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Abstract

Building Information Modeling “BIM” is becoming a better known established
collaboration process in the construction industry. Owners are increasingly requiring
BIM services from construction managers, architects and engineering firms. Many
construction firms are now investing in “BIM” technologies during bidding,
preconstruction, construction and post construction. The goal of this project is to
understand the uses and benefits of BIM for construction managers and examine BIM
based scheduling. There are two objectives to this project. First is to identify the current
uses of BIM in the Architectural / Engineering / Construction / Facility Management
industry to better understand how the BIM-based “build to design” and “design to build”
concepts can be used by construction managers under the Construction Management at
Risk project delivery system. Second, a focus is placed on analyzing 3D and 4D BIM as
well as BIM based scheduling.

The research was conducted through literature review, case studies, and
interviews. First, the research identified the uses of Building Information Modeling for
preconstruction, construction and post construction phases. Then, the project examined
the uses and benefits of BIM in the construction of a research facility. Subsequently, a
prototype 4D Building Information Model was created and studied. Furthermore, the
BIM-based schedule was integrated to the 4D model. Finally, the project concluded with

an analysis on the use, advantages and setbacks of BIM and its tools.
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1 Introduction

The construction industry has experienced a gradual decrease in its labor
productivity since the early 1960s. In the meantime, the non-farm industries such as the
manufacturing industry have increased their labor productivity. The reduction of labor
productivity in the construction industry requires more labor hours per contract dollar
amount. This indicates that construction industry is lacking the development for labor
saving ideas. Figure 1 depicts the gap between the non-farm and construction industry

labor productivity.

Construction & Non-Farm Labor Productivity Index {1964-2003)

Constant $ of contracts / workhours of hourlyworkers
Sources: US Dept. of Commerce, Bureau of Labor Statistics
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Figure 1: Construction and Non-Farm Labor Productivity Index (Teicholz, 2004)

The main causes of the lack of labor productivity in the construction industry are
related to its fragmented nature due to traditional project delivery approach, traditional
use of 2D Computer Aided Drafting (CAD) technology and the size of construction firms
(Teicholz, 2004). First of all, the traditional construction project delivery approach,
Design-Bid-Build, fragments the roles of participants during design and construction
phases. In other words, it hinders the collaborative involvement of the general contractor

or the construction manager during the design phase of the project. Secondly, the use of



common and traditional two dimensional CAD drawings does not promote a true
collaborative approach. Architects and engineers produce their own fragmented CAD
documents to relay theirs designs to owners and contractors. These drawings are not
integrated and usually pose conflicts of information which result in inefficiency in labor
productivity. The estimators need to count and generate their own quantity take offs
based on the produced CAD documents. Moreover, the 2D CAD approach does not
promote the integration of the drawings with schedule and cost. Lastly, due to fluctuating
demand and unique site-construction requirements the construction companies are very
small specialized and regional firms as depicted in the bar chart below, figure 2.
Furthermore, the construction workers on the average are paid lower wages than the
manufacturing industry. Therefore, firms do not have as much of an incentive or the
resources to invest money in research and development of technology because of its high
risks and costs. When the new methods and technologies are used, they are applied per

project basis and are not adapted quickly in the construction industry.
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Figure 2: Distribution of Construction Company Size by Number of Employees (Teicholz, 2004)

One of the first steps towards the use of 3D technology in the construction
industry was initiated as a 3D solid modeling in late 1970s. During this time,
manufacturing industry carried out product design, analysis, and simulation of 3D

products. 3D modeling in the construction industry was hindered “by the cost of



computing power and later by the successful widespread adoption of CAD” (Eastman,
2008). The manufacturing industry realized, spent more resources in technology and
seized the “potential benefits of integrated analysis capabilities, reduction of errors, and
the move toward factory automation”. They worked together with modeling tool
providers to reduce and eliminate the technological software setbacks.

Parametric modeling was widely adopted by manufacturing companies to design,
engineer and manufacture products. For example, Boeing has been one of the industry
leaders in using Dassault System’s (DS) 3D technology since 1986. Successful digital
design and mock-up of 777 series with Computer Aided Three Dimensional Interactive
Application (CATIA) has led to the use of DS’s Product Lifecycle Management (PLM)
for Boeing’s fuel-efficient 787 Dreamliner project. The manufacturing of the plane which
included the design of revolutionary strong and light carbon fiber composites for its
wings and fuselage, was outsourced outside of the USA from Italy’s Alenia Aeronautica
to Japan’s Kawasaki Heavy Industries. Boeing required all of the team members to use
the PLM solutions to avoid any interoperability delays. PLM provided 3D virtual design,
development, and maintenance of the product while promoting collaboration thru
information exchange via online communities. DS’s PLM package for 6,000 designers at
the Dreamliner project included CATIA to virtually design 3D parametric object oriented
products and resolve conflicts, Digital Enterprise Lean Manufacturing Interactive
Application (DELMIA) to plan the manufacturing process and virtually simulate it and
Enterprise Innovation VIA (ENOVIA) to share, update and manage product life cycle in
a collaborative platform. Instead of designing in-house and providing the drawings to
manufacturers, Boeing designers and its partner manufacturers all across the world
collaboratively used the PLM tools to design, engineer and develop the Dreamliner 787
virtually. Overall, collaborative partnership and 3D PLM tools enhanced the diverse

global teamwork to design and manufacture of the global 787 Dreamliner project
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(Duvall, 2007). The manufacturing industry has fully grasped the concept of designing
and virtually manufacturing in a collaborative platform.

Construction industry has established the basis of object-oriented building product
modeling in 1990s. Initially, certain market sectors such as structural steel utilized the
parametric 3D modeling. Recently, various BIM tools became readily available
throughout the construction industry. This is a reward of construction industry’s
dedication to Building Information Modeling for the last 20 years (Eastman, 2008).
Construction industry has come to a point to realize the true benefits of technological
advancement. The labor efficiency gap can be closed via the Building Information
Modeling concept. Therefore, it is the intention of this project to study BIM and its tools
to determine benefits and setbacks it poses to construction managers at risk.

In this project, the uses of BIM which include visualization, 3D coordination,
prefabrication, construction planning and monitoring, cost estimation and record model
were discussed in detail. MIT Koch project was presented as a case study to realize the
actual uses and benefits of BIM. BIM tools were further analyzed by developing a
prototype 3D and 4D house model. Furthermore, BIM as the main generator or 4D
scheduling were analyzed. The research concluded that although BIM tools do pose
some shortcomings such as interoperability issues, the use of BIM is very beneficial to

the construction managers.



2 Background

This section discusses the role and use of Building Information Modeling from

the Construction Management point of view. First BIM is reviewed and defined. The

uses of Building Information Model, and the Building Information Model software and

integrators are also discussed mainly from a construction manager perspective.

2.1 What is BIM?

The Building Information Model is primarily a three dimensional digital
representation of a building and its intrinsic characteristics. It is made of
intelligent building components which includes data attributes and
parametric rules for each object. For instance, a door of certain material
and dimension is parametrically related and hosted by a wall.
Furthermore, BIM provides consistent and coordinated views and
representations of the digital model including reliable data for each view.
This saves a lot of designer’s time since each view is coordinated through
the built-in intelligence of the model. According to the National BIM
Standard, Building Information Model is “a digital representation of
physical and functional characteristics of a facility and a shared
knowledge resource for information about a facility forming a reliable
basis for decisions during its life-cycle; defined as existing from earliest
conception to demolition” ("About the National BIM Standard-United

States"”, 2010).

Building Information Modeling (BIM) is the process and practice of virtual

design and construction throughout its lifecycle. It is a platform to share knowledge and

communicate between project participants. In other words, Building Information

Modeling is the process of developing the Building Information Model.



High quality 3D renderings of a building can be generated from Building
Information Models. If the contractor only uses the model to better communicate the
BIM concept in 3D and does not further use the built-up information in the Building
information Model, then this is referred to as “Hollywood” BIM. Contractors may use
the “Hollywood” BIM to win jobs. However, they do not seize the full potential value of
Building Information Modeling.

Sometimes, Building Information Modeling is practiced internally within only a
single organization of the project and not shared with the rest of the organizations. This is
referred to as “lonely” BIM. For example, an architectural firm may decide to design a
Building Information Model, and use it for visualization and energy analysis. Architect’s
firm may even have an internal collaboration. However, the architect may decide to
provide the drawings in two dimensions and restrict the Building Information Model
access. This would hinder the participation of the construction manager (CM) unless the
CM creates a new model. (VVardaro, 2009)

A more collaborative approach would be the “social” BIM which enables the
sharing of the model between the engineer, architect, construction manager, and
subcontractors. At the BIM meetings, the construction manager and subcontractor can
provide their expert construction knowledge to the design team. Moreover, the
construction manager can use the building information models to generate
constructability reports, coordinate, plan, schedule and cost estimate. After collaboration
efforts such as MEP coordination among the contractors, engineers and architects are
completed, specialty contractor can then use the information from Building Information
Model to prefabricate products.

Another approach known as “intimate” BIM is realized when the construction
manager, design team and owner contractually share risk and reward. This is made

possible thru BIM-enabled integrated project delivery. For example, Construction
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Manager Tocci Building Co., Architect Kling Stubbins, and Owner Kling Stubbins
collaboratively joined forces on Autodesk East Coast Headquarters project located at
Waltham, MA (Post, 2008). Intimate” BIM as well as “social” BIM encourages teams to
collaboratively produce better drawings, reduce time and cost in a project.

Experience shows that there are a lot of questions that need to be answered before
Building Information Modeling could be implemented in a project. What is the purpose
of using the building information model (BIM)? What type of relevant information is
required in the model to provide value to each project participant? Who is going to
develop, update, and maintain the BIM? Does the modeler have enough expertise to
update work? How many models there will be? Are these models going to be
interoperable? How is the BIM going to be shared? What BIM tools are going to be
used? Is the contract language conducive to the use of BIM in the project? The questions
and answers would depend on the needs of the project team. Therefore, it is extremely

important to have a BIM kick off meeting.

2.2 Project Delivery Methods & BIM for Construction Managers

Traditional Design-Bid-Build, Construction Management at Risk, Design/Build
and Integrated Project Delivery (IPD) methods are the most common project delivery
approaches that the industry currently practices. No matter which delivery approach is
chosen, the general contractor or the construction manager can use BIM. Construction
managers or general contractors can use BIM to extract quantities of work to prepare cost
estimates. Furthermore, they can provide powerful 3D renderings. Moreover, schedule
integrated BIM known as 4D BIM can be used for animations, safety analysis, and to
prepare site logistic plans. Construction managers can use BIM to coordinate work with
subcontractors. They can also update schedule and costs with BIM. Lastly, they can turn

over an as-built building information model to the owner’s maintenance team.



The construction manager job is officially started in a project as soon as is
awarded. The project award timeline to the construction manager and the organizational
structure of the project are dependent upon the construction delivery approach. These two
factors impact the involvement of the construction managers in the Building Information
Modeling process.

In the traditional approach, the design, bid, and build phases follow each other.
The architect, typically the lead designer in building projects and construction manager
works directly for the owner. The engineering consultants are part of the designer’s team.
The engineer and the architect first design the building. Upon, the completion of the
design phase, the construction managers also know as general contractors in the
traditional approach bid for the job. Once the bid is awarded, then the construction starts.
It is not a fast track project delivery method. In other words, the approach does not
involve early participation of the construction team during design. If the designers
generated a 3D parametric model for the project, the BIM will lack the knowledge of the
contractors during the design phase. Overall, Design-Bid-Build eliminates the benefits of
having the construction input during design phase when the ability to influence the cost is
the highest as depicted in figure 3. The architects and the engineers may not want to
share their models due to risks, liability concerns, unauthorized reuse of intellectual

properties and misinterpretation of the information included in the model.
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Figure 3: Project Life Cycle - ability to influence cost (Eastman, 2008)

In Construction Management at Risk delivery method, both the designer and the
construction manager work directly for the owner. They can collaborate and complement
each other’s work and report to the owner. When BIM is used, this approach carries the
risk like the traditional method that the architects and the engineers may not want to share
their models due to risks such as liability concerns, and unauthorized reuse of intellectual
properties. Also, Construction Management at Risk approach usually entails the pre-
construction services. This enables the input of the construction team to the Building
Information Model early on during the design phase. It can be used for private and
public fast track projects. Construction Management at Risk is the approach that the
research will be based upon.

Design/Build delivery approach requires a single entity to take over the
responsibilities of the designer and the builder for the owner. Selection of Design/Build
professionals is usually based on a combination of cost and professional qualifications.
Since the designer and the general contractor work together, quality control assurance is
limited. In other words, cost could become a priority over quality. On the other hand,

Building Information Model can be used freely right from beginning of the project. The
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intimate collaboration of the designer and the builder can yield to using the Building
Information Modeling as a strong and effective process.

Finally, a new method known as integrated project delivery (IPD) contractually
requires designers, construction manager, subcontractors and owners to share the project
risks. If the project stays within budget, then all the project participants receive their
share of profits. Otherwise, they all lose their fee. This incentive promotes all the
participants to work together towards a common goal. They share all the Building
Information Model, share decision making, and share the responsibility. This joint project
management approach results in pure collaboration and no litigation. Overall, Building
Information Modeling makes IPD achievable. (Handler, 2010)

The Building Information Modeling is a process of virtual design and
construction of the project. The traditional approach will not be the best approach to
promote the benefits of BIM since the construction manager or the general contractor will
not be involved in the process until after the design phase of the project is complete.
Therefore, Construction Management at Risk, Design/Build, and Integrated Project
Deliveries (IPD) are better project deliveries to collaborate and to maximize the use of
BIM. This would enable the construction managers to provide input by collaborating
through BIM during the design phase when the ability to influence the cost and schedule
is maximized.

Despite the delivery method, BIM Addendum created by Consensus can be
integrated as an additional rider to each project participant’s contract. BIM Addendum
does not impact the contractual relationships of the project participants. However, it
requires the participants to communicate, collaborate and exchange information via using
BIM tools. Information technology responsibilities are assigned to an Information
Manager whose tasks consists of account maintenance, back up and security. BIM

requires the implementation of BIM Execution Plan which identifies the BIM needs of
10



the project. It consists of checklist of issues including but not limited to: the type of
Models to be created, required level of detail, purpose of each model, responsible party
for creation of each model, schedule for delivery of Model, file formatting, file naming,
object naming, interoperability of BIM tools, coordination and clash detection, and BIM
website utilization, etc (Lowe 2009).

In the BIM addendum, Design Model and Construction Model are identified.
Design Model developed by engineers and architect is expected to be completed at level
of detail of two dimensional construction documents. Construction model developed by
the contractor and subcontractor is equivalent to modeling of shop drawings and related
information. Developer of each distinct model can work and update his or her own files
and are responsible for dimensional accuracy of model. Distinct models can be linked to
each other to form a federated model. The federated model can be used for many
purposes including clash detection, marketing and facility maintenance purposes (Lowe
2009).

As part of BIM Addendum, parties waive claims against each other. BIM
Addendum addresses the risk of the potential intellectual property infringement claims.
Each party allows the use of their models for the benefit of the project. If a software
malfunction is found to impact the project, the owner is mainly taking the risk and the

schedule extension for the project is allowed (Lowe 2009).

2.3 Use of BIM in Construction Management

There are many uses of Building Information Modeling for each project
participant. Figure 4 depicts these uses for the planning, design (preconstruction),

construction and operation (post construction) phases:
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Figure 4: BIM Uses throughout a Building Lifecycle (Messner, 2009)

During the design phase, the use of BIM can maximize its impact on a project
since the ability to influence cost is the highest. The team can creatively come up with
ideas and provide solutions to issues before problems become high cost impacts to the
project. This can be realized through the cooperation and coordination of the entire
project staff. Therefore, it is extremely important to have a good collaboration. The use
of BIM especially enhances the collaborative efforts of the team.  The architect and
engineer can test their design ideas including energy analysis. The construction manager
can provide constructability, sequencing, value and engineering reports. They can also
start 3D coordination between subcontractors and vendors during early stages of design.
The owner can visually notice if the design is what he is looking for. Overall, the BIM
promotes the collaboration of all of the projection participants.

