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Construction planning is one of the most important factors to project management 

and project controls in construction. A construction project cannot begin without first 

developing a plan that outlines the sequence of events to occur to complete the project 

by a particular date. This plan must be well thought-out and based on experience and/or 

historical information in order to accurately depict a project’s duration and process 

before it begins. 

Despite the importance of planning and scheduling, effective and diverse methods 

to planning and scheduling are limited. Currently most construction scheduling is done 

utilizing bar charts through heuristic scheduling software that also implements Critical 

Path Method techniques, but this is not always the most effective means of presenting 

information and can get incredibly complicated based on the type of work being 

performed and the number of activities and level of detail required. Further research in 

modeling construction processes would benefit the industry by providing additional 

means of evaluating and communicating the construction plan and schedule. 
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This research proposes a new, hierarchical constraint-based approach to 

modeling (HCM) that has been under development by Dr. Ian Flood at the University of 

Florida’s Rinker School of Building Construction in the last couple years. It is, in effect, a 

hybrid of CPM techniques and linear scheduling with further advancement that allows 

more flexibility that is not available with CPM or linear scheduling. While HCM is a new 

method in early development stages, this research provides preliminary insight to how 

to set up a hierarchical constraint-based model, potential benefits, and suggestions for 

future research. 
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CHAPTER 1 
INTRODUCTION 

Motivation for Research 

Construction planning and scheduling is a required component to every 

construction project. Before a project can be built, a plan or schedule must be 

developed and therefore continuous research on improved methods of planning benefit 

the entire industry. 

Construction planning is also a very time consuming process. Rarely does a 

construction project ever go exactly according to plan, and in order to maintain accurate 

reports the schedule must be updated frequently. Changes and delays are inherent in 

construction and the schedule requires frequent scrutiny and analysis to adapt to these 

changes, particularly when there is an immovable or strict deadline for project 

completion. 

As construction planning is such a time consuming process, computer software is 

incredibly helpful as it can perform many of the required calculations for the user and is 

much quicker to display changes and additional information than by hand. However, 

there are limited software options to date that are designed for scheduling. While there 

are software options available for several types of planning methods, the Critical Path 

Method (CPM) seems to be the most typical in construction as it is simple in nature and 

is relatively easy to follow. 

Although scheduling software exists and there are several widely used methods of 

planning, new methods should always be considered. Construction projects will always 

have deadlines, which are often based on preliminary plans, and rarely does anyone 

want to push a schedule out as activities fall behind. Time delays are often 
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accompanied by heavy cost impacts and other resource implications, so an accurate 

schedule is a key component to a project. Sometimes viewing a construction plan in 

varying formats could aid in identifying time-saving methods and cost-saving methods. 

The student author of this research was offered an internship position in 

construction and engineering planning as a result of this education and wanted to 

conduct thesis research pertaining to that particular type of position in order to serve a 

dual-purpose. The extensive daily exposure to and involvement with planning and 

scheduling aided the author immensely in gathering research and providing analysis. 

This research was conducted in an effort to further the pursuit of planning and 

scheduling development and encourage additional insight to more effective methods of 

planning. The main goal was to identify a means of planning that was simple enough to 

learn and understand while also providing a visual appeal to a construction plan. 

Flexibility is also a key component and the new proposed method to scheduling by Dr. 

Flood is aimed to allow for flexibility, while also presenting a visual format to the 

schedule that is still relatively simple to use and develop. Flexibility is implied in being 

able to compare numerous resource uses throughout the project as well as providing a 

more visual approach to what-if circumstances. What-if circumstances occur when the 

user is interested in finding out what would happen to the project if a certain resource 

was modified or added, or basically when any potential change to the construction 

schedule would occur.  

For being such a critical component of the construction process, 

planning/scheduling seems to be somewhat neglected in terms of extended research 

and is quite limited in available methods. Providing the industry, and potentially other 
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industries that rely on planning, with a new, flexible, visual method to scheduling and 

planning projects could save time, as well as change the way planners think to schedule 

projects. 

Research Objectives  

The primary goal of this research is to introduce a new graphical approach to 

modeling in a hierarchical constraint-based format. Planning is an essential portion of 

construction and manufacturing but little research or development on methods exists at 

this point. This new approach provides a visual insight to critical path planning while 

giving the user flexibility in how he or she chooses to model or develop the plan. The 

goal of this research is to present the new method while also providing case study 

examples that demonstrate its use and benefits to the user. 

In addition to introducing the hierarchical constraint-based approach, this research 

seeks to demonstrate flexibility in scheduling and portraying “what-if” scenarios with 

ease and understanding. Also, demonstrating the flexibility of the layout development 

and work units is addressed. 

Finally, another goal of this research is to provide construction planners with a new 

form of visual modeling beyond the limitations of linear scheduling while providing the 

user with the opportunity to show varying levels of detail and a variety of project types.  

In summary, the goal of this research is to portray the effectiveness of using the 

hierarchical constraint-based approach to provide a graphical display of the Critical Path 

Method. 
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Literature Review 

Critical Path Method 

Basis 

The Critical Path Method (CPM) is often considered the most important network 

modeling technique in the construction industry (Hinze 2004). In CPM-based 

scheduling, activities are connected in a network and each activity is assigned a 

duration. For the purpose of this research, a general overview and discussion of the 

Critical Path Method will be presented, but specific instruction as to how to develop a 

CPM schedule will not be included.  

The term “CPM bar chart” (or the inverse, “bar chart CPM”) that is used throughout 

this research refers to heuristic scheduling software such as Primavera P6® or 

Microsoft Project Planner that displays the planning information in bar chart format, 

calculating the critical path as the schedule is developed. These types of software are 

typically used in commercial project management and are based on critical path 

analysis (Castro-Lacouture 2009). A more detailed explanation of bar charts is included 

later in this chapter. 

