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Abstract 

Most building projects are scheduled using the Gantt/Precedence diagram. The lack of consideration of the 

sequence of work and traffic in the limited spaces of construction sites makes the resolution of conflicts 

more complex. Mathematical modeling and optimization techniques have been used to solve these 

problems. However, these solutions are less viable for application in real projects. There are too many 

parameters to be considered or processed with reasonable efforts and time. This paper presents an 

explanation of a repetitive spatiotemporal modeling solution and makes a clear distinction between these 

two different methods, namely, the linear and the repetitive methods. Linear methods are designed to 

graphically schedule a limited amount of activities in parallel to ensure continuity of resource use and 

support a stable and optimized production. Methods that are well-suited for planning linear projects as 

Roads, highways, railways, tunnels and pipelines. Repetitive models are more adapted to schedule building 

projects. For these projects, repeated tasks are assigned from unit to unit or from floor to floor. The paper 

also shows examples of modeling horizontal and vertical repetitive project.  
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1. Linear Projects 

Linear methods are timeline diagram with two axes, time and space, that represent the movement of 

different teamwork through chaining. At any time, this method can visually define the location and 

spatiotemporal evolution of each resource on the project. This facilitates the visual optimization of the 

project and avoids conflicts or planning errors.  

Linear methods are designed to ensure continuity of resource use and support a stable and optimized 

production. To ensure continuity of use of each type of resource, these methods propose to delay the start 

of specialties that have a faster rate of progression. This delay serves to adjust the completion dates of 

these specialties with those preceding them.  

[1] mentions that schedules oriented by resources are more realistic than those dominated by activities. 

These methods show graphically any imbalance due to uneven progress of activities and quickly allow the 

manager to quantify the deviation [2].   

Linear methods are therefore well-suited for planning linear projects. Roads, highways, railways, tunnels 

and pipelines projects are good examples. We note that within these projects the machinery and the work 

teams operate continuously in a linear way. The difference with the simulation methods based on CYCLONE 

is that simulation is used to optimize the production, versus a target of linearity and operating in parallel 
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way between the successor activities for the linear methods. This concept could also be used for planning 

building projects. It was used for the construction of the Empire States Building in 1930.  

Linear methods have been the subject of countless improvements either through their graphical design 

and their mathematical models. The Line of Balance method (LOB) was modified by [3] who showed an 

example of unbalanced progress of a housing construction project. It showed a distinction between the 

progress rate of a repetitive activity in the different units and the overall progress of the project.  

In 1970, [2] demonstrated the application of the method for a manufacturing project to produce precast 

concrete beams. [4] applied the technique to housing unit construction projects. Subsequently [5] proposed 

the Vertical Production Method (VPM). In his proposal, he used CPM to represent nonrepetitive activities 

such as building foundations. The LOB was used for activities of a repetitive nature, represented in identical 

levels.  

To model the variation in performance progression of a repetitive activity from one unit to another, several 

studies have been carried out [6, 7, 8]. The common-known name for these methods is the Linear 

Scheduling Method (LSM). The variation in progress rates may be due to the learning generally associated 

with the start of each activity, weather conditions or the particularity of a certain unit. [9] developed the 

Time Space Scheduling Method. This technique can be used to graphically schedule a limited amount of 

activities in parallel and to establish relationships between activities of the same unit.  

In 1994, [10] define a scheduling method for multi-story buildings, called Horizontal and Vertical Logic 

Scheduling (HVLS). The progress of the activities has two directions: a horizontal direction that presents the 

sequence of activities on the same floor, and vertical constraints show the dependencies between activities 

taking place on different floors. Flood [11] propose a modeling paradigm suited for construction project 

planning that attain the simplicity of CPM, visual insight of linear scheduling, and the modeling versatility of 

simulation. Ioannou and Yang [12] classified projects as discrete (vertical for multistory buildings) and 

continuous (horizontal or linear, such as highways). Their modeling elements include three types of 

activities (line, block, and bar) and 10 types of relationships (links) between activities.  

Most of the other developments of linear methods were oriented toward mathematical optimization 

aspects. Since this research concerns the study of the graphical modelling of repetitive methods, the 

bibliographical research concerning the mathematical developments exceeds the limits of this paper.  

2. Repetitive Projects  

Repetitive graphical models [13, 14] are more adapted to scheduling building projects. For these projects, 

repeated tasks are assigned from unit to unit or from floor to floor. This differentiates them from linear 

projects in which machinery is operating continuously. We can distinguish two types of repetitive projects: 

a) vertical projects, such as multi-story buildings and b) horizontal projects, such as the construction of 

several similar units. In repetitive vertical projects, some activities are non-repetitive activities, such as the 

foundation and the roof, while others are repeated from one floor to another, such as structure, 

architectural finishing and services. In repetitive horizontal projects, most activities are repetitive, and the 

work of several units can be planned simultaneously to accelerate the project schedule. The number of 

teams for each specialty can be calculated with the quotient of the time needed to complete a single unit 

by the total time available to complete the work of that specialty for all units [15].   