There are beneficial uses of BIM during the construction phase. However, the
ability to impact the cost in a project reduces as depicted in figure 3 as the construction
progresses. Several uses include sequencing, cost estimation, fabrication and onsite BIM.

These uses are later discussed in detail.
12



During the post construction phase, maintenance scheduling, building system
analysis, asset management, and space management and tracking, disaster planning, and
record modeling can a record model can help to maintain the building throughout its
lifecycle. Ideally, the building automation systems (BAS) which controls and monitors
the use of mechanical and electrical equipment can be linked to the record model to
provide a successful location based maintenance program. Furthermore, building system
analysis including energy, lighting, and mechanical can be used to measure building’s
performance. Moreover, upgrades may be initiated to various equipment and components

of the building.

2.3.1 Visualization

Building Information Modeling (BIM) is a great visualization tool. It provides a
three dimensional virtual representation of the building. During the bidding phase of the
project, the construction manager can provide renderings, walkthroughs, and sequencing
of the model to better communicate the BIM concept in 3D.

Visualization provides a better understanding of what the final product may look
like. It takes away thought process of bringing the different traditional 2D views together
to come up with the 3D view of a detail. Furthermore, virtual mock-ups such as
laboratories or building envelope can be provided to the designer and the owner. This
would help to visualize, better understand, and make decisions on the aesthetics and the
functionality of the space. As depicted in figure 5 and presented in the BIMForum
Conference in San Diego, virtual mock ups can be used to review 3D shop drawing of the
building envelope (Khemlani, 2011). The virtual mock ups help to communicate and
collaborate among the project participants. It promotes planning, and sequencing the
curtain wall construction. Even though a virtual mock up is cost efficient in comparison

to a physical mock-up, a physical mock-up may still be required if a member such as

13



casework drawer or an assembly of the building such as a curtain wall need to go through
a series of physical tests. Hence, virtual mock-ups could become a good standard to
initiate the mock up process and an actual mock-up may be necessary after the virtual

mock up is approved.
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Figure 5: Exterior Envelope Virtual Mock up for 3D Shop Drawing Review (Khemlani, 2011) :

2.3.2 3D Coordination

Collaboration of the construction team with the architect, engineer and the owner is
preferred to be started on early stages of design phase. At that time, the Building
Information Modeling shall immediately be implemented. If the architect is only
providing 2D drawings, then the construction manager should convert the 2D drawings to
3D intelligent models. When the specialty contractors, especially the MEP contractors
and the steel fabricators are involved, they need to spatially coordinate their work. The
3D coordination can be started right after the model is created to ensure that any same
space interference (hard clash) or clearance clash (soft clash) conflicts are resolved.
Overall, the coordination efforts of construction manager and specialty contractors in
advance of construction help to reduce design errors tremendously and to better
understand ahead of time the work to be done. For example, Research 2 Tower Project
for Colorado Denver Health Science Center distinguished itself with the implementation
of BIM in comparison to Research 1 Tower project which had major complex mechanical

system problems. The BIM usage for Research Tower 2 included 3D MEP coordination
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as shown in figure 6, work planning for concrete placement, and assembly instruction
models. The benefits for Research 2 project included 37% reduction in coordination

RFIs, and 32% reduction in coordination change orders (Young, 2009).

2.3.3 Prefabrication

Prefabrication reduces field labor cost and time and increases accuracy in a good
quality construction. There are more tools and options readily available in a controlled
environment of the jobsite to perform work more precisely, and less costly in a shorter
period of time. Prefabrication requires design and field accuracy. Building information
models can provide this level accuracy by including the specifications, sequence,
finishes, and the 3D visual for each component. However, the construction team must
make sure that the BIM is interoperable with the software used by fabricators. This way
the contractors can use the BIM and generate details for the product in their fabrication
software. Once the details are approved, the products can be fabricated using Computer
Numerical Control (CNC) machines. Furthermore, the construction managers must
administer the procurement schedule of the products. Overall, the prefabricated products
must be delivered to the jobsite on time.

Difficult steel connections generated in Building Information Model can be
welded offsite. The welding of these small complex elements in advance of steel erection

can save time and money. Furthermore, BIM helps to timely modify designs to eliminate
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or reduce use of beam penetrations that may result from MEP conflicts. A few beam
penetrations may become inevitable for complex project. A good coordination of these
penetrations with BIM technology advocates determining the beam penetration locations
and prefabricate offsite. Prefabricated beam penetrations would save tremendous time,
money and effort in comparison to onsite beam penetrations. Moreover, roof penetrations
for concrete rooftops should be sleeved prior to concrete pour at the roof level.
Supplemental steel for each penetration may be required. These penetrations can be
coordinated with BIM when the specialty contractors are on board (LeBlanc, 2010).

Curtain wall systems whether panelized or stick system, can be used with BIM to
prefabricate parts and components. Panelized curtain wall systems may be considered for
the schedule purposes. Stick systems require the use of assembly of each one of
components onsite where as the panelized systems already come prefabricated with all
the components which includes, insulation, glazing, stone, framing, etc.

Walls, rooms, and houses can be virtually designed and constructed with Building
Information Model. These walls, rooms and houses can be prefabricated with roughed
mechanical, electrical, plumbing (MEP) components. Final MEP connections can be
made once the prefabricated components are assembled onsite.

In healthcare and biotechnology projects, various equipment such as Biosafety
Cabinets (BSCs), fume hoods, autoclaves, cage washes, and MRIs, etc. may be required.
These equipments may require some type of coordination with MEP contractors. For
instance, fume hoods may come with prefabricated piping for vacuum, gas, or nitrogen
lines at laboratories. BIM can be used to determine the exact location of the fume hood
and more importantly, the drop in location to the prefabricated piping at the fume hood.
This enables the in-wall roughing and plumbing drops of the piping work before the fume
hoods come to the site. Moreover, the electrician can pull cables to junction box to later

tie into the circuits for lights, outlets, and fan. Lastly, the ductwork contractor can use the
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information from the BIM to drop its branch duct so the fume hood can later be tied in.
Overall, Building Information Modeling can help achieve the implementation of the MEP
roughing work by promoting collaboration of information exchange between the
subcontractors.

BIM can help to coordinate between casework installers and MEP contractors.
For example, island benches (cores) are prefabricated with electric outlets, and gas
turrets. BIM can be used to determine the roughing locations. Then, the electrical circuits
of the island benches can be roughed to a junction box. The plumbing pipes can be fed to
the horizontal branches above the ceiling. Overall, the roughing can be completed
successfully with the use of Building Information Modeling process.

Pipe manufacturer could use BIM to gather coordinated piping locations, lengths
and sizes for its fabrication software as long as the interoperability is possible. This
allows in-wall drops including hot, cold, drain/vent, vacuum, etc. to be prefabricated.
The drops typically stick out a foot from the wall to provide connection to the horizontal
branches above the ceiling. Furthermore, if pipes need to be weld, they must come at
manageable sections. Pipes typically come to jobsite 5 to 10 feet sections. Welding
small sections of black iron pipe with four inches or bigger diameter would be feasible to
weld offsite whereas two 10 foot sections welded offsite would not be manageable. Also,
offsets and joints would prefer to be prefabricated. Overall, it is ideal to prefabricate all
the small pieces in a controlled environment with readily available equipment which
would yield more efficient, higher quality, and less costly products (LeBlanc, 2010).

BIM can be used to enhance the information exchange of the products between
participations. Furthermore, it is used to virtually coordinate the location and routing of
the products. Based on this information, the products can be detailed using the fabrication

softwares. Once the material is prefabricated and arrives on site, the foreman of the
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specialty trade coordinates with the general superintendent to ensure that he is making the

virtual design and construction a reality.

2.3.4 Construction Planning and Monitoring

The construction planning involves the scheduling and sequencing of the model to
coordinate virtual construction in time and space. The schedule of the anticipated
construction progress can be integrated to a virtual construction. The utilization of
scheduling introduces time as the 4™ dimension (4D).

There are two common scheduling methods that can be used to create 4D
Building Information Model. These are critical path method (CPM) and line of balance.
In the Critical Path Method, each activity is listed, linked to another activity, and
assigned durations. Interdependency of an activity is added as either predecessors or
successors to another activity. Moreover, the duration of the activities are entered. Based
on the dependency and duration of the activities, the longest path is defined as the most
critical path. The activities defined in the longest path are defined as the critical
activities. These activities do not have any float. In other words, if these activities are
not completed within anticipated duration, the total duration of the project will be further
pushed out. Overall CPM is a commonly used technique that helps projects stay within
schedule.

Line of Balance technique uses location as the basis for scheduling. This method
is an alternate to the CPM. It is advantageous for repetitive tasks to increase labor
productivity. In this method, activity durations are based on the available crew size and
the sequence of the location. Productivity of the labor force can be altered as needed to
accurately depict the construction schedule. The approach focuses on the locations being

completed by a trade before the other trade moves in. This reduces the number of
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mobilizations and resources. Overall, line of balance is a good scheduling method to plan
and monitor repetitive tasks during construction progress. (Kenley, 2010)

The planning through using BIM enhances site utilization, space coordination,
and product information. A 4D model can either include a site logistics plan or tools
such as SMARTBOARD on top of a virtual construction can be utilized to visually depict
the space utilization of the job site. The model must include temporary components such
as cranes, trucks, fencing etc. Traffic access routes for trucks, cranes, lifts, excavators,
etc. need to be incorporated into the BIM as part of the logistics plan. For example, the
site logistics planning for the Hennessy Centre steel erection is depicted in figure 7
(Collins 2011). Moreover, the site utilization consists of lay down areas, site work
progress, and location of trailers and equipment and hoist assembly. Similarly, when the
building is being closed in, the space coordination must be managed for the roughing and

eventually finishing activities.

Figure 7: Hennesy Centre Safety and Site Logi;:tics Planning (Collins, 2011)
4D BIM can be used as a visualization tool to identify the safety features that will
be required at different times. Based on these observations, the Temporary safety related
structures such as rails and fences can be modeled in the BIM and the safety related

activities can be integrated into the schedule. Once the model is used as a planning tool
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for safety, the 4D model can be used to monitor the safety precautions taken at the
jobsite. Overall, 4D BIM can be used a proactive approach to enhance the planning and
monitoring of the jobsite safety.

Construction managers must plan for coordination, shop drawings approval,
fabrication, transportation, and installation times. They need to make sure the lead times
for the material is accounted for so that it can have enough time to be installed or
assembled. They can update this information on their 4D models.

There are several field data acquisition systems that can be used with 4D BIM to
keep track of the progress of .the construction. Radio Frequency ldentification and 3D
laser scanning Radio Frequency ldentification (RFID) can be used to keep track of the
material delivery status. The use of RFID is ideal for the prefabricated components of a
project such as precast concrete panels. RFIDs can be linked into the BIM to show that
the elements are in the correct location. For instance, a tagged projector can be linked to
the element’s type property in the BIM. The BIM and RFID integration helps to keep
track of the location of the projector and indicate that the material is in the designed
location once it is installed (Meadati, 2010).

RFIDs can alternatively be used to plan and monitor the workforce. They can be
tagged to the hard hats of the trades to identify the manpower and the location of the
workers for the day (Yazici, 2010). The daily activities of workman can be monitored
closely to ensure that the manpower is adequate and that the labor activity is suffice to the
planned 4D schedule.

3D Laser Scanning can be used to monitor the progress of designed Building
Information Model. 3D laser scans and register point clouds of geospatial information
which then can be processed to the designed Building Information Model. At that stage,
the scanned as-built data can be manually checked against the original designed model to

detect any deviations. However, there are no current algorithms to make this an
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automatic process (Hajian, 2009). Overall, the 3D laser scanning technology can be a
good quality control tool for new projects. For renovation projects with no 3D models,
the laser scanning can be a good process to identify the current location and status of
building components. The visualization can be helpful for space coordination in the
renovation projects.

Construction managers can use BIM and the robotics total station technologies for
accurate building practices. Site survey points generated in the Building Information
Model can be uploaded to the robotic total station. Based on the points generated from
the model, the field staff then can lay out all of the points. For instance, the accurate
positioning of the hangers would ease the coordination of the MEP contractors ("Using
BIM and IPD to Design & Build the Hospital of the Future." 2010). Furthermore, field
staff can survey the components of the building with robotic total station to ensure that
they are built per designed model within acceptable tolerance range. This proactive
quality control approach would prevent any subsequent conflicts. Overall, robotic total
station uses the information from BIM to survey both for construction and quality control
purposes.

Planning and monitoring is an extremely important part of the construction. The
construction manager can use various 4D BIM enabled tools to enhance the quality
control process. Overall, construction planning and monitoring with 4D BIM is a great

process to build a facility per the designed model.

2.3.5 Cost Estimation

The two main elements of a cost estimate are quantity take-off and pricing.
Quantities from a Building Information Model can be extracted to a cost database or an
excel file. However, pricing cannot be attained from the model. Cost estimating requires
the expertise of the cost estimator to analyze the components of a material and how they
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get installed. If the pricing for a certain activity is not available in the database, cost
estimator may need a further breakdown of the element for more accurate pricing. For
instance, if a concrete pour activity is taking place, the model may account for the level
of detail for the rebar, wire mesh, pour stop, formwork, concrete etc., but not include it as
part of the quantity take-off extraction. Cost estimator may need this level of detail from
the model to figure out the unit price which consists of the unit material cost, unit labor
cost, overhead and profit. The unit labor cost is driven by the mobilization and
installation durations, and the labor wage while the unit material cost is the sum of the
material costs used for the activity per unit. Once the unit price is attained, the cost of the
entire activity can be attained by multiplication of the total quantity extracted from BIM
and unit price.

In Building Information Model, the data output is as good as the data input. It is
significantly important to have the constructor and the designer to agree on component
definitions.  For instance, if an architect is using concrete slab to show the roof for
modeling purposes, the roof quantity information will not be accurately accounted for
quantity extraction purposes in the model. Overall, the BIM technology is a great tool to
optimize the productivity of the estimators through quantity extraction from the model

especially if the construction and design team work collaboratively.

2.3.6 Record Model

Construction Managers can provide a record Building Information Model to the
owner at the end of a project. The model includes the integration of the as-builts from the
subcontractors. Furthermore, each object property in the model can also include links to
submittals, operations and maintenance, and warranty information. Centralized database
can help the facilities department to find information easier. Record model can be used

to manage security and safety information such as emergency lighting, emergency power,
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egress, fire extinguishers, fire alarm, smoke detector and sprinkler systems (Liu, 2010).
Furthermore, the facility team can analyze energy efficiency of a virtually built model. In
addition to that, facilities team can plan with record model to maintain and renovate
buildings by tracking spatial information such as furniture, equipment, and MEP
(mechanical, electrical, and plumbing) connections. Finally, the facilities department can
use the model to generate cost and schedule impacts for maintenance and renovation
projects. Overall, a record model can be utilized to optimize facility management and
maintenance.

Generation of Building Information Model as a record model is an area in the
process of development. The interoperability of the record model with various
applications could potentially be a challenge. Furthermore, the owner needs to be willing
to allocate funding to train employees, update and maintain the record Building
Information Model (Keegan, 2010). As the benefits of the record model are realized, the
owners will be more demanding of the record Building Information Model. An accurate
record model that contains the scope of the project and the needs of the facilities
department can help the owner manage and maintain the building tremendously. This
can leave a long lasting positive impression of the construction manager to the owner of

the project.

