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ABSTRACT

Over the past few years, construction industry has encountered numerous problems such as rework, design errors,
accidents and building failure, time and economic losses, poor work efficiency, and low standard level of
cooperation amongst team members of different sectors. As such, information communication technology (ICT) has
been evolved to minimize all the aforementioned setbacks in the construction industry. In doing so, building
information modeling (BIM) has been proposed to all construction members such as engineers, architects,
contractors, and owners to take benefit from. Since BIM was emerged into the construction industry, it has received
the attention of many researchers and practitioners. While there have been roughly numerous studies conducted on
the benefits involved in the use of BIM, it is a unresolved point why there has not been a greater take up of
exploiting BIM throughout the whole lifecycle of construction projects. Therefore, this paper is mainly aimed to
examine the effectiveness of exploiting BIM throughout the three different phases of building’s lifecycle, including
preconstruction, construction, and post construction in great details regarding the previous studies conducted in this
field. The authors have concluded that utilization of BIM has several benefits in different stages of construction
projects, including minimizing design error, reducing rework, increasing work efficiency and cooperation amongst
team members, facilitating the process of delivery and procurement, and reusing the wastages of materials.

KEYWORDS: Building Information Modeling, preconstruction, construction and post construction phase.

1. INTRODUCTION

The management of construction projects is becoming more difficult and complex [1-3]. One of the factors
leading to this complexity is mutua interdependencies among various stakeholders like authorities, financing bodies,
architects, contractors, lawyers, engineers, suppliers, and trades [4]. The increasing complexity and errors that may
occur during projects have led the information and communication technology [ICT] to a fast-pace development [5].
During the 1990s, the most important shift in ICT for construction industry was the Building Information Modeling
[BIM] proliferation that was occurred in industrial and academic contexts as a new Computer Aided Design (CAD)
paradigm [6]. Presently, BIM - defined as “a set of interacting policies, processes and technologies generating a
methodology to manage the essential building design and project data in digital format throughout the building's life-
cycle” [6].Some specia tools of design, engineering, and architecture professions have recently joined the basic
functionalities like scheduling, structural analysis, energy analysis, progress tracking or jobsite safety [7]. BIM is
mainly concentrated on design, preplanning, congtruction, and integrated project delivery of infrastructure and
buildings; however, in recent years, researchers have shifted their focus from earlier stages of life cycle (LC) to the end-
of-life considerations such as refurbishment, maintenance, deconstruction [7-13], particularly in complex structures.

1.1Definition of BIM:

The international standards refer to BIM as “shared digital representation of physical and functional
characteristics of any built object which forms a reliable basis for decisions” [14]. The origination of BIM is the
product models [15, 16] extensively used in the automotive, petrochemical, and shipbuilding industries [9, 17]. BIM
represents real buildings virtually over the whole LC as semantically enriched, consistent, digital building models[9,
18,and 19].In realization of BIM, which is composed of parametric objects indicating building components, object-
oriented software has been employed [10,15,20], in which the objects may be with non-geometric or geometric
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attributes associated with topologic, semantic, or functional information [9,17]. Topologic attributes make available
information concerning the location of objects, perpendicularity, adjacency, and coplanarity; semantic information
contains aggregation, containment, connectivity, or intersection information; and functional attributes provide the
installations duration or costs.

1.2Theconcept of BIM

The BIM concept dates from the early stages of CAD in the 1980s, when it was conceptually defined by
researchers [9] and employed in working software in premature CAD programs. At that time, BIM was described as
three-dimensional graphical model of building that was enriched through supplementary intelligence (information
accompanied with graphics). This technology is based on the Graphical Information Model [21], including the
geometrical model building, the physical properties, name, and its components’ functional peculiarity. The modern
description of BIM dates back to the late 1990's with the appearance of several Single Building Model (SBM) that
were presented by various CAD software vendors (e.g., Autodesk, Revit, Bentley, and Graphisoft) [22]. In the
construction industry context, BIM has been accepted as a standard definition of information modeling technology
when maximum integration between various disciplines is achieved and an intelligent parametric objects model is
created. Recent years have withessed a consistent attempt for providingconventional 3-D BIM with the fourth, fifth,
and even sixth dimensions, which have been developed on its base Product Lifecycle Management (PLM) analogue
for the construction industry [9, 23, and 24]. This solution is known as Building Lifecycle Management (BLM) or
the theoretical Unified Project Management [25]. This movement is based on the idea of further application of high-
capacity information that is stored in 3-D intellectual building model.

