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Executive Summary
The 20th century brought about many innovative changes to the world of construction.

While concrete and steel tend to be the materials of choice, technology has introduced a

material, which may become the material of choice for future designs.  This material is

Fiber Reinforced Polymer (FRP).  Composites being both light and strong, are being

introduced to many applications, including bridge construction.

In an effort to speed construction and increase service life of a bridge, the North

Carolina Department of Transportation (NCDOT) looked to composites.  A deteriorating

bridge in Union County presented the opportunity to test this new concept in bridge

construction.  Bridge #89-022 over Mill Creek on New Salem Road (SR1627) needed to

be removed and rebuilt, so it was chosen to receive the first composite deck in the State

of North Carolina.  Martin Marietta Composites division, producer of the FRP DuraSpanTM

system, was contracted to produce the panels required for the bridge replacement.

The construction of this bridge was funded in large part through a discretionary grant

from the FHWA through the Innovative Bridge Research and Construction Program.

Evaluation of this structure continues as a part of the NCDOT Research Project 2002-12

entitled "Evaluation of Bridge Analysis vis-à-vis Performance".  The results of this

evaluation will therefore be contained in the final report for this research to be

concluded in the summer of 2003.

First, the existing structure was removed, and the new steel girders were installed.

Then, angles were welded to the girders to support the panel and to provide room for

grout injection.  After the angles were welded in place, the panels were placed in

accordance with the Martin Marietta Installation Guide by NCDOT personnel, and under

the supervision of Martin Marietta representatives.  After the deck panels were placed, a

combination of shear studs and grout were used to permanently attach the panels to the

girders.  Once this attachment was made, the rebar and forms for the endwalls were

placed, and the concrete was poured.  The asphalt overlay was then placed followed by

the guardrail.  The last item on the agenda was the load testing of the bridge.  Once

testing was completed, the bridge was opened to traffic.



3

Table of Contents

Executive Summary 2

Chapter 1 – General Information 4

Chapter 2 – Site Preparation 5

Chapter 3 – Structural Steel Erection 7

Chapter 4 – GFRP Panel Installation 13

Chapter 5 – Deck to Girder Connection 21

Chapter 6 – Semi-Integral Endwall Construction 24

Chapter 7 – Roadway Construction 26

Appendix A – NCDOT Bridge Plans 28

Appendix B – Martin Marietta Installation Guide 32

Appendix C – Project Timeline 41



4

Chapter 1 – General Information

The bridge over Mill Creek carrying New Salem Road through its course in Union

County was first constructed in 1944. The structure spans 42 feet between masonry

abutment walls.  The bridge superstructure, steel plank flooring on steel girders, has seen

many cars and trucks safely across Mill Creek.  This structure has since seen many

resurfacings and repairs in its lifetime.  As with all structures, time and elements will

contribute to weakening of components.  County Inspectors began to notice settlement of

the approach slab, rusting of the metal deck, and cracks in the concrete.  As the structure

became weakened, NCDOT posted the span, limiting the amount of load the structure

could carry to 37 tons (see Figure 1).

Figure 1: Load limit sign

When the structure was recently deemed too weak, due to degradation of the beams and

supports, the decision was made to replace the existing superstructure with a composite

system.  This system is composed of a DuraSpanTM Fiber Reinforced Polymer deck

(FRP), produced by Martin Marietta, and steel girders.  The replacement process began

with the closure of the road on September 17, 2001 and was reopened to traffic on

November 20th, 2001.  For a more detailed breakdown of the construction schedule, see

the timeline in Appendix C.
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Chapter 2 – Site Preparation

Once the decision was made to remove the existing superstructure several steps were

taken to bring the structure to its current rehabilitated level.  The surrounding

neighborhood was made aware of the impending closure of the bridge through postings

along the route.  The structure was closed on September 17, 2001.  Once closed, the

existing superstructure was removed.

The new superstructure was designed to use 7 - W24X94 in place of the 11 - W21X55

girders being replaced.  In preparation for the placement of the new girders a number of

modifications were required.  The girder seats had to be lowered slightly due to alkali

penetration of the stone and mortar used in the original abutment.  A jackhammer was

used to remove approximately 3” of mortar and stone from the bridge seat at each

abutment.  In addition to the removal of concrete from the bridge seat, concrete was

removed from the front face of each abutment as well, which was required due to longer

girder length.  This concrete was removed with the jackhammer at the East abutment.

