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Information and Communication 
Technology/

Building Information Modeling
• New approaches to construction management such as 

relational contracting and lean design and construction 
are built on a foundation of team integration and open 
sharing of project-related information. 

• Information and Communication Technology (ICT) and 
building information modeling (BIM) are an effective 
mechanism for providing construction stakeholders 
with the informational and analytical tools for better 
management of the construction delivery processes. 
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• The A/E/C industry in particular has shown vast 
interest in adopting the new technologies in the 
area of 3-D visualization, data analysis, 
communications and collaboration, information 
sharing, and BIM. 

• Building information modeling is the process of 
generating and managing building data during its 
life cycle.

• It is a tool as well as a process, and increases 
productivity and accuracy in the design and 
construction of buildings.
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• ICT  Tools for Design and Management Processes

• Table 8.2 provides an overview of the state-of-the-art ICT 
tools that are being used in the design and management 
operations of construction projects.

• ICT Tools for Design Processes

• Contemporary computer-aided design (CAD) applications that 
allow 3-D geometric modeling are all based on the same 
concept . 

• These systems provide the following types of integration 
within the architectural and engineering design processes.

• Integration of 2-D drafting and 3-D modeling

• Integration of graphical and nongraphical design information

• Integration of the data structure and the user-interface

• Integration of two or more applications (e.g., design and 
analysis, drafting functions, and other applications)
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Building Information Modeling

• BIM uses three-dimensional, dynamic building 
modeling software and operates in real-time. 

• It supports the continuous and immediate 
availability of project design scope, schedule, and 
cost information that is high quality, reliable, 
integrated, and fully coordinated.

• The process produces the Building Information 
Model, also known as the BIM, which 
encompasses building geometry, spatial 
relationships, geographic information, and 
quantities and properties of building 
components. 
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• Though it is not itself a technology, it is supported 
to varying degrees by different technologies.

• The BIM is a data-rich, object-oriented, intelligent 
and parametric digital representation of the 
facility, from which views and data can be 
extracted and analyzed to generate information 
that can be used to make decisions and to 
improve the process of delivering the facility.
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• Object-oriented programming (OOP) refers to a type 
of computer programming (software design) in which 
programmers define not only the data type of a data 
structure, but also the types of operations (functions) 
that can be applied to the data structure.

• In this way, the data structure becomes an object that 
includes both data and functions. In addition, 
programmers can create relationships between one 
object and another. For example, objects can inherit 
characteristics from other objects.
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• BIM Implementation and Technologies

• The following technologies are required to 
implement BIM:

• CAD, 

• Object CAD, and 

• Parametric building modeling.
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• CAD Technology

• CAD technology has been used by many industry 
members for several decades.

• While it lends itself to the automation of certain 
drafting tasks, it requires much programming 
effort and high levels of discipline of the users 
that are responsible for entering data. 

• Layer and naming standards have to be strictly 
enforced, resulting in higher administrative and 
management costs. 

• It is therefore considered to lack the  
sophistication required for BIM.
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• Autodesk CAD Technology

• AutoCAD software by Autodesk is based on CAD 
technology and has a moderate level of 
sophistication. 

• Various applications have been installed on the 
AutoCAD platform, such as cost estimating, 
structural design, and scheduling that are 
typically provided in BIM.
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• Object CAD Technology
• Object CAD technology is next on the level of sophistication. 
• It works in a CAD-based environment and accommodates 

building designs in 3-D geometry—it extracts 2-D 
documentation from it and can also compile bills of material. 

• However, the quality of its representation for BIM depends 
very much on the knowledge and versatility of users. 

• Autodesk has a number of products that serve this need: 
Autodesk Object CAD Technology, ADT, and Autodesk 
Building Systems. 

• They meet many of the requirements of BIM more easily 
than AutoCAD.  

• Autodesk Architectural Desktop (ADT) simulates building 
modeling operation by managing a collection of drawings 
that each represent a part of the entire BIM model.