2.4 BIM Tools

There are plenty of Building Information Modeling tools. This subsection will
identify these products. The following table, figure 8, depicts the BIM authoring tools
and their primary functions. The list includes MEP, structural, architectural, and site
work 3D modeling softwares. Some of these softwares are also capable of scheduling and

cost estimation.
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Product Name Manufacturer Primary Function

Cadpipe HVAC éﬁ)‘fj;’es'g” 3D HVAC Modeling

Revit Architecture Autodesk 3D Archl_tectur_al Modeling and
parametric design.

AutoCAD Architecture Autodesk 3D Archl_tectur_al Modeling and
parametric design.

Revit Structure Autodesk 3D Strucf[ural Modellng and
parametric design.

Revit MEP Autodesk 3D Detailed MEP Modeling

AutoCAD MEP Autodesk 3D MEP Modeling

AutoCAD Civil 3D Autodesk Site Development

Cadpipe Commercial Pipe éii;)eﬂgn 3D Pipe Modeling

DProfiler

Beck Technology

3D conceptual modeling with real-
time cost estimating.

Bentley BIM Suite
(MicroStation, Bentley

3D Architectural, Structural,

Architecture, Structural, Bentley Systems Mechanical, Electrical, and
Mechanical, Electrical, Generative Components Modeling
Generative Design)
Fastrak CSC (UK) 3D Structural Modeling
SDS/2 Design Data 3D Detailed Structural Modeling
Fabrication for AutoCAD East Coast . .
MEP CAD/CAM 3D Detailed MEP Modeling
Gehr CATIA based BIM System for
Digital Project Tech)r:olo ies Acrchitectural, Design, Engineering,
g and Construction Modeling
Digital Project MEP Gehry .
Systems Routing Technologies MEP Design
ArchiCAD Graphisoft 3D Architectural Modeling
MEP Modeler Graphisoft 3D MEP Modeling
3D Fire Sprinkler Design and
HydraCAD Hydratec Modeling
AUtoSPRINK VR M.E.P. CAD 3D Fire Sprinkler Design and
Modeling
FireCad Mc4 Software Fire Pl_pmg Network Design and
Modeling
CAD-Duct Micro Application | 3D Detailed MEP Modeling

Vectorworks Designer Nemetschek 3D Architectural Modeling

Duc_t Designer 3D, Pipe chkPe_:n 3D Detailed MEP Modeling

Designer 3D International

RISA RISA Full suite of 2D and 3D Structural

Technologies Design Applications

Tekla Structures Tekla 3D Detailed Structural Modeling

Affinity Trelligence 3D Model Appllcatlon for early
concept design

Vico Ofice Vico Software 5D Modeling which can be used to
generate cost and schedule data

PowerCivil Bentley Systems Site Development

Site Design, Site Planning Eagle Point Site Development

Figure 8: BIM Authoring Tools (Reinhardt, 2009)
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A variety of shop BIM tools for drawing and fabrication are available or

structural and MEP contractors as depicted in figure 9:

Product Name Manufacturer Primary Function

Cadpipe Commercial Pipe AEC Design Group 3D Pipe Modeling

Revit MEP Autodesk 3D Detailed MEP Modeling
SDS/2 Design Data 3D Detailed Structural Modeling
Fabrication for AutoCAD MEP East Coast CAD/CAM 3D Detailed MEP Modeling

CAD-Duct

Micro Application Packages

3D Detailed MEP Modeling

Duct Designer 3D, Pipe Designer 3D

QuickPen International

3D Detailed MEP Modeling

Tekla Structures

Tekla

3D Detailed Structural Modeling

Figure 9: BIM Tools for Shop drawing and Fabrication (Reinhardt, 2009)

Revit Architecture provided by Autodesk Inc. has built-in sequencing options.

Each object can be assigned a phase. Revit then uses snapshots of the model for each

phase creating a simple sequencing for the viewers. Currently, there are a lot of architects

that are using Revit Architecture.

Various BIM construction management and scheduling tools are available as

depicted in figure 10. BIM Construction management tools that support coordination are

Navisworks Manage, ProjectWise, Digital Project Designer, and Vico.

Furthermore,

Vico, Navisworks Timeliner, Innovaya and Synchro support BIM and schedule

integration. Navisworks, Synchro and Vico Ofice softwares will be discussed in further

detail.

Product Name Manufacturer BIM Use

Navisworks Manage Autodesk Clash Detection

Navisworks Scheduling Scheduling

. . Clash Detection

ProjectWise Bentley Scheduling

Digital Project Designer | Gehry Technologies | Model Coordination

Visual Simulation Innovaya Scheduling

Solibri Model Checker | Solibri Spatial Coordination

Synchro Synchro Ltd. Planning & Scheduling
Structure-centric Model

Tekla Structures Tekla Schedule driven link
Coordinate

Vico Office Vico Software Scheduling
Estimating

Figure 10: BIM Construction Management and Scheduling Tools (Reinhardt, 2009)

Autodesk Navisworks Manage is well known for its clash detection feature.

However, it comes with a feature called Timeliner to simulate construction schedules.
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Timeliner can link Microsoft Project, and Primavera project planner with various BIM
(ie. Revit), CAD and Laser Scan formats. Unfortunately, Timeliner is only a unilateral
information exchange platform.

Similar to Autodesk Navisworks Manage, Tekla BIMsight runs clash detections.
The user can combine models and add comments. This brand new product developed by
Tekla is likely to be quickly adopted throughout the world since it is a free product to use
and share ("What Is Tekla BIMsight?", 2011).

There are several very powerful middleware softwares. The two most common
are Innovaya and Synchro. Both are capable of providing integration services between
the common scheduling softwares (Primavera or Ms Project) with various types of BIM
softwares.

Vico Software Inc. provides BIM software packages geared more towards the
construction management industry.  Its construction software package includes
Constructor, Estimator, Control and 5D presenter. Building Information Model is
developed in Constructor. Quantities and costs are estimated in Estimator. The data is
imported from Constructor 3D model to Estimator. Vico’s Estimator software features
include processing of quantities, tracking of model revisions, addition of margins, and
creation of bid packages.

Location based scheduling is used via Vico’s Control software. This is an
approach that optimizes the productivity of works by using line of balance method.
Simulations are available through the Presenter. Vico’s Control software can also
integrate with other scheduling softwares. Control has a bidirectional link to Primavera
or Microsoft Project. Project schedule in Controller can be exported to Primavera or

Microsoft Project and vice versa.
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2.5 How much does BIM cost?

Building information model costs and savings depends on many factors. Costs
are based upon the level of detail of the model, complexity of the project and the
expertise of modeling team in the technology. The level of detail (LOD) can be
categorized thru system published by AIA. LOD 100 is conceptual stage. LOD 200 is
approximate geometry stage. LOD 300 is precise geometry stage. LOD 400 is
fabrication stage. LOD 500 is as-built stage. (Bedrick 2008)

The main uses of BIM for construction managers include visualization, 3D
coordination, prefabrication, construction planning and monitoring, quantity take offs,
and record model. Project savings are considerably high if the Building Information
Modeling is used during the early design phase. This is mainly due to coordination
efforts that yield to minimization of trade conflicts in the field. The owner, architect, and
engineer can eliminate some of the coordination issues in LOD3 via BIM. Later, the
subcontractor can provide more detailed shop and fabrication drawing as LOD 4. At this
stage, construction manager can coordinate the approval process of the shop drawings.
Furthermore, construction manager can provide more detailed and accurate schedule and
cost estimation as the LOD increases from 100 to 400.  Lastly, record Building
Information Model can be achieved in L500. Overall, the different uses of BIM for
construction managers as indicated in figure 11 can be realized at various stages of LOD

that would yield to cost savings.
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Figure 11: Level of Detail Definitions (Bedrick 2008)

Complexity of the project is related to the type of construction such as residential,
institutional, healthcare and research, commercial, governmental. Building information
models for residential construction can be simpler models.  For healthcare,
pharmaceutical, research and biotech projects, BIM would require better coordination for
space due to the increased MEP and equipment required for the work. For institutional

construction, colleges such as WPI promote BIM. For government projects, GSA and
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army corps are requiring the BIM to be used. Overall, type of construction could be a
determinant factor as to how much BIM will be used.

Becerik-Gerber and Rice (2010) conducted a survey on BIM use to the
construction industry. Of the 424 responses, 9.4% construction managers, 9.9%
contractors, and 2.4% subcontractors of the 424 respondents participated. The rest of the
participation breakdown is provided in figure 12. Even though the study did not
particularly focus on construction managers at risk, it provided a good insight on the BIM

use, costs and savings.

Developer | 0.2%
Facility Managers ™ 1.2%
Design Consultant ™ [ 7%
Subcontractors W 2 4%,
Owners [ 2 9%
Other W 7 5%
BIM Consultants S 8 0%
Construction Managers E———_ 9 4%,
Contractors [EE————_ 9 9%
Architecture/Engineering ES——————— ]].1%
Engineering '———————— |].9%
Architecture NG 33 7Y,

0.0% 10.0% 20.0% 30.0% 40.0%
Figure 12: Respondent Occupations (Becerik-Gerber, 2010)

The top uses of BIM for contractors were clash detection, visualization, and
creation of as-built models. Based on the survey results, the industry wide uses of

Building information model is listed in figure 13:
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Visualization 63.8%

Clash Detection 60.7%
Building Design 60.4%
As-Built Model

Building Assembly 40.6%

42.1%

Construction Sequencing 36.2%
Program/Massing Studies 31.9%

Model Based Estimating 27.9%

Feasibility Studies 24.1%

Alternative Development 23.8%

Direct Fabrication 23.2%

Environmental Analysis 18.6%

Code Review 16.4%
Facilities Management 15.8%

LEED Certification i 14.6%

Forensic Analysis 1.2%

0.0% 20.0% 40.0% 60.0% 80.0%

Figure 13: BIM uses for the survey participants (Becerik-Gerber, 2010)

The general trend in the construction industry is to handle the BIM process in-
house. However, construction managers and contractors are more likely to outsource than
the designers. The design and construction firms often pay for the software, upgrades,
hardware, hardware maintenance and training costs. In other words, the firms are unable
to pass on the costs of performing BIM services thru fees. They would make up for these
costs in terms of their overhead cost. They also reduce the number of men-hours needed
for drawing production The survey depicted in figure 14 below indicates that overall
costs associated for the BIM technology is usually less than 2% of the overall net

revenue:
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Figure 14: Ratio of software, software upgrades, hardware, hardware maintenance, and training
costs to overall net revenue (Becerik-Gerber, 2010)

As the use of BIM has its own costs, it comes with rewards. Depicted in the
figure 15, 41% of respondents stated that the BIM use increased the profitability of the
project. Other BIM users may not feel change in project profitability and think that the
BIM’s advantages do not pass beyond marking, design, and visualization efforts. The
first time users of the BIM may feel a negative impact on their profitability due to a new
investment in technology and learning curve that comes with it. The consistent
participants of the Building Information Modeling are likely to reap the benefits of BIM
and notice increase in their profits. Lastly, the majority of the participants also indicated
that the use of BIM reduced cost and schedule of the project. Overall, the cost of the
BIM and its supporting technologies can be expensive to begin with. However, the

powerful uses of BIM increases profits, lowers costs, and scheduling time.
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Figure 15: Effect of BIM use on project profitability (Becerik-Gerber, 2010)
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3 Methodology

The goal of this project was to examine the uses and benefits of BIM for
construction managers and analyze BIM based scheduling. First, the literature review
included the definition and the use of BIM and its tools. There were a couple of case
studies presented in this project. The first case study, MIT Koch project, included real
life examples of BIM uses and benefits. The second case study, a prototype house
project, examined the 3D and 4D Building Information Modeling as well as BIM based
scheduling. Overall, the literature review and case studies provided an insight on the

benefits of using BIM and its applications.

3.1 Literature Review

In Chapter 2, the terms BIM, “lonely” BIM, “social” BIM, “Hollywood” BIM,
and related terminologies were defined. The use of BIM which include visualization,
coordination, prefabrication, construction planning and monitoring, cost estimation, and
record model were further examined. 4D BIM tools were reviewed. Finally, cost

implications of Building Information Modeling were studied.

3.2 Case Study: MIT Koch Institute

MIT Koch Center project was used as a case study to understand the use and
benefits of BIM in detail. The study includes the utilization of BIM for visualization, 3D
coordination, prefabrication, construction planning and record model in a cancer research

facility.
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3.3 Case Study: Use of BIM Tools

The primary focus of this project was the use of Building information models and
4D integrators. 5th dimension “cost estimation” were not be studied due to the time

limitation of the project.

3.3.1 3D Modeling of a House

Student licensed version of Revit Architecture 2010 was downloaded from
Autodesk’s student community website to develop a 3D house model. First, a new Revit
file was created and saved. Then, the perimeter walls were created. Once the perimeter
walls were completed, the interior walls are created. Then, the foundation walls,
flooring, doors windows, roof, stairs, deck were created. Furthermore, the rooms were
tagged. No mechanical, electrical, plumbing elements were created for this study. The
differences of 3D modeling and 2D drafting were reviewed. Furthermore, the granularity

of objects including the decomposition of the elements was explored.

3.3.2 4D Modeling of a House

4D modeling required the development of a 3D model as well as the schedule.
The 3D model was created in Revit Architecture 2010. The Microsoft Project used the
critical path method to create the schedule. Synchro’s 4D BIM tool was downloaded
through its website. In this project, it was utilized as the integrator of the Revit model in
IFC format and the Microsoft Project in xml format. Once the model and the schedule
were imported in to the Synchro’s integration tool, the IFC resources which was a list of
building elements created in BIM was linked to the activities. Once the 4D linking was
completed, play focused time and animation could be utilized to create videos of the 4D

model. Finally, the video file could be exported as an avi movie format.
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3.3.3 BIM as the Main Generator for 4D Scheduling

For large sized projects, there were usually about 100 activities at proposal and
schematic design stages. During design development, the schedule activities could be
between 500 and 1000. At construction document stage and further, the activities could
range from 1000 to 10000 or more. As the project progresses into the construction
document, it would be ideal to capture all of the elements to ensure that there is no
missed information. Submittal review, procurement, delivery and installation activities
could be tracked together for building components.

Integration tools that may extract out information from the BIM to a schedule
were researched. According to BIM and Project Planning article dated February 2007,
Autodesk Consulting developed a bidirectional link between Revit and MS Project. This
add-on exported building components by level and category for scheduling and resource
tasking. In turn, the Revit components could be updated with start and finish dates. The
building components could then be filtered by date. Revit phases could also be updated
via the MS Project. Autodesk’s consulting developer network and customer service were
contacted to acquire about this add-on product and they could not confirm the availability
of this bidirectional link between Revit and MS Project add-on. After careful review of
the Autodesk website, there was no evidence of availability of this bidirectional link
between Revit and MS Project add-on.

Similarly, Bim Jet developed Schedule Connect via Application Programming
Interface (API) to use the REVIT model as the basis for scheduling. However, Bim Jet
suspended the development of this tool due to lack of industry response (Schroeder,
2010).

Industry Foundation Classes (IFC) generators were researched to create a BIM

based schedule. IFC File Analyzer and Open IFC Java Toolbox were tried. IFC File
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Analyzer converted the IFC file created from Revit Architecture to Microsoft Excel. The
generated output provided entity breakdowns, such as columns, doors, walls, windows
etc. Similarly, IFC Java Toolbox was used to generate IFC entities by floor in Java.

Synchro integration software was further studied to apprehend its usage on BIM
based scheduling. When the IFC file was being imported, the “create tasks and
assignments for imported sources” box was checked off to create schedules automatically
based on the IFC entities for each floor.  This quick linking approach enabled the
generation of a 4D model within seconds. The generated IFC entities on the schedule
could be also exported as a schedule file to use for scheduling purposes in MS Project or
Primavera.