1.3 Common Misconception about BIM

It seems that BIM is widely misunderstood concerning what it is and what it is not. The majority of people, in
particular those that are unfamiliar with 3-D graphic programs like 3-D AutoCAD and Rhinoceros, make confusion
between BIM and 3-D CAD. Rightly there are some similarities between them; however, BIM is significantly
digtinctive in AEC industry. It should be noted that 3-D CAD, while consisting of 3-D information, is merely
geometry. W8x10 steel beam representation existed in 3-D CAD is just a collection of surfaces in geometry of a
common rolled steel shape. For creation of a beam in the 3-D CAD, at first, aline should be defined, which is the
beam’s length. Then, in the geometry of the beam’s cross section, a polyline is introduced and placed properly in
regard with the beam’s length and its orientation to its centroid, and, finally, the polyline is extruded for making a
steel beam’s graphic representation. In this representation, no intelligence is innate and only geometry information is
generated [26].

However, in BIM, a W8x10 steel beam “knows” it is a steel beam with some relevant information like section
properties, level association, length, and the columns into which it frames, and so on. It is noticeable that BIM is
readily realized whenever any change is occurred in the model. Within a building information model, with the
movement of one of the supporting columns of the beam, the beam’s location will be attuned automatically in a way
to follow the new location of its support. In 3-D CAD, the above-mentioned change is a monotonous process as
follows: following the movement of one of the columns, the extrusion that is the representation of the beam should
be manually deleted by the user, a new line should be created defining the beam’s new location, the cross section
representing the beam’s shape should be then reintroduced and rotated in such a way to be rightly vertical to the new
line of beam and its planned direction that is not always insignificant in 3-D, then the section should be extruded
again for recreation of the beam representation.

Additionally, different from the conventional 2-D drawings, a building information model is consisted of
applicable information like3-D geometric relationships, and a completely-parametric relationship among different
views of model. For example, conventionally, in cases where one beam size changes, the change is required to be
updated manually not only on the plan, but also on the pertinent sections, schedules and details. However, in a
building information model, the beam size change can be occurred in any view, and the change is updated in all
views. The whole schedule and quantity takeoff are updated also automatically. Obviously, the utilization of BIM,as
the way of the future, can enhance the efficiency of AEC industry [26].

1.4 Comparing traditional wor kflow to implementation of BIM

The implementation of BIM is structurally different from the conventional way of workflow in the engineer’s
office. The workflow goes in one direction: it starts with the design of architect and continues to the structural
engineer’s conceptualization, analysis, and drawing production. Any change occurred by architect in the design
demands the engineer to do all aforementioned steps again. In contrast to that, when BIM is implemented, thereis a
central building information model wherein the inputs from the whole disciplines are linked. Structural engineer is
completely informed about the updates and changes performed by architect and mechanical engineer, and the
structural engineer is capable of making the corresponding adjustments that are required in her/his module of BIM
program that can be linked directly to athird party analysis program that is specific to the structural analysis[26].
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1.5 The dominant applied BIM practicalitiesfor existing buildings

As Rebekka Volk et al.[27] stated, the applied BIM functionalities can be classified into numerous subclasses
such as; spatial program validation, Clash detection, BIM quality assessment, Cost calculation or cash flow modeling
(5D), Construction progress tracking, Deconstruction, Daylight simulation, Deviation analysis, rubble management ,
quality control, Documentation, defect detection, Structural analysis, data management and visualization,
prefabrication, carbon foot printing, Energy/thermal analysis and control, indoor navigation, Localization of building
components, Subcontractor and supplier integration, Life cycle assessment (LCA), Monitoring, sustainability,
performance measurement, facility management (FM), Operations and maintenance (O&M), Quantity takeoff
(3D),Risk scenario planning, Retrofit/refurbishment/renovation planning and execution, jobsite safety, Safety,
emergency management, Space management, and Scheduling (4D).

