
Carbon Fiber Reinforced Polymer (FRP) Composite Tubes

ò Bridge-in-a-Backpack ó
in collaboration with



Who is AIT ςAdvanced Infrastructure Technologies?

Ç AIT is partnered with University of Maine 
ǘƻ ŎƻƳƳŜǊŎƛŀƭƛȊŜ ά.ǊƛŘƎŜ-in-a-.ŀŎƪǇŀŎƪέ 
carbon fiber composite technologies for 
infrastructure construction 

Ç Designs & Manufactures FRP tubes, 
Headwalls, and complete Bridge Systems

Ç Numerous Aesthetic options to beautify

Ç Qualified Small Business Enterprise 

ÅProduct Offering
ïAIT designs & manufactures FRP composite tubes for construction

ïAbility to supply a complete engineered bridge system

ïPackages: FRP arches + composite decking, modular FRP headwalls

ÅStructural Design
ï!L¢Ωǎ ŜƴƎƛƴŜŜǊǎ ŘŜǎƛƎƴ ǘƘŜ ŎƻƳǇƻǎƛǘŜ ŀǊŎƘ ōǊƛŘƎŜ ǎǳǇŜǊǎǘǊǳŎǘǳǊŜ

ïCan design the bridge substructure, internally or with consultants

ïOptimization to maximize efficiency of structure

Daniel Bannon
Structural Engineer

Jonathan Kenerson
Manufacturing Manager



²Ƙŀǘ ƛǎ ά.ǊƛŘƎŜ-in-a-.ŀŎƪǇŀŎƪέ ? 
Composite + Concrete Arch Superstructure System

Image Credit ςNY Times/University of Maine

ά ! ƘȅōǊƛŘ bridge superstructure system combining the 
strength and longevity of high-performance composites 
with durability and cost savings of cast-in-place ŎƻƴŎǊŜǘŜ έ



National Recognition Awards for Bridge-in-a-Backpack

Engineering Excellence Award 

Royal River Bridge, Auburn, ME
(Along with Maine DOT & Kleinfelder | SEA)

AASHTO TIG - 2011 Focus Technology

Product featured in: 

Engineering News Record, 

The NY Times,

Concrete International, 

Popular Science, 

Popular Mechanics, 

The Boston Globe

American Society of Civil Engineers

2011 Charles Pankow Award for 

Innovation

2010 Award for Composites Excellence

Most Creative Application



Three Functions of the FRP Arch Tube

# 1. Stay-in-place form for concrete structures  

Arches and decking are the only formwork 
needed to stabilize the structure

Temporary Formwork for Arches 
Concrete Engineers Handbook, 

McGraw-Hill, 1918

Lightweight, permanent shell encases concrete
Eliminates need for temporary formwork



# 2. Structural reinforcement for concrete 

Eliminates need for rebar installation,

Enhances concrete performance

Three Components of FRP Reinforcement Confined concrete demonstrates significant 
ductility over unconfined

Confined

Unconfined

Three Functions of the FRP Arch Tube



Three Functions of the FRP Arch Tube

# 3. Environmental protection for concrete

Concrete Corrosion Cycle

Steel rusts and expands causing 
concrete spalling

Spalling concrete exposes more 
reinforcement

Drastically reduces maintenance requirements & bridge 
life cycle costs



Buried Arch Structures
Strong, Reliable & Aesthetically Pleasing Structures

ÅDesign Benefits
ï Arch efficiently carries load in compression

ï Soil contributes to:

ÅLoad distribution

ÅPassive restraint of structure

ï Efficient soil-structure system response

ï Much of structure made up of soil ςa very inexpensive material

ï No at-grade concrete deck to deteriorate

ï No issues with icing of deck/road surface

ÅState of Technology
ï Current models neglect majority of soil restraint

ï Correlation with field data confirms considerable conservatism

ÅDesigned to exceed AASHTO HL-93 Loads



Performance Testing: Load Deflection Testing
10 years of R&D at University of Maine Composites Labs

HL-93 Design Load Equivalent 

Load-Deflection Response of Concrete-Filled FRP Tubular Arch

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10

Vertical Deflection at Crown (in)

A
p

p
li

e
d

 L
o

a
d

 (
k

ip
)

Initial Static Test to Failure Post-Failure Behavior



Performance Testing: Arch Response / Capacity Testing
Safety First, Exceeds HL-93 Design Loads, Double Redundancy, No Catastrophic Failures 

Failure Load 
(kip) COV No. Percent Diff.

Initial
Experimental 72.0 2.55% 3

4.14%

Predicted 69.0 -------- --------

Secondary
Experimental 57.6 7.75% 3

1.10%

Predicted 57.0 -------- --------

Load-Deflection Response of Concrete-Filled FRP Tubular Arch
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Experimental & Predicted Capacity

Initial hinge at crown

Subsequent hinges at shoulders



Implementation - Bridge Replacement - Maine DOT

ω Neal Bridge, Maine DOT Demonstration Project in 2008

ω First installation of a composite arch system

23 Arches Installed * 
Design enhancements allow for 

wider spacing, lowering costs

Headwalls Installed, 

Bridge Backfilled
Arches Filled with Concrete

Bridge superstructure 
built in less than 2 

weeks

Composite Structure 
Cost-Competitive with 
Precast Concrete and 

Steel Alternatives

Composites utilized for 
all major components in 

superstructure

Joint-free, steel-free 
structure expected to 
provide 100+ years of 
service with very little 

maintenance

Natural stream bed 
maintained, no 

disruption to hydraulics
Craig Dilger for The New York Times


