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INTRODUCING NEW CAPACITY PLANNING
METRICS IN PRODUCTION PLANNING
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Abstract: The need for proper and reliable planning is essential for project success.
Capacity planning has received good attention in the construction community but
few metrics exist to assess its performance. Since it is impossible to improve what
cannot be measured, the goal of this paper is to introduce new capacity planning
metrics that will help visualize and understand the current state of capacity planning
on construction projects. Is there an overloading or under loading of resources? The
new metrics developed in this research, will attempt to help in assessing the state of
equilibrium in choosing the weekly load of tasks to match the existing capacity, or at
least, to minimize the gap between the two as much as possible. These new metrics,
in theory, will achieve the goal of informing planners and last planners about the
status of load vs. capacity, the matching between the two, and the reliability of
capacity planning on a project.

Keywords: Last Planner SystemTM, lean construction, planning and scheduling,
capacity planning, capacity planning metrics, matching load to capacity.

1 INTRODUCTION

Planning is an essential step in managing production flow on a project. If the proper time
and resources are adequately allocated to planning efforts, the probability of success of the
project will increase. Furthermore, much of the risk, that may not have been perceived
prior to planning, can be greatly reduced (Aziz and Hafez, 2013). The investment in
defining and developing the scope of the project, the requirements, and technical
specifications have a positive impact on the success of a project (Dvir, Raz and Shenhar,
2003). But although planning is very crucial at early project stages, ongoing planning
during production which includes capacity planning is instrumental in shaping production;
and thus worth studying.

A lot of research has gone into understanding the planning and the scheduling of tasks
from a chronological point of view, but there is also the planning of how to assign the
activities and tasks (the load) to the available labour, equipment, and resources (the
available capacity). This is known as capacity planning. With this new face of planning
comes another dimension to the problem of planning and scheduling, which is the issue of
matching load to capacity. How many of the activities should we allocate to the labour?
How much work can the labour force accommodate at a time? Is there an optimum ratio
between load and capacity? It is important to study the balance problem between load and
capacity. Allocating adequate time and resources to planning is only one solution to the
problem, but it cannot contribute to the success of the project if there is a mismatching
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problem between capacity and load. Therefore, it is important to understand the
relationship between capacity and load and to have the adequate metrics to assess the
status of resource allocation in an attempt to figure out how to strike a proper balance
between the two.

2 LITERATURE REVIEW

2.1 Project Planning

The level of planning and effort exerted on a construction project highly affects the extent
of the success of the project (Abbas, Ud Din and Farooqui, 2016). The upper third of
projects, when it comes to completeness of planning, had an 82% chance of meeting their
budget goals (Hamilton and Gibson, 1996). This leads to the question of how much
planning is enough planning?

Research suggests that not enough time is allocated to properly plan for the average
project. Furthermore, the effort put into the planning phase was found to have the
strongest relationship with the overall project success. When the level of effort during the
planning phase is reduced, final value to customers, stakeholders, and the company is also
reduced. On the other hand, projects with planning phases that are too long had low
success ratings, similar to the projects with short planning durations low and planning
efforts (Serrador and Turner, 2015).

2.2 Task Planning

Different stages of the project require different levels of planning effort and control.
Planning is performed from a long-term perspective first, and from a short-term
perspective later on. The long-term planning phase is where the major project milestones
are set, after which the milestones are broken down into phases. Later, short-term planning
starts, where 6-week look-ahead plans are set, that are then broken down to weekly work
plans. Therefore, planning is performed in greater detail the closer we get to start the
activity (Hamzeh and Langerud, 2011). Similarly, a task that is planned in this way will
have fulfilled the objectives and requirements it sought out to fulfil when it is executed
and completed.

Planning involves several aspects including cost, scheduling, quality, and making sure
that the prerequisites of the task are well-defined and available (Hamzeh, Zankoul and
Rouhana, 2015). Additionally, an important step in task planning is the analysis of the
potential problems that might arise (a what-if analysis) (Junnonen and Seppanen, 2004).
After all, the emergence of problems is largely due to the existence of unforeseen
circumstances and the presence of variability.