On the top of the whole practicalities, beyond 3-D modeling, various information is provided throughout the LC
of the construction project in regard to the following areas: legal description, contract documents, change orders,
shop drawings, supporting documentation for litigation, progress photographs, procurement documents, alarm
diagrams, purchase requests, warranty data, organizational occupants, handicap designation, personnel lists,
hazardous materials, inspection records, operating manuals, continuation of operation plans, contingency plans,
disaster recovery plans, asset inventory, proper lean implementation, project closeout documentation, supply chain
management, and electronic document transfer [28, 29].

1.6 BENEFITSOF USING BIM

There are many direct advantages in the use of BIM; nevertheless, its most important advantages are actually
the indirect ones. Direct advantages comprise the qualities (e.g., conception, the enriched imagination, and the
building information concentrated in the project). Whereas, the indirect advantages are those that are necessary for
the cooperation and the achievement of the best understanding of the project and reduction of the project risk.
Simulations allow a design to be checked practically prior to the construction of the real project. A model helps to
visualize the project appropriately, which leads to providing a stimulation view in regard to the project requirements
that can describe the project efficiently [30].

Lambert [31] believe that BIM utilization has the following advantages:
1. Materiastake off issimplified
2. Complex details can be surveyed and analyzed
3. Different trade components coordination can be reviewed for potential “hits”
4. Sequence of placing a project with each other is expanded
5. The 4-D, which added time, can be merged to indicate the time during which a project can be put together
6. Site work eminences among the ultimate eminence and existing conditions can be determined
7. The best routing can be reviewed for lights, pipes, sprinklers, cables, and ductwork wires
8. The site preparations with the hoists and cranes location can be analyzed
9. Lift schedules are determined for the concrete, steel, and massive electrical and mechanical equipment placement
10. Development of the schedules and the associated argument can be extended
11. Problems associated with the potential safety are evaluated
12. Alternatives can be evaluated in more realistic terms
13. Coordination of the trade’s former for performing the real work.
Additionally, the improvement of coordination and collaboration amongst the team members [32]and the
achievement of lean management’s objectives with the purpose of decreasing non-val ue adding waste have been also
recognized as other advantages of BIM [33].Moreover, 7 pillars of BIM implementation are considered as benefits of
the use of BIM through which managers can achieve improved project outputs, get rid of waste, enhance feedback,
deliver fast, delay decisions to achieve consensus, give power to the team, build-in integrity, and see the whole [34].
Another study has prioritized the benefits of BIM according to their importance in their respondents’ answers [35]:

Cost reduction or control
Time reduction or control
Communication improvement
Coordination improvement
Quality increase or control
Negative risk reduction
Scope clarification
Organization improvement
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2. Exploiting BIM throughout the whole life-cycle of construction
2.1Planning and pre-construction phase

Commonly, the applications of BIM are identified in the pre-construction phase of a project. Thisis of a great
importance because information associated with the planning stage provides many benefits for the given project.
This phase falls into two parts; first, the marketing and design of the project’s conceptual features should be
addressed; second, planning and designing the project construction [30]. Moreover, such simple conceptual models
can be used for preselling processes of a project to provide a financially-safe project. Some complicated movies and
images can be employed to illustrate the finalized virtual project. For these purposes, surface modeling software
frequently generates schematic models. The use of a surface modeler is generally easier and the consequences are
also fine assorted in such away to be used for communication purposes.

