ABSTRACT

WU, ZHENHUA. Prestressed FRP Tubular Deck System (Under the direction of Dr.
Amir Mirmiran)

An experimental and analytical study was undertaken to assess the behavior of a
new FRP deck system. The deck consists of a series of pultruted FRP tubes, laid side by
side on existing stringers, perpendicular to the direction of traffic. The tubes are then
post-tensioned at mid-point between the stringers in the direction of traffic. The
experimental work consisted of seven FRP tubular specimens crushed on their sides,
eleven FRP decks in static bending, and four FRP decks in fatigue bending. The
analytical work consisted of modeling of crushing test for a single FRP tube and multiple
unbounded FRP tube specimens, modeling of static flexural test for a bonded and an
unbounded FRP deck panel, and load rating of the floor system for the bridge with the
installed FRP deck. The study showed feasibility of the new deck system for bridges with
limited truck traffic and closely spaced stringers, where lack of panel action is not a
concern. Failure mode, stiffness and capacity of the deck system are all functions of the
FRP material properties and tube size, span length, interface bond and prestress level. In
general, longer span decks fail in bending, whereas shorter span decks suffer from local
shear failure due to stress concentrations at the corner of the tubes most adjacent to the
applied load or the support. The deck system has some redundancy and reserved strength
built into it by means of prestressing strand or bar. Short span decks are susceptible to
early fatigue failure. The finite element analysis was shown to provide a good simulation
of the FRP deck system. The floor system in the bridge was rated for 30 tons and 19 tons

at the operating and inventory levels, respectively.
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Figure 1.5 Rehabilitated Bridge Figure 1.6 FRP Deck and Overlay

Figure 1.7 Galvanized Steel Truss Figure 1.8 FRP Tubes Between

Stringers
1. Load testing of the bridge before and after deck replacement;
2. Two-year remote monitoring of the bridge under ambient traffic;
3. Testing of FRP materials for different durability conditions;
4. Load rating of the steel trusses;
5. Load rating of the floor system;
6. Testing of FRP tubes and FRP deck under static and fatigue loading; and
7. Finite element modeling of the FRP deck and the bridge floor system.

The North Carolina State University took on the research components outlined in

Items 5-7 above.



1.2 Research Objectives
The objectives of the project at the North Carolina State University were as
follows:
1. Evaluate the feasibility, behavior, and effectiveness of the new FRP deck system
under static and fatigue loading; and
2. Provide analytical data in support of the load rating of the new floor system with

the FRP deck.

1.3 Research Approach
In order to achieve the above objectives, a work plan was developed, as follows:

1. Data gathering included review of literature on existing FRP deck systems and
their differences, information on the existing bridge and the changes in the bridge
layout, methods of bridge load testing and load rating, and finite element analysis
of FRP deck systems and bridge superstructures.

2. Experimental work consisted of the following components:

a. Crushing tests of FRP tubes to establish the squash load for the tubes laid
sideways;

b. Flexural static tests of FRP decks to assess their flexural behavior and to
determine the affecting parameters; and

c. Flexural fatigue tests of FRP decks to establish their endurance limit under
simulated traffic loading.

3. Analytical work consisted of the following components:



a. Finite element modeling of single and multiple tubes in crushing tests to
develop appropriate modeling techniques for FRP;

b. Finite element modeling of bonded and unbonded FRP deck system in
flexure; and

c. Load rating of the floor system, consisting of the FRP deck, stringers and

the floor beams.

1.4 Structure of the Thesis

This thesis consists of a total of five chapters. Chapter 1 (this chapter) highlights
the problem statement, research objectives and the research approach. Chapter 2 presents
a literature review of the existing FRP bridge decks. Chapter 3 summarizes the
experimental work on the crushing tests of FRP tubes, and static and fatigue loading of
FRP tubular decks in flexure. Chapter 4 presents the analytical work using the finite
element modeling for the FRP tubes and the FRP deck system. The finite element
analysis is also used for the load rating of the floor system of the Tyler Road Bridge with
the new FRP deck. Finally, Chapter 5 summarizes the research, and provides some

conclusions in addition to recommendations for future research on the subject.



CHAPTER 2 LITERATURE REVIEW

The use of FRP bridge decks has been a direct result of technology transfer
initiatives taken by the defense industry in late 1980’s and early 1990’s. In fact, many of
the manufacturers of FRP bridge decks were directly or indirectly related to the aerospace
composites industry. Table 2.1 provides a list of some of the FRP bridge decks that have

been installed in the last decade in the U.S. It should be noted that the list is by no means

comprehensive.

Table 2.1 Some of the FRP Bridge Decks Built in the U.S.

