Utilizing 4D BIM Models in the Early Stages of Design
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Abstract. Architectural design education can benefit from incorporation of 4D
CAD techniques into a BIM-enabled process for rapid design and assessment
of alternatives. Experimental courses conducted at two universities provide
evidence that graduate students possessing modest skills with BIM software
can adopt 4D CAD methods and integrate them into their design process with
minimal effort. The method enables student teams to gain insight into the
construction issues of their designs and iteratively improve design alternatives.
Keywords. BIM; 4D visualization; design; collaboration; Integrated Project
Delivery.
Introduction
Deployment of 4D BIM models is a growing trend in
the AEC industry that can be valuable in design studio education. Practical application and research efforts have clearly demonstrated the benefits of both
4D models and visualization during pre-construction
and construction phases (Eastman, 2008; Kymmell,
2008). Usage of the 4D BIM models increase control
of the construction schedule and reduce errors, RFI’s,
change orders; they also optimize the supply chain
and job site operations (Koo and Fischer, 2000; Haymaker and Fischer, 2001; Jongeling, Kim et al., 2008).
Typically, 4D models are created and employed after
the completion of design development and construction documentation phases (Jernigan, 2007).
However, 4D BIM models provide a wide spectrum
of information that can be leveraged during the
early stages of design, aiding the designer in decisions even at the schematic stage. Evaluation of different building system options, systems integration
and form/material/construction relationships can be

further studied with 4D BIM models. Our study explored use of 4D CAD and rapid cost estimating in a
post-graduate course focused on integrated design.

Study Setup
In this paper we present results from a set of educational case studies for examining the potentials of 4D
BIM models in the early stages of design. Cases were
post-graduate seminar courses focused upon Building Information Modeling (BIM) and Integrated Project Delivery (IPD). The course has been taught three
times at two different schools of architecture. Both
design and construction management students entered the course with basic or intermediate skills in
3D/4D BIM modeling. They learned additional tools
and methods in the course, and most saliently, they
learned to use the various tools in the context of a
design method.
Embedded in an integrated project setting,
4D BIM models were used as a common coordination medium to establish efficient communications
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Case study 1

9 design alternatives

7 4D models/animations

8 cost breakdowns

Case study 2

7 design alternatives

6 4D models/animations

12 cost breakdowns

Case study 3

10 design alternatives

5 4D models/animations

12 cost breakdowns

between designers and construction management
students, aiding decisions about materials and
methods. In order to simulate an interdisciplinary collaborative design process, students were assigned a compact but realistic design problem with
project requirements derived from the multiple disciplines. Students designed a train station on a university campus, given spatial requirements of 4000
SF indoor space and 8000 SF covered platform. Construction requirements limited the project budget
to $2M and construction time to four months to allow the project to be completed during the summer
months, avoiding disruption of campus activities. In
addition, students were required to illustrate visual
fitness of their designs within the campus setting
and demonstrate achievement of sustainable design
objectives.
Students were introduced to a design method
philosophy derived from Circle Integration (Fischer
and Kunz, 1995). They were instructed to use Autodesk Revit to develop a base case building design
as a quick reaction to the program and then analyze it
thoroughly using a variety of quantitative and qualitative methods. They then used the insights gained
from the analysis to create a new design that was in
turn analyzed with the tool set, and iterated through
the process repeatedly. Each alternative was documented with objective performance assessments,
aiding the students in improving their designs with
each iteration. While the process was not automated
per the concept of Circle Integration, similar to Circle
Integration each design alternative was assessed for
all domains of expertise in the “circle”.