2.2 The M odel Development

Model development is the planning nature and designing phase of projects. Information feedback loop is
recognized as an affiliate of the model itself, which enhances the model senses. In case of the design process
transmutation, the aforementioned model is considered as the central point; additionally, the members of all project
teams correspond mostly through the use of the model. Furthermore, the advanced 3-D one that provides
visualization helps the designers grow in their job. The whole opinions given on the project are presented within the
model. The project, in this phase, can be fairly schematic; in addition, the opinions of the project group members can
be easily indicated in the model [30].

2.3 Analyzing the Constructability

Constructability is another part of the pre-construction phase, which eva uates the conditions and requirements of
the construction processin order to achieve the predefined outcomes. It assesses the way systems and materials are used
and analyzes the details about the construction, installation, manufacture, and assembly of the whole segments of the
project. Generally, constructability consists of numerous parts such as supply deliveries accessibility, construction site
layout, the job trailer place, site provisions that includes excavations and backfill operations, and so on. At this early
phase of the project, value engineering can be displayed efficiently, which maximizes the design of the project and the
components value. The project value can be optimized through brainstorming sessions held by all group members of the
project and al so through the 3-D model that provides connection among the group members [30].

2-4 The Construction Schedule

In the construction management, a critical path method (CPM)-based project schedule is commonly employed in
the form of an activity-time 2-D bar chart [36]. The drawback of CPM however is being deficient in spatial context and
resource components, which leads to a problem in the discrepancy of the interpretation of project schedule and the
identification of mistakes of the congruction plan [37]. As a solution to the problem, a collection of resource
components and 3-D graphicsisintegrated with activity schedule, which provides a4-D view of CPM plan. In addition,
in a 4-D model, the entire changing process of both the construction site and the structure is recorded and reviewed,
which helps to analyze construction conflict and the collision detection in case of movable site facilities[38].

Using the 4-D model, the construction schedule can be appropriately expanded. In cases where a primary
schedule is available, a schematic construction sequel is simulated, which facilitates the visualization of construction
process and concentrates the attention of other approaches onto layout of the site, sequencing, the crane location, and
so on throughout the construction procedure. Furthermore, the model components can contain information about the
production rates, which helps to analyze the balance schedule lines. This approach provides the fine-tuning of tasks
on the basis of their placement within the project and production rates.[30].

Simulation of four dimensional (4-D) has been investigated with a concentration on the schedule management
of construction and the implementation of the dynamic simulation atmosphere during procedures. Tulke et al.
[39proposed a framework for the dynamic collaboration that makes instinctively a construction schedule through re-
engineering approach of a business procedure and this simulates computation of expenses concerning the schedule.
However, information regarding the geometry is employed only in case of visualization through simulation of four
dimensiona (4-D) where this is also connected to the system separate from the construction schedule. This shows
that traditional techniques are not avoidable. For the meantime, Tulke et al. [40] presented a simulation system of 4D
that was linked instinctively to the geometry information based on data that was stashed at a building model with
schedules for a construction sequence planning. However, the system was not capable of fracturing the existing
frame, which was merely an easy linking between schedule and information of geometry. Chau et a. [41] presented
the functions essential for the management of geometry models of 3-D, dynamic sources and schedules on the 4-D
information system platform, which was called “Graphics for Construction and Site Utilization”. This platform has
no suggestion concerning the consequences of developing a genuine applications or system; however, this provides
conceptual meaning for the major factors that can be comprised in the 4-D simulation. These information
technologies are capable of not only achieving integrated solution that includes dynamic management, process
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simulation, safety analysis, and conflict analysis of constructions, but also improving the constructions’ quality and
efficiency. Among the all advantages, the most significant one is the reduction of construction accidents.

2.5 Construction Safety

BIM provides a powerful and new base for the purpose of expanding and implementing the methods and tools
for Design for Safety (DfS) concept in order to make easy the safety considerations in designing and constructing
stages of the projects. Using DfS Tools, designers are capable of identifying risks removing them properly
(Gambatese, 2008). 3-D/4-D computer-aided design (CAD) software is known as the latest type of the DfS tools.
Simulation and information sharing through BIM help designers recognize the potentially hazardous situations
during various stages of a project.

