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1.0 INTRODUCTION 

 

1.1 Description of the Bridge 

 
Bridge No. 1201600 is on MD 24 over Deer Creek near Rock State Park in 

Harford County, Maryland (Figures 1.1 and 1.2).  Description of the structure is in Table 
1.1.  The Federal Highway Administration’s Innovative Bridge Research & Construction 
(FHWA-IBRC) Program awarded the Maryland State Highway Administration the first 
application in Maryland of a fiber reinforced polymer (FRP) bridge deck.  The MD 24 
bridge was chosen for the project.  Most of the funding was used to acquire the FRP deck 
and part of the funding was used by the BEST Center, University of Maryland for the 
evaluation and monitoring of the bridge. 
 
 
Table 1.1 - Description of Structure 
Structure Identification Bridge  #1201600 
Location MD24 over Deer Creek – in Harford County 
Structure Type 5 panel steel through truss 
Span Length(s) 5 panels at 24'-6" = 122'-6" c/c bearing 
Truss depth 24'-6" 
Skew 56-degree skew from the normal 
Roadway/Structure Widths 28'-7"/33'-0" 
Truss Connections Riveted connections 
Stringer Spacing 8 stringers @ 4'-1" 
Members details See attached drawings 
New Deck type 7.66" FRP deck 
Abutments Concrete abutment 
Structural Steel Fy = 33 ksi, E=29,000 ksi (assumed properties) 
  
 
 Fiber-reinforced polymer (FRP) composites (see Figure 1.3) offer several cost-
performance benefits for infrastructure applications.  The material offers unique 
combinations of high strength-to-weight ratio, faster installation time, and reduced 
maintenance costs.  With these benefits and years of proven performance from several 
pilot programs, FRP is considered as a replacement for steel, concrete, and wood used to 
build bridges. 
 
 The existing steel truss bridge, built in 1934, carries two lanes of traffic, provides 
30′ of clear roadway, and is 123′ long.  The concrete deck on this bridge was in poor 
condition and needed to be replaced.  The Federal funding was used to replace the 
existing concrete deck with a fiber reinforced polymer deck and to evaluate its design, 
constructability, and durability.  The MDSHA design team, assisted by the BEST Center, 
worked with manufacturers to develop plans for the replacement of the existing concrete 
deck with an FRP deck.  When the project was near completion, the BEST Center team 
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also installed a monitoring system to record the effects of the FRP system, including 
stress-strain relationships, bonding, deflection, and ultimate strength of the bridge. 
 
 
1.2 Design of the FRP Deck System 
 
      The design of any bridge poses unique design challenges. Standard design details 
and practices must be modified to accommodate the parameters of a particular project.  
Working with a new design material dramatically increases the design challenges as very 
few standard details or practices exist to use as models. 
 

One design challenge for this bridge was the severe roadway skew.  The FRP 
deck panels are placed perpendicular to the stringers and act as a continuous beam 
between the stringer supports.  A problem arises at the ends of the bridge where the skew 
is encountered.  At this location, the edges of the panels have no bearing support.  To 
provide this necessary support, a concrete diaphragm was placed between the existing 
stringers (see Figure 1.4).  The installation of the concrete diaphragm also solved several 
of our other concerns, including how to install the compression / expansion joints, how to 
protect the joint and the ends of the panels from damage due to live load impacts and how 
to limit deflections at the ends of the bridge that cause that “uncomfortable bump” when 
one is driving. The diaphragm was formed such that the first 10” of the deck is concrete.  
This allows the compression / expansion joint to be armored with a steel angle, which 
protects the compression / expansion joints.  It also allows for the few inches of the FRP 
deck to be anchored to the concrete protecting the end of the FRP deck from damage. 

 
Another design challenge involved creating the roadway crown. The selected 

deck is manufactured by the protrusion method.  The E-glass fiberglass strands and fabric 
are pulled through a die at the same time they are coated with an isophthalic polyester 
resin.  The deck panels that are produced are perfectly flat. Therefore the accommodation 
of a roadway crown must be accomplished by one of two different methods. The first 
method is in the overlay that is applied to the FRP deck.  The overlay thickness is simply 
varied across the deck to achieve the necessary crown and roadway cross slope.   The 
advantage of this method is that the deck panels can be installed level without splicing 
the top chord of the panel, which is cheaper and quicker to install.  The disadvantage of 
this method is that the overlay can become excessively thick and may pose problems for 
overhead clearance depending on the width of the bridge.  It also adds weight to the deck, 
which lessens one of the advantages of this type of deck system – its light weight. 
Because the bridge did not have weight restrictions and overhead clearance was not a 
problem, it was decided that the roadway crown would be accommodated in the deck 
overlay.  This would allow for a cheaper, easy installation. 
 
     The second method to accommodate the roadway crown involves cutting the top 
chord of the panel member at the crown location.  The two halves, each side of the cut, 
are rotated to achieve the required crown and cross slope.  This rotation opens the cut 
made in the top chord of the panel, which is fixed by a face sheet splice made in the field 
after the deck installation.  It is advantageous to have the cut in the top chord of the panel 
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member occur over a stringer to provide support, otherwise the splice must be designed 
for strength rather than simply closing the gap. This bridge does not have a stringer 
centered in the bridge cross section where the roadway crown occurs, therefore the splice 
would have had to be designed as a structural splice.  The advantage of this method is 
that only a minimal overlay is required.  A disadvantage is that this method is labor 
intensive and therefore more expensive to install.  The preparation of the bridge stringers 
to accept the deck is also more difficult since the haunch on each stringer must be set to 
different elevations.  Due to the added costs that served no substantial benefit for this 
bridge, this option was not selected. 
 

Another design decision concerned the type of overlay to be applied over the FRP 
deck. An overlay is required because the surface is relatively smooth.   Therefore the skid 
resistance is too low to meet minimum safety standards.  In addition, the locations of the 
deck panel splices are noticeable.  It has been the Maryland SHA’s policy to use polymer 
concrete for all bridge overlays.  Our objection to using asphalt is that the roadway salts 
used for deicing often penetrate through the asphalt and are trapped between the asphalt 
and the bridge deck causing deterioration of the concrete deck that cannot be seen from 
visual inspection.  With the FRP deck, corrosion is not indicated to be a problem, 
therefore an asphalt overlay was acceptable for this project.  Approach paving was 
required, thus the paving equipment would be present on site eliminating the mobilization 
and setup cost.  The asphalt overlay is also installed much quicker and requires 
essentially no cure time as opposed to the polymer concrete that would require several 
days at a minimum.   There is also a concern that a polymer concrete overlay might crack 
if there is any differential movement between deck panels.  Several other states that have 
tried a polymer concrete overlay have experienced cracking at the joint locations in the 
FRP deck panels.  Some of these cracking problems have been attributed to poor surface 
preparation.  The Maryland SHA chose to use an asphalt deck overlay. 
 
