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Abstract 
 
This paper looks at an intensive research agenda to provide for affordable disaster proof housing.  
In order to achieve this, industrialization concepts will need to be front and center to the 
research.  The paper proposes that research done today tends to be fragmented and as such is not 
focused enough on a specific solution.  The paper presents the critical research elements needed 
to provide for a concentrated research program to integrate the design to manufacturing to 
construction to operation process.  Within this integrated research process there are several key 
areas of research that include: process mapping, information technology systems, object oriented 
3-D modeling capability, virtual prototyping (process modeling), building science modeling, 
functional modeling, and materials research. 
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Introduction 
 
In developing a research agenda for the housing industry, I wanted to identify a goal for that 
research.  I will not restate the PATH goals as I think they are sound and should be incorporated 
in any research agenda.  However, I wanted to embody much of the PATH goals into a specific 
goal.  That goal is part of the title of this paper and can be stated as the need to DEVELOP 
AFFORDABLE DISASTER PROOF HOUSING.  What I propose below might be a stretch but 
so be it. 
 
First I would like to look at disasters that must be considered.  The obvious disasters in that 
category include: 
1. Hurricanes, 2. Floods, 3. Tornadoes, 4. Fire, 5. Earthquakes.  Not much more needs to be 
said, except that any research agenda must consider these natural disasters.  The cost to our 
society is in the 10’s of billions of dollars each year for the United States alone.  These disasters 
are certainly considered economic and societal disasters. 
 
We should also look at other disasters that face our home owners and housing stock.  This 
include:  1. Indoor air contaminants, 2. Weather related deterioration, 3. Protection from the 
outdoor environment, 4. Security.   
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Ok, the first five above are easy and would be on everyone list.   These five disasters would be 
sufficient for a well conceived research agenda.  How about the final four?   
Certainly indoor air quality today is a confounding issue and has become a disaster in our 
housing stock.  The rise of allergies and asthma from dust mites, mold, mildew, chemicals, etc… 
is well documented, and whatever housing research agenda in place must have this issue at the 
forefront or included within the structure of the work.   
 
The issue of weather related deterioration is a financial disaster that forces many to forestall 
normal maintenance and repairs such that the investment in the home oftentimes become a 
financial loss to the homeowner.  This disaster is hardest felt in the low to low medium income 
levels.  The income groups that are disenfranchised and oftentimes cannot participate in the 
financial growth of our society.  
 
Protection from the outdoor environment is a critical issue to insure financial viability for the 
homeowner so that comfort is not sacrifices; further, heat and cold cause significant deterioration 
of our exterior facades due to trapped moisture and condensation (leading to indoor air quality 
etc…).  This issue is best addressed in the building sciences that are often overlooked in new and 
existing system. These three disasters we are also talking about societal disasters of health and 
financial disenfranchisement of a large group of our society. 
 
Finally, the issue of security is a growing concern in an age of terrorism and the perception of 
growing criminal activity.  Although, I personally think this is way overdone, the national 
hysteria here would provide impetus to include this issue as an element in overall whole house 
research. 
 
Further stated, the goal of achieving affordable disaster proof housing can be achieved by 
creating a process such that homes can withstand natural disasters, have low maintenance and 
operating characteristics, provide for a healthy and safe indoor environment, and not cost more 
that today’s homes.  Actually, I believe that if we do it well we can build these homes for 20 to 
30% less than today’s houses of sticks, paper, and vinyl. 

 

Current State of the Art 

 

The author of this paper Dr. Yvan J. Beliveau is currently the Georgia Anne Snyder-Falkinham 
Professor of Building Construction.  That professorship is focused on residential construction.   I 
am also the department head for the Building Construction Department.   

I have built, supervised, inspected or otherwise participated in the construction of thousands of 
homes in his career including several underground structures during the early 70’s, and about 
800 HUD rentals for Operation Breakthrough.  I have been in academia for the past 22 years.  I 
have built several homes for myself – including a home that is mostly a passive solar design with 
shading and other thermal inertia consideration.  That home was shown to contribute 72-78% of 
it heating and cooling loads from the design strategy (Abaza, Beliveau, Jones 2000).  The most 
telling sign of this reduced energy consumption is that the local power company has repeatedly 
tested its meter over the 18+ years of operation and has replace the meter 3 times during that 
time – all in the hopes of getting more money from me.   
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During my 22 years in academia I have research many issues in collaboration with many other 
investigators; and I have focused my research in the residential area for the past 9 years.  I am 
active on HUD research that is focused in the area of industrialization of the housing industry.  
This focus has lead to participation on several HUD projects and reports (O’Brien, Wakefield, 
Beliveau 2000 and 2002; Wakefield, O’Brien, Beliveau 2001). This HUD work has been done 
with Dr. Ron Wakefield and Professor Michael O’Brien as evidenced I the references.  I have 
also been teaching a course in holistic house concepts over the past three years.  Holistic house 
concepts would be similar the whole house concepts currently being discussed in this conference.  
During this work with students, areas of study have focused on systems integration and 
industrialization techniques to get better value homes that can have reduced heating and cooling 
strategies, and can have minimal maintenance and other operation cost, and can survive for 
hundreds of years (Beliveau, 2002) (I would like something to stand long enough for my great 
grandchildren to see.).  