However, this proved to be a difficult operation and a contractor was hired to cut the

concrete along the West abutment wall.  This method took about the same amount of time

but resulted in a cleaner and more accurate cut.  To prepare a level surface for the

bearing, a quick set concrete was mixed and placed at both abutments (see Figure 2).

This concrete type was selected to allow a quick installation.  Properly mixed, this

concrete sets in 45 minutes and attains a compressive strength of 2000 psi in

approximately two hours.
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Figure 2:  Bridge seat formed and poured
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Chapter 3 – Structural Steel Erection

Once the forms were removed, the surfaces were prepared for the placement of the new

girders.  The centerline of the road was marked at each abutment.  This mark was used to

lay out the location of the new bearing pads and anchor bolts.  It was noticed that the

centerline of the road did not fall on the middle of the abutments.  The centerline of the

road was actually 2” North of the centerline of the abutment (see Figure 3).  In order to

center the girders on the existing abutments, the superstructure was shifted 2” below the

centerline of the road.

Figure 3: Difference in road and abutment centerlines

The anchor bolts were placed in 1” diameter 10” deep holes drilled into the concrete.

The holes were drilled using an electric hammer drill with an elastomeric bearing pad

acting as a template (see Figure 4).
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Figure 4: Bearing pad used as a template for drilling

Due to time constraints, work had to be halted after the holes were drilled in the first

abutment.  At the start of the next workday the existing holes had to be dried out with a

torch due to the presence of water from a previous rainstorm that weekend.  Once all the

holes were drilled out and dried, an air compressor was used to blow the dust and debris

out of the holes.  The holes were then filled one thirds full with HIT-HY 150 epoxy/resin.

The anchor bolts were placed, sometimes forcibly, into the epoxy filled holes.  Care was

taken not to damage the threads when more than hand pressure was required to seat the

bolts to the depth of the hole (see Figure 5).

Figure 5: Nut being used to protect threads from damage
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After the epoxy had time to cure, the W24X94 steel girders were brought to the site.

Using a crane onsite, the center girder (G4) was removed from the truck and placed on

blocks to the side of the trailer (see Figure 6).  Blocks were used to protect the strain

gages that were previously installed on the bottom of the girder.  This girder was then

fitted with a “lifeline” that was used for protection when walking on the girders.  This

girder was lowered carefully onto the anchor bolts allowing workers to snug the nuts and

washers onto the bolts.  The remaining girders were then placed in the following order:

G3, G5, G2, G6, G1, and finally G7 (See Appendix A).

Figure 6: Girder placement on blocks

Once the girders were in place, plywood panels were cut to fit on top of the bottom flange

of the girder.  Due to the wide spacing of the new girders some intermediate support was

required.  This support was provided by 2X4 construction grade studs placed under the

panels at the center and at the ends.  The panels were attached to the supports using wood

screws.  Once this temporary flooring was in place, the lifeline attachment was no longer

a necessity (see Figure 7).
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Figure 7: Girders and temporary flooring in place

After the girders were secured, and the temporary flooring was in place, the diaphragms

(10 - C12X20.7) were bolted into place (see Figure 8).  The diaphragms were bolted to a

3/8” thick connector plate welded to the web of the girder.  For more information on the

connector plate, see the Connector Plate Detail on Sheet 2 of the NCDOT Preliminary

Bridge Plans supplied in Appendix A.  The holes in the girder were located and placed by

the fabricator of the girders.  For more information on the location of the diaphragm, see

the Diaphragm Detail on Sheet 1 of the bridge plans supplied in Appendix A.  The

connection was made using 7/8” diameter bolts.  The bolts were classified as HDG

Structural Screws made from A325 steel.  They were 3” long and required both a nut and

a washer.



11

Figure 8: Diaphragm bolted in place

After the cross members were in place, two events occurred simultaneously.  First, the

posts and blocks used to attach the barrier rail were installed on the exterior girders.

These members were pre-assembled on the back of a boom truck and lowered into

position (see Figure 9).  The same type of bolts used in the cross member connection,

were used to secure the post and block to the girder.  For more information on the

members used in the assembly and the bolt patterns, see Sheet 3 of the bridge plans in

Appendix A.

