of primary daily observations and experienced problems. 
Here the observations are focused on problems related to soil surveys and excavations, 
where there on a regular basis has been contact with the main personnel. Additionally 
data was collected through unstructured interviews.  

Only major problems which had a significant impact on the production were collected. 
In total 24 problems were registered. The observer was focusing on soil surveys and 
excavations. It is expected that not all major problems were discovered. Therefore, the 
survey does not give a complete picture of all experienced problems, but it leaves a 
good impression of the impact and the significance of problems in construction. Besides 
observations of problems, the everyday contact to the contractor gave a good insight in 
difficulties and complications which occur during offshore construction.  
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The data collection consists of a short description of observed problems. There is made 
no calculation of expected cost.  

3 Empirical evidence 

During a four month period, major problems in an offshore construction project were 
monitored.  In total 24 problems were collected, all having influence on among others 
the time schedule. The problems are described in detail in (Thomsen 2010). There is 
made no calculation to neither the direct nor the indirect costs of the problems, but an 
offhand estimate clarify that the costs are significant. 

Besides the monitored problems, other factors were having an influence on cost and on 
reliability. The weather in general had a great impact to the work performed, because it 
was changing the soundness of the scheduled assignments. This is why bad weather 
often was the cause to non-productive time, in a normal workweek this composed to, 
not only hours, but days. The number of bad weather days varied with the season, at 
summer it was one or two days a week, and at winter it was three or four days a week. 
The weather was very unpredictable which is why it was an obstruction to the planning 
and time scheduling. Even local weather forecasts had difficulties in predicting the 
weather and the time span of bad weather so accurate that scheduling by the hour made 
sense.  

The weather made it with the tools available impossible to conduct a robust and reliable 
time scheduling. It affected both the working scheme and the duration of the 
assignments. Bad weather days completely stopped production at the construction site, 
where only maintaining activities could be conducted. Because of the weather the 
soundness of the assignments varies, which makes it impossible cf. LPS to maintain a 
backlog of ready work. Thus the assignments are not following the critical 
characteristics for a sound assignment cf. LPS (Ballard 2000). 

Another factor which complicated the planning was the great distance to the 
construction site. Material, equipment, machinery, and labour; everything has to be 
transported by boat. With limited resources the logistics have to be planned carefully, 
changes in orders made it very difficult and often there was a lack of capacity. 
Moreover the transport took a lot of time, which besides non-productive time, made the 
production sensitive. If for instance there is a breakdown on some of the heavy 
equipment and a repairman or a specific spare part is needed, the transport time gives an 
increased delay in the production. Furthermore, the great distance made it difficult to 
follow up on the production, to verify the quality and to follow up on the planning.  

Finally the study has revealed that construction managers work with high pressure and 
stress. The time pressure presses the construction managers to make fast and not thought 
through decisions. This gives an enhanced probability for the managers to make errors 
(Wantanakorn et al. 1999). 

The conclusion after monitoring the project is that the construction process at offshore 
construction is very complex and chaotic and impossible to predict and plan completely. 
There is constantly a change in the daily plans which indicate the lack of a more flexible 
and robust planning. 
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4 Evaluation of the studies 

The great variation in results from previous studies, can among others, be ascribed to 
the building process, which is complex and chaotic (Bertelsen and Koskela 2003; 
Bertelsen 2003). This is making it very difficult to register and measure the costs. There 
are a lot of factors that contributes to the great variation in the findings. Primarily there 
is a lack of uniformity in the way data is collected; this includes the used sources such 
as observations, interviews and other documented sources from the site. This non-
uniformity is reflected in the huge difference in the factors which are included in the 
studies. Furthermore, the objective of the studies is often different, some are focusing on 
measuring the cost of errors some quality failures, some non-conformance and some the 
amount of rework. Generally there is a lack of guidelines on how to perform the study 
and there is no given interpretation of which factors there should be included in the 
studies.  

Despite differences in data collection all studies shows that the related cost of errors are 
significant. Furthermore, there is accordance between the presented theory and the 
empirical data collected from the case study. Therefore it can be concluded that errors 
are a general problem in construction.  

Errors or rework are directly effecting the conducted planning. The errors cause non-
productivity which include waiting, motion, cleaning, rectifying etc. and are thus a main 
source of time- and cost overruns and chaos (Love 2002). Love and Li (2000) found that 
rework have a major effect in the time performance. He measured two construction 
projects and found that rework had an unfavourable effect on the critical path at 
respectively three and four weeks. Furthermore errors do provoke defects which induce 
increased costs and decreased quality and productivity. 