Furthermore, due to the dynamic and uncertain nature of construction projects, there
are always "new" tasks that emerge during the week which they are to be executed. These
are the tasks that are "not included in the weekly schedule or are included in it but are
allocated within the wrong time frame." (Rouhana and Hamzeh, 2016). Thus, these "new
tasks", are activities that were not part of the initial plan and task breakdown but have
now appeared as activities that need to be executed for the completion of the project.

2.3 Variability

Variability is a fact of life that. It is ubiquitous, and the field of construction is no exception.
Ben-Haim and Laufer distinguish between two types of uncertainty. It can either be
structured, which is the usual year to year variation of the weather, or unstructured which
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is “a substantial information-gap between what we do know and what we need to know
to perform optimally” (Ben-Haim and Laufer, 1998). Furthermore, variability negatively
affects the many aspects of project performance and “leads to ineffective production,
increased cycle times, increased cost, and derailed plans” (Gupta, Gonzalez and Miller,
2012).

When it comes to construction projects, variability can be detected in factors such as
the production rate, the productivity of labour, and the schedules of construction (Gonzalez,
Alacron and Molenaar, 2009). Uncertainty and/or variability have been acknowledged as
reasons for poor construction project performance (Ballard and Howell, 1998). Moreover,
the Parade Game was created to illustrate how variability impacts performance and
production. It can be concluded that variability and unreliable work flow cause a decrease
in throughput, a delayed completion date for the project, and an increase in waste (where
some production phases do not use their full output capacity because “they starve for
resources”) (Tommelein, Riley and Howell, 1998).

2.4 Matching Load to Capacity

So far, the dynamics of variability, in the field of construction, have not been completely
understood. Therefore, planners often fall into the problem of matching load to capacity
which is not an easy task to achieve. Ballard defines load as the quantity of work needed
to be done in a specific time allotted by planners, and capacity is the quantity of work a
crew can complete given their tools, methods of work, and conditions on-site (Ballard
2000). When load and capacity estimates are different from the actual measurements, the
planning crew must either alter load to match capacity by postponing or fast-tracking
work flow, alter capacity to meet load by changing the quantity of resources, or an
amalgamation of both (Gonzalez et al., 2010).

Production planning endeavours to match load to capacity with top accuracy based on
given circumstances (Ballard et al., 2007). Thus, production planners require information
regarding workloads and resource capacity (Kim and Kim, 2012). Kim et al. (2008) came
up with a workforce information (level of skill, history of accidents, etc.) database to help
solve the problem of matching load to capacity. “The workforce database system allows
the user to consider workforce capacity in production planning” (Kim et al. 2008).

Despite the plethora of research on the importance of matching load (tasks put on the
weekly work plan) to capacity (available resources), no clear metrics were derived to assess
capacity planning in conjunction with the Last Planner System (LPS). This study proposes
six metrics to assess the performance of capacity planning to guides last planner in
managing and controlling production and workflow.

3 METHODOLOGY

Planners cannot manage what they cannot measure. Furthermore, measurement cannot
happen without having proper metrics. In some instances, construction companies are
overloading their resources and sometimes the resources are not being efficiently
employed. Thus, the need for metrics, to help us better visualize how we are loading our
resources, arises. Furthermore, we realize that there are not enough metrics in the field of
planning that aid in adequately describing the state of capacity planning on a certain
project. Accordingly, in an effort to better understand and attempt to find a proper solution
to the problem of matching load to capacity, we devised six metrics that will serve as being
somewhat descriptive of the state of planning on a project in general, and capacity
planning in particular.
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Before coming up with the metrics discussed in this paper, this study distinguishes
between three types of activity clusters as shown in figure 1. Within each cluster, there
are two colours, red and green. The green pebbles represent normal activities while the
red pebbles represent required activities (i.e. critical activities).
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Figure 1 - Activity Clusters

The first cluster, as depicted in Figure 1, is the WWP cluster, where WWP stands for
Weekly Work Plan. This group of activities consists of all the tasks that have been
committed to be completed that week. The second cluster of activities is called New which
are tasks that need to be executed during the week as pre-requisites or co-requisites to
other tasks. Notice also that some tasks are required, in other words critical, (red) while
others are not (green). The third cluster, Backlog, is representative of the activities that
make up the backlog. These are the activities that are assigned when the team has
completed the activities that they have committed to complete and they have extra
resources to work more.