Time consuming but a more elaborate BIM based scheduling approach was
further studied and applied in Synchro. First, summary tasks were created in scheduling
software and were imported to Synchro. The selected IFC resources generated from the
imported model was simultaneously created and linked as subtasks to the summary tasks
in the schedule. Lastly, the 4D schedule based model were attempted to be synchronized

with the imported schedule and the Building Information Model.

3.4 Interviews, Lectures, and Presentations

A series of interviews with the leading construction managers in Massachusetts
was conducted to better understand the current use of the Building Information Modeling.
Furthermore, Building Information Modeling lectures of 2010 spring semester at WPI
with the courtesy of Professor Salazar were attended. Each lecture had a guest speaker
that presented the use of BIM from his or her own perspective. Also, the presentation of
the Boston Revit Users Group at WPI was attended. It included the various discussions
including definition of BIM, benefits of BIM and the setbacks on BIM technology which

included interoperability.
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4 Results

This section provides results derived from the two case studies. First, results of
construction manager’s application of BIM process for a research facility are discussed.
Secondly, this section presents findings on the use of several BIM tools on a small

prototype house project.

4.1 Case Study: MIT KOCH

MIT Koch Institute is a 360,000ft* nine story cancer research building located in
Cambridge, MA. Designer of the project is Ellenzweig. The construction manager is
William A. Berry & Sons Inc. The building consists of 45,000ft* vivarium, and
275,000ft* wet labs, 10,000ft> lobbies and common spaces, and 30,000ft> mechanical
space, and underground tunnels to Stata Center and Building 68. The following VICO

rendering, figure 16, shows an exterior view of the MIT Koch project:

punt !

il

Figure 16: MIT Koch Exterior Rendering
Koch Institute was a fast track project. Duration of this project spanned from
March 2007 to November 2010. Beneficial occupancy for vivarium was September 1,
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2010. The substantial completion of the project was November 1, 2010. The
construction team assisted the design team during the preconstruction phase with exterior
facade and mechanical trades. The mechanical team work included use of BIM which
will further be discussed. Pre-purchased scope of work included limestone, curtain wall,
structural steel, misc metals, Air Handling Units (AHUSs), exhaust fans, switchgear,
generator, and vivarium equipment. 3D Vico steel framing rendering is depicted in

figure 17:

Figure 17: MIT Koch Steel Framing Rendering

The construction management company, Berry, used various technologies used at
the Koch project. Timberline Project Management was utilized for project management
tasks. VELA System’s field management applications, Vela Safety, Slip Management,
and Punchlisht were used to create databases to track safety and material and times slips,
and execute punchlist items. FTP server and Ontrac site, an online collaborative platform
design by Berry, were utilized for document tracking. Lastly but not the least, Berry
provided BIM services thru Vico Systems. 3D Vico steel framing rendering is depicted in

figure 18:
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Figure 18: Vico Model MEP and Structural Rendering

Animal holding room and procedure room for the vivarium were mocked up
virtually via BIM. Equipment, fixture, switch locations were confirmed via the mock up.
The virtual mock-up set a clear understanding of how the space was going to be used

prior to construction so there were no misrepresentation to what the owner needed.

Figures 19 and 20 depict renderings of the both virtual mock up rooms:

B : % i /
Figure 19: Animal Holding Room 703B Rendering - Stainless Steel Casework, Animal Transfer
Station, Cages Animal Watering system, epoxy flooring, etc.
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At the design development phase, the architect generated two-dimensional CAD
drawings. The construction manager, Berry, developed base Building Information Model
from 2D drawings. Every three to four weeks, modeling of two floors were completed.
It took 16 weeks to model design development drawings in 3D. The BIM software,
VICO Constructor, was utilized to produce the 3D model. The developed model
identified conflicts and drawing inconsistency issues as a package known as
constructability report. Constructability report included 500 to 600 items per floor for
conflicts, and gaps and errors on the drawings. As depicted in Figure 21, the report
described the issue and modeling assumptions. It referenced floors, grids, and 2D
designer drawings, and categorized the severity of the issue. Berry emailed the
constructability report to the design team for review. Within a week of constructability
report issuance, project team which consisted of the construction manager, architect and
design consultants gathered and made decisions on modeling assumptions. The main
focus of the meetings was the review of critical items that would impact the project. The

designer utilized and integrated the outcome of constructability review to the project

drawings.
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Figure 21: Constructability Analysis Sample Page (1 of 2)

Once the construction drawings were issued, Berry updated the design
development model two floors at a time. Each update took 3 weeks. The constructability
analysis report was run as depicted in figure 22 and made available to the project team.
There was an average of 100 items per floor. Since the majority of the critical items were
eliminated during the design development stage, the constructability report review was
tremendously reduced. The meetings did not become a necessity as it was in the design

development stage.
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Figure 22: Constructability Analysis Sample Page (2 of 2)

MEP Subcontractors used 80% of the centerlines from Berry’s construction
document coordinated Vico model as shown in the figure below. HVAC contractor J.C.
Higgins, plumbing contractor American Plumbing and Heating, electrical contractor
Gaston Electrical, and fire protection contractor E.M. Duggan sequentially modeled their
highly detailed coordination drawings. For each floor, J.C. Higgins’ subcontractor,
McCusker Gill first modeled detailed ductwork coordination drawings in CAD-Duct
software package provided by Micro Application Packages Itd. Secondly, J.C Higgins
used AutoCAD MEP by AutoDesk to produce detailed model for piping. Thirdly, the
plumber utilized AutoCAD MEP to develop detailed coordination model. Then, the
electrician used AutoCAD MEP to build the electrical detailed coordination model.

Lastly, sprinkler contractor utilized AutoSPRINK VR by M.E.P. CAD to produce fire
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protection coordination drawings. The sequential process of coordination drawings
completion per floor took about a month. More than one floor was worked on at a time.

Berry’s MEP manager held weekly meetings with the MEP trades, architect
and the engineers. He utilized Navisworks by AutoDesk, a clash detection software, to
identify conflicts. Basement was observed to be the floor with the most conflicts. Few
clashes were found and were quickly resolved at weekly coordination meetings by the
MEP manager and subcontractors. During MEP coordination, there were about 30
clashes in the basement, 10 to 20 clashes in 1% through 6™ floors, 30 in the vivarium and
10 in the penthouse. The most amount of coordination was required in the basement
because the floor consisted of main electrical, mechanical and fire pump rooms as well
zebra fish lab. Coordination of space for electrical service, water services, fire pump,
rain water drain and sewer lines were required. Overall, MEP coordination lasted six
months.

The use of building information model was compared to a similar size and scope
of a project to identify quantifiable benefits of BIM. MEP Coordination schedule was
reduced from eleven months to six months. VICO model reduced 61% of MEP
coordination time usually needed for coordination. Benefits also included 62% RFI
reduction (Malenchini, 2010). Bulletins issued directly related to coordination were only
two. Furthermore, 83% of beam penetrations were used and remaining penetrations hold
money was returned to the owner.

The production and installation became cost effective and saves time when
multiple fittings were prefabricated into one piece. At MIT Koch facility, mechanical
contractor prefabricated chilled water and steam manifolds as well as hot water piping for
hot water pumps and heat exchangers. These prefabricated materials were installed at a
very crowded area in the penthouse while multiple trades were performing other work. If

the manifolds were not prefabricated, it would have required more space onsite, and each
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manifold would have taken 6 days of installation instead of 3 days. Space was available
at the manufacturing facility. Temperature, humidity and weather conditions were
controlled. Overhead cranes and specialty tools such as leveling device and turn tables
were used to assist with welding. The controlled environment, availability of equipment
and space results in faster and higher quality materials while saving time and labor in the
field. Figure 23 is a rendering of the chilled water and steam manifolds at the penthouse

near the air handling units:

___‘—_.ﬁi-
Figure 23: Prefabricated CHW and Steam Manifolds

As mentioned in the background section, in-wall drops including hot, cold,
drain/vent, RO (2 pipes), vacuum, etc. can be prefabricated using BIM. The drops
typically stuck out a foot from the wall to provide connection to the horizontal branches
above the ceiling. There were about three hundred typical drops behind sinks at the MIT
Koch facility. If the drops were not prefabricated, it would have taken 3 hours extra to
assemble and install per each drop. Overall, prefabrication saves time, labor costs, and
made the job smoother. Figure 24 depicts an installed prefabricated assembly of the in-

wall drops:
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Figure 24: Prefabricated Laboratory Tempered Water, Hot water, Cold Water, Lab waste Lines

Similar to the drops, plumbers also used BIM to prefabricate the horizontal runs at

the bathrooms as depicted in figure 25. This also saved time and labor costs.

B> -

Figur5: bericted horizontal runs at the bathroom

Fume hoods came pre-piped to the top of the fume hood. Once the unit was set,
and the coordinated BIM model smoothly enabled the dropped duct to be connected.
Similarly, the plumber utilizing the coordinated Building Information Model ran the
branches prior to fume hood arrival and made connections at the top after the equipment

arrived as shown in figure 26.
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Figure 26: Pre-piped gas line with Fume hood assembly

Ten Air Handling Units (AHUs) were installed at the penthouse. AHUs were
double stacked. AHUs were prefabricated and came in few pieces. Long before AHU
installation, construction manager performed spatial coordination of Air Handling Unit
(AHU) rigging at penthouse via BIM tools. Vico Control was utilized to sequence the
AHU rigging. The 4D modeling of AHU rigging coordination was visualized via Vico
5D Presenter. The sequencing included careful planning of the AHU rigging turns and
spatial coordination with storm and drain lines before rigging and clearance on the
ceiling. The construction planning helped the team to prepare for a large rigging in
advance of actual construction. This helped to avoid delays and additional costs during
the actual AHU rigging process.

Construction manager provided record Building Information Model to the owner
at the end of the project. All pipe tagging were included. Ductworks were labeled with
the AHU unit designation. All the information pertaining to maintenance and parts were
included as part of record model. Overall, the valuable information built into the record
model could potentially help the owner with maintenance and renovation. As the record
model is the last step to the uses of BIM, the record model in my opinion will be a

positive long lasting impression and information database to the owner.
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At MIT Koch project, the construction manager and its subcontractors has
implemented five out of the six BIM uses identified in the literature review: visualization,
3D coordination, prefabrication, construction planning, and record model. The only BIM
use that was not introduced to the project was the cost estimation known as 5D BIM.
Visualization such renderings and animal room mock ups were introduced. It helped the
project team collaboratively visualize expectancy and needs of the project before
construction. 3D coordination was implemented via Vico model and later with MEP
coordination. This process reduced MEP coordination time and RFIs and avoided costs.
Prefabrication such as chilled water manifolds and in-wall drops yielded faster and higher
quality materials while saving time and labor in the field. Construction planning was
implemented only at AHU rigging. This avoided schedule delays and cost during
construction. Finally, a detailed Vico record model was submitted to the owner. This
could potentially help the owner with maintenance and renovation of the facility while it
may leave a long lasting impression of the construction manager to the owner. Figure 27

summarizes the evident BIM uses and benefits for the MIT Koch project.

BIM Use MIT Examples BIM Benefits
Visualization -Renderings -Collaboratively visualize
-Animal holding room mock up | expectancy and needs of the project.
3D -Vico model -Reduced MEP coordination time
coordination -MEP coordination -Reduced RFIs
-Avoid additional costs.
Prefabrication | -Chilled water and steam -Faster and higher quality materials.
manifolds -Save time and labor in the field.
-In-wall drops
Construction -AHU rigging plan -Avoid schedule delays during
planning construction.
-Avoid cost during construction.
Cost estimation | -N/A -N/A
Record model | -Vico model -Positive last impression to the
owner.
- Potential to Help owner with
maintenance and renovation.

Figure 27: BIM Use and Benefits at MIT Koch Project
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4.2 Case Study: Use of BIM Tools
This section provides results on the use of Building Information Model tools. This

includes formation of prototype building information model, interoperability of the

model, integration of the model with schedule and BIM based scheduling.

4.2.1 3D Modeling of a House

The creation of a 3D housing model using the Revit Architecture 2010 showed
the powerful features of BIM. The creation of an element on a view such as floor plan
translated correctly to a different view such as elevation view. This saved a lot of time in
comparison to if the design were drawn in traditional 2D view. Furthermore, the
parametric modeling detected the conflicts of elements. The use of this feature

eliminated duplication or overlapping of elements. Figure 28 depicts the prototype Revit

house model created for this project:
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Figure 28: Prototype Revit House Model

The Revit Architecture 2010 was not very flexible with generation of new
elements. In other words, this BIM tool easily supported the alteration of currently

available elements, but required time and investment to build new elements. For the
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prototype model, the exterior insulated finish system (EIFS) on metal stud was changed
to EIFS on wood stud in the element properties for the housing project to save time.

Granularity of objects was another challenge for BIM tools. Revit Architecture
2010 supported the use of splitting, and grouping. For instance, the walls were split
between each floor to enable the 4D BIM on a floor basis. However, decomposition of
the elements was not available. For instance, if the EIFS on wood stud wall was modeled
in the Revit model, the breakdown of the elements which included sheetrock, studs,
insulation, vapor barrier, exterior skin, could not be separately selected in the model.
Since this hindered the usability of detailed components for estimating, and scheduling
purposes. The software industry has construction estimating tools available. VICO
Estimator forms recipes which enabled the arrangement of all the activities and resources
required to construct each component of a building. For instance, if a concrete column
was required, formwork, reinforcing steel and concrete were the activities that would be
noted in the Vico Estimator.

Revit Model was exported as an Industry Foundation Class (IFC) to allow
interoperability of the model with various BIM applications which included Vico
Constructor, Navisworks Manage, and Synchro. When the IFC format model was
imported to Vico Constructor, it was found that there was an interoperability problem.
The railing and stair to the deck were missing. Furthermore, the rail to the stairs at the
first floor balcony was missing. The prototype model imported to Vico Constructor with

the missing stair and railings is depicted in figure 29:
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Figure 29: Prototype House Model Imported to Vico Constructor
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Similarly, the prototype model was imported to Navisworks Manage. The
imported model showed a different interoperability problem. The deck railing was not

located at incorrect orientation as depicted in figure 30:
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Figure 30: Prototype House Model Imported to Navisworks Manage
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The prototype model was imported to Synchro as depicted in figure 31. There
were no interoperability issues. However, there were some modeling errors that were

encountered and this is discussed in the next subsection.
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FiéLre 31: Prototype House Model Imported to Sy:nchro

The prototype house model illustrated benefits of parametric modeling in
comparison to two dimensional computer aided drafting. The parametric model denied
overlapping of the elements. Also, there were no errors, omissions or conflicts of
information at different views. A few set backs were realized with the prototype house
model. For instance, Revit Architecture 2010 required time and investment to build new
elements. Furthermore, the decomposition of elements was not available in Revit
Architecture 2010. Lastly, there were interoperability issues. When the prototype model
was imported to Vico Constructor and Navisworks, there were some elements missing or

incorrectly shown.

51



4.2.2 4D Modeling of a House

The creation of 4D model involved the transition of the model via Industry
Foundation Classes (IFC) from Revit Architecture to Synchro. During the transition,
several challenges were found for the house project. Since some of the walls extended
from 1% floor up to the roof, the IFC file was exported using Revit’s “split walls and

columns by level” option for scheduling purposes as depicted in figure 32.
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Figure 32: Revit IFC Export with “split walls and colu‘mns by Ielvel” Opltion
When the prototype model was imported to Synchro, the IFC import box showed
that the walls were not imported successfully to Synchro. As depicted in figure 33, the

exterior walls that needed to be split were not successfully imported.
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Since the prototype house model was not successfully imported, the walls were
split by floor manually in Revit Architecture 2010 and the issue was resolved
permanently. This is a very important consideration that needs to be known by modelers
depending on the emphasis given to the use of the model. Architects are not concerned
about splitting the walls whereas builders do for construction planning purposes.