In order to develop a CPM-based schedule at the outset of a project, the particular 

activities that will monitor and accomplish the work must be identified and defined in a 

logical sequence early on (Galloway 2006). Additional detail can be developed later, but 

these activities essentially establish the critical path of the project. The additional detail 

is there for reference or status purpose; however, if durations, lags, and/or constraints 

are modified throughout the project’s progress, the critical path may change. This is why 

it is imperative to update a CPM-based schedule on a frequent basis if the user is using 
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this to evaluate project progress. The purpose of the Critical Path Method is to 

determine the shortest duration in which the project can be completed (Galloway 2006). 

In A Comparative Study of University Courses on Critical Path Method-Scheduling, 

Galloway emphasizes the variation in description of the Critical Path Method and delay 

analysis across the construction industry (2006). While the basics of the Critical Path 

Method seem to be adhered to and understood by all, the discrepancy seems to stem 

from determining what the requirements are for developing a CPM analysis and in what 

form(s) it may be presented. According to Galloway’s more than 20 years of experience 

in infrastructure construction management, “…the methods and techniques of CPM 

scheduling vary widely on any construction site” (2006). 

Benefits 

“While the CPM calculations are simple and straightforward, CPM-based 

scheduling is a challenging process” (Hegazy et al. 2010). Although challenging, when 

executed correctly at the outset, the CPM process throughout the project’s progression 

becomes significantly easier in terms of analysis. The Critical Path Method is useful in 

evaluating what-if situations, or situations where the user wishes to see how change 

might impact the project, but these are only successful if the CPM model is developed 

correctly with the appropriate relationships at the outset. This initial set-up is challenging 

and requires the user to have a thorough understanding of the construction process and 

sequence at hand. CPM can also be used to determine potential methods to shortening 

the project’s duration by allowing for the continuous evaluation of the project’s progress 

based on this initially developed CPM model (Galloway 2006).  
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Drawbacks 

The Critical Path Method is calculated using an algorithm that cannot account for 

resource limits or project deadlines. While resource leveling and time-cost trade-off 

analysis can be used to mitigate this complication, a resulting issue is that this may 

create conflicting solutions – a solution to one constraint may interfere with a solution to 

another (Hegazy et al. 2010).  

Resource constraints may have a significant impact on the project schedule and 

are not typically accounted for in the Critical Path Method (Castro-Lacouture 2009). 

Heuristic scheduling software, particularly the more advanced versions, is designed to 

allow the user to assign resources to projects and aid in controlling them, but this is 

difficult to ascertain in bar chart format and can overly-complicate the schedule 

development in these programs.  

Although extremely helpful to the user in terms of CPM calculations and displays, 

an issue with heuristic scheduling software is the inability or difficulty in handling 

information within a schedule assigned to multiple calendars, which has led to incorrect 

date calculations (Kim et al. 2005). If the software requires a constant double-check of 

date calculations, the efficiency factor of using it decreases significantly. 

Bar charts 

Perhaps the most familiar method of scheduling, particularly in construction, is the 

bar chart. This is likely due to its simple nature; it represents schedule activity detail in a 

graphical manner that is easy for the viewer to comprehend. As mentioned above, the 

primary reference to bar charts throughout this research is to bar charts generated by 

CPM heuristic software such as Primavera P6®; however, a general background of bar 

charts is provided as well. 
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The bar chart was invented by Henry Gantt in 1917, which is why the bar chart is 

also referred to as a Gantt chart. In this method, the schedule developer may connect a 

series of activities with a time scale by representing the activities as a horizontal bar that 

stretches across vertical time increments (Hinze 2004).  

A user can easily determine the sequencing of activities and the start and finish 

dates of each almost instantly upon evaluating a bar chart. This simple advantage is 

why bar charts are the most commonly used scheduling method today – they present 

information quickly and in a logically organized fashion. In addition, bar charts can 

display the current date or “status” date of the schedule and demonstrate activity 

progress easily, which is helpful when taking a cursory glance at a schedule to 

determine project status (Hinze 2004). 

One major drawback to using bar charts is that, despite their simplicity, they lose 

their value as projects become more complicated and activities become more 

integrated. For instance, as there are more activities included that are co-dependent or 

occur simultaneously, their relationships are more difficult to deduce from the bar chart. 

One means of combating this disadvantage is to use logic tie arrows that indicate the 

relationship of one activity to another. Again, however, as the project becomes more 

complex, these arrows start to interfere with one another and it is difficult to determine 

which arrow came from which activity and how it leads to another activity. If the user 

wanted to develop the precedence diagram more information would be required than is 

typically shown in a bar chart, or logic ties in the bar chart would need to be clearly 

identified (Hinze 2004). 
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Another issue that arises from using bar charts for complex projects is determining 

project status. When the schedule is a simple, logical flow of one activity to another, 

project status can be determined by the progress of the first incomplete activity. In 

complex projects, where several activities occur simultaneously, each of those activities 

requires a status update, and the individual progress of those activities cannot 

determine the overall project progress status – unless they are all on-schedule, or 

delayed at the same point in the project (Hinze 2004). 

Fortunately scheduling software exists that can logically present bar charts in an 

easy-to-ascertain fashion. These software applications can also simply convert a bar 

chart to a precedence diagram back and forth and are easy to update. They also display 

logic ties in the form of arrow link lines and allow the user to group, sort, and place 

activities in whatever order the user chooses – the placement can be manipulated easily 

to suit the needs of the user. 

