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ABSTRACT 
This research proposes a new method of prototyping industrialized construction process 
using a digital process/product modeling (DPM) programming hierarchy. An icon-based 
methodology for conceptualizing assembly is presented using field data collected from the 
installation of a precast foundation wall system (PWS). This effort develops a graphical 
heuristic for industrialized assembly and suggests a new taxonomy for designing construction 
operations and presenting those designs to the field. 
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INTRODUCTION  
Beginning in the 1970’s, Japan’s shift toward quality-based industrialization of home 
production attempted the control of a diverse product line in a dynamic delivery environment 
(Gann, 1996).  At present however, even within the factory controlled settings of 
manufactured housing (e.g. HUD Code homes) efficient production has been slow to advance 
(Mehrotra, 2002). Concurrently but separately, computer simulation tools for modeling 
construction activity have also developed over the same   three decades, (Halpin, 1977; 
Paulson, 1978; Chang, 1987; Ioannou, 1989; McCahill and Bernold, 1993; Martinez and 
Ioannou, 1994; Huang et al., 1994; Sawhney and AbouRizk 1995; Martinez 1996; Wakefield, 
1998; Shi, 1999; Zhang et al., 2002). Many of these construction simulations have advanced 
alternate methods for defining work flow, unit activity, and resource utilization.  Their 
practical application to the construction industry has however been minimized, in part, due to 
issues of implementation cost, usability and applicability, (Halpin and Rigs 1992, Halpin and 
Martinez, 1999; Shi and AbouRizk, 1997).  

Other manufacturing industries have evolved with sympathetic simulation of their design 
and production processes. (Albastro et al. 1995, West et al. 2000, Kirbira and McLean 2002) 
One software type used for aerospace and automotive applications is the digital 
process/product model (DPM). This approach integrates discrete activity modeling with an 
animated simulation tool. Programming can model actual best practices within a virtual 
environment capable of assessing real-world physics and ergonomics. A DPM approach is 
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leveraged by this research to create a prototyping hierarchy which can effectively illustrate 
industrialized construction assembly. 

INDUSTRIALIZED CONSTRUCTION  
The US residential construction industry has also begun to increase its reliance on site-based 
assembly of premanufactured components; it has been proposed that this move introduces 
building systems that require fresh approaches to traditional design and delivery 
methodology (O’Brien et al. 2000, 2002; Wakefield et al. 2001).  If industrialized residential 
construction is to maximize its efficiency, a functional heuristic for analysis and 
communication of onsite assembly must be developed. While there has been early 
development in the technologies associated with industrialized residential construction, there 
is to-date little specific research in the area of modeling the information relevant to its onsite 
production. (Senghore et al.2004; Johnston et al. 2004; Wakefield et al. 2003). 

Production information for this task can be found by examining the assembly processes 
of a precast concrete panel wall system (PWS). Structural wall panels are fabricated within a 
factory environment employing CAD/CAM dimensioning and lean manufacturing processes.  
The wall’s structure and integration design is pre-engineered to facilitate onsite construction. 
Panels are shipped to the construction site where they reside on material skids prior to the 
foundation’s start. Wall panels are lifted by crane into their final assembly position where 
workers apply parts and resources to complete the installation (Figure 1). On-site assembly 
schematics are typically limited to a basic site plan indicating wall dimension and relative 
positioning. 

 

                                 

Figure 1: Precast Panel Wall System 

ASSEMBLY DEFINITION 

When construction activity is examined its composite assembly process, material and 
resource requirements become apparent.  This composition is rarely illustrated as a 
procedural schematic, with assembly information typically left undeveloped or omitted. It is 
posited here that a clear compositional definition of an assembly boundary assists efficient 
industrialized construction (i.e. a tested work sequence connecting two PWS panels). 
Furthermore, industrialized construction can be conceptualized as a collection of assembly 
boundaries (Figure 2).  Therefore, the composition of an assembly boundary can be 
characterized using a DPM type accounting of actual parts, processes and resources 
necessary to create an efficient production interface (Figure 3). 
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Figure 2: PWS Assembly Boundary                    Figure 3: DPM Boundary Characterization 

 PROTOTYPING APPROACH 
This research leverages a programming hierarchy provided by Dassault System’s Delmia V5 
Digital Process Modeling Suite to characterize assembly boundary composition into 
Operation, Component, and Resource windows. Production data used in this approach comes 
from an observed panel installation sequence (see Appendix). The diagram in Figure 4 
depicts the activity frame used to describe each tasks in the PWS assembly sequence. 
Operation, Component, and Resource windows within an activity frame hold constituent 
icons attributable to the task. Each frame is also identified by its verbal definition and 
numerical position within the assembly sequence. 
 

 

Figure 4:  DPM Influenced Task Activity Frame  

June 14-16, 2006 - Montréal, Canada
Joint International Conference on Computing and Decision Making in Civil and Building Engineering

Page 3659



 

Operations window 
The Operation window depicts the assembly process associated with the construction task. 
As an example, the Operations window for the Drill Middle Hole task illustrates a worker 
holding a tool to its work position (Figure 5). Presently, the still-frame animation format 
requires that the Operation window be constrained to a single representative image; as such it 
is noted, that sub-tasks associated with a highlighted operation may not be illustrated in-
frame (e.g. the use of a screwdriver to clear the drill-hole prior to bolting). Iconic sub-task 
recognition and its categorization will be discussed in a later section of this paper; initially 
however, process representation within the Operation window reflects the task analysis made 
during construction sequencing.  