No. | Bridge Location Lserr)lagl‘zh State gﬁﬁi
1 | Lockheed Martin in California 30 ft California 1995
2 | No-Name Creek Bridge, Russell County 23 ft Kansas 1996
3 | University of California, San Diego 15 ft California 1996
4 | Laurel Lick Bridge, Lewis County 20 ft West Virginia 1997
5 | Wickwire Run Bridge, Taylor County 30 ft West Virginia 1997
6 | Idaho Falls 30 ft Idaho 1997
7 | Tech 21 Bridge, Butler County 33 ft Ohio 1997
8 | State Route 27, Drake County 50 ft Ohio 1999
9 | State Route 418 Over Schroon River 160 ft New York 2000
10 | Kings Stormwater Channel Bridge 33 ft California 2000
11 | 53" Avenue Bridge, Bettendorf County 47 ft Iowa 2001
12 | Lewis and Clark Bridge, Caltsop County 124 ft Oregon 2001
13 | State Route 24, Hartford County 128 ft Maryland 2001
14 | State Route 655 60 ft South Carolina 2001
15 | State Route 1627, Union County 42 ft North Carolina 2001
16 | County Road 46, Lewis County 36 ft New York 2001
17 | State Route 4012 42 ft Pennsylvania 2001
18 | South Fayette Street 21 ft Ilinois 2001
19 | Schuyler Heim Lift Bridge, Long Beach 36 ft California 2002




As obvious from the table, there is an increase in the number of FRP bridge decks
in the recent few years, as more design guidelines are being developed for FRP systems,

and as more states see the benefits of FRP materials.

In this chapter, a summary of some of the FRP bridge deck systems is presented,
so that they could be compared with the new deck system that is the subject of this thesis.
Most of the information below is taken from the CD-ROM provided by the Market

Development Alliance, an entity of the composites industry [MDA 2000].

3TEX deck system is proposed as an alternative for replacement of corrugated
metal decks on secondary bridges with closely spaced stringers no more than 3 ft apart.
The deck system is called TYCOR. As shown in Figure 2.1, it is a low-profile sandwich
deck with a fiber reinforced foam core. The foam is reinforced in the vertical direction
with fiberglass roving, sandwiched between two fiberglass skins. The system has been
used on two bridges in Ohio in 2001 and 2002, with girder spacing of 2 ft and 2 ft § in,

respectively.

Martin Marietta Composites has installed a number of bridges across the country
(Nos. 6-19 in Table 2.1). Their deck, called DuraSpan, as shown in Figure 2.2, consists of
different pultruted fiberglass elements bonded together into panels. The elements are
made of E-glass tows stitched into multiple structural fabrics combined with isopolyester
resin. The pultrusion process involves wetting the fibers with the resin, and then pulling
them at a controlled temperature and speed through a heated metal die with the desired
cross section. The elements are assembled into panels with a polyurethane adhesive.
Figure 2.3 shows the transport and installation of DuraSpan bridge deck in Drake County,

Ohio (No. 8 in Table 2.1).



Superdeck by Creative Pultrutions, which weighs only 20% of a concrete deck,
consists of a double trapezoid element and a hexagonal element, both pultruted
individually and then bonded together to form the bridge deck (Figure 2.4). Superdeck
complies with the HS25 loading [AASHTO 1999] with girder spacing as far apart as 6 ft.
It also has a high fatigue resistance and good environmental durability. Figure 2.5 shows
the bonding and assembling of the deck on site for the Shawnee Creek Bridge in Ohio.
Superdeck has been installed on five bridges, two in West Virginia (No.4 and 5 in Table

2.1), two in Ohio, and one in Pennsylvania.

Hardcore Composites uses a different fabrication technique to manufacture its
FRP deck. The method is called vacuum assisted resin transfer molding (VARTM),
which involves molding the deck, placing the fabric, and using the vacuum to transfer the
resin to the mold. The deck consists of a honeycomb core sandwiched between top and
bottom skins (Figure 2.6). Hardcore has installed its decks on nine bridges, four in
Delarware, three in New York, one in Maryland, and one in Ohio. The deck is capable of
carrying HS25 loading with deflections less than 1/800 of the span length [AASHTO

1999].

Kansas Structural Composites has introduced another type of honeycomb deck
(No. 2 in Table 2.1) with a sandwich cross section, as shown in Figure 2.7. The deck is
capable of supporting the HS25 load [AASHTO 1999]. The deck is fabricated through
hand lay-up techniques. The core is fabricated on molds, while the faces are laid up and
the panels are assembled on a flat platen. The honeycomb core laminates consist of
multiple layers of chopped strand mat and 40% polyester resin by weight, producing a

core web thickness of approximately 0.090 in.



Fiber Reinforced Systems (FRS) of Columbus, Ohio introduced another deck
system, called TechDeck, which utilizes pultruded FRP tubes in conjunction with
concrete. The system consists of a series of 6 in x 9 in x 5/16 in pultruded fiberglass
tubes filled with concrete and then prestressed to form a bridge deck. Figure 2.8 shows
the tubes being installed on the bridge. The tubes not only act as pour form for concrete,
but also prevent cracking and deterioration of concrete, and lend added stiffness to the
bridge deck. Once the individual tubes are lifted into place, they are post-tensioned
together to become a single unit, thus eliminating all field joints. The tubes rest on epoxy-
coated slab bolsters on top of the existing stringers. Epoxy-coated, low-relaxation steel
strands are used for post-tensioning the deck. One such bridge was installed in 2000 in
Columbus, Ohio for the Ohio Department of Transportation. As described in Chapter 1,
the manufacturer of TechDeck decided to use the post-tensioned FRP tubes, but without

the concrete in-fill, for the Tyler Road Bridge in Delaware County, Ohio.
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