Furthermore, Figure 1 shows a fourth cluster of activities, Total Executed, which is the
actual activities that have been executed that week (i.e. the actual capacity). The three
clusters mentioned above contribute to the Total Executed cluster of activities. The tasks
that have been executed in that week constitute the actual capacity and the tasks that have
been chosen to be on the weekly work plan are the chosen load.

4 RESULTS AND DISCUSSION
4.1 Results

Six new metrics were created as described below. Note that these metrics are to be used
for measurement on a weekly basis when applying the LPS.

The first metric is called the Capacity to Load Ratio (CLR). This metric is a comparison
of the chosen load with the actual capacity. It is calculated by dividing the total number of
activities executed this week by the number of activities on the weekly work plan (WWP),
i.e. the activities the team has committed to completing this week. It is a retrospective
metric which aids in tracking how close the team is in adequately employing resources.
The CLR is calculated using equation (1) below.

Total Executed

CLR = T (1)
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The second metric is the CLR man-hrs. It is the same as the CLR described above with
one difference; the CLR calculated in equation (1) is at the level of activities while the CLR
man-hrs is at the level of the man-hours required to complete the activities. It is calculated
by dividing the quantity of man-hours it took to complete the activities that have been
executed this week by the quantity of man-hours required to complete the activities
committed on the WWP. The CLR man-hrs is calculated using equation (2) below.

Actual man — hours

CLRman = hrs = o an — hours Worked @

The third metric is called the Required Capacity Ratio (RCR) which represents the
fraction of completed activities that are required (i.e. activities that are critical). It is
calculated by dividing the required activities that were completed by the total number of
activities that were executed, as shown in equation (3) below.

Required Executed

RCR = 3
Total Executed ®)

The fourth metric is called the Required Percent Complete (RPC) which represents the
percentage of required tasks that have been completed. It is calculated by dividing executed
required activities by the total critical activities this week, as shown in equation (4) below.

RPC = Required Executed @
"~ Total Required

The fifth and sixth metric are complementary and related. They are both used to assess
the deviation from the WWP. The Weekly Deviation (WD) gives us an indication of how
far the team has deviated from the WWP, and the direction of the deviation (i.e. if WD<0
then the team is under loading their resources, if WD>0 then then the team is overloading
their resources, and if WD=0 then then the team has matched the load to capacity). The
Weekly Deviation Ratio (WDR) is the WD normalized by the WWP for comparison
purposes. The WD and the WDR are each calculated by using equations (5) and (6)
respectively.

WD = WWP — Total Executed (5)
. WWP — Total Executed )
- Wwwp

Table 1 summarizes all the metrics with their respective equations and descriptions,
and Table 2 lists the variables required to calculate these metrics.

4.2 Examples and Discussion

To describe the use of the metrics suggested in this study, sample calculations were
developed. The following examples serve to help the reader understand the application
and the importance of the newly introduced metrics. The data summarized in Table 3 is
used as input for the metric calculations that follow. The data is assumed to capture the
capacity planning data comparing commitment planning to actual data at the end of the
week. Note that activities with an asterisk sign (*) are required activities.
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Table 1 - New Capacity Planning Metrics

Metric Formula Description
Capacity to Load Total Executed Number of executed activities vs.
Ratio T wwp number of committed activities.
Capacity to Load Actual man — hours How many man hours have actually
Ratio man-hrs WWP man — hours Worked been expended vs. the hours
required to complete the WWP.
Required Capacity Required Executed From the total executed tasks for
Ratio Total Executed that week, how many required.
Required Percent Required Executed Out of all required tasks for this
Complete Total Required week, how many have been
executed.
Weekly Deviation WWP — Total Executed How far from the WWP we have
deviated and in what direction.
Weekly Deviation WWP — Total Executed Normalized WD for comparison.
Ratio WW P

Table 2 - Variables included in the calculation of metrics

Variables Description

WWP Weekly Work Plan, i.e. the activities on the weekly work plan
that have been committed to be completed for that week.

