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1. Introduction
The thermoplastic composite has several distinct advantages over conventional
materials in bridge applications. However, the structural properties are quite different
from the conventional construction materials such as concrete and steel. It is very
important to thoroughly understand the material properties of this new construction
material when applying to bridge design. The failure strain of the thermoplastic
composite, for example, is about 30 times greater than concrete but the coefficient of
thermal expansion of the thermoplastic is about five times larger than concrete.
A number of design considerations related to thermal movements are given here for
successful implementation of this new material to bridges with span lengths of 25 feet
or less. This technical note also provides a few design considerations for multiple
simple span bridge applications.
2. Thermal Movements of Thermoplastic Composite
The amount of thermal movement in bridges primarily depends on two design
parameters: (1) coefficient of thermal expansion and (2) temperature ranges of the
bridge materials.
Coefficient of Thermal Expansion
The thermal expansion coefficient of thermoplastic composite is 2.82x10-5 in./in./deg
F.
Temperature Ranges
For short-span thermoplastic bridges, Procedure A described in Section 3.12.2 of
AASHTO LRFD Specifications is suitable to calculate the design thermal movement.
Procedure A defines temperature ranges for steel, concrete and wood as shown in
Table 1:
Table 1: Temperature Ranges for Procedure A of AASHTO LRFD Specifications
Climate
Steel or Aluminum
Concrete
Wood
Moderate
0 to 120 deg F
10 to 80 deg F
10 to 75 deg F
Cold
-30 to 120 deg F
0 to 80 deg F
0 to 75 deg F
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The climate is considered to be moderate if the number of freezing days is less than 14.
Freezing day is a day when the average temperature is less than 32 deg F.
The temperature ranges in Table 1 appear to be influenced by two material properties:
thermal conductivity and specific heat. Thermoplastic composite material is not
specified in the current AASHTO specifications. However, the Rutgers University,
the developer of the thermoplastic composite, mentioned that thermoplastic composite
is based on High Density Polyethylene (HDPE) and it responds to temperature
changes in a very similar way to wood when it comes to thermal conductivity and
specific heat. Therefore, conservatively the temperature ranges shown in Table 2 can
be used.
Table 2: Assumed Temperature Ranges for Thermoplastic Composite
Climate
Thermoplastic Composite
Moderate
10 to 80 deg F
Cold
0 to 80 deg F
Design Thermal Movements
The design thermal movement range,
T

=

T,

can be calculated as:

L (TmaxDesign – TminDesign)

L = expansion length (in.)
= coefficient of thermal expansion (in./in./deg F)
TmaxDesign = 80 deg F for thermoplastic composite
TminDesign = 10 (moderate) or 0 (cold) deg F for thermoplastic composite
[Ex 1] If a 20 ft span bridge is constructed in a cold climate zone, the total design
thermal movement, T can be calculated as follows:
L = expansion length = 20 ft x 12 = 240 in.
= coefficient of thermal expansion (in./in./deg F) = 2.82x10-5
TmaxDesign = 80 deg F
TminDesign = 0 def F
T

= L (TmaxDesign – TminDesign)
= 2.82x10-5 x 240 in. x (80 deg – 0 deg)
= 0.541 in.

If the temperature at time of construction is 50 deg F, then the expansion
movement, T exp is
-5
T exp = 2.82x10 x 240 in. x (80 deg – 50 deg) = 0.203 in.
and contraction movement, T con is
-5
T con = 2.82x10 x 240 in. x (50 deg – 0 deg) = 0.338 in.
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Thermal Movements in Longitudinal and Transverse Directions
Even though temperature changes in a bridge do not occur uniformly, the current
AASHTO method for calculating design temperature movement assumes uniform
temperature change. The orientation of bearing guides and the freedom of bearing
movement greatly influence the thermal forces at supports. For example, sharply
skewed bridge supports can generate excessive lateral thermal forces at supports when
only longitudinal movement is allowed. A wide bridge is particularly subjected to
large transverse thermal forces because the bridge expands laterally as well as
longitudinally.
For the standard thermoplastic bridge design, the beams are placed on elastomeric
bearing pads without confining boundary conditions, allowing free movements in both
transverse and longitudinal directions. In order to confine the excessive movement of
bridge superstructure during construction and extreme events such as earthquake and
flood, shear blocks are provided between beams as shown in Figure 1.