1.3 Advantages / Disadvantages of the FRP Deck System 
 
      FRP decks offer many advantages such as lightweight, reduced installation time, 
and corrosion resistance. The FRP deck installed on the MD 24 bridge weighed 25 
lbs./sq. ft for the deck, connections and grout and an additional 45 lbs./sq. ft for the 
asphalt overlay, for a total of 70 lbs./sq. ft.  This is a significant difference when 
compared to the 115 lbs./sq. ft for a traditional reinforced concrete deck.  This large 
difference in dead weight allows the bridge’s live load capacity to be increased.  Often 
weight restrictions on older bridges may be removed with the installation of an FRP deck.  
For this bridge, the controlling loading was the HS 20 truck.  Before the FRP deck 
installation the inventory rating was 0.92 (performed using LFD code).  After installation 
of the FRP deck, the inventory rating was increased to 1.12 (See Appendix D for 
calculation). 
 

Another advantage of FRP decks is the resistance to corrosion.  The major 
problem with reinforced concrete decks is that cracking occurs over time allowing water 
and chlorides (used for roadway deicing) to penetrate the deck causing corrosion and 
deterioration of the concrete and steel reinforcement.  This deterioration limits the life of 
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the concrete deck to about 40 years.  FRP decks have been tested in various bridge 
environments and corrosive environments and have experienced no deleterious effects. 
Ultraviolet radiation has been shown to have long term strength reductions in FRP 
materials.  The MD 24 bridge deck will not be exposed to this radiation since it will be 
covered with an overlay.  In addition, a protective additive has been added into the design 
of the FRP deck panels, which protects against any breakdown from ultraviolet radiation.  
This FRP deck is expected to have a design life of well over 70 years.  However, this 
material’s use in bridge decks is relatively new (less than 10 years) and therefore the life 
span has never been verified under actual conditions. 

 
Another major advantage of an FRP deck is the fast installation time.  An FRP 

deck can be installed in 1/3 the time of a conventional concrete deck.  The quicker 
installation time can be extremely advantageous when replacing structures with high 
traffic volumes.  Under these conditions, it is extremely important to keep traffic 
disturbances, delays and detours to a minimum.  A cost can be associated with these 
delays, resulting from an increased fuel consumption and loss of time for the people 
sitting in the traffic.  When these costs are included in a cost comparison between a 
concrete deck and an FRP deck, the cost of the FRP deck becomes much more 
competitive. 

 
Despite all the advantages of FRP decks, there are disadvantages that must be 

considered in the design. One disadvantage is the proprietary nature of the product. There 
are only a small number of manufacturers of FRP bridge decks, all of whose systems vary 
in the method of production, the configuration and thickness of the deck and in the 
connection details used to connect the deck to the bridge.  These differences present 
problems for projects awarded using a competitive bid process.  Federally funded 
projects require designs to accommodate the deck systems of at least three FRP deck 
manufacturers or they must rely on the contractor to submit a design for the FRP deck 
system of his choosing for review and approval.  This is not ideal because a contractor 
could choose an undesirable manufacturer.  It is also cumbersome and costly to provide 
plans accommodating three different manufacturers.  Therefore, neither of these options 
is ideal. In the future, establishing design standards could eliminate differences among 
FRP deck manufacturers.  With set standards, contractors will become comfortable with 
installation procedures.  This will allow the construction to be performed in much less 
time, resulting in reduced deck installation costs.  In addition, establishing a testing 
agency to provide approval for manufacturing companies and their products could 
establish and raise standards.  This would be similar to the Highway Innovative 
Technology Evaluation Center (HITEC) testing and review performed in the 
mechanically stabilized earth retaining wall industry. 

 
Another disadvantage of this deck system is the lack of design codes / guidelines.  

Presently, bridge owners must rely on the manufacturers to perform designs because the 
engineering community lacks the education on how to design using FRP material and no 
AASHTO code / guidelines exist.  If education were made a priority for the FRP 
industry, then design engineers would be more comfortable in its use. This could increase 
industry use that may result in a decrease in the price. 
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Lastly, the costs of these deck systems are currently prohibitive for wide spread 

use.  FRP decks are usually 2 to 3 times more expensive than a conventional reinforced 
concrete deck.  The deck on the MD 24 bridge was approximately $88/sq. ft, including 
the asphalt overlay, as compared to the $35/sq. ft average price for a reinforced concrete 
deck. This cost disadvantage can certainly be offset if life cycle costs are taken into 
account.  However, with an increasing number of deficient bridges requiring repairs and 
with limited funding, State Departments of Transportation cannot easily justify 
rehabilitating three bridges versus ten. If other advantages are gained, such as the 
elimination of a weight restriction on an old bridge, then the higher cost may be justified. 
 
1.5 Construction of the FRP Deck 
 

The installation of the deck was easier than expected (Figures 1.5 - 1.8), but a few 
problems were encountered.  One problem had to do with the construction of the concrete 
diaphragms at the abutments.  These diaphragms, as mentioned, were designed to support 
the unsupported ends of the FRP deck panels and stiffen the deck at the expansion / 
contraction joints.  The plan detail (see Figure 1.4) required the ends of the FRP deck 
panels to be anchored to the diaphragm and the last few inches of the panels to be filled 
with concrete.  A few inches of clearance was provided between the joint angle and the 
end of the panels for placing this concrete within the deck panels.  This space would 
make concrete placement difficult, but not impossible.  The problem was that when all 
the deck panels were installed there was no clearance remaining to allow concrete to be 
placed within the end of the FRP deck.  This was because a tight fit was not achieved at 
every joint.  The design plans showed the joint spaces to be snug.  However, in reality 
small gaps exist between joints resulting in a cumulative addition to length of greater than 
an inch.  To remedy this situation, once all the deck panels were placed, the end of the 
deck was cut to allow adequate placement of the concrete.  For future projects, the 
concrete end diaphragm would be made wider, allowing more room for concrete 
placement.  In addition, the total length of the deck would take into account the growth of 
the panels by a small amount at each transverse panel joint.  

 
Fortunately, Maryland SHA required a representative from the FRP deck 

manufacturer, involved with the design of the project to be on site during installation.  
This representative has valuable experience and was able to guide the contractor on how 
best to install the deck and offer valuable input into solving problems such as cutting of 
the end panels.  The representative was able to arrange for the proper cutting saw to be 
delivered to the site immediately, in order to cut the necessary panels and properly seal 
the ends in a matter of hours, avoiding long delays in progress. 
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Figure 1.1 - Side view of MD24 over Deer Creek before Deck Replacement 
 

 
 
Figure 1.2 - Front view of MD24 over Deer Creek before Deck Replacement  
 
 

 
Figure 1.3 - Schematic of FRP Deck Panel  
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Figure 1.4 – Concrete Abutment Diaphragm 
 
 

 
 
Figure 1.5 – Construction of the South End Diaphragm and the First FRP panel 
 

 
 
Figure 1.6 – Application of the Bonding Agent before the installation of the next Panel 
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Figure 1.7 – Installation of the Mid-span Panel 
 

 
 
Figure 1.8 – Installation of the Panel at the North End
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2.0 INSTRUMENTATION AND LOAD TEST 
 
2.1 Wireless Structural Monitoring System 
 

Load tests and structural monitoring are commonly used to gain information 
regarding the health and performance of an existing structure.  For structures using 
relatively new materials, such as FRP, the use of load tests can prove the structures' 
capacities.    