Another challenge for the housing project was the displayed column error when
the model was imported into Synchro as depicted in figure 34. To understand the
problem, the wood columns were filtered in REVIT. It was obvious that extra wood
columns were added accidentally that did not belong to the model. Hence, these columns
were manually deleted. After these modeling errors were resolved, the IFC model was

successfully imported to Synchro.
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Figure 34: "ifccolumn error” i'rfiﬂéj/'hc'hro dﬂ?i'n'g IFC Protdtype Model Import
Once the splitting and column issues were resolved The IFC prototype Model

with necessary resources was successfully imported to Synchro as depicted in figure 35.
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Figure 35: Prototype House Model Successfully Imported to Synchro

A simple schedule with thirteen activities generated in MS Project was
successfully imported to Synchro. The elements of the model listed under resources were
successfully linked to schedule activities. Once the linking was complete, a simple 4D

model was visualized.
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The visualization at any given time of the project can be enhanced at Gantt view
with the drag of the timeline. This helps a better understanding to prepare for sequencing.
Figure 36 depicts the timeline, activities, and model of the project. The particular
timeline picked translated into progress of construction and selection of the ongoing
resource activities in green within the house model. In this case, that would be the
insulation, drywall, and taping activities. There were no temporary components modeled

for the project. Hence, the site logistics planning were not studied.
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Figure 36: Synchro 4D Prototype Housé Model

Several difficulties were encountered during the 4D modeling of the house. This
included splitting walls and column modeling issues. These items were successfully
corrected in the Revit Architecture 2010. Schedule generated in MS Project was
successfully imported to Synchro. Once the resources and schedule activities were
interlinked, the advantages of the 4D modeling were realized. As the timeline was
selected for a particular day, the planned progress of the virtual construction project was
immediately shown in the model. Lastly, an interoperability issue was found when the

schedule and prototype model were updated outside of the Synchro model and was
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imported back to Synchro. It was found that the resource and activities links were
broken. Overall, 4D modeling was an extremely powerful construction planning
application for the construction management team and interoperability of BIM tools

require further study and attention by the construction industry.

4.2.3 BIM as the Main Generator for 4D Scheduling

The use of Industry Foundation Class (IFC) was used as the main communication
protocol for the exchange of information and the generation of the schedule since it acts
an interoperability application between various BIM tools. The IFC provided a
breakdown of information that categorized the elements of construction. Two free IFC
generating software applications, IFC File Analyzer provided by National Institute of
Standards and Technology (NIST) and Open IFC Java Toolbox developed by members of
Bauhaus University were used to extract out the IFCs of a particular model. First, IFC
Analyzer converted IFC entities to Excel as depicted in figure 37. However, the excel

output did not offer breakdown of the entities by floor. This hindered a scheduling of the

model floor to floor basis.
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Figure 37: MS Excel IFC Output via IFC File Analyzer
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Open IFC Java Toolbox similarly provided a selection of the of the IFC elements
with a floor breakdown as shown in figure 38. However, the JAVA template could not
be copied to excel or a scheduling software. Therefore, the use of this tool was not very

helpful with the creation of BIM based scheduling.
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Figure 38: Java IFC Output via Open IFC Java Toolbox
Synchro was utilized to generate BIM based schedules. When the model was
imported to Synchro, the option “create tasks and assignments for imported resources”
was checked off to create a quick IFC based schedule. The generated BIM based (IFC)
schedule was automatically linked to resources as depicted in figure 39. IFC schedule
was exported to MS Project to create a more elaborative BIM based schedule as shown
below. When the revised BIM based schedule in MS Project was imported back into

Synchro, the 3D elements did not recognize the relationship of the IFC file.
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Figure 39: Automatically Generated BIM Based Schedule

A new detailed BIM based 4D schedule was also created within the Synchro
software since Synchro did not recognize the link between the activities and elements
when the revised schedule in MS project was updated. For each activity, the elements in
resources were created as new tasks under each existing activity. For instance, IFCDoors
for level 1 were selected under install doors activity on the first floor as depicted in figure
40. Once the formation of subtasks was completed, the 4D detailed modeling was

completed.
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Figure 40: Creation of IFC Subtasks at Each Schedule Activity

The prototype model consisted of 160 elements. The detailed schedule included
38 main activities. The elements were listed as subtasks to at least one activity. Total
numbers of tasks including subtasks were 302 items. The schedule with 302 activities is
listed in the appendix.

The break down of the detailed schedule was by floor. Each level had activities
which included subtasks of the construction elements from IFC resources. If a more
detailed BIM based scheduling was required, then the fitout of the schedule could be
broken down by room. This was not available via IFC resources. If this is needed, the
element description in Revit model could be manually edited per room basis.

IFC File Analyzer and Open IFC Java Tool Box provided element breakdown of
the Building Information Model. However, both applications had shortcomings. IFC File
Analyzer did not breakdown the elements by floor. Even though the IFC Java Toolbox
accommodated the floor arrangement of elements, the Java Tool could not be copied to

another application. Hence, the Synchro was utilized as a BIM based scheduling tool.
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In this section, Synchro was used for BIM based scheduling. The update and
synchronization of schedule and IFC model did not work. Because of this reason, a new
BIM based schedule was generated. In comparison to 32 main activities within the
schedule, the elements that made up the subtasks generated a total of 270 activities. The
subtask generation with link option took the majority of the scheduling efforts. This was
the first time, the author was exposed to Synchro and it was a learning curve in terms of
creating IFC based schedules and adding subtasks. Once the 4D model was generated,
the detailing of a schedule and 4D model was as good as the breakdown of the elements
in the Building Information Model and the main activities. Overall, BIM based
scheduling was powerful with Synchro, but it had its setbacks that came with it. BIM
based scheduling as a concept can be challenging because the schedule can be more
detailed than needed and updating can become an overwhelming costly and time

consuming task.
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5 Conclusion and Recommendations

This chapter concludes and recommends future work for this project from a

construction manager perspective.

5.1 Conclusion

The project studied six BIM utilization activities: visualization, 3D coordination,
cost estimation, prefabrication, construction planning and monitoring, and record model.
The visualization is generally the simplest use of a Building Information Model such as
renderings. As soon as the Building Information Model are produced, the quantity take-
offs can be generated to provide cost estimations on a construction project. Furthermore,
the 3D coordination was utilized to detect and eliminate trade clashes and conflicts. In
addition to that, detailed prefabrication drawings can be generated to review and
coordinate work between trades. Once the drawings are designed to build, the
prefabrication of the components of the construction facility can be built to design. BIM
based 4D scheduling helps understanding of the construction components and schedule
progress that in turn results better construction planning. As the materials including but
not limited to prefabricated products arrive at the job site, the planning techniques and 3D
model can be combined with other BIM enabled tools to provide construction monitoring
services. Based on the construction monitoring, the construction planning can be
strategized. This helps to update the schedule and the 3D model. Finally, the record
model can be generated as the final progress of the construction as the as-builts are
completely updated in the Building Information Model.

“Design to Build” activities which include visualization, 3D coordination, and
cost estimation, can immediately utilize the information generated in BIM.

Prefabrication and construction planning can be used prior to and during construction to
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ensure each and every product is efficiently managed and built. During construction,
monitoring should be utilized to ensure that the construction is built to design. At the
end, as-built record model shall be built to design and include any field coordination
required at the jobsite due to any unforeseen conditions. Overall, “Design to Build” and
“Build to Design” diagram depicted in figure 41 requires the collaboration of both the

field and office staff on a BIM centric platform.
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Figure 41: Design to Build and Build to Design Diagram

MIT Koch Project team utilized BIM for visualization, 3D coordination,
prefabrication, construction planning, and record model. The only BIM use that was not
introduced to the project was the cost estimation. Visualization consisted of rendering of
exterior, structural as well as MEP components of the construction. Furthermore, animal
room mock ups were designed to build. Overall, visualization helped the project team to
collaboratively better understand the expectancy and needs of the project before
construction.

Construction management team administered the 3D coordination of the building
via Vico model. Furthermore, the MEP manager directed the MEP coordination. This

process reduced MEP coordination time and RFIs and avoided costs.
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Prefabrication such as chilled water manifolds and in-wall drops yielded faster
and higher quality materials while saving time and labor in the field. Construction
planning was implemented only at AHU rigging. This avoided schedule delays and cost
during construction. Lastly, a detailed Vico record model was submitted to the owner.
This can potentially help the owner with maintenance and renovation of the facility while
it may leave a long lasting impression of the construction manager to the owner.

A careful study of the 4D BIM and model based 4D scheduling via Industry
Foundation Classes (IFC) was implemented. The results of the prototype house project
showed benefits and setbacks of BIM tools. The Revit house model demonstrated
benefits of parametric modeling in comparison to two dimensional computer aided
drafting. The parametric model denied overlapping of the elements. There were no errors,
omissions or conflicts of information at different views.

A few set backs were realized with the prototype house model. Revit
Architecture requires time and investment to build new elements. Furthermore, the
decomposition of elements was not available in Revit Architecture 2010. Lastly, when
the prototype model as an IFC format was imported to Vico Constructor and Navisworks,
IFC interoperability issue was noticed. In other words, some elements were missing or
incorrectly shown.

Several challenges were faced during 4D modeling of the prototype. These issues
were splitting of walls and column modeling issues. They were successfully corrected in
Revit Architecture 2010. Importation of MS Project schedule to Synchro was successful.
As soon as the resources and schedule activities were linked, the benefit of the 4D
modeling was recognized. As the timeline was selected for a particular day, the
scheduled construction was immediately realized. On the other hand, the resource and
activity links were broken when the schedule and prototype model were updated and

synchronized back to Synchro model. 4D modeling was an extremely powerful
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construction planning application for the construction management team but
interoperability of BIM tools requires further review.

Model based scheduling based on IFC protocol was researched. IFC File Analyzer
and Open IFC Java Tool Box, which provided element breakdown of the house
prototype, had their weaknesses. IFC File Analyzer did not breakdown the elements by
floor. Even though the IFC Java Toolbox accommodated the floor arrangement of
elements, the Java Toolbox could not be copied to another application.

Synchro was used for BIM based scheduling. BIM based schedule included 32
main activities and 270 subtasks which consisted of 160 main building elements. The
subtask generation with link option took the majority of the scheduling efforts. This was
the first time, the author was exposed to Synchro and it was a learning curve in terms of
creating IFC based schedules and adding subtasks. The detailing of a schedule and 4D
model was as good as the breakdown of the elements in the Building Information Model
and the main activities. Furthermore, synchronization of schedule and IFC model did not
work. BIM based scheduling can be very powerful for detail oriented planning and
controlling of the projects when tracking of each and every progress is necessary. It can
be used for quality control and quality assurance as well as for punchlist but the schedule
updating can be costly and time consuming.

During the course of this project, utilization of BIM and its benefits were realized.
Furthermore, review of Building Information Modeling tools, mainly Revit Architecture
and Synchro further displayed the powerful use of 3D, 4D and model based scheduling.
This indicated that the construction industry is definitely moving forward with BIM
concept and BIM tools. The BIM is starting to become a common practice in the
construction industry.  The current interoperability challenges will eventually be

mitigated and BIM tools will become more cost effective and time saving.
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Construction industry is keeping up with technology and innovation once led by
manufacturing industry. Especially, BIM and its tools are becoming widely adopted. The
construction industry use parametric modeling to design, coordinate and prefabricate
components of buildings. The design and coordination reduces errors before
construction. The prefabrication provides high quality productions of materials in
controlled environments while reducing costs and installation time in the field. Error
reductions and quality products with shorter installation time increase labor productivity
in the construction industry. These benefits are essentially important towards closing the
labor productivity gap between construction and manufacturing industries. As the
construction industry addresses the setbacks of BIM tools and use Building Information
Modeling collaboratively, the benefits of BIM will be optimized. This will reduce and
ultimately eliminate the labor productivity gap between the construction and
manufacturing industries.

Building Information Modeling is beneficial to construction industry. BIM
utilizations such as coordination, construction planning, and prefabrication, make
construction projects more efficient. In other words, BIM provides time and cost savings
and vyields better quality construction products. Various BIM tools can be used to
implement BIM in construction projects. However, BIM tools pose setbacks such as
interoperability. Overall, Building Information Modeling is a great concept, but BIM

tools are not perfect and require improvements.

5.2 Recommendations

The project studied the various uses, advantages of BIM and set backs of its tools.
The research focused on the use of BIM mainly for a research facility and the use of 4D

scheduling. The studies both showed the challenges as well as the benefits of BIM. The
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project recommends that the use of BIM will be an advantageous process to the
construction managers. However, the use of BIM tools can be challenging.

BIM based scheduling can be used for quick or more detailed sequencing. For
quick visualization, “create tasks and assignments for imported resources” in Synchro can
be checked off. On the other hand, a detailed BIM based schedules can be used for more
accurate visualization, better construction planning and monitoring. Some of the
challenges of the 4D BIM that needs further study are the synchronization of the updated
models and schedules, the interoperability of BIM files, the generation of elements under
resources based on specific locations such as rooms and the decomposition of the
elements for better modeling.

BIM enhances the use of “design to build” and “build to design” concepts. The
visualization, fabrication, coordination, and construction planning were carefully studied.
Due to the time consideration of the project, extra attention to use of cost estimation,
construction monitoring, and record modeling could not be given. Hence, further studies
in these subjects are necessary.

BIM is a process and various BIM tools are offered to enable this approach. The
construction manager must realize what he wants to accomplish with the given tools for a
particular project. Early involvement of all the project participants and a BIM plan is
extremely important for a successful collaborative process.

Following are recommendations based on Revit Architecture 2010 BIM tool:

e The use of BIM in comparison to 2D modeling is strongly encouraged
because the parametric model denies overlapping of the elements and
there are no errors, omissions or conflicts of information at different

views.
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The user should use the currently available elements and alter them to
create new elements because Revit Architecture requires time and
investment to build brand new elements from scratch.

Further study is required for the decomposition of elements.

When a project is being modeled, scheduling activities shall be considered

and splitting option shall be used when necessary.

Following are recommendations for IFC protocol observations:

IFC interoperability can be further studied in future projects because when
the prototype model as an IFC format was imported to Vico Constructor
and Navisworks, some elements were missing or incorrectly shown.

IFC File Analyzer and Open IFC Java Tool Box are recommended not to
be used for BIM based scheduling. IFC File Analyzer did not breakdown
the elements by floor. Even though the IFC Java Toolbox accommodated
the floor arrangement of elements, the Java Tool could not be copied to
another application.

Utilization of Synchro for IFC based scheduling is recommended because

the IFC can be imported or added as subtasks in the Synchro model.

Following are recommendations for Synchro BIM tool:

Utilization of Synchro is recommended for construction planning because
as soon as the resources and schedule activities are linked, the timeline can
be selected for a particular day and the scheduled virtual construction is
immediately realized.

Further study is required for the synchronization of Synchro with

scheduling and other BIM tools. The resource and activity links were
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broken when the schedule and prototype model were updated and
synchronized back to Synchro model.

e The use of BIM based scheduling is recommended for only detailed
construction planning and monitoring for activities such as quality control
and quality assurance programs as well as punchlists because it requires
more effort to create and update activities. In this project, BIM based
schedule included 32 main activities and 270 subtasks which consisted of
use of 160 building elements. Overall, the schedule updating can be costly
and time consuming and the construction manager must make a decision
on the value of the BIM based scheduling based on the needs of the
project.