 

                               

Figure 5: Operations Window 
 

Component window 
The Component window identifies assembly boundary parts which are relevant to the 
highlighted task. Only those parts which actively contribute to the product are identified by 
icon in the window. For example, the Panel-Pick task highlighted in Figure 4 illuminates the 
panel icon and not the material skid within its Component window. This subtractive task is 
defined at the beginning moment of panel/skid separation and completes the panel/crane 
assembly product. Furthermore, Component window icon recognition requires that all parts 
must actively contribute to the end-product of the specified task. An example of icon addition 
to a task’s end product can be seen in the Bolt Middle Hole Component window where the 
top left bolt icon indicates final fastening (Figure 6). 

 

                               

Figure 6: Component Window 
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Figure 7: Resource Window 

Resource window 
The Resource window illuminates resource icons active at any time during the defined task. 
Resources can remain active over sequential tasking and their continued presence within the 
Resource window represents utilization. An example of resource utilization is shown in the 
Panel Adjustment task (Figure 7). The Resource window illustrates the application of a panel 
winching device, identified by its graphical icon in the top-left corner of the matrix.  The 
winch icon remains highlighted in all subsequent frames for which it is engaged. Logically 
any task directly following winch removal will not contain the winch icon in its matrix, if it 
is not utilized. 

As previously mentioned, sub-tasks may not be recognized in the activity frame’s 
Operations window; however, icon presence within a Resource window matrix may suggest 
a sub-task. Figure 8 gives a resource accounting of potential sub-tasks that may otherwise be 
omitted or left un-illustrated as an operation. The task’s operational image omits the potential 
hammer insertion of an expansion bolt into a drill-hole. The hammering activity did not rate 
its own task definition within the assembly sequence and was omitted as a sub-operation; 
however, the Bolt Bottom Hole Resource window may contain the hammer icon associated 
with that sub-task.                                       

WINDOW MATRIXES 
The composite structuring of icon windows strikes a functional and analytical compromise 
between animated and still-framed prototyping. A rule-based formulation of icons within 
Component and Resource windows can suggest highlighted tasks through positional cues. 
For example, when a window is read from bottom right to top left resource implementation 
order during tasking can be suggested (Figure 8). Similar iconic association within the  

 

                           

Figure 8: Composite Window Matrixing 
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windows of sequential tasks could suggest continued utilization of a specific tool by a 
laborer, or highlight a new resource requirement. 

A Component window also provides a snapshot of actual construction methodology and 
shows its potential as a construction heuristic. Iconic ordering within the matrix can 
graphically represent part composition and procedural order at the assembly boundary. A 
Component window showing foundation pucks, panel 5, first bolt, panel 4, and remaining 
bolt icons illustrates a completed wall sub-assembly (Figure 8). Examination of this icon 
composition illustrates a panel–bolt–panel adjacency relationship. While the relationship was 
achieved earlier in the assembly sequence it signifies the first moment of mechanical 
connectivity between two wall components. The presence of this icon pattern in any 
subsequent activity frame indicates a “Stable-state” at the assembly boundary. State 
recognition allows alternative tasking based on the preferred construction management 
practice: bracing, released crane utilization, or the start of a new sub-assembly (Figure 9). 

 

Figure 9: Iconic Production State Recognition 

 

CONCLUSIONS / FUTURE WORK 
This research develops an icon-based methodology for construction prototyping and suggests 
how task specific assembly information would be formatted. Where a DPM approach uses 
logic and visual based programming to prototype assembly process, a rule-based translation 
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of that programming can inform and validate most construction activity. The task matrixing 
illustrated within this paper suggests how iconic representation can model an industrialized 
assembly boundary. The research purposes that still-frame characterization of assembly 
sequencing can provide a graphic constructability analysis pertinent to industrialized 
construction techniques and technologies. 

It is recognized that before icon-based assembly prototyping can accurately describe the 
full spectrum of encountered construction activity; a richer taxonomic definition of actual 
assembly procedure must be developed. An important step toward this goal will be the 
standardization of rules that definitively matrix observed assembly, with traditional 
construction simulation challenges related to dynamic processes and definitive sequencing 
being addressed.  Solid classifications of task verses sub-task, and assembly to sub-assembly 
relationships should be justified. Furthermore, matrixing should explore the relationship 
between the suggested method’s format and capacity for user comprehension (i.e. fidelity). 
The importation of animated procedural clips within an Operation’s window is one such 
example. Three dimensional (3D), virtual reality modeling language (VRML) icon 
expression of actual construction processes, resources and components is another. 

Ultimately, future work should suggest how iconic prototyping will empower the broader 
spectrum of construction understanding. The development of an icon-based construction 
analysis/assembly nomenclature (ICAN) would provide a definitive categorization of 
construction assembly. The question of how a prescriptive graphical language applies itself 
to the overall production hierarchy should be asked. As a first step, this research highlights 
the developmental framework for iconic prototyping of industrialized assembly and suggests 
its potential as an effective illustrator of actual onsite construction procedure. 
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APPENDIX 
Table 1 gives written example of field data collection and formatting for a single wall panel. 
 

 

Table 1: Written Assembly Format for Panel P(005) 
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