WWP man-hours The quantity of man-hours required to complete all the activities
on the weekly work plan for that week.

Actual man-hours The quantity of man-hours that was actually expended that week
Worked to execute the activities that were actually completed.
Required Executed The critical activities that were executed that week (i.e. all red

circles in Total Executed Cluster).

Total Executed The activities that were actually executed that week (i.e. all
circles in Total Executed cluster).

Total Required The critical activities that are on the WWP, the backlog, and the
new required activities for that week (i.e. all red circles in the 3
clusters).

Table 3 - Sample Data for a Week ((*) stands for required activities)

Activities A* B c* D E*
Man - hrs/activity 100 200 250 150 300
% Comp. (actual) 100% 19% 7% 100% 3%
% Comp. (WWP) 100% 100% 100% 0% 0%
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4.2.1 CLR and CLR man - hrs

cir p_ (12100) + (019 200) + -+ (0.03+300) _
man = ars = 100 + 200 + 250 -

CLR = 2/3 =0.67
Considering CLR alone, which yielded a value of 67%, it can be said that the team was
somewhat close to matching the load to available capacity. But looking at both CLR and
CLR man-hrs, the latter yielding a value smaller than the former, shows that analysing
activities is not enough. Measuring CLR in terms of man-hrs can show a different angle
to that of CLR. Thus, both metrics are required to properly assess resource/task allocation.

4.2.2 RCR and RPC

RCR = 1/2 = 0.50, RPC = 1/3 =0.33

RCR vyields a value of 0.5, which means that 50% of all executed tasks this week are
required. Alternatively, RPC yields a value of 0.33 which means that 33% of required tasks
have been completed. If we look at RPC alone, it raises the question of why has only a
percentage of the required tasks been executed. Has the team wrongly allocated capacity
or have the constraints for these tasks not been removed? Here, we can look at RCR. Since
RCR vyielded a value different than one, this means that part of the allocation of resources
went to completing tasks that were not required. Thus, from these two metrics, last
planners can assess if they are adequately allocating their resources to made ready tasks.

4.2.3 WD and WDR

WD=3-2=1, WDR = (3—2)/3 =0.33
In this sample calculation, WD yielded a positive value, which indicates that the team
has over committed, thus overloading the available resources (WD=>0, which means that
WWP>Total Executed). Furthermore, notice that WDR is less than 1. This metric can be
used for comparison across weeks and across projects.

5 CONCLUSION

The need for proper and reliable planning is essential for project success. Capacity
planning has received good attention in the construction community but few metrics exist
to assess its performance. The new metrics introduced in this paper will help in informing
planners and last planners about the status of load vs. capacity, the matching between the
two, and the reliability of capacity planning on a project.

Six metrics related to capacity planning, to be calculated on a weekly basis, were
introduced in this study. The CLR (capacity to load ratio) measures the capacity available
(tasks actually completed) versus the chosen load (tasks committed to be completed that
week); the CLR man-hrs is the same as the previous metric except that it measures man-
hours (i.e. man-hours actually expended vs. man-hours required to complete the
committed tasks). The third metric is RCR which gives the planners an indication of how
many tasks were required out of all those executed this week, and the fourth metric is RPC
which depicts the percentage of required tasks completed this week. The last two metrics
are WD which is deviation from the WWP, and WDR which is the normalized version of
the WD (for comparison across multiple weeks and/or across different projects).

Further research on this topic and the testing of these metrics to prove their reliability
in attempting to visualize the problem of capacity planning, is required. The authors are
in the process of applying these metrics on actual projects to assess their utility and
highlight major issues in capacity planning.
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