The use of BIM and its benefits have proven to be a value to construction
projects. These benefits are achieved by the collaboration of the construction team and
the utilization of BIM tools. However, these tools have some setbacks especially with

interoperability which require further attention by the construction industry.
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Appendix A- 4D Modeling of a House

Wall issue:

Since some of the walls extend from 1% floor up to the roof, the IFC file is

exported from REVIT using the split walls and columns by level option for scheduling

purposes.

Autodesk Revit Architecture 2010 - Student Yersion - [2.0a 3D Revit House BIM 11-7-10.rke - 3D Yiew: {3D}]

Modify Walls

2.0a 3D Revit H E|

B0, Views (all)
Bl Floor Plans
- Basement
Level 1
Level 2
«Roof
Site:
B Celling Flans
- Basement
Level 1
Level 2
- Roof
BE--3D Views
{30}
-~ Elevations (Buildin
East
North
- South
West
Legends
- Schedules/Quantitis
Sheets (all)
-2 Families
(@] Groups
o RevitLinks

Toos

Home Insert Annotate Modify Massing&Site  Collaborate  View  Manage  Add-Ins
Top/Base: Rotate Scale Y ut
. ; - i Pin Cop
Change Element T o| o o
= L= Profile A Del L Paste
Element Modify Wall Modify Create Clipboard View Graphics

savein: [(final 4D

=] = B X ED vews -

2 ———

Name

Size [ Type ~

| Date Modfied |

1S2.2si

21| 2,00 30 IFC Revit House BIM ..
[#]2. 15 30 IFC House.ifc

[]2.25 30 IFC House.ifc

]2, 24b0 30 1FC House.ife
[]2,28b 30 IFC House.ifc

File Folder
1,506 KB IFCFile
1,72KB  IFCFile
1,484 KB IFCFile
1,686 KB IFCFile
1,928 KB IFCFile

1/9/2011 8:59 FM
1442011 5:32 M
1j4/2011 7:03 M
1j4/20L1 941 PM
1j8/2011 10:30 M
1j9/2011 8143 M

File name: 2,030 IFC House

Fies of type: [IFC 2x3 (%, fc)

[l
=

I™ current view only I Spit walls and columns by level [~ Export base quartities Save Cancel P
4

T — M| = FS G 9 4

= @ 5% 2]
e
<
L]

il

fma

The
Synchro.

IFC import box shows that the walls are not imported successfully to
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The screenshot shows the imported IFC using the split walls option to Synchro

software. The exterior walls that needed to be split are not successfully imported.

Therefore, the wall splitting is done at REVIT manually.

G- Untitied - Synchra

| Instal  Finish to stark ~ Project Calendar EtolicTololollcToRSR-NiolEoNiE -

 File Edt Wiew 3D Play Windows Tools  Help

S HpaFE-E-- S-S0 @8RS L-B-%- B2 A @0ROERT EMBE OGS @
P N MR DR RBDE R E s B = B Sy

3D Using Dates[Best] [836x604] x
Using Dates[Best]

Open a Project...
[ Create a new Praje

(5 Open an existing Pt

@ Open a workgroup

1f you are new be —
& Quick Start Guide

elcome | Browser
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Column issue:

The ifccolumn error is displayed when the model is imported into Synchro.

oy [ -
© File Edt Wew 30 Play ‘indows Tools  Help g
F—, = = = = - 3D Dates[Bi BHEZ!

T = T .. T [ =g Sy ST R B : %

Using Dates[Besi] —

{ Instal ~ Finish to start ~ Praject Calendar -
HR I e el
i T - [FHSe o= [& *P'Dsfﬁsi

Syn

Explora option.

Open a Project...

[ Create a new Project

(2 Open an existing Project
@ Open & workgroup Project

lfcColumn_ood Timber ColumnG 5.5 « 5166337
IfcColum_w/ood Timber Column x 5.5 5186842 |
1f you are new to Synchro, why not try our series of tul lfeCalumn_w/ood Timber Column: » 5:5 1 5167544,

€ Quick Start Guide IfcColumn_Wood Timber ColumncG » 5:5 » 6167679

IfeCalumm_wood Timber Colurn # 5.5 « 5167742
lfcColumi_‘wood Timber ColurnrcS » 5.5 « 5167307 _|
licColumn_‘+/ood Timber Column® = 5:5 « 5167953 |

[

[

%
licColumn_‘+ood Timber ColumnS = 55 « 5167634_(#21531

[

[

[

[
L

< Back I Finish I

Canoel

|welcome |

The wood columns are only shown via filtering option in REVIT. It is obvious
that extra wood columns were added accidentally that do not belong to the model.

Hence, these columns are manually deleted.

Autodesk Revit Architecture 2010 - Student Yersion - [2.2a 3D Revit House.rte - 30 View: {30}] AT
Insert Amnolatz  Modify MassingB5ite  Collaborate  View Manoge AddIns =
u u [¥Roof ~ [ Curtain System | 4) Model Tet | FE Railing 54 Beam ~ IE [ Area - | @ set
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10 Views (all)
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o
- Roof R
o Site
B Ceiling Plans
Basement
Level 1
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e Roof fl
(3D Views il n
{30}
- Elevations (Building Elevati
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North
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e West

Legends ﬁ

RECRICH

[ schedules/Quantities
Sheets (all) -
- Families
E-[@] Groups |
@5 RevitLinks

<l || vemre BE s ms® o 4 ]

[tk tr <elect. TAR For altemates. CTRI adds. SHIFT (nselects
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Once again, the model is imported. This time there are no errors.

|
File Edt View 30 Play ‘Windows Toolks Help

- = = , 3D Using Dates[Best] [528x625
B-HeNE-H-m-3-S-00 @ 2 - 5B 9 [BETE 1

Using Dates[Best]
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Lo ]
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IFC import x|

I-@alFi=dsa=2- 8 E

- Progress

IFC import finished.

Synck

Explora aptions. Mani

- Outpul

Open a Project... Import finished succassfuly.

[ Create a new Project

[ Open an existing Project Created Aesources : 215

& Open a workgroup Project Created UserFields - 197

Created UserFieldValues : 3375

1f you are new to Synchro, why not try our series of tutorials?
¥ Quick Start Guide

< Back I Firish I Cancel Help

The model with the necessary resources is imported to Synchro.

G- 2.23b40Synchro- no errors,sp - Synchro

B OB (BT 8- -
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3D Using Dates[Best] [940x583]
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A simple schedule is created in MS Project and saved as an XML File. The xml
schedule file and IFC 3D model are imported to Synchro. The elements of the model
listed under resources are linked to schedule activities. Once the linking is complete, a

simple 4D model can be visualized.

ke Synchro house project.sp - Synchro =

: Instal = Finish to start © Standard COEEOEEO® e | BIE| Foow -

© File Edit View 3D Play ‘windows Tools Help

S e MR P e L e T P R R T el o forte ol ma Il P 3 B =
Gantt =
D Name Duration :!:‘v £ [th — [i5th  [o7nd  [3th | —gxf'c A [i3th  [a0th  [amh | _é:? a 0th 17th [2kh st ;xehb o [1%h 1
Juk -1 [ JukZ — Juk6 k7 WS |ukd  JukiD ke 1T Juk 12 Juk 13 ke 19 juk 15 m
1 5700020 Excavation 40k W vaon |
2 5T00030 Foundation 56h ation
3 STO0040 Backfil 24h Backfl
4 STO0050 Diwveway and Pavers 40h e : :
5 STO00E0 Frame and Board 0h Frame| and Board
3 STOO070 Siding and Raafing 40k — -
7 5TO00E0 Rough MEP a0h
3 5T00050 Insulste, Drywall, and Taps 120k
3 STO0100 Install doors and windows ~ 40h e
10 STOO0T10 Paint 40h
11 sTO0z20 MEP Firishes 32h
12 5TO030 Flooting 56h
13 5TO0140 Interior Finishes 40h - Il tterion Firishes
0 | 3 <] I3
I ItcLolumn Wood Dimber Lolumn:s ¥ 305 % 21 bdUsk #1175l IMappedH eoresentstion| | e b e el
3D Using Dates[Best] [1276x312]

Using Dates(Best = T _ Ee— W
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Appendix B- BIM as the Main Generator for 4D Scheduling
IFC analyzer is used to generate IFC entity breakdowns in excel file as depicted

below:
[ Microsoft Excel - Revit House BIM 1 c elements onl =181x]
BL] Fle Edt Wiew Insert Format Took Data Window Help  Adobe POF Type aquestion for help « o @ X
SHRIISRIVHEHILLAR-F/9-C- 18- DBSO g wial - -|B 7O $ % o0 uh i-9-A- f
B Create POF 2
BEEE
J43 A LS
A B[ CT D I E [FT & T H I I K L [T wm [N T 0 [4
[ 1] Revit Houge Bit 11-7-10.ifc
[2 | C:\Documents and Settings\Manti\Desktop
| 3 |Application Autodesk Revit Architecture 2010- 1.0
| 4 2010-12-10T10:49:59
| 5 |Total Entities (25409
3]
7 Entity Count Name Description ObjectType Tag IFC2x3 IFC2x4 RCZ CV-Arch CV-Struct CV-BldgSrv
| 8 |fcCalumn 38 i} 0 38| 38 Doc Doc X X —
| 9 |lfcColumnType 13 13 0 13 Doc Doc X X
| 10| ffcCovering 1 1 0 1 1 Doc Daoc X ® =
| 11 |lfcDoor 20 20 1} 200 20 Doc Doc X
| 12 | icFooting 4 4 1} 4 4 Doc Doc X X
[ 13| fetermber 4 4 1} 4 4 Doc Dic X X
| 14 | feOpeningElerment 45 45 0 45 0 Doc Dac X X X
| 16 | fcRailing 10 10 a 10/ 10 Doc Dic X X
| 16 | feRaof 2 2 a 2, 2 Doc Dic X X
[ 17 | fcSlah 18 18 a 18| 18 Doc Dic X X
| 18 | icSpace 15 15 a a Doc Doc X X x
[ 19 |lficStair 3 3 0 3| 3 Doc Dac X X
| 20 |lficStairFlight 3 3 0 3| 3 Doc Dac X X
[ 21 |lfcWallStandardCase 44 44 0 44 44 Doc Dac X X
| 22 |lfcWindow 2% 25 0 25/ 25 Doc Doc X
| 23 |licElementQuantity 23| 2% ] Doc Doc
| 24 |IfcQuantityArea 177 77 0 Doc Doc
| 25 | fcCuantityl ength 475 475 1} Doc Doc
| 26 | fcCuantityolurme 19 118 1} Doc Doc
| 27 | fcRelAggregates 8 0 0 Doc Daoc X X X
| 26 | fcRelAssociateshdaterial b5 0 0 Doc Dac X X X
| 29 | fcRelConnectsPathElements 3 0 0 Doc Daoc X X
| 30 | feRelContainedinSpatialStructure 4 0 0 Doc Dac X X kS
| 31 | fcRelDefinesByPraperties 1200 0 0 Doc Dac X X kS
| 32 | licRelDefinesByType 7 a a Doc Doc X X x
| 33 |licRelFillzElemnent 45 o o Doc Doc X X ®
34 |lfcRelSpaceBoundary 184 0 0 LDoc D_uicl | _I;[
e [ 4

4 4 v M[\Summary {Header £ IFcColumn £ IfcColumnType £ IFcCovering 4 IfcDoor £ IfcFooting /£ IfcMember £ IFcOpeningElement

The door sheet is opened up to show all of the doors for the housing project.

Please note that the locations of these elements are not provided on a floor basis.

B Microsoft Excel - Revit House BIM 11- =l8lx]
@ Fie Edt Wiew Insert Format  Tools Data  Window Help  Adobe PDF Typeaquestionforhelp  +~ o @ X
DEEHRSERIPHILEB-F9- -6 & - 3iluse B - - $ %0 @A E - -A
By Create POF -}
TR
C33 hd ﬂ
d —_—
2
A B [ C | D [ E F [ 6 | H [ [
1 |ficDoog (201
| 2 |Dec
3| In Name Description ObjectType ObjectPl Representation Tag OverallHeight OverallWidth
24171|Single-Decorative 2:30" x 80":30" x 80" 175851 30" x 80" IicLocalPlacement 24170 icPraductDefinitionShape 24165 1175851 7 2.5 (1) cDoorStyle 24188 (1)1
| 4| 24207 24208 24209
3844 |Single-Decorative 2:368" x 84":36" x 84" 156976 36" x 84" IfcLocalPlacement 3343 lficProductDefinitionShape 3338 7156976 7 3 (1) HecDoorStyle 3831 (1) Hc
82
| | 3916 Single-Decorative 2:36" x B4"36" x 84" 157041 36" % B4" licLocalPlacement 3915 IicProductDefinitionShape 3910 1157041 7 3 (1) cDoorStyle 3831 (1) i
[:] 3882
|| 4724 Single-Decorative 2:368" x 84":36" x 84" 157172 36" ¥ B4" lfcLocalFlacemant 4723 cPraductDefinitionShape 4716 157172 7 3 (1) HeDoorStyle 4711 (1) e
7 3882
| |23517 Single-Decorative 2:368" x 84":36" x 84"175784 36" x B4" lfcLocalPlacement 23516 icPraductDefinitionShape 23511 175784 7 3 (1) KeDoorStyle 3831 (1) Ke
[ 8 | 3880 3881 3882
4033|Single-Flush:30" x 80":30" x 80":157144 30" % 80" IfcLocalPlacement 4032 lficProductDefinitionShape 4027 57144 ©.6EEEEEEET 2.5 (1) icDoorStyle 4020 (1) I
9 4070
9173| Single-Flush:30" x 50" 30" » B0":158885 30" % 80" licLocalPlacement 8172 licProductDefinitionShape 5167  "158885  6.656566667 2.5 (1) lfcDoorStyle 9160 (1) e
10 4070
| | 2227|Single-Flush:30" x B0"30" x B0":158936 30" % 80" lfeLocalPlacement 8226 WcProductDefinitionShape 5221 158936 6 GE66EEEET 2.5 (1) lfeDoorStyle 2160 (1) It
1
|| =z Single-Flush:30" x B0":30" » B0": 158950 30" % 80" lfcLocalPlacement 9280 WePraductDefinitionShape 9275 158950 6 BBEEEGEET 2.5 (1) feDoorStyle 91680 (1) e
12
|| g93 Single-Flugh:30" x 80":30" x 80":159018 30" % 80" lfcLocalPlacement 8334 IicProductDefinitionShape 9320 159018 5.GEEE86EE7 2.5 (1) icDoorStyle 91680 (1) o
13
9389 Single-Flush:30" x 80":30" x 80": 129060 30" x 80" IfcLocalPlacement 8388 lficProductDefinitionShape 9383 759080 6.6EEEEEEET 2.5 (1) icDoorStyle 91680 (1) I
14
| |10456 Single-Flush:30" x 80":30" x 60" 160057 30" % 80" lfeLocalPlacement 10455  cProductDefinitionShape 10450 160057 6 GEE6EEEET 2.5 (1) lfeDoorStyle 10443 (1)1
| 16] 4068 4068 4070
10510| Single-Flush:30" « B0":30" x B0":160101 30" % B0" WeLocalPlacerment 10509 fcProductDefinitionShape 10504 M60101 6 B5E6EEEET 2.5 (1) fecDoorStyle 10443 (1)1
| 16| 4068 4068 4070
2874|Single-Flush:36" x 84"36" x 84":156054 36" x 84" lfcLocalPlacement 2873 IicProductDefinitionShape 2565 156054 7 3 (1) HcDoorStyle 2881 (1) Hc
17
2345/ Single-Flush:36" x 84"36" x 84" 126147 36" x 84" IfcLocalPlacement 2344 lficProductDefinitionShape 2939 "56147 7 3 (1) HcDoorStyle 28681 (1) fie
W 4 ¥ W[ Summary [ Header £ IfcColumn £ TrcColumnTyps /£ IfcCovering jIfeDoor { TfcFooting /£ IfcMember { IfcOpeningElement £ Ifc | 4] | 3
Reark
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Open IFC Java Toolbox similarly provides a selection of the of the IFC elements

with a floor breakdown as shown on the figure below. However, the JAVA template

cannot be copied to excel or a scheduling software.