According to the results of the survey conducted [42], 53 % of respondents stated that, visualization tools could
positively more affect the improvement of construction safety compared to the currently existing tools. Furthermore,
the authors concluded that buildings can be simulated at different stages by means of Virtual Design and
Construction (VDC), which helps to detect the potential safety hazards. Virtual visualization instead of mere
imagination of the construction sequences significantly extends the understanding of the construction procedure.

Suermann et al. [43] conducted a study on the impact of BIM on key performance indicators of project, in
which 46% of respondents believed that BIM has capacity to decrease fatalities and damages respect to any
construction project and, consequently, enhance the safety of worker.

Another survey was carried out by Kasirossafar et al. [44] on the influence of BIM on the construction safety
and revealed that75%of respondents believed that fatalities and accidents in those projects that used BIM tools were
predictable and avoidable in design phase. In addition, the most avoidable accidents were identified in this order:
falls from height, cuts or blows from objects and tools, and electrical shocks or thermal contacts.

Using analysis provided in Expert Choice Software, Kasirossafar and Shahbodaghlou [45] prioritized the ways
BIM can be used for the improvement of construction safety as follow:

Incorporating and developing different levels of detail in BIM, relating to construction material, equipment,
and labor at design phase (49%));

Integrating the hazard potentials and avoidance strategies with the 3-D BIM model (22%);

Having a better communication amongst various team members (16%); and

Developing methods for identification of hazards among designers (13%).

2.6 Cost of Projects

Using BIM, the cost of project can be predicted in the whole stages of the project planning. In the early phases of
project, establishing the budget areas is a useful strategy, which is shown in the form of square footage expenses within
a model. A schematic 5-D model provides schematic quantities and produces outlines of expenses estimation.
Following the expenses of project estimation and budget through the usage of the model in the design stage is referred
to as an objective of value design. When the models are developed, the cost tracking can be refined through enlarging
the model detail levels; in addition, the expense implications for design alternatives can be estimated at any phase of
design development. Several cost analyses are based on the link between the model’s components and an external
database that consists of real cost information. Within the model, the quantities are integrated with the connected cost
data and, according to which estimations made for the project cost. Users are able to edit and customize the databases.
Numerous firms can estimate their expenses based on historical data and they are able to use previously-known data of
aprivate database. In addition, cost data are commercially accessible and can be applied [30].

2.7 Construction supply chain management (CSCM):

To provide a complete visualization of resource flow status and support decision making in the CSCM process,
an 1 T-based model was developed. Using BIM as an | T-based tool, visibility of the supply-network and accurate
information relating to the material status at various stages can be improved [46]. Consequently, managers are able to
gain accessto aBIM model associated with required material information [47]. This model employs BIM capacity to
provide accurately a takeoff with all details in an early phase of procurement process, and it uses GIS for supporting
the spatial analysis performed in the logistics perspective (transportation and warehousing) of CSCM. A parametric
model that consists of accurate BIM components makes easy the definition of distinct quantifiable elements in order
to demonstrate the detailed material and component properties [48]. These quantities, which are provided by BIM
tools, can be exported to a spreadsheet or an external database, and must include the material to be procured, both
temporary and permanent [49]. Once the building model lacks an element (e.g., scaffolding) or a required quantity
cannot be computed on the basis of the component properties, some issues may arise. Those quantities that the
building information model does not directly provide would require to be entered by user. Additionally, this model
uses the BIM visualization capacity for generating alerts and reports graphically. As a result, the time needed to
prepare alist of the whole materials is significantly reduced and, as an alternative to employing statistics reports, it
displays the 3-D visualization of the materia status at any given time through making a comparison between the
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planned quantity and the incoming quantity. Furthermore, the current software tools employed in managing supply
chain depend on histograms and bar charts to represent the data, which requires more consideration to decide on the
materials’ location within building or through the supply chain. The use of BIM that can overcome the graphical
representation of the material status leads to a significant improvement. Several BIM tools make available
scheduling functionality and help to link the construction schedule to the 3-D model, which provide the user with
visualization of the building’s sequential construction [9]. In cases where material status cannot be seen easily on a
construction site because of some physical obstacles, the computer-aided visualization is required to make ease
reporting of the process status. BIM produces visual report in a way to show clearly the accessibility of and final
locations of materials. This feature facilitates monitoring and appropriately provides process transparency [50].