Figure 1: Example of Thermal Movement Gap

A single span bridge behaves as an integral abutment bridge where the superstructure
is integrated into abutments as shown in Figure 2. The thermal movements of integral
abutment are accommodated by compressible backfill material. The piles that support
the integral abutment should be flexible enough to accommodate the thermal
movements yet strong enough to resist vertical loads.
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Figure 2: A Thermoplastic Bridge with Integral Abutment

3. Design Considerations for Multi-Span Bridge
Unlike a single span bridge, multi-span bridges need special design consideration at
piers. The spans need to have certain confinements against excessive movement yet
the confinement details should allow thermal movements of the bridge in both
longitudinal and transverse directions. Figure 3 provides an example of multiple-span
bridge.

Figure 3: Example of a Multiple-Span Bridge

Pier Design
The foundation of the pier should be strong enough to resist the longitudinal force as
well as the vertical forces. The use of piles battered in longitudinal direction increases
the overall stiffness of the pier in resisting the longitudinal force. The pier piles can
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also be battered in transverse direction to increase stiffness of pile group in resisting
transverse loadings such as wind load applied to the side of bridge superstructure.
One 18” I-beam can be used for pile cap to rest superstructure as shown in Figure 3(a).
Two 18” I-beams can be tied together as shown in Figure 3(b) to provide bigger bridge
seat in special occasions like bridges in seismic zone or heavy vehicular loads. For a
very long trestle bridge, it is rational to use bigger bridge seat every other or third pier.

(a) One I-beam Pier Cap

(b) Two I-beam Pier Cap

Figure 3: Pier Cap Details

Expansion Joint Filler
Two beam ends meet at a pier with a certain amount of thermal gap between the two
beams. Although waterproofing membrane is placed on top of the deck panels,
expansion joint filler should be provided in the gap between two deck panels.
Designing for Thermal Movement
Unlike a single span bridge, the multi-span bridge has piers. It is recommended to use
the same details at each abutment: connect the end of beams and the pile cap together
with 3”x12” vertical panels. However, at piers the beams are placed on top of
elastomeric bearing pad without any fasteners so that the beams may have free
movements in both transverse and longitudinal directions. Shear blocks restrict
excessive movements in both directions. The end span experiences only one
directional thermal movement because the beam end is fixed to the integral abutment.
Therefore, the gap between the pile cap at a pier and the longitudinal shear block that
is placed underneath 18” I-beams should be carefully determined with these boundary
conditions.
Longitudinal Forces in multi-span bridges
AASHTO LRFD Specifications require a bridge to resist longitudinal forces caused by
vehicular braking force and other loadings such as live load surcharge behind the

Design Considerations for Thermoplastic Bridges 2012

abutment. A single span bridge has integral abutments in the standard thermoplastic
bridge design. The longitudinal force in the single span bridge is primarily resisted by
partially mobilizing passive earth pressure at the abutment located directly opposite
side of the longitudinal force. However, a multi-span bridge has piers between the two
abutments. The mechanism of load resistance is different and the piers are engaged to
resist longitudinal forces. Accordingly the details at piers should be carefully
developed.
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1. Introduction
The Federal Highway Administrator (FHWA) issued the National Bridge Inspection
Standards (NBIS) in 1971 to establish a program for regular and comprehensive
inspection of all federal highway system bridges. Minimum qualifications were set
forth for bridge inspectors, specific types and frequencies for bridge inspection were
established and reporting of certain standard information about each bridge was
required. In 1978, these requirements were extended to all public bridges carrying
vehicular traffic. A national bridge inspection program has been in place ever since
for highway bridges spanning 20 feet or more, and state and local agencies have
performed bridge inspections in accordance with these guidelines.
This inspection manual has been developed to provide a guide to performing bridge
inspections for thermoplastic bridges made of recycled plastics for all span lengths.
The thermoplastic composite named STRUXURETM is a fairly new construction
material to the bridge community. It is made of 100% recycled plastics with its own
characteristics, appearance and material behavior different from the conventional
materials such as wood, concrete or steel. Since this new material is not covered by
NBIS or AASHTO Specifications, this inspection guides will provide essential
information to bridge inspectors.
2. Bridge Inspection Types and Frequency
According to the FHWA NHI 03-001 Bridge Inspector’s Reference Manual (BIRM)
there are two basic types of bridge inspection: Inventory Inspection and Routine
Inspection. The Inventory Inspection is performed for the initial data collection and
baseline assessment of the bridge condition. The Routine Inspection is a standard type
of inspection performed periodically.
The most recent NBIS revision published in 2004 changed the maximum bridge
inspection interval from 24 months to 48 months for qualified highway bridges.
However, the responsibility for establishing criteria in determining appropriate bridge
inspection frequencies is up to the bridge program manager who is in charge of the
bridge inspection. Factors such as bridge age, condition and design type may dictate
reduced intervals. In the absence of any guideline, maximum 24 month interval for
routine inspection is recommended for the thermoplastic bridges.
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3. Bridge Components of Standard Bridge Design
This inspection manual is developed specifically for thermoplastic bridges made from
STRUXURETM of Axion International, Inc. Standard bridge designs were recently
developed for short span thermoplastic bridges and are utilized here to illustrate
essential bridge components required to be checked during the inspection. Figure 1
shows typical elevation view of a standard thermoplastic bridge.