=lalx
Flle Dasta Info
PSS revit o
F -7 Default
rewit ifc java =) #45 IFebuilding
[# Roof
Loading time: B Levelz
2 seconds [# Space
2 colurn
Number of clements: @) Wood Timber ColumniS x 5:5 x 5:167544
o ) wirood Timber Column'S x 515 % 5:167634
) Wood Timber ColumniS x 515 x 5:167679
- @5 wrood Tiiber Columnis x 5:5 1 5167742
@) Wood Timber Column:S x 5:5 x 5:167607
- @5 wrood Tiiber Columnis x 5:5 1 5:167690
@) Wood Timber ColumniS x 5:5 x 5:167953
2 Door
@) Single-Decorative 2:30" x 50":30" x 30":175851
- 5 Single-Flush: 30" « 80":30" » 50", 155965
@) Single-Flush:30" x 80°:30" x 80" 156936
- 5 Single-Flush: 30" « 80":30" » 50" 158950
@) Single-Flush:30" x 80°:30" x 80" 159018
- @ Single-Flush: 30" x 80":30" x 50" 159060
@) Single-Flush:30" x 80°:30" x 80" 160057
- @ Single-Flush:30" x 80":30" x 50" 160101
2 Raiing
- @4 Railing:Handrail - Rectangular: 167434
[# slab
B walistandardCase
@) Basic Wall:Exterior - EIFS on M. Stud: 175230
- @ Basic WallInterior - 5 1/2" Partition (1-hr}; 150178
@) Basic wallInterior - 5 1/2" Partition (1-hr); 150229
- @ Basic WallInterior - 5 1/2" Partition (1-hr}; 150359
@) Basic wall Interior - 5 1/2" Partiion (1-hr); 150401
- @ Basic WallInterior - 5 1/2" Partition (1-hr}: 150434
@) Basic Wl Interior - 5 1/2" Partition (1-hr); 150552
- @ Basic WallInterior - 5 1/2" Partition (1-hr}; 150933
@) Basic Wl Interior - 5 1/2" Partition (1-hr); 150994
- @ Basic WallInterior - 5 1/2" Partition (1-hr}; 151028
1@ Basic Wl Interior - 5 1/2" Partiion (1-hr); 151661
@ window
[# Levell
-[@ Basement
H 13 H H 7
imported to Synchro, “create tasks and assignments for imported resources” can be
-]
Instal ~ Finish o start ~ Praject Calendar R EEEECOE®||BE Bow -
© File Edit view 3D Play Windows Tools Help
IR = N2 R = L — Ry — U Bra-B- | L-0-%-8-B- A8 @O0 |¢EHAR G| @
o N B ER Ry DR RBmE P E a3 %I B e
D Name [or lul
ik 65 Juk 78
\which attibutes and how would you ke to impot? ———————— st =
Tasks Links :
[ mport x| [import =1
IfcElements IfcElement Assignments
[import =] [import |
IfcSpaces User Values
| skip x| [import =

Resouice Type
¥ Fiocess licBuidingElements ONLY

¥ Cieate tasks and assignments for imparied resources
¥ Read colour information from IfcSiyles

1% Fiead colour informetion from icPropeties

¥ Uss lfcTask desoriptions as 'WES numbers

<Bsck [ mpot | Cancel Help
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The generated BIM based (IFC) schedule is automatically linked to resources.

G| 2.23c4DSynchro-w -Synchro = x
i Instal ~ Finish to start ~ Project Calendar T IREEOEOOeS||EE B -

! File Edit Wiew 30 Play Windows Tools Help

(@[ NER - CH - S e Bra-B-L-O-8-8-0-9 08 RCECCRT @06 RD|GE| @
PP N[ Ry | DA DA F (S - H-E ] -3 l8 B e

& in progress.

Navigator * Gantt 3D Using Dates[Best] [566x596]
oE 0 Using Dates[Best]
ame
i = —1 Basement_(156]
=) Level 1_| -
3 lidDoor B f ol —_—
3 IfeRaling +]1fcFooting = =
1 IfeSlab ] 1fcSlab
3] lcStai ] 1fcStair ==
1 IlewalStandardCase 5 lfcWallStandardCase ==
il | Level 1_(iH48)
(=] Lewel 2_(52) || o =
=] IfeDoor & fcDgor =
} SingleDecoralive 2.30" 1 8030 [ lfcRailing
Single-Flush 30" » B0 30" » 801158 #1fcSlab ==
Single-Flush 30 » B0 30" » 80158 ] IfcStair =N ‘ =
Single-Flush 30" » 50" 30" £ 80°:154... (+] licwallStandardCase T e
Single-Flush 30" » 50" 30" £ 80°154... 4] cWindow ]]HIJIIMIJIIIIIIIIIIIIIIII
Single Flushi 30" » B0 30" £ 80°:159... T
Single-Flush 30" » 8030 # BU160... [ Level 2 (152) -
Single-Flush 30" » 80":30" » 80":160 = lfcDoor
=1 feRaling B [Eraenecoratve 230 e
= e Single-Flushi30" % 60
R Single-Flush:30" 1 80
i Baselines

Single-Flush: 30" « 803
Single-Flush: 30" « 80"

{47 Resources

@ Single-Flush:30" « 80
P a—— Single:Flush; 30 1 80"
Fr—E—— Single-Flush30" 5 80730 w B
P Fikers j‘::cgla':"g
[T 1fcSla
St ) cWallStandardC.ase
B3 animations 5] oWindow o
4 Spatial Conrdination ~Roof [HE0] _,_| = /
] External Dats [0 —] —
A i | [Filter DFF] 3D Selected: 1 5100 PM 1/29{11 Private Projsct Transactions: 1
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IFC schedule can be exported to MS Project to create a more elaborative BIM

based schedule as shown below:

] Task Name Duration Start Finish Moy 10 Dec'10 Jan'11 | Feb 11 | Mar 11
0 mmm 0 [16]23[30 6 13[20]27 6 ]13]20

1 Start Milestone 1day?  Mon11/810 Mon 11/8/10 |]
2 Core/Shell 45days  Mon 11/8/10 Fri 17111 —j
3 Excavation 10days ~ Mon 11/810 Fri 1111910

Bl Foundation 10days Mon 11722110  Fri12/310 I:h
5 @J Basement_(#56) 6.5 days Mon 11/22110 Tue 11/30/110
f @ lfcFooting 2days  Mon 1122110 | Tue 11723110

L 3% \Wall Foundation:Bearing Footing - 2 05days Mon11/2210] Mon 11/22110 undation:Bearing Footing - 36" x 12":153436_(#14
] E% Wall Foundation:Bearing Foaoting - 0.5days  Mon 1172210 Mon 112210 pundation:Beaiing Footing - 36" x 12":153444_{(#15
g E[% Wall Foundation:Bearing Footing - 05days  Tue 112310 Tue 11/23/10 bundation:Beazing Footing - 36" x 12":153452_(#15
10 E% Wall Foundation:Bearing Footing - = 05days  Tue 112310 Tue 11/23/10 oundation:Beating Footing - 36" x 12":153460_(#1
11 % licSlab 1day Wed 11/2410  Wed 11/24110
12 E@.‘I Foundation Slah:6" Foundation Slat 1day  Wed 1124110 Wed 11/24110 oundlation Slab:6" Foundation Slab;152627_(#1191)[13
13 @'_LI IfcWallStandardCase J5odays Thu11/25110 Tue 11/30/110
14 E% Basic Wall:Foundation - 12" Concre 05days  Thu 1125110 Thu 11/25110 Wall:Foundation - 12" Concrete:152854_(#1324)[1
15 E% Basic Wall-Foundation - 12" Concre 05days Thu11/25110  Thu 11/25110 it Wall:Foundation - 12" Concrete:153086_(#1376)[1
16 E% Basic Wall:Foundation - 12" Concre 0.5 days Fri 11/2610 Fri 11/26/10 it Wall:Foundation - 12" Concrete:153233_(#1418)[1
17 E% Basic Wall:Foundation - 12" Concre 0.5 days Fri 11/26/10 Fri 11/26/10 i Wall:Foundation - 12" Concrete:153288_(#1460)[
18 3% Basic Wall:Generic - 6" Masonry:16 0.5days Mon 11/2010 0 Mon 11/29/10 ic Wall:Generit: - 6" Masonry:165372_(#16044)[13%]
19 E% Basic Wall:Generic - 6" Masonry:18 0.5days  Mon 11/2910  Mon 11/29/10 Bagic Wall:Generiz - 6" Masonry:165445_{#16098)[13
20 3% Basic Wall:Generic - 6" Masonry:16 05days  Tue 1130110 Tue 11/30110 |] Basic Wall:Generic: - 6" Masonry:165504_(#16134)[13
21 % IfcColumn J5days | Tue 11/30110 Fri12/3/110
22 3% Round Column:06" Diameter.06" Diamet 05days  Tue 1130110 Tue 11/30/110 Round Column:06" Diameter:06" Diameter:177785_(#
23 E% Round Column:06" Diameter:06" Diamet 05days Wed121110 ‘Wed 1211110 h'Round Column:06" Diameter:06" Diameter:177872_(#
24 E% Round Column:08" Diameter.06" Diameat 05days  Wed 121110 Wed 1211110 If und Column:03" Diameter:06" Diameter:178035_(#
25 E% Round Column:06" Diameter.06" Diamet 0.5 days Thu 12/210 Thu 122110 th und Column:06" Diameter:06" Diameter:178535_(
26 E[% Round Column:06" Diameter.06" Diamet 0.5 days Thu 1212110 Thu 1272110 [lf:'und Column:C6" Diameter:06" Diameter:178580_(
i E% Round Column:06" Diameter.06" Diamet 0.25 days Fri12/310 Fri 121310 hﬂound Column:66" Diameter:06" Diameter:178625_(
28 3% Round Column:06" Diameter.06" Diamet 0.25 days Fri12/3110 Fri 1213110 hfaound Column:A6" Diameter:06" Diameter:178696_|
29 E[f‘d_.l Round Column:06" Diameter.06" Diamet 0.25 days Fri 12310 Fri 1273110 |-|Round Column:@6" Diameter:06" Diameter:178793_(

Tk I TS — L

Critical Task |:| Rolled Up Critical Task |:| Project Summary '_'
Project: House Schedule !