• Because of the loose structure, ADT may be subject to errors 
if users do not work within its limitations. 12CM 7



• Parametric Building Modeling Technology

• This technology currently provides the highest level of BIM 
with the least amount of effort—it is far more sophisticated 
than CAD and Object CAD technology, and requires a 
completely different mindset in its users. 

• It is an integrated system that embodies geometry and data 
representation and the relationships between different 
elements of the model are user-defined.

• In a manner analogous to an electronic spreadsheet, as one 
element is  changed, this change is reflected appropriately 
to all elements of the model. 

• This facility makes the design process (and subsequent 
construction) faster, more cost effective, less prone to 
errors, and higher quality.
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• Autodesk Revit software is based on parametric building 
modeling technology and is designed specifically for BIM 

• It has a central project database that contains  
representations of all building elements. 

• Design revisions are immediately reflected throughout the 
entire project, and errors are readily detected. 

• A number of software companies have competing products.

• ArchiCAD by Graphisoft is based on a virtual building model, 
and was designed as a BIM system in the 1980s. 

• ArchiCAD behaves as an application peripheral to the model 
instead of containing all the building data itself.
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• Bentley Systems is an integrated project model-based 
on a number of related application modules, and 
accesses project data by means of DWG and IFC file 
formats. 

• The modules include Bentley Architecture, Bentley 
Structures, and Bentley HVAC as well as others. 

• The system is limited by providing interoperability only 
when proprietary modules are used.

• Nemetschek is available primarily in Germany and 
Europe also providing a BIM platform.

• Its object interface allows software by other 
manufacturers to interact with it, unlike the Bentley 
system.
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• Practical Applications of BI M
• A building information model can be used for the following 

purposes:
• Visualization: 3-D renderings can be readily generated.
• Fabrication/shop drawings: It is easy to generate shop drawings 

for various building systems, for example, the sheet metal 
ductwork shop drawing can be quickly produced once the model 
is complete.

• Automated Fabrication: In projects that involve technologically 
advanced suppliers, data from a BIM file can be used as input to 
program numerically controlled fabrication equipment.

• Code reviews: Fire departments and other officials may use 
these models for their review of building projects.

• Forensic analysis: A building information model can easily be 
adapted to graphically illustrate potential failures, leaks, 
evacuation plans, and so on.

• Facilities management: Facilities management departments can 
use BIM for renovations, space planning, and maintenance 
operations. 16CM 7



• Cost estimating: BIM software has built-in cost 
estimating features. Material quantities are 
automatically extracted and changed when any 
changes are made in the model.

• Construction sequencing: A building information 
model can be effectively used to create material 
ordering, fabrication, and delivery schedules for 
all building components.

• Conflict, interference and collision detection: 
Because BIM models are created to scale in 3-D 
space, all major systems can be visually checked 
for interferences. 

• This process  can verify that piping does not 
intersect with steel beams, ducts, or walls.
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• Economic Benefits
• Studies by Stanford University’s Center for Integrated 

Facilities Engineering (CIFE) based on several major 
projects attribute several savings to the use of BIM:

• Up to 40% elimination of unbudgeted change
• Cost estimation accuracy within 3%
• Up to 80% reduction in time taken to generate a cost 

estimate
• A savings of up to 10% of the contract value through clash 

detections
• Up to 7% reduction in project time
• An increase in field productivity in the range of 20–30%
• A tenfold or greater reduction in requests for information 

(RFIs) and change orders
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• Benefits of BIM at Each Construction Project Phase
• Building information modeling supports the continuous and 

immediate availability of project design scope, schedule, 
and cost information that is high quality, reliable, 
integrated, and fully coordinated. 

• Among the many competitive advantages it confers are:
• • Faster delivery speed resulting in time savings.
• • Better design—design proposals can be analyzed in detail, 

using simulation and other evaluation tools to identify the 
best solutions.