Figure 1: Elevation View of a Standard Thermoplastic Bridge

Superstructure
The superstructure of a standard thermoplastic bridge consists of 18” I-beams and 6”
deck panels as shown in Figure 2(a). Individual 18” I-beams or beam clusters are
bonded to the deck panels using adhesive and fasteners to promote composite action.
For longer span, cover plates are added above the top flange of the beams as shown in
Figure 2(b) to improve the properties of the beams and in turn the deflection

Figure 2: Typical Superstructure Section

Asphalt concrete and aggregate base are placed on top of the bridge deck to provide
sufficient traction for the vehicles. The bridge deck is covered with waterproofing
membrane before aggregate base is placed on top of the deck as shown in Figure 3.
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Figure 3: Typical Section of a Standard Thermoplastic Bridge

Piles and Pile Cap
The standard thermoplastic bridge is typically supported by a number of 12” diameter
thermoplastic piles. A pile cap that is also made from 18” I-beam is attached to top of
piles using 1” diameter drift bolts (Figure 3). The superstructure is placed on top of
elastomeric bearing pads. The bearing pads are glued to the pile cap. The 7”x9” shear
blocks are placed between two 18” I-beams or two I-beam clusters to prevent the
superstructure from moving laterally (Figure 4a). The 3” thick stiffeners are provided
at 18” maximum spacing between top and bottom flanges of 18” I-shape pile cap as
shown in Figure 4. The stiffeners are attached to top and bottom flanges of the pile
cap using glue and screws. The stiffeners are also attached to the web of the pile cap
by using glue.

(a) Front Elevation View of Pile Cap
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(b) Photo of Pile Cap with Stiffeners

Figure 4: Piles and Pile Cap at an Abutment

Abutments and Wingwalls
In the standard thermoplastic bridge, an abutment backwall consists of 3”x12” vertical
panels directly attached to the end of beams and the backfill-side of pile caps, and
3”x12” horizontal panels attached to the backfill-side of piles as shown in Figure 5.

Figure 5: Vertical and Horizontal Backwall Panels at an Abutment

The wingwalls in standard design use 45 degree turn (Figure 6) but the site conditions
dictate the orientation and length of the wingwalls. 3”x12” horizontal panels are used
to construct the wingwalls.
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Figure 6: Plan View of a Standard Thermoplastic Bridge

Select granular backfill, geocomposite wall drain and 6” diameter underdrain are
specified to reduce earth pressure behind the abutments and wingwalls. The backfill
material should be placed with sufficient compaction to prevent settlement of bridge
approach.
Guardrail and Curb
The bridge guardrail of a standard bridge consists of 12” I-beam posts and two 7”x9”
rails as shown in Figure 7. The curb also consists of 7”x9” beam. The guardrail posts
made of 12” I-beams are securely connected to the 18” I-beams or I-beam clusters
using 1” diameter bolts with oversize washers and two nuts. All items are made of
thermoplastic material except washers, bolts and nuts.