Linear Scheduling Method 

Background 

The Linear Scheduling Method (LSM) is less-familiar than the Critical Path 

Method. The basic function of LSM is to provide a graphic display of resource allocation 

that is represented across a time-space interaction while also providing CPM-type 

calculations (Yamín et al. 2001). While LSM is really an extension of linear scheduling, 

the terms LSM and linear scheduling are often used interchangeably. In this research, 

since the focus is really to compare bar charts and linear schedules to a newly 

proposed method of modeling, and all three integrate the use of CPM-type calculations, 

the use of the term “linear scheduling” will technically refer to LSM as well. 
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 LSM is also referred to as the vertical production method, time-space scheduling 

method, and repetitive-unit construction (Hinze 2004). The latter descriptive title – 

repetitive-unit construction – indicates the types of projects that the Linear Scheduling 

Method was designed to represent (repetitive projects). Repetitive projects can be 

classified in two categories – projects with activities that represent a consistent unit 

(modular houses, high-rise buildings), and projects with activities that are repetitive 

based on a linear geometric layout (pipelines, roadways) (Kallantzis 2007). LSM 

supposedly stems from the line of balance (LOB) approach to manufacturing, although 

the specific background development is unclear (Hinze 2004).  

Three steps to developing a linear schedule 

There are three basic steps required to develop a linear schedule: 1. Identify 

activities; 2. Estimate activity production rates; and 3. Develop activity sequence (Hinze 

2004). 

The reason linear scheduling is typically only applied to repetitive projects is 

because of the second step – estimate activity production rates. Production rates are 

difficult to establish on projects that are not repetitive as there is not necessarily an 

established foundation to the development of the rate and thus the user could be 

entirely inaccurate. Hinze states that, in order for a linear schedule to be successful for 

the project, most of the activities should have the ability to be grouped as a family of 

repetitive and similar-to-identical tasks (2004).  

In linear schedules, the activity is represented by a line in a space that has time 

represented along the horizontal axis and the vertical axis typically represented by a 

distance or area of sorts. The slope of the line represents the production rate.  
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A benefit to these schedules is that the user does not need to be concerned with 

early starts or late starts to the project; rather, LSM typically represents an expected 

schedule because of the precision associated with using production rates (Hinze 2004). 

A linear schedule is really both a deterministic and probabilistic approach as time 

buffers visible in the schedule indicates that, while production rates are fairly stable, 

they do not have perfect accuracy, and perfectly straight lines are also not a legitimate 

representation of production, typically attributed to human error (Hinze 2004).  

The time buffer, or horizontal distance between two activities in LSM represents 

free float between activities. An interesting attribute of linear scheduling with respect to 

free float is that free float between two activities may, and often does, vary as one 

moves up the vertical axis (typically distance). This is due to varying production rates 

between activities; the variation of the slopes results in the variation of free float as the 

user continues up the vertical axis.  

While the horizontal distance or gap between two activities represents the free 

float between those activities, the vertical gap between two activities represents the 

physical space between those two activities. A vertical line drawn from any time chosen 

along the horizontal axis will intersect all activities scheduled to occur at this time (Hinze 

2004). This is also the case in a bar chart schedule. In the linear schedule, however, the 

line slope variations between activities allow the user to visualize that, while ample free 

float may exist at that point in time between two activities, converging sloped lines may 

not allow for the later activity to begin sooner (Hinze 2004). This is one of the significant 

advantages to having the graphic representation of a linear schedule. 
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Linear schedules are simple graphic schedules and thus offer the benefit of 

proposing quick visual insight as to how to reduce project or activity duration. Linear 

schedules make it easy to display how adding additional crews or switching to overtime 

will impact the schedule. 

Benefits and drawbacks to LSM 

The primary benefit to using linear schedules is that they are simple but highly 

visual representations of the schedule. They allow the user to view the schedule in a 

time-space continuum that makes it significantly easier to determine methods of 

reducing overall project or activity duration by adding crews, working overtime, etc. It is 

easy to convey these methods to other users in a quick manner. 

The main drawback to linear schedules is that they really only work effectively on 

linear repetitive projects. Even in projects where, despite being linear, two activities 

could technically occur at the same point on that linear continuum at the same time, this 

cannot be properly portrayed or considered in a linear schedule (Yamín 2001). For 

instance, every linear project also has a width to the length of that line. Depending on 

the activities, two events could occur on the same length point but are far enough apart 

on the width to occur together. This cannot be accurately represented in a linear 

schedule. When there are multiple dimensions involved, linear scheduling is less 

effective. LSM is also not as thoroughly developed and supported in the industry as 

CPM is. 
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CHAPTER 2 
HIERARCHICAL CONSTRAINT-BASED GRAPHICAL APPROACH TO MODELING 

(HCM) CONSTRUCTION PROCESSES 

The new proposed hierarchical constraint-based approach to modeling (HCM) is a 

graphical approach proposed initially by Dr. Ian Flood at the University of Florida. It is 

intended to present a flexible visual format representing CPM simplicity, linear 

scheduling, and the versatility of simulation. A goal of this new approach is to improve 

the evaluator’s understanding of the organization and behavior of the system. The 

hierarchy and interaction involved in developing this model are intended to help achieve 

this goal (Flood 2009). 

In order to best understand the development of the hierarchical constraint-based 

modeling approach, an explanation of the primarily elements and their functions is 

required. 

Primary Elements of the Proposed New Modeling Approach 

There are three primary elements to the hierarchical constraint-based approach to 

modeling, which include resource space, work units, and constraints and objectives 

(Flood 2009). 