Unlike purely algorithmic optimizations which are difficult for construction sites to implement due to their 

complexity and the number of parameters to be taken into account, the graphical methods help with visual 

optimization that is easily understood by the construction site.  

The main goal of this research is to model the site operation and execution process for construction 

buildings projects based the Chronographic repetitive modelling. The aim is to ensure suitable rotation of 

the workforce in different spaces. It also ensures the continuity of work through linear production for the 

same team and parallel linearity between the various successor teams.  
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3. Graphical modelling for Repetitive Projects  

3.1. Modeling a horizontal repetitive project  

3.1.1. Calculation example  

The example presented in the Figure 1 below shows the calculation model for a repetitive horizontal project. 

We could consider the repetitive approach as a combination between the network’s techniques and the 

Linear Method. CPMs provide the logic and computation of the critical path, while linear methods 

demonstrate location and provide continuity of resource use and linearity of production. Thus, the 

activities, their relations and the executed units, can all be shown at the same time.  

 

Fig. 1. Linearization of repetitive modeling.  

The example presented in Figure 1 shows how one can Linearize the repetitive modeling. This project is 

made up of ten (10) units consisting of three (3) activities each. Usually, projects have deadlines and a total 

duration of projects are imposed. To respect this total duration, the general progress rate “Tp” of the project 

has to be calculated using the following formula:  

  

N = number of units; Dp = expected duration of the project; and Dr = the needed duration in order to accomplish one unit  

For this example, the target total duration is 38 days for the ten (10) units and each unit take 20 days to be 

executed. The general progress rate is then 2 days [(38-20)/9], which is means, we must, with the exception 

of the first unit, every two days complete a new unit  

In repetitive horizontal projects, several units could be executed at the same time. For each activity, labor 

productivity is independently analyzed to estimate its specific rate of progress. The number of teams 

required for each specialty is calculated through the general progress rate of the project and the specific 

progress rate of the specialty.   

The number of teams for each specialty “Ns” is calculated using the following formula:  
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Non-critical activities can take advantage, as far as possible, of their own float in order to lighten the demand 

from the corresponding teams.  

Thus, in figure 1, to respect the general progress rate of 2 days, three teams were used to make the 

foundations (Beton); two teams to do the masonry (Maçon) and four teams to do the finishing (Enduit) with 

a delayed start for the third and fourth teams.  

3.1.2 Example of horizontal repetitive project  

Figure 2 represents a repetitive horizontal project. This project is to build ten (10) units consisting of nine 

(9) activities each. The target total of the project duration is 48 days. Each unit take 28 days to be executed. 

The general progress rate "Tp" is 2.22 days [(48-28)/9], which means that a new unit must be completed, 

except for the first unit, at least every 2.22 days.  

The number of required teams by specialty is the calculated by dividing its specific duration, to execute one 

unit, by the general progress rate. Activity B, for example, is performed by three teams (6 days / 2.22 days) 

for the first nine (9) units. Thus, the first three units are executed at the same time by three different teams 

and are represented by three bars in parallel. Units 4, 5 and 6 and units 7, 8 and 9 follow the same logic of 

the first three units. The tenth unit is performed by a single team.  

 

Fig. 2. Linearization of repetitive modeling.  

3.2. Modeling a Vertical repetitive project  

For repetitive vertical projects, most specialties are performed by a single team while some activities are 

non-repetitive activities, such as the foundation and the roof. The following figure shows a building 
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reinforcement project with repetitive vertical planning modelling. The work on each floor focused on two 

areas.  

Two differences between this modelling and the Gantt chart: 1) the vertical direction shows the spaces and 

not the WBS; and 2) the activities are modelled in series (several activities on the same line) and in parallel.  

With these two specificities: i) the graphic modelling surface used (on screen or paper) by the schedule is 

better optimized and uses about 10% of the surface required to present the logic using a Gantt chart; ii) 

Teams rotation are easier to plan and track without complex calculations; (iii) resources are levelled from 

the first planning. No additional methods or procedures are needed to do a levelling; (iv) spatiotemporal 

locations of activities are easily identifiable; and v) conflicts of spaces are avoided and the use of the site is 

optimized. Thus, the project scheduling is optimized without the need for other complex theories to do so.  

  

 

Fig. 3. Scheduling a repetitive project.  

4. Conclusion  

The limitations of the traditional scheduling methods result in unclear visualization and complexity in 

schedule analysis and optimization. The efficient use of site space is also neglected. These limitations result 

in non-optimal use of site resources and space, which affects the duration and cost of the project. Repetitive 

planning methods integrate the management of spaces, operations, and team rotation from the planning 

stage. Unlike purely algorithmic optimizations which are difficult for construction sites to implement due to 

their complexity and the number of parameters to be taken into account, the graphical methods help with 

visual optimization that is easily understood by the construction site. Despite its advantages, one of the 

main challenges stems from the lack of commercial software that enforces these strategies. Despite this, 

the method presented remains attractive and offers a visual communication that meets the needs of 

planners and resolves the limits of existing methods.  
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