
   

 

Abstract 

This paper presents a modelling approach that can be used by contractors to plan elevated highway 

reconstruction projects. The proposed model estimates the project duration, productivity rate of the 

operation, and visualizes the output using 4D modelling. In this paper, the focus is on the demolition 

and construction of a box girder elevated highways as part of an interchange reconstruction project. 

The demolition method of the elevated highway’s superstructure is done by cutting and lifting. In this 

method, the elevated highway’s spans that have been cut are taken down by a crane. Launching gantry 

is used for full span precast box girder erection. Discrete event simulation is used to develop the 

simulation templates to mimic the elevated highway reconstruction processes. The templates are 

implemented in STROBOSCOPE. The developed templates can be used to determine the production 

rate, and duration of an elevated highway reconstruction project. Activity durations are linked with 

the 3D model to generate a 4D model using specialized software. The 4D model is used for 

visualization and analysis of highway reconstruction, which can help in resolving constructability 

issues. A case study is presented to validate and demonstrate the applicability of the proposed 

approach.  

Keywords: 4D modelling, Discrete event simulation, Bridge construction, Bridge demolition, Clash detection.  

1 Introduction 

An intensive amount of reconstruction and rehabilitation work is expected on existing highways 

because highway infrastructures in North America are approaching, or have surpassed, their service 

life. Such activities affect drivers, highway workers, businesses and other community functions 

(Jeannotte and Chandra 2005; Mahoney et al. 2007).  Highway construction operations require the use 

of a large number of construction equipment pieces. Consequently, it is essential for the success of the 

project to select proper equipment for a specific operation (Lee, 2003). In general, the goals behind 

selecting a fleet of equipment are: increase work safety, minimize cost, reduce equipment idle time, 

and maximize productivity. The fact that operation’s cycles have many components, which varies in 

their values, makes the analysis of productivity very difficult (El-Moslmani 2002; Wright 1995). 

Therefore, discrete event simulation can be used to measure the productivity of a crew combination 

and analyse its efficiency.  

Furthermore, The  reconstruction of urban highways, such as the Turcot Interchange project 

(Transports Quebec, 2009), can get very complicated due to the spatio-temporal conflicts that may 

result from the limited space available. These conflicts may lead to delays in the project and overrun 
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in project budget.  Simulation and 4D modelling can be applied to detect those spatio-temporal 

conflicts. In (Hammad et al., 2011), we introduced a new approach based on Monte Carlo simulation 

and 4D modelling. However, the previously proposed approach does not take into consideration the 

construction method, the number of crews utilized, and the potential spatio-temporal conflicts 

between the equipment and the existing structures. Therefore, a new methodology for minimizing the 

risk of such problems and facilitating the planning process is needed. 

The objectives of this paper are: (a) to estimate the productivity rate and durations of construction 

and demolition activities in highway elevated projects; (b) to detect potential spatio-temporal conflicts 

that can result from variations in tasks durations; and (c) to demonstrate the feasibility of the proposed 

approach using a case study.   

2 Literature review 

This section will briefly introduce simulation, Bridge Information Modelling (BrIM), and 4D 

modelling. 

2.1 Construction simulation  

Simulation is a powerful tool that can be used to mimic the behaviour of real-world systems over time 

(Law and Kelton, 1991). Simulation in construction is used for planning and resource allocation, risk 

analysis, site planning and productivity measurement (Wainer 2009; AbouRizk et al. 1992). The 

construction processes that have repetitive and cyclic nature can be planned and analysed using 

simulation (Touran, 1990).  Simulation is also used to compare the outcome of different scenarios and 

alternative construction methods (Oloufa, 1993). Many examples of using simulation can be found in 

the literature such as earthmoving operations (McCahill and Bernold 1993; Halpin and Riggs 1992), 

selection of an earthmoving operations fleet (Marzouk and Moselhi, 2003), and construction of bridge 

deck using cantilever carriage (Said et al, 2009). 

2.2 Bridge information modelling (BrIM) and 4D modelling 

In traditional practice, the exchange of information during the life cycle of a project is fragmented. 