 
Wireless structural monitoring system is a new technology developed through a 

previous FHWA small business innovation research (SBIR) contract to Invocon, Inc. in 
Conroe, Texas.  This contract developed a commercially ready data acquisition system 
(Figure 2.1) to greatly reduce the level of effort required to instrument and obtain data 
from bridges.  The system includes a small data acquisition and communication node 
connected to four strain gages that can acquire data in digital form, and relay the data to a 
local base receiver attached to a personal computer. Each data acquisition and 
communications node incorporates asynchronous two-way radio communications that 
operate at a "net information through-put" of 121 Kilobits/second.  Also included in each 
node are functions for data acquisition and quantization to 16 bits, a 16-bit computer for 
processing and node control, and smart network control functions developed by Invocon, 
Inc. 

 
In this load test, five boxes were linked in a "smart" network to control the data 

acquisition process and find the path of least interference for data transmission.  By using 
this system, the effort of instrumenting a bridge was reduced by more than half compared 
to hard-wired systems.  Besides the University of Maryland, this system is also being 
evaluated for bridge monitoring by researchers at FHWA, Lehigh University, and the 
University of Texas/Austin. 
 

The instrumentation effort, led by Drs. Fu and Amde and assisted by Ron Nelson 
of the FHWA and University research assistant Hamed Al-Ayed, was conducted during 
the week of August 27-31, 2001.  Measurements were made on various elements, 
including FRP deck, of the bridge under live load (Figures 2.2 and 2.3).  The field tests 
and associated finite element analyses may provide higher confidence to the owner and 
users in the replaced deck of MD24 over Deer Creek Bridge and for using this new 
material in the future. 
 
2.2 Instrumentation procedures 
 

The primary goal of the instrumentation plan was to measure the live load response 
behavior of the bridge (truss members, floor beams, stringers, and FRP deck).  All 
uniaxial gages CEA-06-250-UN350 installed on the bridge are produced by 
Measurements Group Inc.  As shown in Figure 6, strain transducers were strategically 
located at different places to measure strains due to live load effect as follows:   
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• Group 1-strain transducers (1-1 and 1-2) were placed at vertical and diagonal 
members of the steel truss, respectively.  The mission of this group was to 
measure the response of the mentioned members to live load. 

• Group 2-strain transducers (2-1, 2-2, and 2-3) were placed at three adjacent steel 
stringers.  These gages were useful in studying the distribution of live load 
between stringers at different locations (exterior and interior stringers) and the 
effect of the FRP deck on the distribution. 

• Group 3-strain transducers (3-1, 3-2, and 3-3) were placed at the bottom of the 
FRP deck in the mid-span of the panel in different directions (3-1 adjacent to 
stringer in transverse direction, 3-2 in the middle of the distance between two 
adjacent stringers in transverse direction, and 3-3 adjacent to 3-2 but in the 
longitudinal direction).  These gages can show the response of the FRP deck for 
live load. 

• Group 4-strain transducers (4-1, 4-2, and 4-3) were placed on bottom flange, top 
flange of the steel stringer, and bottom of the FRP deck, respectively, in the mid-
span of the panel.  Using these gages, the location of neutral axis for the 
mentioned stringer was found, which helped to study the composite action and the 
contribution of the FRP in resisting compression stress.  The effective width of 
the section could be studied too.  

• Group 5-strain transducers (5-1,5-2, and 5-3) were placed at first diagonal 
member, bottom chord member of the steel truss, and steel floor beam, 
respectively.  This group showed the response of those members (truss members 
and floor beam) to live load.  This group recorded only two runs. 

•  Group 6 transducers (6-1, 6-2 and 6-3) were placed at the same places as 4-1, 4-2 
and 4-3, respectively, but for different runs.  This group recorded only one run. It 
was used to verify the results of group 4. 

• Group 7 transducers (7-2 and 7-3) were placed at the same places as 3-2 and 3-3, 
respectively, but for different run.  This group recorded only one run. It can be 
used to verify the results of group 3. 

 
2.3 Load Test procedures 
 

A two-axle dump truck with a gross weight of 32 Kips (Figure 2.4) was used for 
the controlled load test.  Two paths were defined as near path (where the truck was on the 
side where the test instruments were installed) and far path (where the truck was on the 
other lane going to the other direction).  Three runs were performed for each direction at 
different speeds.  The first run was performed at a traveling speed of 10 mph for the near 
and far path, respectively.  The second run was performed at a traveling speed of 25 mph 
for the near and far path.  The last run for both the near and far path was performed at 47 
mph traveling speed. 

 
The transducers were installed on August 29 and 30 and the test was completed on 
September 6, 2001 with a vehicle provided by MD-SHA.  Data was recorded 
continuously for each run to be processed as shown later in this report. 
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Figure 2.1 - Wireless Structural Monitoring System with Node Station Hard-wired to the 
Strain Gages but Wireless to the Base Receiver through Antenna  
 
 
 
 

 
 
 
Figure 2.2 - MD 24 Truss Bridge Instrumentation Plan 
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Figure 2.3 - Bridge Testing Calibration of the New FRP Deck under Live Load 
  
 

 
 
Figure 2.4 –Load and Dimensional Configurations of Test Truck 
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3.0 TEST RESULTS 
 
3.1 Composite action between steel stringers and FRP deck 
 

In order to verify the results, section and material properties had to be prepared 
before the final calculation.  Table 3.1 shows the section properties based on the provided 
section and material properties provided by the manufacturer. 

 
Table 3.2 lists the raw measured strains on the compression and tension flanges.  

As mentioned previously, group 4-strain transducers (4-1, 4-2, and 4-3) were placed on 
the bottom flange, the top flange of the steel stringer, and the bottom of the FRP deck, 
respectively, in the mid-span of the panel.  Using these gages, location of the neutral axis 
for the mentioned stringer was calculated as shown in Table 3.3.  For the three near runs 
at speed of 10, 25, and 47 mph, the neutral axis was calculated to be an average 13.77 
inches above the bottom strain gage, which was placed on the top of the bottom flange of 
steel stringer.  The neutral axis is an average 5.99 inches below the top strain gage, which 
was placed on the bottom of the top flange of steel stringer.  Since the neutral axis is not 
in the middle of the stringer, this means that the FRP deck shifts the neutral axis up due 
to the composite action between the FRP deck and the steel stringer. 
 

Shear studs of 2-7/8″ φ were provided during construction at 2-feet spacing on the 
top of steel stringers.  Non-shrink grouting was placed in the stud pocket after welding 
the shear studs to give the composite action.  
 