Simultaneously, the angles (L2X2) used to separate the composite deck from the girder

were installed.  The angles were positioned so as to be level across the bridge

transversely, and angled so as to follow the camber of the bridge along the longitudinal

direction.  The angles were welded to the girders top flange using a ¼” fillet weld placed

every 12” (see Figure 10).  For more information on the angles, see the Flange Detail on

Sheet 2 of the bridge plans located in Appendix A.

The next step in the process was the installation of the suspended scaffolding.   This

scaffolding was attached to the bottom flanges of two girders (G2 and G6).  Once in

place, this scaffold allowed access to the bottom of the bridge superstructure.
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Figure 9:  Post and block assembly
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Chapter 4 – GFRP Panel Installation

During the next phase of the construction process, the composite deck panels were

installed.  The bridge deck was designed to use five DuraSpanTM FRP panels.  Each panel

was approximately 8’ X 25’-4”, creating a 40’ X 25’-4” composite deck across the

girders.  Each panel was composed of pultruded tubes, which were bonded together.  The

tubes created a “honeycomb” type cross-section in the panel, with the tubes running

perpendicular to the girders.

The process of placing the panels began with the installation of angles at the east end of

the girders.  These angles were welded in place to allow the end of the FRP panel to fit

flush with the end of the steel girder (see Figure 10).

Figure 10: Angles at end of girders

A standard silicone caulk was used to seal any gaps between the longitudinal angles, and

the girder.  The same caulk was placed on the top of the longitudinal angles to act as a

sealant between the FRP panel and the angle (see Figure 11).  The purpose of making the

seal was to prevent grout from escaping the shear stud pockets, thus creating a void in the

concrete.
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Figure 11: Caulk being applied to angles

The DuraSpanTM FRP panels were installed in accordance with the Martin Marietta

Installation Manual (see Appendix B for complete instructions).  The bonding surfaces

(as indicated in Figure 12) of the panels were first cleaned with acetone to remove any

oils that would affect the bond of the adhesives.

Figure 12: Panel joint

The panels were then prepared for the epoxy application with a coat of primer applied to

the bonding surfaces.  Martin Marietta supplied both the primer and the epoxy, which

were manufactured by Master Builder Technologies.  The primer consisted of two parts,
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part A and part B, mixed in the proportion of two parts A to one part B per volume.  The

two components were poured into a bucket and mixed to an even consistency using an

electric drill fitted with a mixing tool.  The mixture was applied to the bonding surfaces

evenly using a small paint roller (see Figure 13).  The primer was allowed to set for

approximately 30 minutes before the application of the epoxy.

Figure 13: Primer Application

While the primer was curing, straps were threaded through the shear stud holes in the first

panel.  These straps were approximately 4” wide, 10’ long, flat, nylon tow straps.  There

was one strap placed at each corner of the panel.  Once the primer had set, a crane was

used to position the panels on the structure.  Care was taken to align the panel between

the post and block assembly.  The panel was lowered on the girder and slid against the

stops at the end (see Figure 10).  Once in position longitudinally, this panel was adjusted

in the transverse direction as well.

After the first panel was positioned, the next panel was prepared for assembly.  This

preparation consisted of first attaching the lifting straps.  Secondly, epoxy was mixed to

create a permanent bond between the panels.  The epoxy was mixed with the same ratio

as the primer, and thoroughly mixed using the same electric drill.  Once mixed, the epoxy

was applied to the male end of the next panel to be installed, and to the female end of the

panel already positioned on the girders.  The epoxy for the female end was placed on the

“bottom lip” of the bonding surface only.  See Figure 12 for joint details.  On both panels,
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the epoxy was initially placed using a flat trowel, then spread using a ¼” grooved trowel

(see Figure 14).

Figure 14: Epoxy after spreading

Once the epoxy was applied to both panels, the crane lowered the new panel into

position.  The panel was aligned visually in the transverse direction.  After the ends were

brought into contact and hand pressed together, jacks were used to press the panels

together.  Standard hydraulic bridge jacks were used with manual pumps.  An angle was

spot welded to the girder to provide a solid support for the jack.  Then, the jack was

positioned so the stroke of the piston would run longitudinally along the girder, pressing

against a wood block placed between the head of the piston and the panel edge (see

Figure 15).  Two jacks were used, one on G2, and the other on G6.  The jacks were used

to press the panels together and squeeze out all excess epoxy, which was then scraped off

using a putty knife.
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Figure 15: Jack Placement

While the jacks were holding the pressure, a 5/8” hole was drilled through the panel joint

at a point roughly centered between two girders (see Figure 16).  The holes were drilled

between girders G1 & G2, and between G6 & G7.  Then, an epoxy coated composite

dowel was driven into the hole to secure the two FRP panels while the adhesive cured

(see Figure 16).