Resource Space 

The various resources that impact construction process need to be represented in 

some type of environment. The resource space is this environment, in which the 

construction process model exists. While many graphical displays maintain a horizontal 

or “x-axis” resource of time and a vertical or “y-axis” representation of some other 

identified resource, the new modeling approach is flexible with axis representation and 

allows for the developer to select resources most pertinent to the evaluation of the 

construction process. Each axis, or dimension, of the resource space represents a 
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resource that is used in the construction process being modeled, such as time, money, 

distance, or area, or may even be more specific such as heavy equipment, special 

skilled labor, or certain materials required.  

While the developer has the flexibility to select any applicable resources when 

creating this hierarchical model, the most effective resources are those that require 

monitoring of their use or those that may directly impact the performance of the 

construction process. These are resources that provide a good measurement of the 

construction process performance. These dimensions must operate orthogonally, in that 

they cannot intersect with one another at any given point in the model (Flood 2009).  

Work Units 

The work units reside within the resource space. While the resources represent 

the dimensions or axes of the model, the work units are the individual items of work 

within the construction project. Work units are represented within each dimension, or 

within subsets of each dimensions. The HCM model is flexible with work units in that the 

work units can be represented on a high level or a lower, more detailed level. A high 

level representation might refer to the overall structural system, whereas the detailed 

level may refer to more specific activities like forming, concrete placement, and curing. 

Intermediate levels of detail may also be used based on what the developer is intending 

to portray in the model (Flood 2009). The level of detail represented by the work units 

will also directly correlate to the complexity the developer wishes to examine. 

As this model has not yet fully been developed or integrated, it is important to note 

that work units can effectively take any shape and exist across multiple dimensions. As 

this paper seeks to provide a specific detailed analysis of two comparable cases, 
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however, the format of work units within this research will only be portrayed by 

rectangular shapes across two dimensions. 

The work units should only represent each item of work once, and collectively 

should represent an entire area of interest. For instance, if the developer chooses to 

represent the structural system of the building on a more detailed level, the activities of 

forming, concrete placement, and curing should each be represented only once per set 

– there should be no re-use of the same forming, concrete placement, or curing activity. 

In addition, if there are other activities that make up that set of the structural system, 

they must be included, as the group of these activities needs to represent the entire 

structural system.  

Constraints and Objectives 

Constraints within HCM are similar to constraints within other modeling 

techniques. A typical example of a constraint is easily displayed within linear 

scheduling, where a crew must maintain a certain distance behind another activity crew 

for safety or functional purposes. While in LSM this type of constraint would be 

represented by a vertical axis gap between the lineal representation of each activity, in 

HCM it is the distance between or location of the edges of the work unit shapes (for the 

purposes of this paper, the shape is always a two-dimensional rectangle). Essentially 

the relationships between the work units and the resource space are defined by the 

constraints within the construction process, and constraints may be any functional 

relationship between work units and/or resource space (Flood 2009). 

Other constraints that may not be as easily represented in LSM but are frequent in 

construction include an instance where a resource cannot be used faster than it 

becomes available (e.g. on-site use of the resource does not occur faster than it can be 



 

25 

delivered to the site) or minimizing idol time. In addition, the length of one side of the 

rectangle may be a function of the length of the other side of a rectangle (e.g. the rate at 

which CMU blocks are placed is broken down into smaller time periods or representing 

a larger number of blocks) (Flood 2009).  

Objectives are identified as a separate item, although technically are considered 

constraints. Objectives are a higher-level form of constraint, such as minimizing costs, 

maximizing profits, or completing the construction project by a certain deadline. These 

objectives are specific to the individual study represented by HCM. An objective can 

only apply to HCM provided its related resource spaces, work units, and constraints are 

demonstrated within hierarchical constraint-based approach model that is developed. 

That is, if the objective is to minimize costs, cost must be a resource dimension 

represented in that particular HCM model. 

Additional Notes Applicable to HCM 

It is plausible that work units may be subdivided into smaller component work units 

(Flood 2009). In the example mentioned previously regarding the breakdown of the 

overall structural system activity into more specific activities, such as forming, concrete 

placement, and curing, these activities could be subset activities nested within the 

overall work unit of the structural system. Or, if the developer wanted to do an HCM 

analysis on the structural system as a whole, and the project was a high-rise structural 

concrete building, the work units could be each level of the building and the subunits 

would be those individual forming, concrete placement, and curing activities within each 

level. The flexibility of the HCM model allows the developer to portray the information to 

whatever level of detail is most optimal for achieving the objective. Additionally this 
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makes the model easier to interpret, minimizes errors in the development of the model, 

and requires less work in updating the model or defining it (Flood 2009). 

An important feature of the hierarchical constraint-based approach to modeling is 

that it is interactive in development, i.e. all constraints must be resolved and addressed, 

and it must be continuously updated as new work units or constraints are added. This is 

critical as it will aid the user in visualizing impacts of any changes considered; otherwise 

the tool is rendered useless. In addition, in this form of modeling, it is possible for work 

units to move in any direction within the resource space without violating constraints.  

(Flood 2009).  

HCM allows the user to visualize how the model’s performance is dependent on 

the model’s structure, as it is presented as a graph or plot of the work units within at 

least two dimensions of the resource space (in this paper, only two resource space 

dimensions will be examined). The visual appeal of HCM may suggest to the user more 

optimal solutions that may not be visible in linear scheduling or CPM, as well as the 

consequences of changing certain parameters within the model. Work progress is 

therefore visible within the model’s functional structure. Float is a concept within the 

Critical Path Method which is often used to examine the flexibility of the schedule. In 

CPM scheduling, free float is the extent to which an activity can slide to the right (a later 

time in the schedule) without impacting its succeeding activities. Total float is the extent 

an activity or activities can shift to the right without impacting the total project duration. 