To avoid delay and daily penalties, time overruns are often handled through accelerated 
work. Barber et al. (2000) pointed out that accelerated work usually is significantly 
more expensive than work completed at normal tempo. Randolph and Todd (1996) 
surveyed 129 different electrical contractors to measure the magnitude of inefficiencies 
due to overmanning. They found an average loss of total efficiency on 29 % which 
could be attributed to overmanning introduced to speed up production. They also found 
that the general trend is that the net loss of efficiency increases if the percentage of 
overmanning increases. The relation between schedule acceleration and losses in 
efficiency is supported by (Thomas 2000). Thomas surveyed three different 
construction projects and found that the estimated loss in productivity caused by 
accelerated work to be 25 %. He furthermore measured the loss in labor efficiency to 
range between 20 % and 45 %. 

Errors are increasing the variation in execution of activities, and cause defects which 
subsequently lead to low quality. This result in rework which again makes the 
construction process unpredictable and chaotic. This unpredictability is making it very 
difficult to especially perform long term scheduling.  

5 Improvement of LPS ability to handle soundness and quality 

Rework, defects, errors and non-conformances all refers to problems or difficulties 
which occur at the construction site. And yet difficulties occur; Bertelsen and Koskela 
(2004) express it severe: “The plans and schedules present an idealized linear picture 
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of what should take place, but not of what actually dos take place. Planning does not 
reflect reality, but dreams!” 

The LPS works with a parameter PPC, which is a measurement showing in percent how 
many of the scheduled activities which are actually completed. In a typical construction 
site only half of the activities in the weakly plans, get conducted as planned (Howell and 
Ballard 1995). According to Ballard (1999)  the implementing of LPS has raised the 
work flow reliability from 30 - 60 % to the 70 %. Though high PPC has been gained 
after implementing LPS, there is still a need for a more reliable and robust plan (Ballard 
2000). To reach PPC at 90 % or higher additional actions are required (Ballard 1999). 

According to the LPS theory the soundness of a certain assignment depends on seven 
preconditions which have to be present for an assignment can be conducted, first 
presented in Koskela (1999), but widely cited, among others (Bertelsen et al. 2006; 
Koskela 1999). The preconditions are as following: 

- Construction design; correct plans, drafts and specifications are present  
- Components and materials are present 
- Workers are present 
- Equipment and machinery are present 
- Sufficient space so the task can be executed. 
- Connecting works, previous activities must be completed 
- External conditions must be in order. 

If just one of the seven preconditions is not fulfilled the assignment cannot be 
conducted. Therefore it is extremely important that assignments do not starve any of the 
seven inputs. Koskela (1999) continues by stating that “the realization of tasks heavily 
depends on flows, and the progress of flows in turn is dependent on the realization of 
tasks”. The varying nature of Planning and scheduling can be difficult because these 
flows often are plagued by missing inputs and varying nature (Koskela 1999). 

To secure a more robust scheduling a Lookahead process is introduced in the LPS. The 
Lookahead process is a plan spanning 3-8 weeks and which purpose is to remove 
constraints to secure the soundness of the assignments. Only sound activities are later 
moved to the Weekly work plan or to a buffer to maintain a backlog of assignments 
which can be performed (Hamzeh et al. 2008; Steyn 2001; Ballard 2000). 

By securing that only sound activities are selected to the Weekly Work plans the 
success rate of completed tasks (PPC) is increasing. This entails that the uncertainty of 
the schedule is significantly reduced (Jang and Kim 2008; Ballard 1997; Ballard and 
Howell 1994). This increases certainty and honesty in the construction process, where 
“we do what we say we are going to do” (Ballard 1994). Furthermore a reduced 
uncertainty in the schedule leads to reduced project duration and costs (Ballard 1997).  

Based on the case study two aspects of LPS are treated in an attempt to develop and 
improve LPS and thereby increase the reliability and robustness of the scheduling. The 
two aspects are first the making ready process with focus on changes in soundness, and 
secondly the purpose of the PPC measurement with focus on quality. 

5.1 Changes in soundness 

This process of removing constraints and making assignments sound is very idealistic. 
The “health check” is only performed once; it does not take in consideration that the 
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soundness very well can change. A change in just one of the seven preconditions is 
enough. For instance would design changes, rotten and dwindling materials, illness, 
breakdowns, unauthorized storage of materials, delay of previous activities, or 
troublesome weather conditions all give rise to a change in soundness of an assignment. 
Conclusively every precondition are hereby a variable and compose a possible 
obstruction for a given assignment to be fulfilled. Still the likelihood of change in a 
precondition varies. For instance changes in construction design are expected, according 
to Love. This is because the clients haves difficulties with the visualization of the end 
product that they procure (Love 2002). New 3D tools can help the costumer in defining 
criteria and thereby decrease the number of changes. 