3. CONSTRUCTION PHASE

Using BIM, in the construction phase, the management of both process and project team (“people-related”) can
be applied. In addition, BIM helpsto plan the purposes that carry over at the construction stage.

The use of BIM for construction management is starting to get popularity. Currently, main applications of BIM
to the congtruction phase are: identifying and resolution of coordination subjects, connecting, construction
sequencing plan, and the substitution of the fabrication shop drawings with a detailed 3-D model as shown in Figures
1-5. All these usages require details in the model components; furthermore, they are performed frequently with
models previoudly generated by a sub-contractor for these causes [30].

In the construction phase, providing a schedule generated at the beginning of a project by a member of the
construction management team is the most significant task. Using BIM causes the flaws of the aforementioned schedule
to be reduced because of two issues. First, more time is available for construction managers to coordinate other tasks.
Second, due to the improved visualization linked the schedule to the construction, lots of schedule misinterpretations
reduced. Therefore, a powerful tool should be used by the construction managers, which alows a design team to
combine, share, review and correct a BIM model. Although Nawiswork is not modeling software, to this end, it can be
completely helpful. Nawiswork can compile and link modules to a schedule to make a schedule animation [51].

Fig 5.Fabrication model adapted from [30]
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3.1 Managing the Project Team

Managing the project team is applied to interplay between the contributors of project for designing and
constructing procedures. It should be noted that the project groups work for the possessor and they are required to
bear objectives of the possessor in mind at the time they implement the construction management parameters in the
project. The BIM plan of the project should provide the pre-defined objectivesin a comprehensive way. In this sense,
the main issue is the connection and coordination among the project team members.

To provide the coordination among the project team members is a particularly valuable BIM characteristic.
Therefore, a detailed 3-D diagram for a project ssimply and rapidly shows numerous project features that are not
easily imaginable in conventional 2-D drawing. In addition, there are a number of model views that support interplay
among the individuals responsible to resolve the arisen conflicts. Conversation between the design adviser and sub-
contractors based on 3-D formats helps the communication of visualization and intention of the designer of a
particular construction prior to getting placed in given field. Therefore, BIM can be considered as a key factor that
relates and communicates among the construction team members. The model is capable of accommodating for
visualization of the orderly construction schedule update as well as the look-ahead thoughts that are practiced at Lean
Construction [30].

3.2 Management of Construction Process

Managing the construction process is the management of procedures required for building construction projects,
which are related to issues such as the construction mobilization, scheduling and sequencing, expense control and
analyzing the cash flow, purchasing, material ordering and handling, the fabrication and installation of components,
elimination of misusing the time, resources, and materials, and the addition of desirable techniques and materials[30].

3.3 BIM and Construction Administration

In a CAD project, the construction procedure gets started after turning over the whole construction
documentation and addendum revision information to the contractor. The analysis and overlaying CAD files and
sheet drawings take too much time, lack visibility, and are prone to missing information and errors. In fact,
construction management is not often able to joggle managing the documentation of the project, the field
management, the trades, and the management team. Particularly, in aless integrated approach(e.g., design-bid-build),
the architects and engineers often seem to be less interested in documenting the project in a standard way; as a result,
the project documentation turns into a jumble collection of CAD files, scans, faxes, and PDFg[51].

Since, in BIM, everything is modeled and the files are compiled into a composite model, the previous models
can be compared easily to the new ones. The changes occurred in design can be tested more efficiently in
comparison with other trades for clash detection, sequencing, or deviation reporting. Since BIM deas with
completed models, coordination issues among many incongruous files are eliminated.