  

Figure 16: Dowel Placement

Once the dowels were in place, the jacks were released and the temporary angle braces

removed.  This process of epoxy application, panel placement, jacking, drilling and
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doweling was repeated for all the remaining panels.  The jacking of the last panel

required some modification.  The last panel covered the ends of the girders, so the jack

brace could not be welded to them.  A brace was made from scrap wood on-site to

transfer the jacking force to the approach pavement (see Figure 17).

Figure 17: Jack Placement at End Panel

After being allowed to set and cure overnight, the panel joints were prepared for the joint

tape.  This preparation consisted of grinding away any excess epoxy that expanded out of

the joint during the curing process.  Once this was done, acetone was used to clean the

top surface of the joints of any oils that would interfere with the bonding of the tape to

the deck surface.

The next step was the measurement of the fiber strips.  The material for the strips was

brought to the site on a large spool.  The spool was unrolled across the width of the deck

panel and cut, allowing for an overhang at the ends (see Figure 18).  The material itself

was a triax E-glass fabric produced by Johnson Industries.  The triax term comes from the

direction of the fibers in the fabric.  The fibers were oriented in a [90/+45/-45] pattern.

This material was placed over the deck panel joint and bonded in place with a vinylester

material (Atlac 580).  This material was chosen due to the flexibility of the material.
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Figure 18: Joint tape rolled out

The bonding material consisted of two parts, the first part being the resin, and the second

part being the catalyst.  Due to the warm temperature present when the strips were being

placed, only a small batch (just enough to do one strip) was mixed at a time.

Approximately one gallon of resin (Promoted Hectron FR992) was mixed with 30 mL of

catalyst (Cadox C50A) for each strip.

Once mixed, some of the resin was poured onto the deck joint.  The material was then

spread out in a thick layer over the area where the fabric would be placed (see Figure 19).

Then, the fabric was placed over the joint.  A grooved steel roller was used to press the

material into the underlying resin (see Figure 19).  Another layer of resin was then

brushed on the top surface of the fabric.  This process resulted in the material being

completely soaked, and in full contact with the panels on either side of the joint.

Once the fabric was in place, any extra material at the overhang was removed.  This

process was repeated at each joint on the deck surface.  Care was taken during the

process not to have any unnecessary foot traffic on the deck surface.  The strips were

cured overnight before work was resumed.
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Figure 19: Resin Application
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Chapter 5 – Deck-to-Girder Connection

Once the panels were completely connected to each other, the connection between the

panels and the deck was established.  This connection was achieved through the use of

shear studs.  The deck itself was manufactured with pockets along the length of the

girder, which allowed the placement of shear studs.  Each pocket was designed to have

three ¾” diameter shear studs (see Figure 20).

Figure 20: Shear stud pocket

The steel studs were installed using a specialty tool designed specifically for welding

studs.  The Division 10 bridge maintenance department did not have a welder of

sufficient capacity to weld the large studs, so a contractor was hired to place the studs.

Once the contractor arrived to the job site, there was a minimal amount of preparation for

the “stud shooting”.  First, the welder was set at 1700 Amps and a stud was welded in the

first pocket.  This stud was then tested to check the quality of the bond.  This test

consisted of bending the stud a few inches in the transverse direction of the bridge, then

bending it an equal amount in the opposite direction.  This side-to-side movement

produces a large amount of stress on the weld, and it is believed that if the weld can

withstand this large movement, then it is fully attached to the girder.
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With the amperage set, the studs were positioned in place to allow the welder to move

quickly from one pocket to the next.  Insulators, which are used to keep the heat produced

from the weld localized to the stud, were placed in the pocket at each location a stud was

desired.  The studs were set beside each opening (see Figure 21) resulting in an efficient

installation procedure.