The next step, which is shown in Table 3.4, was to calculate the effective width of 
the composite section by applying equilibrium to the cross section of the steel stringer 
and FRP deck.  Linear strain was considered along the cross section to calculate stresses 
and forces.  The top and bottom layers of the FRP deck, which is 0.66″ in thickness each, 
were considered to produce force.  The modulus of elasticity for the FRP, provided by 
Martin Marietta Composite (Appendix C), is 2800 Ksi and 29000 Ksi is used for steel.  
Using the linear strain, stresses were calculated for each element of the cross section.  
The bottom flange of the steel stringer and the steel web beneath the neutral axis produce 
tension.  The compression is produced by the top flange of the steel stringer, the steel 
web above the neutral axis, and the bottom and top layers of the FRP deck.  Based on the 
area of each element, forces produced by the steel section elements were calculated while 
the area of FRP elements was unknown because the width was to be calculated.  By 
equating the tension force to the compression force of the section, the effective width of 
the FRP section was calculated.  The effective width of the FRP section was found to be 
48.85 inches where the half-space width is equal to 49 inches. Comparing the calculated 
effective width with the AASHTO criteria for concrete section, where the half-spacing 
between stringers governed in this case, the calculated width is equal to 99.7% of the 
effective width specified by AASHTO.  The small difference (about 0.3%) can be 
ignored and the effective width can be considered as the half spacing between stringers.   
 

It can be concluded that the FRP can be considered to provide forces as a 
composite section if the shear studs are provided as required.  Also, the effective width of 
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the FRP section can be considered as the half-spacing between stringers at least for this 
spacing, which is 49 inches.   
 
3.2 FRP plate action 
 

Longitudinal direction:  As mentioned before, four transducers were located at the 
bottom of the FRP deck to study the plate action.  In the longitudinal direction, which is 
parallel to the stringers, two transducers were located.  The first was placed near the 
stringer at a distance of 7″ from the stringer web and the other was located in the middle 
of the FRP span between two adjacent stringers.  Data was collected for these gages six 
times each, three of them on the near side at speeds of 10, 25, and 47 mph and the rest 
were on the far side at the same speeds of the former three.  The data shows some 
inconsistency for each strain gage between readings at different speeds.  The faster the 
speed the lower the reading is recorded for both strain gages in the longitudinal direction.  
In the case of the first strain gage, which was adjacent to the stringer, readings were 
decreased gradually as 48, 42, and 35 µs in compression at speeds of 10, 25, 47 mph, 
respectively.  For the second strain gage, reading values recorded decreases but not 
gradually in this case.  The recorded values were 94, 58, and 47µs at speeds of 10, 25, 
and 47 mph, respectively.  By studying this behavior and trying to give a reasonable 
explanation for it, it seems that this type of transducer is not able to catch the actual strain 
of FRP material in the case of high speeds.  Also, it can be concluded that the FRP 
material does not respond to load as fast as the steel or not as homogeneous and smooth 
as it appears, which requires using another type of transducers, maybe like the long-gage 
one that is used for concrete.  Comparison between the readings of the two strain gages at 
the same speed shows another inconsistency because the second strain gage, which is in 
the middle between stringers, recorded higher values than the first one at all 
corresponding speeds, which is against expectation.  Based on the measured strains, it 
seems there is local action along the longitudinal direction between transverse ribs due to 
passing of the wheels above the middle of the span.   
 

Transverse direction:  Two transducers were located in the transverse direction.  
The first was located adjacent to a stringer at 8″ distance from the web of the stringer 
where the second was located in the middle of the distance between two adjacent 
stringers.  The two transducers recorded tension strain.  The first strain gage recorded a 
gradually decrease of 40.5, 38.1, and 36.5 µs at speeds of 10, 25, and 47 mph, 
respectively.  The second strain gage, which is in the middle of the span, showed a 
different behavior and recorded strains of 167, 106, and 115 µs at speeds of 10, 25, and 
47 mph, respectively.  This means that this loaded FRP span in the transverse direction is 
almost all under tension, which is logical that the wheels are passed above this transverse 
span and the adjacent transverse span has no direct load.  The strain values here show that 
the FRP deck functions as an orthotropic plate with higher strains on both longitudinal 
and transverse directions between stringers. 
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3.3 Truss Members 
 
Two truss members were tested successfully since saturated data results were obtained 
for the other two members.  The two tested members were a vertical member in the 
middle of truss (member 16) and a diagonal member (member 18) as shown in Fig. 1.  
Transducers were located in the middle of the member cross section in order to eliminate 
any flexural effect produced by frame action due to its own weight or partial rigidity of 
connections.  Due to symmetry of the vertical member in two directions (I –beam 
member), a transducer was located almost in the shear center, which coincides with the 
centroid; however, that could not be accomplished for the diagonal member because it is 
a C-channel member and has symmetry only in one direction.  Direct axial loads were 
considered to calculate stresses and strains.  A three-dimensional finite element model 
was developed and the ANSYS57 software program was used to perform a mathematical 
analysis of the bridge.  Calculated and tested results are listed in Table 3.5 below.  By 
comparing the calculated and tested results, the last column in Table 3.5 shows the 
percentage of difference.  It is clear that the difference is small for the vertical member 
(3.63%).  The difference for the diagonal member is larger than that for vertical member 
(13.73%), which means that the asymmetry in the cross section play a role here. 
 
  
3.4 Stringers 
 
Three stringers were tested to check the distribution of live load over the stringers.  The 
tested stringers are the second, third, and fourth stringers in the first bay from the west 
side as shown in Fig. 1.  Transducers were located on the top of bottom flanges in the 
middle of the span.  A three-dimensional finite element model was developed and the 
ANSYS57 software program was used to perform a mathematical analysis of the bridge.  
Stringers were modeled as beam elements using BEAM4 element, which is a three-
dimensional element.  Each stringer was divided into two elements in order to apply 
loads at the midpoint of the stringer to match the tested case.  Calculated and tested 
results are listed in Table 3.6 below.  By comparing the calculated and tested results, the 
last column in the table shows the percentage of difference which ranges between 1.47% 
and 9.43%.   