The repeated manual data transition from the design phase to other phases of the project life cycle is 

time consuming and can lead to data entry errors. Bridge Information Modelling (BrIM) is a 3D 

model including all the data related to all the stages of the life cycle of a bridge project. Implementing 

BrIM during the whole life cycle of bridge projects facilitates project optimization by including 

visualization, simulation, and analysis of different aspects, such as bridge rating, permitting and 

routing. The major issue in order to have an integrated model is related to the method of data 

representation and exchange between different software in this field. To achieve the desired 

interoperability between relevant software, an industry consensus on a common language is required 

(Chen et al., 2006). 

On the other hand, 4D modelling is one of the recent computer technologies that have emerged 

into the Architecture, Engineering and Construction (AEC) community. A 4D model can be defined 

as 3D model linked to the construction schedule (Koo and Fischer, 2000). A 3D model is linked with 

the desired schedule through specialized software. Navisworks (Autodesk Incorporated, 2011) and 

ProjectWise Navigator (Bentley Systems Incorporated, 2011) are examples of such programs that 

provide a collaborative environment to extend, review, and modify the 3D model. Prior research 

efforts have investigated the application of 4D modelling has been used for resource management 

(Akinci et al., 2003), coordination of mechanical, electrical, plumbing, and fire protection systems 

(Khanzode et al., 2005), and constructability analysis in building projects (Ganah et al., 2005). In 

addition, 4D has been used for visualization and analysis of highway construction projects (Liapi, 



   

 

2003). Visualization is used to facilitate the communication of project information to project 

stakeholders (Platt 2007). The analysis is used to examine the constructability and safety issues. 

Moreover, time and space coordination can be checked to virtually eliminate workflow issues at the 

planning stage (Kwak et al., 2011). 

Spatio-temporal conflict analysis, which is one of the key usages of 4D modelling, occur when an 

activity’s space requirements interfere with another activity’s space requirements, or with work-in-

place (Akinci et al., 2002). Two main types of spatio-temporal conflicts have been identified which 

are: (a) hard conflicts: interferences between physical components (e.g. conflict between old and new 

elevated highway structures); and (b) soft conflicts: interferences between different clearance volumes 

and work spaces (e.g. the space clearance required by an equipment) (Staub-French and Khanzode, 

2007).  

3 Overview of proposed methodology 

A discrete event simulation-based 4D modelling approach of elevated highway reconstruction projects 

is proposed in order to achieve the above mentioned objectives. The main task is synchronizing the 

construction and demolition activities in order to maintain a smooth traffic flow.  

The discrete event simulation models are implemented in STROBOSCOPE, an acronym for 

STate- and ResOurce-Based Simulation of COnstruction ProcEsses (Martínez, 1996). 

STROBOSCOPE can accommodate deterministic and stochastic modelling of elevated highway 

reconstruction operations. Discrete event simulation models are developed by breaking down 

activities into tasks. Each of these tasks’ durations is presented by a probabilistic distribution, such as 

the triangular distribution, instead of a deterministic one. Discrete event simulation will run a large 

number of times resulting in a different schedule in each run. These schedules are linked with the 3D 

model to generate the 4D models. The activities which create conflicts are identified resulting in a list 

of critical activities which have high potential of creating conflicts. 

In order to develop the 3D and 4D models of the project, several software packages are used. The 

first step is to define the alignments and profiles of road and bridge components along the existing 

terrain in road design software using LandXML format. The second step is to create the 3D models of 

the existing and new bridges using LandXML files in bridge modelling software such as 

LEAPBridges software (Bentley Systems Incorporated, 2011). The next step is loading the whole 

bridge model into the specialized integration software such as Navisworks or ProjectWise Navigator, 

and linking the 3D model with each schedule by assigning the bridge components to the relevant 

activity. The last step is running the 4D visualization for each different scenario, and applying clash 

detection in order to identify any potential conflicts.  The proposed discrete event simulation-based 

4D model can be considered as a reliable source for decision making in resource allocation and risk 

management.  

4 Simulation modelling 

Two simulation models were developed to mimic the construction of a full-span pre-cast concrete box 

girder bridge using launching gantry and the demolition of a concrete box girder bridge using cut-and-

lift method.   