• • Lower costs, which represents financial savings.
• Better coordination between different disciplines resulting 

in fewer errors.
• • Higher work productivity and quality.
• • Provides benefits in the design, construction, and 

management phases.
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• Case 1: Using BIM with the Hilton Aquarium

• Professor Salman Azhar and his research teams of 
Auburn University, Alabama describe

• the following to illustrate the cost and time savings 
available with BIM on an actual construction

• project. The teams collaborated with Holder 
Construction Company, Atlanta,

• Georgia. (Azhar, Hein, and Sketo 2008a and Azhar et al. 
2008b).

• The project details are as follows:
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• Project name: Hilton Aquarium, Atlanta, Georgia
• Project scope: $46M, 484,000 SF hotel and parking structure
• Delivery method: Construction manager at risk
• Contract type: Guaranteed maximum price
• Design assist: GC and subcontractors on board at design definition 

phase
• BIM scope: Design coordination, clash detection, and work 

sequencing
• File sharing: Navisworks used as common platform
• BIM cost to project: $90,000, 0.2% of project budget ($40,000 paid 

by owner)
• Cost benefit: $600,000 attributed to elimination of clashes
• Schedule benefit: 1143 hours saved
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• The contractor created 3-D models of the architectural, 
structural, and MEP systems of the proposed building 
as shown in Figure 8.8. These models were created 
during the design development phase using detail level 
information from subcontractors based on drawings 
from the designers. 

• This method allowed project team members to 
perform their work in the comfort of their traditional 2-
D, drawing-based delivery process and eliminated the 
potential risk that is often associated with open sharing 
of digital models across stakeholders. 

• Using the developed models, the project team 
achieved the following benefits:
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• Proactively identified 590 conflicts between 
structural and MEP components and resolved 
them prior to field installations.

• Design coordination enhanced.

• Additional cost increases avoided.

• Enabled owner to view revisions without 
issuing change orders.

• Accommodated design changes.
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• As shown in Table 8.3, through frequent 
coordination sessions, the project team was able

• to quickly identify and resolve system conflicts, 
saving an estimated $800,000 in extras

• and avoiding months of potential delays. 

• A net saving of $200,000 was calculated using the 
assumption that 75% of the identified collisions 
could be pointed out through conventional 
practices.
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• During the construction process, non-BIM-savvy 
stakeholders made use of Holder’s visualization
models through a free viewer (i.e., Navisworks). 

• The collaborative 3-D viewing sessions also improved 
communications and trust between stakeholders and 
enabled rapid decision making early in the process. 

• Finally, Holder’s commitment to updating the model to 
reflect as-built conditions provided the owner, Legacy 
Pavilion, LLC, a digital 3-D model of the building and its 
various systems to help aid O&M procedures after 
occupancy.
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BIM and Lean Construction

• BIM supports many initiatives that are critical to lean design 
and construction. 

• As the fundamental principle of lean is to reduce or eliminate 
waste, BIM addresses many aspects of waste that occur first in 
the design phases, and later in the construction phase. 

• Lean design promotes the active participation of construction 
stakeholders as early as the project definition phase. 

• As the design concept is developed, designers, owners, and 
constructors can work interactively to make decisions that 
influence the overall project—in real time, concurrently. 

• Traditional design reviews are treated as sequential events, 
long after significant design decisions have been made.
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• At that point, changes can quickly become time-
consuming and expensive. Furthermore, as many 
disciplines are involved in the design of a project, 
changes in some elements of the design may not 
be fully represented by all the disciplines. 

• In traditional projects that oversight often 
manifests itself as errors and omissions—classic 
examples of waste.

• The “Big Room” or obeya concept is adopted in 
lean construction from the Toyota Production 
System, and brings together cross-functional 
teams under one roof to explore problems. 
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• Team members generate synergy by collaborating 
on not just the design, but on the construction 
process required to bring it to fruition

• BIM provides a critical platform for Big Room 
meetings. “What-if” games can be played with 
various design approaches and the results can be 
evaluated immediately. 

• Target value design is enhanced with BIM. 
• Cost impacts of design are quickly determined in 

a concurrent manner, instead of relying on the 
traditional estimating approach.
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