 
3.5 Distribution Factors of Stringers 
 
The tested results of the stringers presented in section 3.4 of this report were used to 
calculate the distribution factors (D.F) which define the percentage of load carried by 
each stringer.  The D.F calculated from tested results is compared with the D.F calculated 
using the AASHTO LRFD (1998) formula (Table 4.6.2.2.2b-1) considering the type of 
beams as “Concrete Deck, Filled Grid, or Partially Filled Grid on Steel or Concrete 
Beams …etc.”  Also, the D.F was calculated using the analytical results from the finite 
element model (ANSYS57) corresponding to the tested results and compared to D.F 
calculated using the AASHTO LRFD (1998) formula as mentioned above.  D.F was 
calculated for interior stringers since the tested stringers are interiors.  Comparisons are 
shown in Table 3.7.  The maximum D.F was 0.370 and 0.383 for FEM (ANSYS57) and 
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tested results, respectively, compared to 0.388 for the AASHTO LRFD (1998) formula.  
The maximum D.F was used because D.F will increase for the other two stringers if the 
vehicle is closer to the stringer under consideration.  It is obvious that the AASHTO 
LRFD (1998) formula can be used as mentioned above; it gives only 4.9% and 1.3% 
more than FEM (ANSYS57) and tested results, respectively, which is in the conservative 
side. 
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Table 3.2  Measured strains
flange thick. tf (in)= 0.685 Run Comp. Strain Tension strain

haunch thick.ht(in)= 1.87 Truck on Run A 36.63 84.15
Section FRP flange thick.(in) 0.66 Near side Run C 38.37 84.66
properties Deck thick. (in) = 7.66 Run E 35.94 86.03

bf (in) = 8.27 Average of near side 36.98 84.95
tw (in) = 0.43 Truck on Run B 5.04 11.84

spacing (in) = 49 Far side Run D 5.84 13.77
web height.(in) = 19.76 Run F 4.78 11.59

Modulus ofEsteel (Ksi)= 29000 Average of far side 5.22 12.4
Elasticity EFRP (Ksi)= 2800

FRP flange thickness ht

  tf
                        Deck thick.           Nt

             N.A.
           transducers               tw  web height

          Nb

bf tf

Table 3.3  Calculated Neutral Axis Table 3.4  Calculated effective width
Run Neutral Axis Component Strain*106 in/in Stress(Ksi) Force (Kip)

Truck on Run A 13.77 Bottom flange 87.06 2.52 14.30
Near side Run C 13.60 Ave. web T. 42.47 1.23 7.29

Run E 13.94 Ave. web C. 18.49 0.54 -1.38
Average of near side 13.77 Top flange 39.09 1.13 -6.42
Truck on Run B 13.86 Bottom FRP 54.78 0.15 to be 
Far side Run D 13.88 Top FRP 97.98 0.27 calculated

Run F 13.99 Force provided by FRP (Kips) = 13.79
Average of far side 13.91 Effective width of the composite section (in) = 48.85
N.A.above bottom flange(Nb) 13.77 Half-Spacing distance (in) = 49.00
N.A. below top flange (Nt) 5.99 % of diff. bet. calculated eff.width & half space= 0.31

Calculated Strain (bottom of FRP deck) = 52.75
Actual strain (bottom of FRP deck ) = 48.00
% of diff. bet. calculated ε & measured ε = 9.89

Table 3.1  Properties

    FRP



Table 3.5 Verifying tested results with calculated results using FEM (ANSYS57)
For truss members

Element description w/o truck w truck L.L. effect Test Results* % of Difference
16 Axial force (Kips) -1.2649 1.3388 2.6037

vertical Stress (Ksi) -0.08796 0.093703 0.181663
member Strain( *10-6 in/in) -3.03 3.23 6.26 6.5 3.63

18 Axial force (Kips) 4.2324 8.9434 4.711
Diagonal Stress (Ksi) 0.78668 1.6623 0.87562
Member Strain( *10-6 in/in) 27.13 57.32 30.19 35 13.73

* These values were adjusted to remove the impact effect.
w/o truck         : Calculated forces, stresses, and strains without the effect of truck loading.
w truck            : Calculated forces, stresses, and strains with the effect of truck loading.
L. L. effect       : Live load effect = w truck - w/o truck
Test Results     : Tested strains recorded by testing due to truck loading. 
% of Difference = [(Test Results - L. L. effect)/ Test results] * 100

Table 3.6  Verifying tested resultrs with calculated results using FEM (ANSYS57)
For stringers  (strains in  *10-6 in/in.)

Element w/o truck w/ truck L.L. effect Tested results% of Difference 
306 25 73 48
307 30 78 48
308 27 95 68
309 29 95 66
310 18 86 68
311 14 81 67

* These values were adjusted to remove the impact effect.
w/o truck         : Calculated forces, stresses, and strains without the effect of truck loading.
w truck            : Calculated forces, stresses, and strains with the effect of truck loading.
L. L. effect       : Live load effect = w truck - w/o truck
Test Results     : Tested strains recorded by testing due to truck loading. 
% of Difference = [(Test Results - L. L. effect)/ Test results] * 100

75 9.33

53 9.43

68 1.47



 
Table 3.7 Calculating distribution factors for interior stringers 

FEM (ANSYS57)1 Tested results 2 LRFD formula 3

Stringer 1 0.263 0.270 0.388
Stringer 2 0.367 0.347 0.388
Stringer 3 0.370 0.383 0.388

 
 
1- Distribution factors using results from finite element model (ANSYS57) as: 

    D.F @stringer j = Strain stringer j

Strain k
k

n
@ #

@
=
∑

1

; where n = number of stringers. 

2- Distribution factors using tested results as: 

    D.F @stringer j = Strain stringer j

Strain k
k

n
@

@
=
∑

1

# ; where n = number of stringers. 

3- Distribution factors using LRFD formula as: 

    D.F =

1.0

3

3.04.0

1214
06. 






















+

s

g

Lt
k

L
SS0 ; where S= spacing (ft), L=length of stringer (ft) 

and ts = slab thickness (in). 
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4.0 CONCLUSIONS 
 
By studying the tested results, it can be concluded that: 
 
1. If shear studs are provided as required, FRP and the steel stringer can be considered a 

composite section.  Non-shrink grouting can be used and placed in the stud pocket 
after welding the shear studs to give the composite action. 

2. Effective width for FRP and steel composite sections is governed by AASHTO 
criteria by computing the reinforced concrete section width based on the girder 
spacing.  However, the test result only demonstrates the calculation of the effective 
width for small and medium spacing between stringers (spacing for this bridge is 
49”).  Further tests have to be done for bridges with wider girder spacing in case other 
criteria, such as deck thickness or span length, govern the calculation of the effective 
width.  

3. Local action may have an effect on plate action especially for the cases of low driving 
speeds.  The results show that the FRP deck functions as an orthotropic plate with 
higher strains on both longitudinal and transverse directions between stringers. 

4. FRP response to loading is not as fast as steel response.  Further, the FRP material is 
a composite itself and may not be as homogeneous as it appears.  So this type of 
strain gage, which is appropriate for steel, may not be the best for FRP because it may 
not measure the actual response at high speeds. 

5. FRP slab has no negative effect on steel truss, floor beams, or stringers. 
6. FRP slab has not shown any excessive deformations or unexpected responses, which 

increases the trust in using such material for bridges. 
7. The distribution factor (D.F) can be calculated using the AASHTO LRFD (1998) 

formula (Table 4.6.2.2.2b-1) and considering the type of beams as “Concrete Deck, 
Filled Grid, or Partially Filled Grid on Steel or Concrete Beams …etc.”  by taking 
thickness of slab as the total thickness of FRP slab.  
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Appendix A - Strain Measurement Raw Data in Graphs 

 
 

• Pages A-1 & A-2: Group 1 strain transducers (1-1 and 1-2) at vertical and 
diagonal members of the steel truss, respectively. 