Figure 7: Guardrail and Curb Detail

Erosion Control
Scour evaluation is required for bridges over water to determine susceptibility of the
bridge’s foundation to the erosive actions of flowing water removing material from the
bridge’s foundation. A bridge is considered scour critical if its foundation is
determined to be unstable for observed or calculated scour conditions. The NBIS
require plans of action for scour critical bridges that details the procedures for
monitoring known and potential deficiencies.
Ripraps are typically used as an erosion control for the abutments and wingwalls as
shown in Figure 8. The size and depth of ripraps required for each bridge site are
specified by the state and local agencies or scour protection depth.
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Figure 8: Riprap as an Erosion Control Method

4. Design Parameters for Standard Thermoplastic Highway Bridges
A number of design parameters are incorporated for the design of standard
thermoplastic highway bridges. In the absence of specifications for thermoplastic
composite, a few assumptions are made for the bridge design.
Design Specifications
AASHTO Standard Specifications, 17th edition, 2002 are used for the design of bridge
girders. AASHTO LRFD Bridge Design Specifications, 4th edition, 2007 are used for
the design of guardrail and beam deflection criterion.
Live Load and Deflection Limit
The standard bridges are designed to support AASHTO HL-93 load and impact. The
beam deflection is limited to L/425 assuming that the plastic bridges respond to live
load similar to timber bridges (AASHTO LRFD Specification s Section 2.5.2.6.2).
Pile Foundation
Pile design capacity should be determined by the geotechnical engineer based on sitespecific conditions. A test pile should be installed by driving a pile of the same type
and size at each location shown on the plans or otherwise approved by the engineer.
Length of piles measured from the bottom of the pile cap to the pile tip is provided by
the designer. However, the final pile length should be determined based on pile load
testing. Plastic piles are manufactured in length of 45 ft. In case a pile needs to be
driven deeper, piles can be spliced using a barrel splice and lag bolts as required, or
similar. The shorter pile shall be driven first so that the splice may be located at least
15 feet below the pile cap.
Guardrail Design
The guardrails are designed for Extreme Event load combination of AASHTO LRFD
with an assumed resistance factor of 0.85 for thermoplastic composite.
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5. Check Points during Inspection
Thermoplastic material is a fairly new construction material applied to bridge structure
and therefore it is beneficial to present a few check points for essential components of
thermoplastic bridges.
I-Beams
Axion manufactures two different sizes of I-beams, 12” and 18”. The dimensions for
both beams are as shown in Figure 9a. The 18” I-beams are used for superstructure
beams and pile caps. The 12” I-beams are used for guardrail posts and shear blocks
nested between two 18” I-beams.

(a) Dimensions of 12” and 18” I-Beams

(b) Photo of 18” I-Beam

Figure 9: Thermoplastic I-beams

The 12” I-beams is a single molded piece as shown in Figure 9a. During the visual
inspection, the focus should be on any appearance of cracks, especially the corner
areas where flanges meet the web. The 12” I-beams nested between two 18” I-beams
may have limited access for visual inspection. However, the 12” I-beams used for
guardrail posts have full access for visual inspection.
The 18” I-beams consist of two T-beams that are bonded together with adhesive and
bolts as shown in Figure 9b. Small gaps at the bases of T-beams as pointed in Figure
9b is normal and does not affect the structural capacity of the 18” I-beam. However if
cracks are observed within a T-beam, especially where the flange meets the web, it
should be brought to the Engineer’s attention immediately.
Deck Panels
Axion manufactures 6” thick 24” wide tongue and groove panels that can be used for
bridge deck slab as shown in Figure 10a. The deck panels are attached to the 18” Ibeams using adhesive and fasteners to make composite section as shown in Figure 10b.
For accelerated construction process, the deck slab and beams can be pre-assembled in
the factory and transported to the construction site. As shown in Figure 10b, both ends
of deck slab in a pre-assembled unit are cut in 30 degree for field assembly. Lag bolts
are used for the cut section and adhesive are applied to both surfaces of the cut.
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(a) Side View of Deck and Beam

(b) Typical Section of Deck and Beams

Figure 10: Side View and Typical Section of Deck and Beam

A bridge inspector should check the deck panels if there is any crack or excessive
deformation. It is also essential to check the tightness of fasteners that connect the
bridge deck and I-beams.
Abutments and Wingwalls
For abutment backwalls and wingwalls, any notable movement from the original
position should be inspected. Figure 11 shows an intersection of an abutment and a
wingwall. Cracks and other physical damages on piles and pile cap should be
addressed during the inspection. Any excessive and progressive deflection of 3” back
panels between piles should be carefully observed and recorded during the inspection.
Drainage pipe behind abutment needs to be checked to see if the pipe is clogged.