e I pu—

Date: Sun 1/911 Progress Rolled Up Milestone Q Group By Summary

Milestone ’ Rolled Up Frogress I Decadline {—7

summary H Split

Page 1

83




ID Task Name Duration Start Finish  [[Nov'1D [Dec 10 [ Jan 11 [Feb11  [Mar'1i
i 31| 7 [14[21]28] 5 [12]19]26] 2 | 9 [1623[30( 6 [13]20[27] 6 |13]20
30 El% Round Column:06" Diamater.06" Diamet 0.25 days Fri 121310 Fri 127310 ound Column:i6" Diameter:06" Diameter:178880_(
K E Backfill Sdays  Mon12i6M10 0 Fri12/10M10
12 Frame and Board 15days  Mon12/6110  Fri 12724110
B IfcWallStandardCase1 J75days  Mon12/6110)  Thu 12/9/10
kI 3% Basic Wall:Exterior - EIFS on Wood Stuc 0.75days  Mon12/6110| Mon 12/6/110 ﬂlB asi¢ Wall:Exterior - EIFS on Wood Stud:146493_(
35 E% Basic Wall:Exterior - EIFS on Wood Stuc O05days  Mon12/6M0  Tue127M0 ﬂfisic Wall:Exterior - EIFS on Wood Stud: 146527 _{
i 3% Basic Wall-Exterior - EIFS on Wood Stuc 05days  Tue127M0  Tue127M0 h sit Wall:Exterior - EIFS on Wood Stud:146558_(
Er E% Basic Wall:Exterior - EIFS on Wood Stuc 05days  Tuet27M0  Wed 12/8110 Bas|c Wall:Ex:erior - EIFS on Wood Stud;146590_(
i E[% Basic Wall Exterior - EIFS on Wood Stuc 0Adays  Wed 12810  Wed 12/8/10 h[as ¢ Wall:Exierior - EIFS on Wood Stud:149671_
39 E% Basic Wall:Exterior - EIFS on Wood Stuc O05days Wed12/810  Thu12/910 |h3a5ic Wall:Exterior - EIFS on Wood Stud:161260
i El% Basic Wall:Exterior - EIFS on Wood Stuc 05days  Thu12/910 Thu12/9M10 ‘ﬁic Wall:Exterior - EIFS on Wood Stud:180769_
4 % IfcWallStandardCase2 275days  Thu12/9/10 Tue12114/10
42 El% Basic Wall:Exterior - EIFS on Wood Stuc 0.75days|  Thu12910  Fri12M0M10 [[: aIig Wall:Exterior - EIFS on Wood Stud:175230
43 El% Basic Wall:Exterior - EIFS on Wood Stuc 05days  Fri121010 Fri12/1010 l ic Wall:Exterior - EIFS on Wood Stud: 182608
44 El% Basic Wall:Exterior - EIFS on Wood Stuc 05days Mon12/1310| Mon 121310 asic Wall:Exterior - EIFS on Wood Stud:18330
45 El% Basic Wall:Exterior - EIFS on Wood Stuc 05days Mon121310 Mon 1211310 sic Wall:Exterior - EIFS on Wood Stud:18349
745 | E% Basic Wall:Exterior - EIFS on Wood Stuc O5days Tue121410| Tue 121410 | asic Wall:Exterior - EIFS on Wood Stud:18395
47 [% licSlab1 45days  Tue 1211410 Mon 12/20110
B E% Floor:Wood Joist 10" - Ceramic Tile:161° 05days| Tue121410| Tue 1211410 hmm;wgo.j Joist 10" - Ceramic Tile:161187_(#
49 El% Floor:Wood Joist 10" - Ceramic Tile:161: 0.5days | Wed121510| Wed 1211510 loor:Woo Joist 10" - Ceramic Tile:161219_(#
B 3% Floor:Wood Joist 10" - Wood Finish:153¢ 05days Wed12/15/10| Wed 1211510 loor:Woad Joist 10" - Wood Finish:153587_(#
51 E% Floor:Wood Joist 10" - Wood Finish:153¢ 05days| Thu12M6M0| Thu 121610 loor:Wocd Joist 10" - Wood Finish:153803_(
52 | E% FloorWood Joist 10" - Wood Finish:154¢ 05days  Thu12/16/10| Thu1218/10 loor:Woad Joist 10" - Wood Finish:154509_(
53 El% Floor:Wood Joist 10" - Wood Finish: 1543 05days|  Fri124710|  Fri1217M0 Floor:Wood Joist 10" - Wood Finish:154723_(
B E% Floor:Wood Joist 10" - Wood Finish:155: 05days  Fri12d710 0  Fri12M7M10 Floor:Woad Joist 10" - Wood Finish:155242_(
b5 El% FloorWood Joist 10" - Wood Finish:161¢ 05days Mon1222010| Mon12/2010 Floor:Waod Joist 10" - Wood Finish:161486
56 El% Floor:Wood Joist 10" - Wood Finish: 165 05days Mon12/2010 Mon 122010 Floor:Wood Joist 10" - Wood Finish:165187
57 I% lficSlab2 ddays Tue12/2110  Fri12/2410
58 El% FloorWood Joist 10" - Ceramic Tile:160¢ 05days Tuel122110| Tue12/21110 |]_|F|30r:W00d Joist 10" - Ceramic Tile:160563
Task |:| Rolled Up Task |:| External Tasks I:|
Criical Task [ ] RokdupCitcaiTask [ ] Projectsummay (R
[P):)tl: cguﬁo#gfﬁchedule Progress I Rolled Up Milestone <> Group By Summary _
Milestone . Rolled Up Progress N Ccadine \r;
Summary H Split
Page 2
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ID Task Name Duration Start Finish — [[Nov'10___ [Dec'10 [Jan 11 [Fep'11  [Mar'i
i 31| 7 |14]21[28] 5 [12[19]28] 2 [ 9 |16]23]30] 6 [13]20]27] 6 [13]20
Y E% Floor:Wood Joist 10" - Ceramic Tile:160¢ 05days Tue122110 Tue 1221110 Floor:Wood Joist 10" - Ceramic Tile:160501
60 | E% Floor:Wood Joist 10" - Ceramic Tile:161° O5days Wed 122210 Wed 1222110 Floor:Wood Joist 10" - Ceramic Tile:161155
61 3% Floor:Wood Joist 10" - Wood Finish:160¢ 0.5days Wed 122210 Wed 12122110 Floor¥/ood Joist 10" - Wood Finish:16045
62 E% Floor:Wood Jaist 10" - Wood Finish:160¢ 05days  Thu12/2310  Thu 1223110 hfloar:wood Joist 10" - Wood Finish: 16047
i E% FloorWood Joist 10" - Wood Finish:160¢ OA5days  Thu122310 Thu 1223110 hﬂgor:Wogd Joist 10" - Wood Finish:16050
64 E% Floor:Wood Joist 10" - Wood Finish:160¢ 05days  Fri1224M0  Frid12/2410 Floor:‘¥ood Joist 10" - Wood Finish:16053
il 3% Floor:Wood Joist 10" - Wood Finish 167¢ 0.5 days Fri12/2410 Fri12/2410 ﬂ Floor:Vood Joist 10" - Wood Finish: 16741
66 Siding 5days  Thu12/910 Thu12/16/0
&7 IfcWallStandardCase1 Jdays  Thu12/910 Tue 1211410
68 El% Basic Wall-Exterior - EIFS on Wood Stuc 05days  Thu12/910 Fri 1211010 ‘Exterior - EIFS on Wood Stud:146493
69 E% Basic Wall:Exterior - EIFS on Wood Stuc 05days  Frif12M0A0  Fri12M0A0 asic Whll:Eerior - EIFS on Wood Stud:146527
70 E% Basic Wall:Exterior - EIFS on Wood Stuc 0.5days  Fri121010 Mon 121310 Basic Wall:Exterior - EIFS on Wood Stud:14655
71 El% Basic Wall:Exterior - EIF3 on Wood Stuc 0.5days Mon121310 0 Mon 121310 Bhsic Wall:=xterior - EIFS on Wood Stud:14659
72 E% Basic Wall-Exterior - EIF3 on Wood Stuc 05days  Mon12/1310  Tue 12114110 |h asic Whall:Exterior - EIFS on Wood Stud:14967
73 E% Basic Wall:Exterior - EIFS on Wood Stuc 025days | Tue1211410 Tue 121410 h' asic Wall:Exterior - EIFS on Wood Stud:16126
l E% Basic Wall:Exterior - EIF3 on Wood Stuc 025days  Tue 121410 Tue 1211410 | asic Wall=Exterior - EIFS on Wood Stud:18076
75 % IfcWallStandardCase2 2days  Tue1211410 Thu 121610
i E% Basic Wall:Exterior - EIFS on Wood Stuc 05days Tue 1211410 Wed 121510 [E asic Wall:Exterior - EIFS on Wood Stud:1752
77 E% Basic Wall:Exterior - EIFS on Wood Stuc 0.5days Wed 121510 Wed 124510 bﬁmc alk:Exterior - EIFS on Wood Stud:1826
78 E% Basic Wall:Exterior - EIFS on Wood Stuc 05days Wed 1211510 Thu 121610 ﬂfas": al::Exterior - EIFS on Wood Stud:1833
79 E% Basic Wall:Exterior - EIFS on Wood Stuc 025days  Thu12M6M0| Thu 121610 haasic al::Exterior - EIFS on Wood Stud:1834
& 3% Basic Wall:Exterior - EIFS on Wood Stuc 025days  Thu12M16M10 Thu 121610 | Basicl Wal::Exterior - EIFS on Wood Stud:1832
81 Roofing Jdays Mon12/2710 Wed 12/29110
82 @J Roof_(#60) 3days| Mon12/27/10| Wed 12/29/10 g
83 % [fcCovering 0.25days Mon 122710 Mon 1227110
85 % IfcRoof 2.25days | Mon12/27110| Wed 12/20/10 H
a8 % [fcWallStandardCase 0.5 days Wed 1229110 Wed 12/29/10
o Install Interior Stairs 3days  Mon12/2710 | Wed 12129110 - ]
a2 % lfcRailing1 0.4 days Mon12/2710 Mon 12/27/10
Task |:| Rolled Up Task |:| External Tasks |:|
Criical Task [ ] RoldUpCriicalTask [ ] ProectSummay (=g
[P);olj::cé:ul;lio%}aﬁchedule Prograss I Rolled Up Milestone <> Group By Summary H
Milestone . Rolled Up Progress |  [:adline \r]
Summary H Split
Page 3
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D Task Name Duration Start Finish ~ [Nov*10 [Dec'10 [ Jan '11 [Feb11  [Mar'11
0 31] 7 [14]21]28] 5 |12[19]26] 2| 9 |16[23]30] 6 [13]20]27] 6 [13]20

a3 E% Railing:Handrail - Rectangular 164637 _: 0.1days Mon12i2710 | Mon 1212710 iling:Handrail - Rectangular: 164637 _(#

a4 E% Railing:Handrail - Rectangular164972_{: 0.1days  Mon12i2710 | Mon 1212710 ilibg:Handrail - Rectangular:164972_(#

a5 3% Railing:Handrail - Rectangular:165780_(: 0.1days Mon 122710 Mon 1227110 iling:Handrail - Recfangular:165780_(#

a8 E% Railing:Handrail - Rectangular165877_(; 0.1days Mon 122710 Mon 1227110 iling:Handrail - Reclangular:165877_(#

a7 @J IfcStairt 1.1days Mon 1212710 | Tue 12/28/10

a8 E% Stair10" max riser 10° tread:157964_(#7 Od4days Mon 122710 Mon 1227110 tair:10" max riser 10 tread:157964_(#7
i 3% Stair7" max riser 11" tread:181378_(#22 Od4days Mon12i2710 | Tue 1212810 Sliaif:7" max riser 11"|tread:181378_(#22

100 E% StairMonolithic Stair166852_(#18048) 0.3days| Tue 122810 Tue 12/28/10 Sfair:Monolithic Stair]166852_(#18048)[1

101 % IfcRailing2 0.5days Tue 12128110 | Tue 12/28110 ]

103 % IfcStair2 1day Wed12/29110 Wed 12/:29/10

105 Install Windows 5days.  Mon 1311 Fri 17111 }
106 | Ay fcWindow? 28days Mon 131 Wed 1511 }?]

107 El% Fived:24" x 48" 24" x 48"159309_(#852( 0.2 days Man 1/311 Man 1/3/11 Fided:24" x 48™:247 x 48™:150300_(#8

108 El% Fixed:36" x 48"36" x 48" 157281 _(#4122 0.2 days Mon 1/3M11 Mon 1/3/11 f Wed:36" x 48™:367 x 481157281 _j#4

109 El% Fixed:36" x 48"36" x 48157317 _(#418. 0.2 days Mon 1/3111 Man 1/3/11 ;F)ged;jﬁ" X 48™:361 x 48™157317_(#4
ﬂ E% Fixed:36" x 48" 36" x 48157334 _(#435! 0.2 days Mon 1/3111 Mon 1/3/11 ;F Hed:36" x 48":36] x 48™157334_(#4

m E% Fixed:36" x 48" 36" x 48" 157370_(#430¢ 0.2 days Mon 1/311 Mon 113111 ;Fi ed:36" X 48™:36" x 48™:157370_(#4
i E% Fixed:36" x 48"36" x 48" 157386_(#444. 0.2 days Tue 1/411 Tue 1/4/11 H:i ed:36" x 48":36" x 48™:157386_(#4

13 E% Fived:36" x 48" 36" x 487157424 _(#461¢ 0.2 days Tue 11411 Tue 1/4/11 bfi ed:36" x 48™:36" x 48":157424_(#4
l E% Fixed:36" x 48"36" x 48" 157408 _(#466( 0.2 days Tue 114111 Tue 1/4111 bFi ed:36" X 48™:36" x 48":157498_(#4

15 E% Fixed:36" x 48"36" x 48"157526_(#470 0.2 days Tue 1/411 Tue 1/4111 hrixed:iiﬁ" X 48":36" x 48":157526_(#4
i 3% Fixed:36" x 48"38" x 48"159369_(#858( 0.2 days Tue 1/411 Tue 1/4/11 w'ixed::iﬁ" X 468":34" x 48":159360_(#8

"7 E% Fixed:36" x 48"36" x 48":159956_(#897: 02days|  Wed /511 Wed 1/5/11 hl-‘i[:ed:r»ﬁ" X 48":3" x 48™:159056_(#8
i 3% Fixed:36" x 48"36" x 48:159999_(#902 02days|  Wed 1/511 Wed 1/5/11 H-‘i ed:36" x 48":36" x 48":159999_(#9

119 E% Fixed:36" x 48"36" x 48"161322_(#973 02days|  Wed 1/511 Wed 1/5/11 I;F xed:36" x 48":36" x 48":161322_(#
ﬂ E[% Fixed:36" x 48" 36" x 48"180800_(#223t 0.2 days Wed 1/4/11 Wed 1/5M11 | Fixed:36" x 483" x 48™:180800_(#

121 % IfcWindow2 22days  Wed 1/511 Fri 17111 +'|

122 El% Fixed:36" x 48"36" x 48159413 _(#861. 02days|  Wed 1/511 Wed 1/5/11 h xed:36" x 48™:36" x 48150413 _(#

123 E% Fixed:36" x 48"36" x 48" 159465 _(#864! 0.2 days Thu 1/6/11 Thu 1/6/11 |_||: xed:36" x 48™30" x 48™150465_(#

Task |:| Rolled Up Task |:| External Tasks |:|

Criical Task [ ] RoledUpCicalTask [ | ProjectSummay N
Project: House Schedule i

. I p——

Date: Sun 4/911 Progress Rolled Up Milestone <> Group By Summary

Milestone 0 Rolled Up Progress I Ccadine \r/

Summary H Splt

Page 4
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D Task Name Duration Start Finish  [[Nov'10 [Dec 10 [Jan 11 [Feb'11  [Mar'11
0 3|7 4f2128) & |12|1El|26|2'| 916/23[30] & [13[20(27) 6 [13]20
124 E[%I Fixed:36" x 48"36" x 48"159498_(#867 0.2 days Thu 1/811 Thu /6111 b,: xed:36" x 4835 x 48150408 (#
125 E% Fixed:36" x 48"36" x 48"150522_(#870! 0.2 days Thu 1/6/11 Thu 1/6/11 bF xed:36" x 48":3p" x 48":150522_(#
126 E% Fixed:36" x 48" 36" x 48"150543_(#874" 0.2 days Thu 1/6/11 Thu 1/6/11 bF xed:36" x 48":3F" x 48":150543_(#
127 E% Fined:36" x 48"36" x 48" 150573 _(#E77: 0.2 days Thu 1/811 Thu /6111 I;Fixed::iﬁ" X 48":36" x 48159573 _(#
128 E% Fixed:36" x 48"36" x 48"150506_(#880! 0.2 days Fri 17111 Fri 1/7i11 I:Fixed;js" x 486" x 48™159506_[#
f— ¥
129 E% Fixed:36" x 48"36" x 48" 150616_(#8831 0.2 days Fri1iiin Fri 17 I:Hixed:Sﬁ" x 48":36" x 48":159616_(#
130 3% Fixed:36" x 48"36" x 48" 159643 _(#B36! 0.2 days Fritfii1 Fri 17111 I;E ixed:36" x 48™:36" x 481159643 _(#
13 E% Fixed:36" x 48"36" x 48" 150695_(#850" 0.2 days Fri 17111 Fri 1/7i11 I:Lfixed::}ﬁ"x48"::6"){48":159595_{#
132 E[% Fixed:36" x 48"36" x 48" 150717 _(#893. 0.2 days Fritiim Fri 1711 | Fixed:36" x 48":36" x 48":150717_(#
133 E Install Exterior Doors 2 days Mon 1/311 Tue 1/4/11 E
134 Install Exterior Stairs Jdays Mon12/2710 Wed 12/29/10
135 % IfcMember 1.2days  Mon 122710 Tue 12/28/10
142 @_.I IfcRailing 1day Tue12/28110 | Wed 12129110
160 % IfcStairFlight 0.8 days Wed 12/2910 Wed 12/29/10
155 Install Deck 2days Mon 122710 Tue 12/28/10
156 @_I.l IfcColumn Z2days Mon12/27T10  Tue 12/28/10 '
17 Fitout 35 days?  Thu12/30M0 Wed 2/116/11 F
172 1st Floor 30 days?  Thu 123010 Wed 29111 F
173 Frame Jdays Thu12/30110 Mon 1/3/11
174 @J lficWallStandardCasel 3days| Thu12/3010  Mon 1/3/11 i
L 4
185 E Rough MEP 6 days Tue 1411 Tue 111N E
186 E In-wall Inspection 1day? | Wed 11211 Wed 11211
187 Insulate, Drywall, and Tape Tdays  Thu1M13m Frit1i21111
1949 Paint Jdays ~ Mon 12411 Wed 1/26/11 I
211 Install Doors Z2days  Mon1/24M1 Tue 172511
225 E MEP Finishes 2days Thu 12711 Fri 1/28/11
226 Flooring 6days  Thu1/27/11 Thu 2311
237 E Interior Finishes 4 days Fri2idin Wed 2/9/11
238 2nd Floor 32 days? Tue 1411 Wed 2116/11 '
Task |:| Rolled Up Task |:| External Tasks |:|
Crifical Task |:| Rolled Up Critical Task |:| Project Summary '_'
Project House Schedule i
e I p—
Date: Sun /9111 Progress Rolled Up Milestone <> Group By Summary
Milestone 0 Rolled Up Progress I Ccadine \r;
Summary H st
Pageh
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D Task Name Duration Start Finish — [[Nov'10 [Dec 10 [Jan 11 [Feb'11  [Mar'11
0 31] 7 [14]21]28] 5 |12[19[26[ 2 | 9 [16[23[30] 6 |13]20(27] 6 |13]20
234 Frame 3 days Tue 1/411 Thu 1/6/11 ]
251 E Rough MEP d4days  Wed 112111 Mon 111711
252 E In-wall Inspection 1 day? Tue 11811 Tue 1118111
253 Insulate, Drywall, and Tape 6days  Mon 12411  Mon 131111
265 Paint 3 days Tue 2111 Thu 21311 E
277 Install Doors 2 days Tue 21111 Wed 212111
287 E MEP Finishes 2 days Fri 214111 Mon 2/7/11
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When the revised schedule in MS Project is imported back into Synchro, the 3D
elements do not recognize the relationship of the IFC file. Hence, a new detailed
schedule is created within the Synchro software. For each activity, the elements in
resources are created as new tasks under each existing activity. For instance, IFCDoors
for level 1 are selected under install doors activity on the first floor. Once the formation

of subtasks is completed, the 4D detailed modeling is completed.
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