In HCM, free float could actually be expressed beyond the resource of time, i.e. free 

float could be measured by the ability to move between any two work units without 

impacting the other (Flood 2009). The Critical Path Method only represents float in the 
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form of time; the hierarchical constraint-based approach can represent movement of 

any two work units across any resource dimension – something that is unique to this 

new approach. 
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CHAPTER 3 
METHODOLOGY  

As the hierarchical constraint-based approach to modeling is a relatively new and 

undeveloped technique, the best method to introducing it and describing its versatility 

and function is through means of case studies.  

In this case, two case studies were selected. The project first case study, the 

structural concrete construction of a mid-rise building in Central Florida, was inherited 

from existing academic research. This serves as a continued evaluation of that project, 

however on a different level as the previous research was not in reference to HCM. The 

second case study is of themed rockwork installation at a construction site. The existing 

schedules for both studies were in CPM bar chart format. The term CPM is used as 

scheduling software that applies CPM techniques when developing bar charts was used 

in both instances. 

The first case study, referred to as the mid-rise building for simplicity purposes, is 

a detailed schedule that shows a very low-level of construction detail. These activities 

each occur over a short duration. The second case study, referred to as rockwork 

installation, is a higher-level schedule of construction detail. These activities each occur 

over an extended duration, and probably have more thorough schedule detail in concept 

but not necessarily worth displaying in bar chart format. 

The goal of the case studies was to first provide a comparison between each 

project’s CPM bar chart schedule and the HCM approach applied to it. The HCM had to 

be developed manually for each instance and was a time-consuming process, as no 

scheduling software for this new method has yet been developed. The second part of 

the goal was to provide a comparison between each case study’s HCM approach.  
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CHAPTER 4 
CASE STUDY #1: MID-RISE BUILDING STRUCTURAL CONCRETE 

Introduction 

The first case study refers to a mid-rise structural concrete building that was built 

in Central Florida. The particular schedule obtained for analysis was a bar chart CPM 

schedule of the structural concrete subcontractor. 

Before providing an analysis and comparison of both the bar chart CPM schedule 

and the proposed hierarchical constraint-based approach to this project, a brief 

description of the project is required. This project was obtained as a continuation of 

research conducted by a fellow Rinker School of Building Construction Student. All 

specific information regarding the project as well as the original bar chart schedule were 

obtained from this student’s existing un-published research.  

For confidentiality purposes, the name and detailed information regarding the 

concrete subcontractor and specific building under examination will not be provided. 

This concrete subcontractor will be referred to as Subcontractor A throughout the paper 

for purposes of this investigation. 

Subcontractor A is a structural concrete subcontractor located in Central Florida. 

The mid-rise building being evaluated in this research was built between 2005 and 

2006, and is a 14-level concrete mid-rise shell structure. The design and function of the 

building was for a multi-family residential tower. This tower contains two levels of 

parking, a lobby, eight typical condominium floors, one penthouse level, one low roof, 

and one high roof.  
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Mid-Rise Building – Bar Chart CPM Format  

The schedule for this project is highly repetitive, which typically would be ideal for 

linear scheduling. However, since the focus of this research is to simply compare 

common bar chart CPM schedules to the new HCM approach, a linear scheduling 

analysis will not be provided. The general breakdown of the schedule is into 13 of the 

14 levels; the first level is skipped for analysis and levels 13 and 14 represent the roof 

and the mid-roof levels. Each level is broken down into two overall Pour sections, 

referred to as Pour 1 and Pour 2. Each of these overall pour activities is broken down 

into five definitive activities – form, RMEP (reinforce mechanical, electrical, and 

plumbing, rough-in), pour, cure and stress, and vertical. The durations of the activities 

are broken down by a rate of square feet per day, based on the form resources. 

Therefore one can determine that the activity of “form” is the critical path activity within 

the schedule. 

While all 13 levels were scheduled in bar chart format and were also included in 

the hierarchical constraint-based approach analysis, it is not necessary to examine all 

parts of this schedule. For the sake of this research and having a more approachable 

schedule system to compare across these methods, only levels 7, 8, and 9 will be 

reviewed. Please consult Appendix A, pages 4-5 for reference to the bar chart 

pertaining to levels 7-9 that will be discussed in the following analysis. 

Each of these three levels includes 13,125 square feet of structural concrete. The 

critical path “form” activity for each pour within each level (two pours per level) 

completes at a rate of 2,187 square feet of concrete per day. A reviewer can determine 

that the “form” activity is the constraining activity, as well as the critical path activity as 

the succeeding form activity does not begin until after the preceding form activity is 
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complete (and, with the technologies of bar chart software, the critical path activities are 

represented by red bars). While the other four activities within each overall Pour are 

sequential successors to the form activity, they do not govern the project duration. 

Hierarchical Constraint-Based Approach Format  

The newly proposed hierarchical constraint-based approach to modeling provides 

a more visual insight to the mid-rise building’s construction process. Figure 4-1 

demonstrates the structural concrete CPM bar chart schedule applied in HCM format.  

 

Figure 4-1. Levels 7-9 structural concrete activities expressed in HCM format. 

In this case study, there are two resources defining the dimensions of the resource 

space: the first, along the horizontal axis, is the square footage of the concrete (the 

furthest right point represents the total square footage of structural concrete); the 

second, along the vertical axis, is time in work days. The work units are broken down 

into two overall Pours per level. There is a Pour 1 and Pour 2 activity for every level 

except for the two rooftop levels. The sub-work-units are the detailed activities that 
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make up each overall Pour activity – within each overall Pour are sub-work-units of 

form, RMEP, pour, cure and stress, and vertical. The basis of this project as defined by 

the CPM as-built schedule indicates that the constraints are really just the critical path 

activities of the project (in the CPM analysis and figure 4-1, this is the “form” activity). 

The objective then is to reduce the overall duration of the structural concrete installation 

in-field. 