4.1 Construction operations 

The developed simulation model of bridge construction using launching gantry is shown in Figure 1.  

This construction method has been used in several projects around the world (Hewson 2003; Benaim 

2008). The simulation starts by initializing the queues that hold the resources needed for the 



   

 

construction operations. Next, a trailer will be driven to be loaded with a pre-cast concrete box girder 

span using a gantry crane available in the yard. Then, the trailer will travel to the construction site 

where the onsite crane will unload the pre-cast span and load it to a trolley.  After being unloaded, the 

trailer will return to the pre-cast yard to be loaded again. At the same time, the trolley will travel to 

the point where the span will be launched.  When the trolley reaches the desired location, the 

launching gantry will reposition to the new span’s location. Then, the launching gantry will pick up 

the span from the trolley. Afterwards, the trolley will return to be loaded again. At the same time, the 

launching gantry will place the new span in its location. Finally, the stressing crew will post-tension 

the new span. 
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Figure 1. Simulation model for construction operations. 

4.2 Demolition operations 

The developed simulation model of bridge demolition using the cut-and-lift method (Hammad et al., 

2007) is shown in Figure 2. In this method, two crawler cranes are used to lift the span after being 

Figure 2. Simulation model for demolition operations. 
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cut by diamond saw wires and place it on a trailer to be transported to the dumping site.  The 

simulation starts by initializing the queues that hold the resources needed for the demolition 

operations. Next, the preparing team will prepare the span so that it can be ready for rigging before 

moving to the next span. Then, the rigging team will hook the span to the cranes. After being hooked, 

the saw team will start cutting the span at both ends. Afterwards, the loading team will place the span 

on a trailer which will go to the dumping site to be dumped. Then, the loading team will reposition to 

be ready for the next span. When the trailer is unloaded, it will go back to the demolition site to be 

loaded again.    

5 Case study 

The case study is inspired by the Turcot Interchange reconstruction project in Montreal, Canada. This 

interchange, built in the sixties, has to be reconstructed because of major structural problems (CTV 

News Montreal , 2010). The interchange provides the connection between three main highways (20, 

15, and 720) serving the Island of Montreal. It is composed of several bridge structures located at 

three different levels, where maximum height can reach 28 meters, and the average height is 18 

meters. The estimated duration and budget of the project are about 7 years and $4 billion, respectively 

(Transports Quebec, 2009). This project is scheduled in four phases, and the durations of the four 

phases are approximately 3, 2, 1, and 1 year, respectively. Because this high-profile project is still in 

the planning stage, it was not possible to get any details about the geometry or the scheduling of the 

project. Therefore, the case study is based on the limited data that were published about the project or 

obtained directly from the project office. Many assumptions have been introduced to create the 

geometry of the 3D model and the activity durations used in the simulation. Furthermore, the 

structural details of the model are simplified in order to focus on the main issues related to spatio-

temporal conflicts. Consequently, the case study should be considered as a semi-hypothetical one that 

does not accurately represent the actual project. The case study aims only to demonstrate the proposed 

approach; however, it can be applied in the future in the actual project if the detailed data are available.                                                                                                                                                                   
It is assumed that one subcontractor is working on the subproject of constructing segment G of the 

new interchange, while another subcontractor is responsible of the demolition of segment F of the 

existing interchange as shown in Figure 3. The general contractor should coordinate the schedules of 

the two subcontractors while consulting with the management team representing the owner (the 

transportation agency) in order to eliminate the spatio-temporal conflicts between the subprojects and 

to reduce the impact on the traffic. 

Using the steps discussed in the proposed methodology, the 3D models of the existing interchange 

and some segments of the new interchange have been created using InRoads Suite (Bentley Systems 

Incorporated, 2011) and LEAPBridges software. Discrete Event simulation is done using 

STROBOSCOPE in order to generate different scenarios of the schedule. The durations of the tasks 

used in the construction and demolition operations are presented in Table 1. These data was collected 

from (Zhang et al., 2008) and the industry. NavisWorks software is used to link the 3D models with 

the schedules and to run the 4D visualization. The durations of each span’s construction and 

demolition are directly provided from the results of the developed discrete event simulation models. 