Process and Findings
The cases were monitored using qualitative research
techniques including systematic observations,
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surveys, collection of text, numeric and visual data
(Creswell, 2009). During the study, overall forms,
building system options, construction cost and
scheduling of the design alternatives were evaluated using 4D models and dynamic spreadsheets.
For every design alternative, Revit and 4D Autodesk
NavisWorks models were developed to visualize the
relationship of selected building components and a
planned construction sequence (Table 1). Students
adapted very rapidly to the use of 4D BIM models for
understanding their designs from a systemic point
of view. Not only did the 4D models aid in understanding construction issues, but they highlighted
the interrelationship of building systems, such as
foundations, building envelope, structural system
components and mechanical systems. The 4D BIM
model became a valuable source of information for
design decision making and was incorporated into
the routine design process. Students were able to
evaluate the impact of design decisions on construction schedule and building cost and made design alterations to meet given scheduling and cost criteria.
Figure 1 and 2 shows the construction sequence
of a representative design alternative from the second case study. The parametric BIM model of the
alternative was quickly transformed to a 4D model
animating the components and a likely construction
schedule. Potential problems and construction details were examined with the 4D model during the
conceptual design phase. In general, results from
the 4D BIM models motivated design students to
evaluate their designs with explicit information in
a real-world context. Design students experienced
minor or moderate difficulties in using this information for design decisions. Although the setting of
the courses and the results from the analyses put
certain design constraints, students quickly determined the relationships between design complexity,

Table 1
Number of created design
alternatives, 4D models and
cost breakdowns.

Figure 1
4D BIM model of a design
alternative from the first case
study

systems, materials, building cost, and construction
types. With the help of 4D BIM models, Design students approached the problem as an optimization
between the form, aesthetics, performance, constructability of the canopy system and the required
building program. Accommodating the 4 month
limit on construction led students to incorporate
pre-fabricated materials and methods. As the designs progressed, they explored precast concrete

systems, steel structural systems, and prefabricated
piles that could be fabricated before the on-site
construction began. From a design process point of
view, 4D BIM models expanded the scope of design
information which required a creative and balanced
design thinking process using both tacit and explicit
knowledge.
Although the 4D BIM models possessed an extensive amount of building components based on
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Figure 2
4D BIM model of a design
alternative from the second
case study.

generic components, it was hard for the construction management students to pick the appropriate
component from the RS Means cost database, particularly for custom forms. In order to solve the problem a sequential cost estimation framework was
introduced using 4D BIM models. Students started
estimations using a floor area based cost framework. The simplicity of the framework with predefined Excel spreadsheets streamlined the process
and provided reasonable feedback for cost control.
Nevertheless construction management students
experienced difficulties in grasping the content of
conceptual design alternatives for the creation of
reasonable cost estimations.
Another issue in the cost estimation procedure
was the incorporation of design and construction
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complexity into the cost framework. Area based cost
calculations provided an overall scheme for estimation; however, various design alternatives included
complex canopy forms and non-generic building
components that are not accurately estimated using the floor area approach. With feedback from the
instructors and 4D construction models, CM teams
devised quick solutions by examining design decisions and putting additional items and factors
into the cost estimation framework. Here, 4D BIM
models provided both visual and numeric data for
the creation of a more accurate and itemized cost
estimation scheme. Figure 3 shows an example for
custom designed roofing panels and the proposed
structural system and the addition to the overall cost
estimation.

Figure 3
Example for cost estimation
according to the complexity
level of the canopy system

The cost estimation data suggests that students
had different approaches to control the cost. Contrasting approaches were to be very conservative
during the process or use a flexible cost framework
and attempt to optimize in later stages. Following
charts from the case studies illustrate the designed
indoor and outdoor area amounts and conceptual
cost estimations. Results show that design teams
were able to control the cost within the acceptable
ranges. More detailed designs led to increases in
the estimated building costs. Although the contingency portions were decreased in the final stages,
design refinements inevitably added cost for specific
design features, particularly with the customized

components in the building envelope. Nevertheless
the exercise showed the possible incorporation of
the cost dimension for decision making in the studio
using the information from the 4D BIM models (Figures 4, 5 and 6).

Conclusions
Observations of the study suggest that creation
and utilization of 4D BIM models were convenient
and valuable as a proactive method of addressing the problems of construction and procurement
processes during the early stages of design that are
well within the skill set and competence of students
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Figure 4
Area and cost relationships,
Case Study 1
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Figure 5
Area and cost relationships,
Case Study 2
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Figure 6
Area and cost relationships,
Case Study 3
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in post-graduate education. Use of 4D BIM models,
4D visualizations, and conceptual cost estimating
helped frontload the project processes with reliable
information and increased the depth and efficacy of
communication between architectural design and
construction management students in the early
stages of an integrated design process. We recommend that architectural design education incorporate instruction in 4D CAD and BIM-enabled conceptual cost estimating as ways to significantly enrich
the decision process while incurring very modest
demands on students’ time and attention.
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