As is discussed earlier in the research, one helpful feature of the HCM approach is 

its flexibility in representing various levels of detail. This construction process – the 

concrete structural development of a building – is one of the more detailed schedules. 

As the structural concrete is just one subcontract of many involved in completing the 

building, and it is broken down into specific components by level, then by two group 

activities (Pours) per level, then the four Pour activities per Pour, per level, it serves as 

an example of taking low-level schedules and applying HCM. Another means of 

determining that it is considered a low-level schedule (in terms of schedule detail) is by 

the brevity of the durations of each activity. In this schedule, each activity is less than 

five days, other than overall grouping summary bars or summary activities.  

Figure 4-1 was developed by taking the CPM dates, durations, and logic ties and 

applying them to the HCM approach. One could interpret that the “form” activity is the 

critical path activity by noticing that the corners of each “form” activity line up all along 

the way. There is no vertical nor horizontal gap between the “form” activities, meaning 

any constraints pertaining to this system were resolved. It could also be determined that 

these constraints were resolved in the bar chart model as well by noting that the 
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succeeding “form” activity starts the first work day after the preceding “form” activity 

(although it is three days later in the case of weekends). 

As flexibility and visibility are the primary benefits of using the hierarchical 

constraint-based approach, this case is an excellent example. If the user wanted to 

evaluate a what-if situation, this example would work well. For instance, perhaps it was 

determined by Subcontractor A that the succeeding “form” activities could actually follow 

the preceding “form” activities by means of a start-to-start (SS) relationship with a lag, 

the critical path would change (provided all durations and the productivity rates 

remained the same). If this were the case, perhaps the next likely critical path activity is 

the “pour” activity. This all depends on resources available and site constraints, but this 

model makes it easy to visualize the impacts of changing the number of shifts, shift 

durations, work crews, etc. 

For the purpose of demonstration, say that Subcontractor A concluded that it has 

enough resources to overlap the “form” activities, and that the “RMEP” activities have 

plenty of resources. Say the user concludes the limited resource usage is on the “pour” 

activity, which is demonstrated in Figure 4-2. If this were true, the user could use this 

method to conclude that this is a much more efficient means of placing the concrete. 

The current format of the CPM schedule applied directly with corresponding dates and 

durations to the HCM approach model uses 25 work days for the concrete structural 

completion of all three levels. With this what-if analysis of determining that the “pour” 

activity is the project’s critical activity, the overall duration of these three levels in only 

15 work days. This indicates that it is possible to reduce the overall duration of levels 7-

9 by 50% - a very high number. 
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Figure 4-2. The mid-rise building structural concrete in HCM form, modified to reflect 
“pour” as the constraining activity. 

Resolutions Regarding HCM with Case Study #1  

The potential for this HCM method is infinite. The user could even use this method 

to change the critical activity throughout levels. Perhaps the user concludes that the 

critical activity for levels 2 and 3 is the formwork, since these maintain the largest area 

of all levels, while the critical activity for levels 4-11 is the “pour” activity, and then that 

the critical activity for the remaining, smaller levels is the “cure and stress” activity. The 

user could then make those applications and find the best, most-diverse critical path 

with the easiest visual insight to logic ties.  

An issue that may arise from the Critical Path Method utilized in the bar chart for 

this project is the number of logic ties and how they might change. It is crucial in a 

project to make sure every activity is logically tied to any activity that may directly impact 

it; however, these need to constantly be updated as the construction logic may easily 

change through the progress of the project.  

On the opposite end, perhaps it’s deemed necessary to provide additional 

constraints on the project. Maybe the “cure and stress” activity needs to last seven days 
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before the crew(s) can start work on the next overall Pour activity. This provides a more 

abstract view into possible conflicts in the schedule. 

Overall, utilizing the HCM approach to this highly repetitive process is extremely 

helpful. Particularly in a situation like this where the objective is to reduce overall time, 

this approach allows the user to easily visualize the what-if and see instant impacts in 

duration as adjustments are made. While this works to the contrary (as in, delays in the 

project), it is a helpful tool for visualizing or demonstrating to outside parties the 

schedule impacts that may take place. 
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CHAPTER 5 

CASE STUDY #2: THEMED ROCKWORK INSTALLATION  

Introduction 

The second case study is a unique type of project classified in construction for the 

entertainment industry. The project is the themed rockwork installation for a theme park 

attraction. For confidentiality purposes, the particular attraction and location will remain 

undisclosed, but enough information will be presented to provide the reader with an 

understanding of the project and how the various scheduling methods may be applied. 

This particular rockwork installation was divided into three zones, referred to as 

Sub Zone 1, Sub Zone 2, and Sub Zone 3. There are several methods to installing 

themed rockwork, and the method selected for this project was the “chip” method. The 

chip method of rockwork construction involves breaking down the overall rockwork 

segments into smaller pieces, or “chips,” of rebar mesh shapes that are fabricated in a 

shop and then shipped to the site. On-site, the chips are installed in segments (in this 

case, by sub zone) and the supporting concrete is sprayed on the mesh chips. As the 

concrete is curing, the rockwork shapes are carved in detail. One the concrete has 

cured, the painting begins. 

 Rockwork construction and installation is unique in that it is a combination of 

construction and art – it is a specialty contractor. For this type of project, special 

painters outside of specialty theming contractors were used to provide themed painting 

and coloring of the rockwork chips. As a result, the activities in this case study are 

higher-level as the rate at which the sub-components of the construction and installation 

process will vary and therefore could not be accurately represented in smaller time 



 

37 

components. In addition, the rebar chip segment fabrication is not included as this 

activity is done in a shop and is not part of the field construction activity. 