As shown in Figure 3(a), scenario 1 will not cause any spatio-temporal conflicts between the 

segment under construction and the one under demolition. On the other hand, scenario 2 (Figure 3(b)) 

will result in both a soft and a hard conflict. The soft conflict is resulting from the lack of clearance 

space needed for the launching gantry to progress. Even if the required clearance is available, a hard 

conflict exists between the ninth span of the new segment G and a pier of the existing segment F. 

These conflicts will delay the progress of the segment under construction, which in return will delay 

the project and may cause an overrun in the budget. By applying the proposed methodology, planners 

can focus their attention on the areas of potential conflicts and avoid these conflicts by, for example, 

expediting the demolition process. 



   

 

Table 1. Tasks durations used in the simulation models. 

           Construction Model               Demolition Model 

Task Duration  (minutes)   Task Duration  (minutes) 

Trailer_Loading Normal[15.03,1.71] 
 

Prepare_Span Triangular[10,15,20] 
Trailer Haul F (Distance, Speed) 

 
Reposition PT Triangular[8,10,12] 

Trolley_Loading Normal[15.03,1.71] 
 

Rigging Triangular[5,10,15] 
Trailer_Return F (Distance, Speed) 

 
RepositionRT Triangular[8,10,12] 

Trolley_Travel F (Distance, Speed) 
 

Cut_Span Normal[30,2.11] 
Reposition Triangular[180, 210, 240]  RepositionCT Triangular[8,10,12] 
Pickup_Span Triangular[180, 210, 240]  Load_Trailer Normal[15.03,1.71] 
Trailler_Return F (Distance, Speed) 

 
RepositionLT Normal[17.69,1.42] 

Place_Span Triangular[120, 150, 180] 
 

Trailer_Haul F (Distance, Speed) 
Stressing Triangular[360, 420, 480]  Span_Dump Normal[5.42,1.3] 
      Trailer_Return F (Distance, Speed) 

 

 
                  (a)  No conflict scenario                                                    (b) Conflict scenario 

Figure 3. Snapshots of the developed 4D models of the existing and new interchanges at the same point of time. 

In order to select the most suitable construction and demolition methods and equipment, a 3D 

model including the utilized equipment for both construction and demolition operations was created. 

As mentioned in scenario 2, a space conflict between the gantry and span 8 of the existing segment F 

was detected by applying 4D simulation (Figure 4 (a)). On the other hand, Figure 4(b) shows two 

crawler cranes lifting a span as part of demolition operations. This 4D simulation provides a good tool 

to study the manoeuvring space needed for the equipment and to investigate the impact of the selected 

construction methods and equipment locations on the construction process. Although space conflict 

detection is possible by assigning a buffer, representing the erected equipment, to the specific 

segments, modelling the equipment operation can enhance the visualization provided through the 

proposed 4D simulation. 

6 Conclusions and future work 

Discrete event simulation and 4D modeling was used to detect spatio-temporal conflicts between 

subprojects in complex urban elevated highway projects. The current paper proposed a new 

methodology for minimizing the risk of such problems by integrating simulation techniques and 4D 

visualization methods. The following conclusions can be stated: (1) the proposed discrete event 

simulation-based 4D modeling can be efficiently used to estimate the productivity rate and durations 



   

 

of construction and demolition activities in highway elevated projects, and to detect potential spatio-

temporal conflicts that can result from variations in task durations; and (2) the case study 

demonstrated the feasibility of the proposed approach by being able to detect and visualize conflicts. 

By applying the proposed methodology, planners can focus their attention on the areas of potential 

conflicts and avoid these conflicts. 

 

(a)  Launching gantry                                                 (b) Two crawler cranes 

Figure 4. Visualization of construction equipment 

 
Future work will further investigate the methods of simulation and visualization used in the current 

paper including: (1) to preform sensitivity analysis to determine the optimum number of the crews; (2) 

to perform a survey to collect more sound task durations; (3) to further investigate the use of 4D 

modelling for constructability review considering the positioning and operation of cranes and the 

spatio-temporal issues related to the construction equipment; (4) to compare the feasibility of different 

construction and demolition methods such as the safety issues related to the use of hydraulic crushers 

for the demolition operations.  
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