
MPC-379 
January 1, 2012 – December 31, 2012 	
 
Project Title:  
Plastic-Aluminum Composites in Transportation Infrastructure 
 
University:     
Colorado State University 
 
Principal Investigator:  
Paul Heyliger, Professor, prh@engr.colostate.edu, 970-491-6685 
 
Research Needs: 
Nearly all transportation structures in the United States have been built over 
the past decades on the basis of stiffness, strength, and longevity. To this 
end, the use of common structural materials, including but not limited to 
metals (usually structural steel), concrete, and wood, has been standard 
practice, and the existing transportation infrastructure reflects this practice. 
However, with changes in manufacturing processes, an increase in available 
material choices, and a shift in design priorities to minimize environmental 
impacts, the use of structural composites as main elements in statewide or 
nationwide transportation networks will likely play an increasing role.  
 
In this study, a specific class of structural composite is investigated for use 
in a wide array of applications in transportation infrastructure. Composite 
sections comprised of aluminum sections (with high relative modulus and 
strength) embedded within a plastic matrix provide excellent alternatives to 
common structural materials with an important distinction: they are 
completely recyclable with very little effort. This class of building material is 
not yet well understood but has tremendous potential for use in everything 
from guard rails and bridge decking up to structural beams and columns 
(Hoel et al. 2007). There have been very few structural materials that have 
been added to the array of choices of the structural designer for 
transportation structures in the past 50 years, but these new materials have 
tremendous potential benefits over existing materials.  

 
Research Objectives: 
The goal of this project is to determine the feasibility and any limitations 
associated with using plastic-aluminum structural composites as an 
alternative for many if not most structural elements in transportation 
infrastructure. This study will combine numerical modeling of the basic 
mechanics (including structural performance and thermal behavior) along 
with basic testing of these elements. Comparisons of performance will be 



measured against common engineering materials, especially those used in 
rural areas that of the most interest to MPC institutions. Small scale testing 
of individual elements will be combined with environmental testing (primarily 
UV exposure and heat/cold cycling). Expected outcomes include strength, 
stiffness, and durability data that should provide a necessary foundation for 
future development of this class of material.  

 
Research Methods:  
Two approaches will be used. For theoretical calculations, we will use a 
three-dimensional thermoelasticity finite element model to assess the level 
of induced stresses and bulk properties for the bulk composite, and use this 
approach to “optimize” the placement of the aluminum sections within the 
composite. For the physical experiments, we have requested and received 
permission from a local firm (Tegracore) that has manufactured these sorts 
of composites [patents (7,213,379) – (7,721,496) - (7,882,679)] that they 
will either donate to this effort or provide at cost for use in physical testing. 
Both will be applied to use of these structures as a replacement for 
conventional materials.    
 
Expected Outcomes:  
Both experimental and theoretical outcomes are expected as a result of this 
work. Experimental evidence will be gathered as to actual physical response 
of these structural systems to determine relative levels of performance. In 
addition, predictive methods (from finite element models) will be used to 
determine to what level theoretical expectations are in line with actual 
behavior. These will be used to provide final recommendations and design 
guidelines for the use of these structures.  
 
Relevance to Strategic Goals: 
This project is related to the strategic goals of State of Good Repair (using 
novel materials in structural rehabilitation or new construction for more 
durable and long-lasting systems), Economic Competitiveness (the long-
term costs of these composites are likely superior to alternative materials 
that require constant maintenance and/or possess environmental 
degradation), and Environmental Sustainability (these structures are 
completely recyclable with very little separation or post-manufacturing 
costs).  

 
Educational Benefits 
This project requires extensive testing, and the budget has room for hiring 
at least two undergraduate engineering students to assist with this testing.  
 
 
 



Work Plan: 
The project will follow the schedule below: 
Task 1: Collect samples from Tegracore, prepare for short-term and long-
term testing, complete tests.  
Task 2: Develop finite element models to represent the aluminum/plastic 
composite for both elastic and thermal response, validate the code, apply to 
the physical prototypes, collect numerical results. 
Task 3: Collate the results of both experimental and theoretical results to 
compare, develop the guidelines for transportation structures, determine 
benefits and any disadvantages compared with existing materials. 
Task 4: Complete final report and any journal articles that result from this 
project.  
 
A time schedule is given below:  
 

 Months 
Task 1-2 3-4 5-6 7-8 9-10 11-12 
1       
2       
3       
4       

 
Project Cost:  
Total Project Costs: $92,000 
MPC Funds Requested: $46,000 
Matching funds: $46,000  
 
Source of Matching Funds: 

 (Projects require a non-federal dollar-to-dollar match for MPC funds 
received) 

 CREW: Coupled Structural Dynamic-Aerodynamic Behavior of Multiple 
Turbines: Influences within Large Wind Farms, Principal Investigator: 
Paul Heyliger, $9000 

 Tegracore in-kind material contribution: $5500 
 Colorado State University: 2.0 months research coverage for PRH. 

$31,500. 
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