This portion of the project contained a combined total of 32,500 square feet of 

rockwork. The three sub zone activities each contained three construction activities – 

chips, plaster, and paint.  

Themed Rockwork Installation – Bar Chart CPM Format  

As mentioned previously, the schedule for this themed rockwork installation and 

construction is very high-level. The total duration for the three sub zones was 117 work 

days. The complete bar chart schedule for the themed rockwork installation can be 

viewed in Appendix B for reference to this portion of the analysis. 

This schedule is very interesting in that it appears several different methods to 

planning the rockwork activities were used. Sub Zone 1, which began first, follows 

finish-to-start (FS) logic ties between all three activities chips, plaster, and paint, in 

chronological order. Sub Zones 2 and 3 however have overlap between their chips, 

plaster, and paint activities. Several explanations pertaining to this are that there was a 

learning curve associated with the activities, resource supply/demand changed, or an 

accelerated schedule was required and resources were adjusted accordingly. 

By viewing the bar chart schedule, it initially appears that the chips activity is a 

limiting resource schedule-driver. That is, the reader may ascertain that the chips 

activity for Sub Zone 2 does not begin until immediately after the completion of the chips 

activity for Sub Zone 1. Further analysis, however, would indicate that the Sub Zone 3 

chips activity occurs concurrently with the Sub Zone 2 chips activity, with a one week 

lag and slightly shorter duration (52 work days for Sub Zone 3 as opposed to 54 work 
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days for Sub Zone 2). The shorter duration may be explained by the smaller area of 

rockwork. 

What is really interesting is that although Sub Zone 1 is the smallest area of 

rockwork – 7,500 square feet as opposed to 14,000 square feet for Sub Zone 2 and 

11,000 square feet for Sub Zone 3 – it has the longest duration. This again may be 

associated to the potential contributing factors listed previously – a learning curve, a 

change in resource supply, or an accelerated schedule with additional resources. Based 

on knowledge pertaining to the remainder of the project, the explanation is mostly 

attributed to an accelerated schedule. While it is not displayed, the rockwork schedule 

was driving the installation of some structural steel for other elements of the project.  

The critical path of the project therefore begins with the Sub Zone 1 chips activity, 

but then all of Sub Zone 2 makes up the remainder of the critical path. This is likely due 

to an inability to properly forecast the schedule durations for these activities. Once the 

process began and was taking longer than planned, the project team needed to work 

out a plan to complete all three zones by the required date to avoid impacting the 

succeeding steelwork installation activities, thus the resulting critical path. 

In all three sub zones, however, the paint activity cannot occur prior to the 

completion of the plaster. The reader might also infer from the schedule that none of the 

paint activities overlap with one another. This is due to a limited resource on skilled 

painters available to paint. The reader might also notice that the paint activities are 

consecutive to one another, with few to no gaps between. 

Hierarchical Constraint-Based Approach Format  

The hierarchical constraint-based approach is relatively simple when applied to 

this project as the activities are at a higher level of detail (as in, longer tasks with fewer 
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detailed or intricate tasks). The resource space is made up of the dimensions of time on 

the vertical axis and rockwork area (in square feet) on the horizontal axis. The primary 

work units are each of the three sub zones – Sub Zone 1, Sub Zone 2, and Sub Zone 3. 

within each sub zone and sub-work units of chips, plaster, and paint. These sub-work 

units are then further broken down to show the rate of completion. This is demonstrated 

in Figure 5-1. 

 

Figure 5-1. Visual of rockwork construction and installation activities presented in HCM  
format. Note that the figure is not to scale. 

The team who planned this project chose to execute the construction in a strategy 

of zone break down. This display makes it evident that Sub Zone 2 activities were on 

the critical path, following the completion of the chips activity in Sub Zone 1. It might 

also be prudent to switch Sub Zone 2 and Sub Zone 3 in their layout as it would more 

easily demonstrate paint as a constraining resource. This is demonstrated in Figure 5-2. 
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Figure 5-2. The HCM approach to rockwork installation, switching positions of Sub Zone 
2 and Sub Zone 3 and eliminating idle time. Note that the figure is not to 
scale.   

The flexibility of HCM allows the user to make these modifications with ease to 

provide different viewpoints on the construction plan. The format in Figure 5-2 makes 

the resource constraint of the paint sub-work unit clearer, as all three sub zones are 

stacked vertically and continue straight through along the horizontal square footage. 

This format also resolves the time constraints while eliminating the idle time between 

activities that do not require time constraints. This appears to reduce the overall 

duration to about 100 days, which is almost a full month shorter than the unresolved 

method from the CPM bar chart. The CPM bar chart format does not indicate the ability 

to reduce these durations. Putting the project in HCM format makes it easier to visualize 

constraints and idle time, allowing the user to easily resolve constraints and eliminate 

idle time while achieving a graphical image of the schedule. 

The user should also notice that there is idle time in Sub Zone 2 between the 

completion of plaster and the start of paint. Since the objective of this model is to reduce 
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the overall duration, but it is known that the same paint resources are used for all three 

zones and cannot be used concurrently or with overlap, it is not necessary to remove 

that idle time.  

The hierarchical constraint-based approach on this project also provides visibility 

to the fact that Sub Zone 1 is the only one of the three sub zones where the activities of 

chips and plaster do not overlap. This is easier to point out as the schedule being 

evaluated is an as-built schedule. The user could infer any number of reasons for this: 

the required completion date of the rockwork installation moved earlier during the 

construction process of Sub Zone 1; the scheduled durations were taking longer than 

the plan, and the completion deadline remained the same; additional resources were 

added to allow concurrent activities in Sub Zone 2 and Sub Zone 3, etc.  