Figure 11: Abutment and Wingwall
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Piles
The 12” diameter thermoplastic piles tend to have manufacturing blemishes, a.k.a.,
birthmarks as shown in Figure 12. These blemishes get created during extrusion
process of manufacturing the piles.

(a) Topical Blemish

(b) Linear Blemish

Figure 12: Manufacturing Blemishes

These blemishes can appear in two forms:
• Topical Blemish – Non-uniform mixing of recycled plastic materials can cause
this blemish as shown in Figure 12a. However, the affected area is the pile
surface and the core area is not affected by this blemish.
•

Linear Blemish – This blemish could appear as a “crack” or “split”, and
usually occurs along the pile length as shown in Figure 12b. The linear blemish
usually stops within the first 1/2” of the pile surface.

Both the blemishes are considered acceptable for construction. However, the extent of
blemishes should be carefully inspected before and after driving the piles.
Thermoplastic piles have a number of small voids in the inside of the piles as shown in
Figure 13. These tiny voids are intentionally created by the manufacturer for
enhanced manufacturing process. They would not affect the structural capacity
because the outer area of the pile is very dense.

Figure 13: Small Voids at Inside of the Piles
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During the construction phase, all imperfections in the material should be recorded for
future reference during inspections. The record for piles should include the following:
• Locations of piles
• Type of blemish
• Size of blemish (length, width, and proximity)
• Unique characteristics of the blemish
• Photos
The inspection should include a visual verification of these blemishes and
determination of whether there have been any changes to the existing blemishes. The
inspection should also include a visual review of any piles not recorded to have
blemishes during the construction. Any newly discovered blemishes should be noted,
measured, photographed and reported.
Dimensional Material
For the benefit of this guide, the term “dimensional material” will apply to any foursided board or anything not a pile or I-beam. Figure 14 shows 10”x10” dimensional
material. Other dimensional materials used for the standard bridges are 7”x9” for
guard railing and curb, 3”x12” for backwall, stiffener, and cover plate on 18” I-beam,
and 6”x24” for bridge deck.

Figure 14: Thermoplastic Dimensional Material

Similar to the piles, the dimensional material can contain blemishes during the
manufacturing process. Although linear blemishes are highly unlikely, the topical
blemishes are possible. These blemishes have no affect on the structural capacity of
the material.
Any cracks and excessive deformation of dimensional material should be noted in the
inspection report and brought to the attention of the Engineer.
Thermal Movement Gaps
The thermoplastic composite is 4 to 5 times more sensitive than concrete to thermal
changes. It is important to provide thermal movement gaps between structural
members that are not physically connected. In the standard bridge design, the
superstructure beams are sitting on top of pile cap without any fasteners. Longitudinal
shear blocks are placed with a calculated gap to prevent longitudinal movement of
superstructure as shown in Figure 15a. Transversely 7”x9” shear blocks are provided
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between beams or beam clusters as shown in Figure 15b. The shear blocks are bolted
to their connecting member.

(a) Longitudinal Shear Block

(b) Transverse Shear Block

Figure 15: Example of Thermal Movement Gap

Over the years of service, debris and small fines may be collected in the gaps. It is
recommended to annually check these areas for excessive collection of debris and keep
them free of obstruction.
Fasteners
During the installation process, bolts are be tightened to a torque setting of 100 footpounds. This relates to all bolted connections installed in the field. Although these
connections are designed to withstand the vibrations caused by usage of the bridge, it
is a good practice to check this torque during the routine inspection.
The thermoplastic bridges incorporate the use of lag bolt and decking screws. It is a
good idea to visually inspect any visible lags or screws for potential issues of failure
and/or corrosion. They should be inspected periodically and replaced as needed when
corrosion is detected.
Erosion Control
The bridge owner is responsible for reasonable and customary erosion control in areas
adjacent to the bridge and abutment components. Examples of erosion control may be
the installation of riprap or other types of engineered erosion control systems. The
inspectors should check if there is any scour around the abutments and wingwalls.
Signage / Speed
The bridge owner is responsible to ensure appropriate loading and speed limit signage
is posted properly on both sides of bridge where best suited, in accordance with
AASHTO standards and guidelines. Excessive traffic loading above the posted weight
and speed could reduce the life span or immediately damage the structure.
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