3.4 Site Coordination

Site coordination is referred to as the organization of the site, equipment, materials, site security, and safety.
The site logistics plan is an important factor in the creation of a better communication and a project with higher level
of safety. The plan is often housed in the job trailer and it is posted on the wall to be referred by others, which
assures that the whole team members have a visual understanding of site accessibility, the material lay-down areas,
and the building and parking access. The site logistics plan is a static image of the site; however, there may be
various plans due to scheduling, sequencing, and different phases of project. Thisis why it is not unusual to see more
than one logistics plan during the procedure of a project [51].

The use of site logistics plan is particularly critical in cases where materials delivered on a job site are
numerous or large. Depending on the project size, combined with a tight site such as what exists in an urban setting,
material lay-down coordination may be a full-time job. For this complex site coordination, a BIM solution can be a
sequencing animation or a series of site logistics plans.

4. POST-CONSTRUCTION PHASE

The popularity of Models of Building information is considerably increasing with the tasks of facilities
management (FM). Since BIM consists of vast quantities of visual information, it attracts a great deal of interest
from units of facilities managers, maintenance and operations. Visually management of the tasks can be noticeably
simpler using the 3-D model for purposes such as viewing the definite characteristics of management and helping
one to visualize oneself and connecting it to others. [30].

4.1 Operations control

Operations control takes into account the capability of management of, for example, project maintenance. The
BIM components show that there are many different types of maintenance-related information, for example
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scheduling the maintenance, replacing the parts ordering, installation and maintenance instructions, and past records
of maintenance. Other data in control definition may include energy usage data, furniture inventories, allocating the
space, schedules of space utilization, locations of personnel, and so on [30].

4.2 Process controls
Process controls deals with the model employed to control the cooling and heating systems and security system,
as well asthe models for consumed energy analysis, access analysis, and the project’s functional applications [30].

4.3 BIM AND SUSTAINABILITY

The past decade has witnessed a shift in design and construction, which has changed the way we utilize natural
materials and generate products for building construction. The use of new technologies such as BIM, GIS, GPS,
green tech, nanotech, or alternative technologies is aimed to achieve green construction. At present, engineers and
architects are utilizing BIM to perform various tasks more efficiently than in the past. The advantages of BIM
concerning the green construction can be discussed in three major processes; preconstruction, construction, salvaging
and recycling [51].

4.3.1 BIM and Preconstruction:

The most important part of sustainability in regard with the preconstruction phaseis the selection and utilization
of materials. In this phase, BIM can be employed to add information to the building components; for example,
information about the input percentage of the recycled quantity such as the ratio of fly ash to be used in a concrete
mix or the recycled rubber material in tile carpeting. Other pertinent information may be reclaimed material
quantities and the locations for separate scheduling or the manufacturing location information to determine the
materials that might have been sourced regionally. BIM updates the quantities and volumes of materials as the
building is modeled; for this reason, we can understand the accurate percentage of materials contained in the model’s
latest version. This helps to analyze quickly whether we have achieved Leadership in Energy and Environmental
Design (LEED) credits or the pre-defined project goals. Additionally, by means of material quantity schedules in
Revit, separate schedules can be created; thus the material information can be put into the model. At the later stages
of the project, these material percentages make easy the LEED reporting process and help to compare cost and
weight of the materialsto those of other materials [51].

4.3.2 BIM and Construction
BIM helps to integrate the teams and the process to work closer on the model and documentation, which causes the
following advantageous [51]:

- Zerowaste

- Zero carbon emissions

- Energy saving and efficiency

- 100% power through renewable energy

- Zero claims (effective project management system)

- Zero accidents (through efficient health and safety protocols)

- Paperless document management system
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4.3.3BIM and Post construction
4.3.3.1 Salvaging and Recycling:

In the green construction, the end of the life cycle buildings is taken into account. Here, life cycle indicates that
each building has a limited life span. In other words, no building is constructed to last forever. A negative point is
that buildings usually outlive their technology to the point where the systems used in a building are outdated, the
material research is completed, and the environment in which they are located are changed in terms of use ,density,
or function. Generally, many people see these types of structures as landfill material; however, thisis not often the
case. Indeed, with a minimal investment of natural resources and time, lots of materials used in a building can be
reused for other purposes [51].