Viewing the schedule in HCM format provides the user with an easier tool for 

analysis of how to modify durations. By viewing this layout, the user could determine 

that he or she needs to bring on additional resources to aid in rockwork painting, so 

painting can occur concurrently in multiple sub zones. Or, the user may choose to add 

additional resources to the chips and plaster activities from the start of Sub Zone 1, 

allowing the durations of those activities to be reduced and therefore reduce the overall 

rockwork installation duration. In addition, the user can see the gaps between work unit 

completions and could potentially reduce the overall project duration by beginning other 

activities early and resolving the false time “constraints” that appear. 

Resolutions Regarding HCM with Case Study #2  

The hierarchical constraint-based approach to modeling Case Study #2 proves to 

be incredibly helpful. HCM in this instance provides significantly more visual insight to 

the construction schedule that is available from the CPM bar chart. Idle time between 
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activities is visible without having to search for gaps in a bar chart schedule. The critical 

path is relatively easy to point out and constraints are clearly identified. The model is 

flexible so that the user may exercise several options to consider in “what-if” situations.  

Reorganizing the sub zones in the HCM approach so that the paint activities are 

chronological results in a quick identification of the paint constraint and the project’s 

critical path. This also allows the user to how the production rates (or 

construction/installation rates) of the repetitive activities varies across each of the three 

rockwork sub zones.  

The bar chart format for Case Study #2 seems difficult to read and interpret 

compared to the HCM model. For this example, identifying the project constraints and 

idle time is much tougher and more time consuming in the bar chart format than in the 

HCM model. In this HCM model, is it just as easy to identify the critical path as it is in 

bar chart format and is much more flexible for what-if situations. It also provides a better 

visual for a what-if scenario depending on whether the user wishes to add or remove 

resources or reorganize activities. 

For project schedules like those of this themed rockwork installation, the new 

proposed HCM approach could prove to be immensely helpful to the user. It allows the 

user the opportunity and flexibility to achieve the objective of reducing the project 

duration. More simply, this approach allows the user to view gaps in time in the process 

and changing patterns.  
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CHAPTER 6 
CONCLUSIONS AND SUGGESTIONS FOR FUTURE REASEARCH  

The newly proposed hierarchical constraint-based approach to planning is a 

flexible and useful tool when modeling various forms of construction processes. HCM 

provides a unique visual model that allows the user to evaluate the project across 

multiple resources and makes it easier to evaluate what-if situations and how those 

resources may be affected. 

A key objective of HCM is to provide visual insight to a project like linear 

scheduling, while also maintaining the simple aspects of a schedule like CPM bar 

charts. The Linear Scheduling Method is limited to repetitive activity projects that 

typically have a lineal construction path, but provides users with a visual of the project. 

HCM is designed to maintain that visual appeal but be more versatile in the types of 

projects that it can present. CPM bar charts provide users with a basic visual but are 

less helpful when trying to portray constraints and do what-if analyses.  

The purpose of the case studies was to examine two unrelated projects in their 

native schedule format – CPM bar chart – and apply the hierarchical constraint-based 

approach and compare. The first case study, the mid-rise structural concrete building, 

was very repetitive in its makeup. Applying HCM to this was helpful as it clearly 

demonstrates the construction process and allows the user to shift activities around to 

determine the most efficient use of time or other resources. The second case study 

really benefitted from the HCM approach. Applying HCM to the themed rockwork 

installation was very interesting, as it was made immediately apparent that the final 

activity to each work unit, paint, was the constraining resource. The painting of all three 

sub zones occurred one on top of the other with no idle time between. This allows the 
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user to determine that perhaps it would be best to bring on additional paint resources if 

necessary. The critical path also became clear with HCM. 

What was interesting about the second project was the addition of the sub-work 

unit boxes, which each represented one work day. Theoretically the lines should be 

relatively linear, but for the sake of presenting the model in a simple format, the 

manually placed boxes in a line are sufficient. When viewing the work units, it appeared 

there could be significantly more overlap in the activities. As themed rockwork is an art 

in addition to a construction/installation activity, however, simply adding additional 

resources is not easy and can be costly. Only in Sub Zone 3 does it appear that the 

activities are more stacked and have little idle time among them.  

Overall, these two case studies represented very different types of projects on 

different levels of detail. Both were scheduled in CPM bar chart format originally, and 

both benefitted from the use of HCM, even if just to provide an additional visual 

scheduling tool. 

Some limitations to the research and the hierarchical constraint-based approach to 

modeling include that it is time-consuming, no software exists for it yet, and it may not 

accurate represent resource usage rates. 

Depending on the complexity of the project being analyzed, the HCM approach 

can take a long time to develop. Each box has to be created and formatted and the 

small individual work units need to be lined up and stacked according to some type of 

system. There is no computer software yet to provide this simulation, so the process 

must be done manually and this may take more time than is worth in some instances. 

Also, in many cases, the sub-work unit rates area calculated and implied. For the 
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rockwork project, the rate was interpreted by dividing the square footage of the area by 

the number of work days it took to complete that sub-work unit. Especially for unique 

projects like themed rockwork installation, this rate could actually vary significantly 

throughout the completion of the task. Therefore it might not be an accurate 

representation if a user wanted to perform a what-if to shift all activities so the least 

amount of time is consumed.  

As this is a fairly new approach to modeling, further research would be extremely 

beneficial. Performing case studies using different resources would be a good method. 

Also, evaluating a model across a multi-dimensional resource space could prove very 

interesting. Researching software options for providing an electronic, automated use of 

the tool would also be helpful. 
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APPENDIX A 
MID-RISE BUILDING – BAR CHART SCHEDULE 
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APPENDIX B 
THEMED ROCKWORK INSTALLATION – BAR CHART SCHEDULE 
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