According to the PPC problems, with not sound assignments, shall be registered, 
investigated and the roots afterwards eliminated, this is done to achieve a higher PPC. 
Firstly the roots can be very difficult to eliminate and control, especially concerning the 
external conditions such as weather conditions. Secondly, there is no assurance that 
every non-completed assignment is registered. If for instance a craftsman has to use a 
buffer assignment, but finds that it at present time not can be conducted. Then the 
craftsman has a choice; A) report it to management or B) say nothing and find another 
assignment. If the change in preconditions is more permanent he could without telling 
choose to put the assignment back in the Lookahead plan.  

 At extreme construction projects a single or more preconditions can be very uncertain 
and uncontrollable. This will result in Weekly Work plans which at times contain not 
sound activities. In such constructions this precondition could be ignored. This could for 
instance be offshore works which are very dependable of the weather conditions. By 
ignoring the weather conditions cf. the example; the planning could be conducted as 
normal, but maybe with an extra focus on having a backlog with sound and weather 
undependable activities if possible.  

The risk of changes in preconditions increases with time. Often many preconditions are 
fulfilled weeks before the assignment is planned to be conducted, leaving plenty of time 
for changes. To detect changes in preconditions it is proposed to implement a weekly 
“health check”. Changes in preconditions will now be detected beforehand, which will 
keep the production running unaffected and thereby increase the reliability and 
robustness of the schedule. The weekly “health check” can be implemented as essential 
part of the weekly PPC evaluation. 

5.2 Handling quality 

One of the central elements in Lean is the focus on product flow and in the elimination 
of non-transformations or non-value adding activities; in other terms the removal of 
waste. Ohno (1988) stated that the total capacity of a production system equals the sum 
of work and waste, he furthermore identified seven different types of wastes, these are 
showed at the list below; see also (Suzaki 1987). In the list the first five elements refer 
to the material flow while the two last refer to the human work flow (Koskela 2000). 

- Waste of overproduction 
- Waste of stock on hand (Inventory) 
- Waste of transportation 
- Waste of making defective products  
- Waste of processing itself (Over-processing)  
- Waste of movement 
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- Waste of time on hand (Waiting) 

There are a lot of different reasons to why waste arises. Defects are resulting in waste. 
When work assignments cannot be conducted as a result of defects, it results in crew 
waiting time, crew motion and unnecessary transportation of material and equipment. 
This is reducing productivity and could subsequent lead to delay, and thereby affect the 
time scheduling. But most importantly defects result in low quality which force rework 
to take place. 

Rework, which is very difficult to forecast, is by Love and Li defined as the 
unnecessary effort of correcting construction errors (Love and Li 1999). This often 
induces demolition or removal of the defect or damaged structure. Koskela (1999) states 
that rework is carried out with minimum preparation and planning.  This is often 
making a ravage to the sequencing of the work, and furthermore there is a risk that it 
would cause congestions and thereby slowing down or at worst completely stopping the 
production. 

The fact that defects occur and that defects lead to waste implies that a reduction of 
defects would reduce waste and thereby increase productivity. Nevertheless, LPS is 
only focusing on the conduction of the schedule and trying to make the schedule itself 
more reliable. It is not focusing on the end product and not trying to enhance the quality 
in construction. Therefore, the only measure is the PPC. In worst case the production 
can be speeded up in order to archive high PPC, but then later witness lots of defects 
and poor quality, which again lead to waste consisting of waiting, motion, transportation 
and rework.  

PPC is often used as a measure of the performance of the construction site. If quality is 
not taking into account it gives a disfigured picture of the performance. To restore the 
picture poor quality and related defects should be deducted from the performance. To 
secure a consistent judgment of quality the control could either be undertaken by the 
construction manager or by the crews which undertake the subsequent assignments. 
Here the minimum criteria for acceptance must be that current standards are followed 
and that the outcome is correct. If only acceptance is the criteria for quality, the amount 
of rework can be used as an indicator of quality.  

6 Conclusion 

This research is based on a case study of an offshore construction site in Denmark. In 
order to prove that defects and errors are common in construction, a short literature 
survey was conducted. This was done to compare existing theory with the new 
empirical knowledge. Through comparison it was found that the conducted research 
supports existing theory and state that errors and defects are common in construction 
and that the related cost and time consumption is significant. 

Defects and errors in construction lead to an unpredictable and chaotic construction 
process. The case study revealed two possible ways to increase reliability, both related 
to LPS. The two aspects are related to LPS ability to respectively handle soundness and 
quality.  

A central element in LPS is the making ready process, which secures that all 
preconditions are removed. When all preconditions are removed the assignment is 
moved to a workable backlog, from here the sound assignments are later moved to the 



 1417

Weekly Work plan. This case study shows that changes in preconditions take place. To 
detect changes and secure that only sound activities end up in the Weekly Work plans a 
weekly “health check” is proposed.  

To secure a reliable and continuous improving scheduling the PPC measurement was 
introduced. In order to reduce the number of defects and errors, this research suggests 
that there should be a focus on the end product. Therefore, this research recommends 
that quality is implemented as a supplement to the PPC measurement. 
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