 
• Pages A-3, A-4 & A-5: Group 2 strain transducers (2-1, 2-2, and 2-3) at three 

adjacent steel stringers.   
 

• Pages A-6, A-7 & A-8: Group 3 strain transducers (3-1, 3-2, and 3-3) at the 
bottom of the FRP deck in the mid-span of the panel in different directions (3-1 
adjacent to stringer in transverse direction, 3-2 in the middle of the distance 
between two adjacent stringers in transverse direction, and 3-3 adjacent to 3-2 but 
in the longitudinal direction).   

 
• Page A-9: Group 7 transducers (7-2 and 7-3) at the same places as 3-2 and 3-3, 

respectively, but for different run.  (This group recorded only one run.) 
 

• Pages A-10, A-11 & A-12: Group 4 strain transducers (4-1, 4-2, and 4-3) on 
bottom flange, top flange of the steel stringer, and bottom of the FRP deck, 
respectively, in the mid-span of the panel.   

 
• Page A-13: Group 6 transducers (6-1, 6-2 and 6-3) at the same places as 4-1, 4-2 

and 4-3, respectively, but for different runs.  (This group recorded only one run.) 
 

• Page A-14: Group 5 strain transducers (5-1,5-2, and 5-3) at first diagonal 
member, bottom chord member of the steel truss, and steel floor beam, 
respectively.  (This group recorded only two runs.) 
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Data1-1 A* 8.855586 -2.497729 Data1-1 B* 4.087193 0

Data1-1 C* 7.493188 -5.449591 Data1-1 D* 0.227066 -3.860127

Data1-1 E* 3.633061 -8.855586 Data1-1 F* -13.85104 -21.79837

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-1
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Data1-2 A* 46.32153 -2.724796 Data1-2 B* 22.9337 2.270663

Data1-2 C* 45.64033 -4.768392 Data1-2 D* 22.02543 -1.135332

Data1-2 E* 51.77112 -8.401453 Data1-2 F* 22.70663 0.227066

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-2
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Data2-1 A* 92.18892 19.30064 Data2-1 B* 32.69755 21.79837

Data2-1 C* 93.55132 19.30064 Data2-1 D* 35.87648 23.38783

Data2-1 E* 96.27611 20.43597 Data2-1 F* 33.83288 22.9337

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-3
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Data2-2 A* 73.79655 14.98638 Data2-2 B* 22.9337 17.25704

Data2-2 C* 79.92734 14.07811 Data2-2 D* 24.97729 18.61944

Data2-2 E* 85.14986 15.66757 Data2-2 F* 23.84196 17.48411

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-4
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Data2-3 A* 99.90917 18.39237 Data2-3 B* 54.72298 20.43597

Data2-3 C* 98.54678 18.8465 Data2-3 D* 61.3079 23.16076

Data2-3 E* 96.04905 20.8901 Data2-3 F* 55.17711 22.9337

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-5
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Data3-1 A* 81.5168 40.87193 Data3-1 B* 269.9818 15.66757

Data3-1 C* 81.06267 42.91553 Data3-1 D* 44.505 36.10354

Data3-1 E* 81.5168 44.95913 Data3-1 F* 43.59673 36.10354

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-6
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Data3-2 A* 198.683 31.10808 Data3-2 B* 36.78474 26.79382

Data3-2 C* 138.9646 33.15168 Data3-2 D* 39.96367 28.61035

Data3-2 E* 150.545 35.64941 Data3-2 F* 41.32607 32.01635

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-7
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Data3-3 A* 86.96639 -51.08992 Data3-3 B* 45.18619 37.69301

Data3-3 C* 46.54859 -15.44051 Data3-3 D* 45.86739 37.23887

Data3-3 E* 46.77566 -3.405995 Data3-3 F* 45.41326 37.92007

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-8
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Data1A-72 191.644 34.74114

Data1A-73 46.09446 -50.40872
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Data4-1 A* 99.45504 8.855586 Data4-1 B* 27.47502 12.48865

Data4-1 C* 101.2716 9.763851 Data4-1 D* 30.88102 13.39691

Data4-1 E* 103.3152 9.309718 Data4-1 F* 29.51862 14.07811

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-10
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Data4-2 A* 23.6149 -15.66757 Data4-2 B* 22.9337 16.80291

Data4-2 C* 24.75023 -13.62398 Data4-2 D* 23.84196 17.02997

Data4-2 E* 24.75023 -13.16985 Data4-2 F* 24.52316 18.61944

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-11
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Data4-3 A* 57.22071 -4.541326 Data4-3 B* 44.27793 36.78474

Data4-3 C* 45.18619 0.454133 Data4-3 D* 44.505 36.10354

Data4-3 E* 45.41326 7.266122 Data4-3 F* 43.59673 36.10354

*  A: Near side -10 mph speed.
   B: Far side -10 mph speed.
   C: Near side -25 mph speed.
   D: Far side -25 mph speed.
   E: Near side - 47 mph speed.
   F: Far side - 47 mph speed. A-12
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Data1A-61 117.1662 22.47956

Data1A-62 38.10409 -13.94052 (* 3.228)

Data1A-63 2.990768 -0.411994 (*65.535)
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Data5-1 A* (Saturated) 1.876974 0.701958 (*65.531) Data5-1 E* (Saturated) 2.197433 0.793518 (*65.531)

Data5-2 A* 28.38329 13.39691 Data5-2 E* 38.60127 22.2525

Data5-3 A* (Saturated) 162 73 (* 1.0) Data5-3 E* (Saturated) 225 136 (* 1.0)

*  A: Near side -10 mph speed.
   E: Near side - 47 mph speed.
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Appendix B - Finite Element Model and Results in Graphs 

 

 

 

• Page B-1: ANSYS 3-D Finite Element Model perspective view 

• Page B-2: ANSYS 3-D Finite Element Model displacement under dead load and 
live load (testing truck) applied at the mid-span 

• Page B-3: ANSYS 3-D Finite Element Model stress contour under dead load and 
live load (testing truck) applied at the mid-span 

 

 

 

D-1 
 







 



 

Appendix C  - Delson FRP Material Test Report provided by Martin Marietta 
Composites 

 
Test Method: 
 

• Tension (ASTM D 638-99) 
 
• Compression (ASTM D 695-96) 
 
• Flexure (ASTM D 790-99) 
 
• Interlaminar Shear (ASTM D 2344-84(95)) 

 
• V-notch Shear (ASTM D 695-98) 
 
• Resin Content & Void Volume (ASTM D 792-98; Lip ASTM D 2584-94; Web 

ASTM D 2734-94) 
 
• Glass Transition Temperature (ASTM D 3418-97) 
 
• Coefficient of Linear Thermal Expansion (ASTM E 831-92)
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Appendix D - Rating Factors by using LFD Method and Rating Comparisons 

 
 

Table D.1 - TRAP LFD inventory and operating rating of the original design condition 

Table D.2 - TRAP LFD rating of the existing condition without considering the 

members' loss of section 

Table D.3 -  TRAP LFD rating of the existing condition with the section loss 

considered 

Table D.4 - TRAP LFD truss rating of the new FRP deck without considering the 

members' loss of section 

Table D.5 -  TRAP LFD truss rating of the new FRP deck with the section loss 

considered 

Table D.6 - Summary of TRAP LFD rating results for all truss, floorbeam and stringer 

members 

Table D.7 -  ANSYS LFD inventory and operating truss rating of the original design 

condition 

Table D.8 -  ANSYS LFD truss rating of the new FRP deck. 