Figure 21: Studs arranged for welding

There were only two complications encountered, both of which were related to a shortage

of material.  The welding crew was short by approximately a dozen studs, which meant

that there were several pockets that only received two studs.  The second problem was a

shortage of insulators.  The welding crew had some leftover from a previous job, and

used those to finish the work.  Once all the welding was completed, there was some

discussion as to whether the insulators around the shear studs would interfere with the

bond between the studs and the grout scheduled to be pumped into the opening.  It was

decided to break the insulators away from the studs, to allow the grout to completely

cover the area around the base of the stud.

Once the studs were in place, the next step in the connection was the placement of the

grout in the stud pockets.  The grout pump was primed with Slick Willy to promote a
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better flow of the grout.  The grout itself was mixed in a gasoline powered rotary mixer at

a ratio of 50 lbs of grout to ½ gallon of water.  The materials were allowed to mix for

approximately 10 minutes before being placed in the hopper of the pump.  The NCDOT

personnel placed several batches of the mix into the pump before starting the process to

ensure an adequate supply.  After checking the slump of the mixture, which was

approximately 11”, the process was started at the girder line farthest from the pump.

Each pocket was filled to deck level before moving to the next pocket in the girder line

(see Figure 22).  The crew noticed that as they worked down the line, previous pockets

had settled down below deck level.  These pockets were back filled manually, using a

bucket of grout and a trowel (see Figure 22).  According to the manufacturer, the grout

had a setting time of three hours, and a curing time of one day.

   
Figure 22: Grout placement and finishing
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Chapter 6 – Semi-Integral Endwall Construction

The next step in the construction of the bridge was the construction of the concrete end

wall.  The end wall was designed to be semi-integral with the deck slab, i.e. the deck

would be tied to the concrete abutment.  This tie was made through the use of rebars

passed through holes pre-cored in the deck (see Figure 23).  The reinforcement was then

tied into the cage placed around the girders and bearing pad.  For a detailed description of

the reinforcement schedule, see Appendix A.

  

Figure 23: Endwall Connection

Once the reinforcement was in place, forms for the concrete were cut and nailed into

position.  The formwork consisted of a plywood interior surface being braced by 2”

lumber.  After fully bracing the formwork against possible outward movement, the

concrete was ordered.

Metromont Materials supplied the concrete.  Two trucks were required, one at each

abutment.  The first truck arrived at the West abutment with 5 yards of class AA

concrete.  The concrete was poured directly from the truck into the forms.  A mechanical

vibrator was used to remove any trapped air from the mixture as it was placed (see Figure

24).  The surface was hand finished using a trowel.  The same process was repeated on

the East abutment.  In order to test the 28-day strength of the mix, three cylinders were

collected from each truck.  The samples were taken in accordance with ASTM C31-91.
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Figure 24: Concrete Poured at Endwall



26

Chapter 7 – Roadway Construction
Once the superstructure was finished, the next step in the construction process was to

prepare the approaches to the bridge.  The area surrounding the end walls had been

excavated to allow access to the abutment.  Therefore, the soil had to be replaced and

compacted in those areas.  Once the soil was in place, the structure was ready for the

asphalt pavement.  The I-2 asphalt was placed in 2” layers (or lifts).  Three layers of

binder were placed in the approaches to raise them to the desired level.  After placing

three layers of binder in both approaches with a layer on the deck of the bridge, crews

began to place the asphalt.  Each lift of binder and asphalt was compacted by a vibratory

drum roller before the next layer was applied (see Figure 25).

Figure 25: Vibratory Drum Roller

With the raised level of the approach, some grading was required to bring the shoulder of

the road up as well.  In order to set the new shoulder height, the existing barrier rail had

to be removed.  Soil was placed along the side of the road and leveled out with a

motorgrader (see Figure 26).
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Figure 26: Motorgrader Finishing the Shoulder

Upon completion of the grading, the road surface was brushed off with a combination of

brooms and a mechanical brush.

The next phase was the installation of the guardrail.  NCDOT personnel attached the

guardrail to the posts along the side of the bridge, and hired a contractor to install the

posts leading up to the bridge from both sides.  The contractor used a hydraulic ram to

drive the posts into the soil, and attached the rail using an air impact wrench.  Once the

guardrail was in place, crews were able to apply the pavement markings, and the bridge

was ready to be opened to traffic.  In the period of a few months, the Mill Creek crossing

was upgraded through the use of a composite deck.
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Appendix A – NCDOT Bridge Plans



29



30



31



32

Appendix B – Martin Marietta Installation Guide
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Appendix C – Timeline



42