 

This focus in residential construction has lead to an NSF project to study overall issues in whole 
house construction with Dr. Mike Ellis.  All of this together has led to the area of precasting 
building elements to offer better economies and better quality with exterior facades, roofs, decks, 
floors made of integrated components that are concrete with the possibility of including other 
castable layers to achieve many of the overall system performance hoped for.  The effort has led 
to the conceptualization and construction of a real town home projects being constructed in the 
Blacksburg, VA area.  Again I do not wish to propose in this paper any specific solution or 
research; but rather; to propose a broader research agenda that comes from my prior experience 
and research.   This future research direction is presented in the next section. 

 

Future Research Directions 

 
I will restate my goal – to DEVELOP AFFORDABLE DISASTER PROOF HOUSING.  As 
stated above in the introduction, the disasters that I would like to bring to focus are:  1. 
Hurricanes, 2. Floods, 3. Tornadoes, 4. Fire, and 5. Earthquakes. 6. Indoor air contaminants, 
7. Weather related deterioration, 8. Protection from the outdoor environment, 9. Security.   
 
There is currently research going on in many of these areas; however, much of the research is 
done in abstract and without a coordinated effort focused at a targeted overall solution.  That is to 
say, we cannot do abstract industrialization techniques research without understanding what 
system we are industrializing; we cannot make headway in integrated design without knowing 
the building science issues that ensue; we cannot do advanced materials development without 
understanding the interaction of structure, thermal performance, environmental criteria, etc... 
 
Therefore, it is my belief that the most critical challenge of making progress in the house of the 
future is to assemble teams of interested and bright people who focus on studying the overall 
issues.  This team must be focused on a particular agenda and type of construction solution.  I 
have my beliefs as to what is an appropriate construction solution; however, there are several 
areas that need to be developed and no single solution is necessarily the best.  However, as 
researchers, we cannot solve anything if we cater to all interested parties. 
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To have some chance at achieving the above stated goal, the proposed research agenda falls 
under one primary challenge:  
 
TO INTEGRATE THE DESIGN TO MANUFACTURING TO CONSTRUCTION TO 
OPERATION PROCESS 
 
 Under this one primary challenge ma ny research subcategories need to be address.  The 
breakdown of these areas is: 
 

1. Process mapping to understand current and the envisioned systems (O’Brien, 
Wakefield, Beliveau 2000) 

2. Design to manufacturing to construction to operations information technology systems 
(Wakefield, O’Brien, Beliveau 2001), (Luyendijk, Wakefield, Johnston, O'Brien 2003) 

3. Adoption of 3-D object oriented modeling capability  
4. Virtual prototyping for in plant processes and on site processes (Process Modeling) 

(Johnston, Wakefield 2003), (Park, Borinara, Wakefield 2003) 
5. Building Science models to understand how new systems will behave before we build 
them (Performance Modeling) (Abaza, Beliveau, Jones 2001 and 2000) (Beliveau, 
Hassan 2003).    
6. Structural, environmental, analysis of any new system (Functional Modeling) 
7. Materials research into how existing and newly envisioned and developed materials 
integrate into industrialized processes.  

 
At the head of the research agenda is the need to incorporate industrialization techniques to the 
homebuilding industry.  The reason for adapting industrialization techniques is that homebuilders 
have found that the biggest risk in quality and timeliness is on site labor.  This risk issue (labor) 
has been a challenge for as long as construction has been done; however, in today’s environment, 
finding skilled craftsmen has become increasing difficult.   Today’s labor does not have the skills 
levels of the past.  Evolution of homebuilding has developed ways to deal with this fact thru 
changes in many of today’s housing components.  A far cry from balloon framing in the later 
half of the 19th century.  The issue of labor availability and skill level is rapidly evolving and will 
become more pronounced.  
 
Industrialization techniques and concept can be applied to a host of existing and new 
technologies.  The list of system used today include: 1. Sips, 2. Precast panels, 3. Pre-
manufactured walls, roofs, floors, 4. Preassemblies such as trusses, stairs, shafts, baths, kitchen, 
dormer, whole house modules.  New technologies should be into areas where integration of 
materials and layers of building elements are research so that a unified whole house or integrated 
system is studied. 
 
As we think of industrialization the first question is:  are we seeking to provide for mass 
customization, or are we looking to do exactly the same house for everyone?   Once a plant has 
been built in support of a particular solution, change becomes difficult and most likely not done.  
There is a basic balance that must be analyzed between any industrialized techniques as to the 
amount of flexibility that is embedded in the process.  The number of options, the number of 
basic house designs, etc…  The amount of money put into a solution will forever limit the 
potential for adapting to new information. 
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Critical to the overall research program is an understanding of the supporting technologies that 
are needed in order to achieve success.  The critical issue here is the need to incorporate (and if 
needed to research) true 3-D object oriented cad modeling systems.  During the development of 
the holistic house concept, mentioned in the Current “State of the Art” section above, the lack of 
incorporating an object oriented 3-D cad system was a resounding issue.  Rapid prototyping that 
can evolve and morph to final design is essential.  Systems typically used in the automotive 
industry need to be studied.  We must adopt design to manufacturing to construction to operation 
cad systems and information technology systems that allow for the level of customization needed 
to fulfill the intended market areas.   
 
The fundamental issue in modeling integrated systems is to understand the interface between 
systems.  Failure occurs at the interface of systems, processes and materials.  The above research 
agenda relies on being able to do process modeling of the manufacturing process and the on site 
process needed to do the final erection/construction.  There is also a need model the functional 
aspects of the proposed new materials/systems.  This would include thermal modeling, structural 
modeling and other modeling as needed. There is also a need to model the performance of the 
building systems.  This would be to understand how the various building layers will respond to 
the exterior environment.  Maybe by doing this we can avoid huge mistakes.  Certainly doing 
these models for our NSF project has made significant differences in the direction of the work.  
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