 

 
Figure D.1 - Comparison of safety factors between WSD and LFD
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APPENDIX D - RATING FACTORS BY USING LFD METHOD AND RATING COMPARISONS 

 

D.1  Load Factor Rating 

The following general expression defined by AASHTO is used to determine the load rating of a 

structure: 

)(2

1

ILLA
DLACRF
+

−=   

where, on each member, capacity of the member, dead load of the member, and =C =DL
=+ ILL maximum live load and impact factors induced by the repositioning of the two trucks.  For load 

factor rating, A1 for dead load is defined as 1.3, and A2 is 2.17 for Inventory level and 1.3 for Operating 

level. 

 Based on the TRAP output, for truss members, Table D.1 contains results of the LFD inventory 

and operating rating of the original design condition.  Table D.2 contains LFD rating results of the existing 

condition without considering the members' loss of section and Table D.3 contains LFD rating results of the 

existing condition with the section loss considered.  For the truss members, Table D.4 contains LFD rating 

results of the new FRP deck without considering the members' loss of section and Table D.5 contains LFD 

rating results of the new FRP deck with the section loss considered.  Summary of LFD rating results for all 

truss, floorbeam and stringer members is shown in Table D.6. 

 Based on the ANSYS output, for truss members, Table D.7 contains results of the LFD inventory 

and operating rating of the original design condition. Table D.8 contains LFD rating results of the new FRP 

deck. 

 

D.2 Differences in Rating Factors between TRAP Analysis and Previous Ratings 
 

 The rating factors computed by TRAP are higher than those reported by previous ratings of the 

bridge.  A review of the BAR5 rating performed in 1994 revealed two major differences in assumptions 

from the TRAP rating.  The conservative assumptions made in the BAR5 rating result in significantly lower 

rating factors. 

 The first difference involves the use of net sections.  The BAR5 rating subtracts the entire area of 

all bolt/rivet holes to compute the net section of tension members.  This is not required by current 

AASHTO specifications.  As per Table 10.32.1A (note i) in the 1996 AASHTO Standard Specifications, 

only the area of holes in excess of 15% of the gross section shall be deducted when rating tension members 

against yield strength.  This specification was followed when computing net sections for the TRAP rating, 

resulting in higher tension capacities. 

 The second difference is related to the application of dead loads.  In the TRAP analysis, the dead 

load is distributed to all joints of the truss.  The self-weight of each truss member is applied to the adjacent 
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joints.  Top bracing loads are applied to the upper chord joints.  The weights of the floor steel, deck slab, 

curb and railing are distributed to all joints of the lower chord, including the supports (L0, L5) which 

represent the deck loads that go straight to the abutments through the stringer bearings. 

In the BAR5 analysis, all of the dead load is applied at the middle four joints of the lower chord 

(L1, L2, L3, L4).  The applied loads are based on two quantities reported on the original plans: the dead 

load support reaction, and the dead load tension in the first vertical (U1-L1).  The vertical tension quantity 

is applied at L1 and L4.  This value is then subtracted from the support reaction, and the difference is 

applied at L2 and L3.  This simplification concentrates the weight of the bridge at the center of the span, 

increasing the load carried by the truss.  The TRAP rating distributes the dead load more evenly across the 

bridge, resulting in lower dead loads in the truss members. 

 Conservative assumptions made during previous ratings of the bridge have led to low rating 

factors.  In comparison, the higher capacities and lower dead load forces computed in the TRAP analysis 

result in higher rating factors. 

 

D.3  Discrepancies in Results between TRAP and ANSYS Finite Element Models 

 

The load rating results from TRAP and ANSYS showed some differences.  This is due to several 

factors, such as the true bridge geometry, where the ANSYS 3D model includes the skew of the bridge.  

Also, when modeling the live load, a more realistic approach was used in the ANSYS model and the two 

HS-20 trucks, not automated as the TRAP program does, but simulated as to travel on the bridge in 

different locations (skewed as the bridge piers), thus giving more realistic results. Also, the type of mesh 

that was used would affect the loading, as the bridge deck was modeled using a refined mesh, with the 

truck placed at different locations along the deck, whereas TRAP considers the deck as rigid.  In addition, 

since the bridge was modeled as a space (3D) truss, that also would affect the results of output and would 

lead to the differences noticed in the submitted runs (for ANSYS and TRAP).   

It should be noted that when modeling the HS-20 truck on the bridge in ANSYS, the loading is 

loaded at the 1/3rd and mid-point of the bridge (due to symmetry).  This would mean that when applied at 

the 1/3rd point of the bridge, member 29 has a member force of 63.13 kips while member 30 has only 28.55 

kips.  If the truck is moved to the 2/3rd point, member 30 force would switch with member 29 force.  The 

same thing applies to members 33 and 34.  For members 35 and 36, one of them will act as a counter and 

removing it will not overstress the bridge; thus we take them to be equal as they encounter small loads.  

Due to complicity and symmetry, truck loads are only applied on the first half and the same behavior is 

expected if truck loads move to the second half.   

It should be noted that, if live loading is applied to all critical locations, rating by applying the 

commonly used 2-D TRAP will give conservative results, while the additional ANSYS modeling and runs 

were built to be able to approach the true behavior (for load testing) of the MD-24.  
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D.4 Differences in Rating Factors between WSD and LFD Ratings 
 

 The presumption that LFD rating will give a higher rating factor than given by the WSD rating is 

not always true.  The Group I load factors currently in the AASHTO Specifications are: 

 

Maximum Design Load = 1.3[D + (5/3)(L + I)] 

 

This is shown as Curve "A" on Figure D.1 (AASHTO LFD) which relates the factor of safety for bending 

and tension members to the percent of total load, which is either dead load (upper scale) or live load plus 

impact (lower scale).  The conventional factor of safety against first yield in the service load (WSD) 

method is 1.82 and this is shown as Curve "B".  For long span bridges, 10 percent overstress in members 

carrying mostly dead load is allowed and its corresponding factor of safety is 1.65, which is shown as 

Curve "C". 