4.3.3.1.1Salvaging:

The greenest way for reintroducing materials to the stream of building construction is salvage. BIM provides
the best way for reusing the building’s materials. For example, the facility manager is able to extract al of the
building’s components, quantities, manufacturers, and recipes of assembly from the BIM and deliver them to the
deconstruction contractor. Then the deconstruction would be capable of quantifying the materials in a building that
are to be decommissioned and s’he can find resources for these materials before dismantling the structure [51].

4.3.3.1.2 RECYCLING

In recycling process, BIM functions in two ways. First, by means of site logical plans, which determine the
location of roll off sand bins, it helps the team to find these locations and hel ps subcontractors to take care of scraps.
Second, it reduces the amount of printed documents through persuading the usersto use digital tools [51].

5. Obstacles and limitations of BIM implementation
According to the previously-conducted studies during the past two decades, the following stumbling blocks have
been found to the implementation of BIM [21, 22, 24, 52-55]:

Project participants mostly work with some special tools (hardware and software) and data transfer is often
limited because of incompatibility and transmission of the consistent information to other participants. The
data that are not transferred are required to be recovered and additional efforts are needed to perform it or
add the information to other special tools;

Project participants employ intelligent models for parts of the project scope in order to assist them with their
conventional activities (not limited to time, cost, and design evaluation). It is mostly concentrated on the
scope of work that is the most expensive or appears the most risky and required to be assessed in details
according to reliable information sources,

The use of some intelligent approaches such as virtual project development for the first time and the
committed mistakes indicate the lack of experience, which leads to time-consuming searching activities.
The virtual background and prepared models are mostly treated as superficial and they cannot be trusted,;
Achieving the utmost benefits from BIM is correlated directly to the maximization of collaboration in the
given project;

For an effective use of BIM, the project should be delivered with a collaborative approach (asit is common
to use 3-D/4-D models) such as in Design-Build (DB) or Construction Management at-Risk (CM@R)
projects. On the other hand, experience shows that there are still particular benefits in conventional Design-
Bid-Build (DBB) projects;

Many barriers keep project participants from utilizing BIM and the latest technology, including fears of big
failure or too low success, high costs of initial investment, being not skilled to use the software
appropriately, and perhaps the biggest barrier for many is the lack of support from the company’s senior
leadership;

For carrying out 4-D modeling efficiently, some issues should be resolved, including what 3-D/4-D
modeling software to employ, the professional and organizational qualification alignment, the limitations
associated with 3-D/4-D modeling software tools, issues that stem from data exchange, and efficient
hardware to employ;

Lack of knowledge regarding strict implementation standards of BIM, rules for certain project participants,
the contract obligations in some countries, or the unified form of documentation for some regions (e.g.,
Americas, European Union, Asia, etc);

Necessity of using cost-benefit analysis with the aim of convincing practitioners regarding the benefits of
BIM implementation and justifying the upfront investment.
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6. CONCLUSION
Due to innumerable advantageous involved in the utilization of BIM, it would be regarded as a panacea to
reduce the deficiencies occurred throughout the whole lifecycle of construction project. In light of this, this paper
presented the benefits regarding the use of BIM in three different stages of construction project, including
preconstruction, construction, and post construction. Furthermore, the stumbling blocks to the implementation of
BIM have been addressed. In short, the authors concluded that the use of BIM would have certainly the following
positive impacts on the construction projects:
- Diminishing the design errors and reworks pertaining to the construction activities
Enhancing the integration of time and cost
Increasing the integration of design and construction phase
Decreasing the hazardous construction activities associated with safety issues
Rectifying the traditional delivery and procurement process
Facilitating the site layout plan
Increasing the possibility for reusing materials
Eliminating the necessity for traditional documentation
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