It can be seen from Figure D.1 that if dead to total load ratio is under 45%, AASHTO service load 

(WSD) method yields a lower safety factor, which can be interpreted as lower rating factors, and vice versa 

is also true.  By comparing the rating factors shown between tables 2.1 through 2.6 and tables D.1 through 

FIGURE D.1 - COMPARISON OF SAFETY FACTORS BETWEEN WSD AND LFD 

D.6, there is no constant pattern for the controlling rating factors and their associated members. 
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Table D.1: TRAP-LFD Truss Rating (Original Condition)

TRUSS RATING (ORIGINAL CONDITION) HS20
All forces in kips (with AASHTO lanes)

Truss Member Allowable 2.17 LL+I Rating  
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 183.17 156.59 2.45
Bottom L1-L2 566.18 -475.26 183.17 156.59 2.45
Chord L2-L3 861.31 -708.76 274.69 214.50 2.73

L3-L4 566.18 -475.26 184.47 156.59 2.44
L4-L5 566.18 -475.26 184.47 156.59 2.44

Top U1-U2 876.15 -714.85 -273.65 -229.39 1.92
Chord U2-U3 876.15 -714.85 -273.39 -214.72 2.06

U3-U4 876.15 -714.85 -274.43 -229.39 1.92
L1-U1 346.11 -195.55 81.38 158.08 1.67

Verticals L2-U2 474.55 -315.75 -5.59 36.87 -73.93 4.20
L3-U3 474.55 -315.75 -5.85 36.87 -73.93 4.19
L4-U4 346.11 -195.55 81.38 158.08 1.67
L0-U1 1613.71 -1234.26 -258.96 -221.64 4.40
L2-U1 420.20 -133.64 127.92 164.12 -42.01 1.78 6.23

Diagonals L2-U3 209.49 -16.15 -1.43 104.53 -52.12 2.02
L3-U2 209.49 -16.15 -0.39 104.53 -52.12 2.01
L3-U4 420.20 -133.64 127.14 164.12 -42.01 1.79 6.21
L5-U4 1613.71 -1234.26 -260.91 -221.64 4.39

LFD Inventory Rating Factors: L1-U1 1.67

Truss Member Allowable 1.3 LL+I Rating  
OPERATING - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 183.17 93.81 4.08
Bottom L1-L2 566.18 -475.26 183.17 93.81 4.08
Chord L2-L3 861.31 -708.76 274.69 128.51 4.56

L3-L4 566.18 -475.26 184.47 93.81 4.07
L4-L5 566.18 -475.26 184.47 93.81 4.07

Top U1-U2 876.15 -714.85 -273.65 -137.42 3.21
Chord U2-U3 876.15 -714.85 -273.39 -128.64 3.43

U3-U4 876.15 -714.85 -274.43 -137.42 3.20
L1-U1 346.11 -195.55 81.38 94.71 2.80

Verticals L2-U2 474.55 -315.75 -5.59 22.09 -44.29 7.00
L3-U3 474.55 -315.75 -5.85 22.09 -44.29 7.00
L4-U4 346.11 -195.55 81.38 94.71 2.80
L0-U1 1613.71 -1234.26 -258.96 -132.78 7.35
L2-U1 420.20 -133.64 127.92 98.32 -25.17 2.97 10.39

Diagonals L2-U3 209.49 -16.15 -1.43 62.62 -31.23 3.37
L3-U2 209.49 -16.15 -0.39 62.62 -31.23 3.35
L3-U4 420.20 -133.64 127.14 98.32 -25.17 2.98 10.36
L5-U4 1613.71 -1234.26 -260.91 -132.78 7.33

LFD Operating Rating Factors: L1-U1 2.80

md24deer-creek_03.xls Table D.1 1 of 2



Table D.1: TRAP-LFD Truss Rating (Original Condition)

TRUSS RATING (ORIGINAL CONDITION)
All forces in kips (with AASHTO lanes)

Truss Member Allowable
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 183.17
Bottom L1-L2 566.18 -475.26 183.17
Chord L2-L3 861.31 -708.76 274.69

L3-L4 566.18 -475.26 184.47
L4-L5 566.18 -475.26 184.47

Top U1-U2 876.15 -714.85 -273.65
Chord U2-U3 876.15 -714.85 -273.39

U3-U4 876.15 -714.85 -274.43
L1-U1 346.11 -195.55 81.38

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 81.38
L0-U1 1613.71 -1234.26 -258.96
L2-U1 420.20 -133.64 127.92

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 127.14
L5-U4 1613.71 -1234.26 -260.91

LFD Inventory Rating Factors:

Truss Member Allowable
OPERATING - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 183.17
Bottom L1-L2 566.18 -475.26 183.17
Chord L2-L3 861.31 -708.76 274.69

L3-L4 566.18 -475.26 184.47
L4-L5 566.18 -475.26 184.47

Top U1-U2 876.15 -714.85 -273.65
Chord U2-U3 876.15 -714.85 -273.39

U3-U4 876.15 -714.85 -274.43
L1-U1 346.11 -195.55 81.38

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 81.38
L0-U1 1613.71 -1234.26 -258.96
L2-U1 420.20 -133.64 127.92

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 127.14
L5-U4 1613.71 -1234.26 -260.91

LFD Operating Rating Factors:

State Vehicle Type 3 State Vehicle Type 3S2 State Vehicle Type 3-3

2.17 LL+I Rating 2.17 LL+I Rating 2.17 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.
111.06 3.45 140.20 2.73 146.39 2.62
111.06 3.45 140.20 2.73 146.39 2.62
150.16 3.91 203.33 2.89 208.75 2.81
111.06 3.44 140.20 2.72 146.39 2.61
111.06 3.44 140.20 2.72 146.39 2.61

-163.51 2.70 -207.50 2.13 -211.34 2.09
-150.32 2.94 -203.55 2.17 -208.95 2.11
-163.51 2.69 -207.50 2.12 -211.34 2.08

120.39 2.20 109.30 2.42 100.58 2.63
26.82 -53.77 5.77 28.23 -56.62 5.48 26.69 -53.51 5.80
26.82 -53.77 5.76 28.23 -56.62 5.47 26.69 -53.51 5.79

120.39 2.20 109.30 2.42 100.58 2.63
-157.06 6.21 -198.27 4.92 -207.02 4.71

117.33 -31.99 2.49 8.18 140.40 -26.15 2.08 10.00 142.40 -26.32 2.05 9.94
76.06 -37.93 2.77 80.09 -39.95 2.63 75.71 -37.76 2.79
76.06 -37.93 2.76 80.09 -39.95 2.62 75.71 -37.76 2.77

117.33 -31.99 2.50 8.15 140.40 -26.15 2.09 9.97 142.40 -26.32 2.06 9.91
-157.06 6.20 -198.27 4.91 -207.02 4.70

L1-U1 2.20 L2-U1 2.08 L2-U1 2.05

1.3 LL+I Rating 1.3 LL+I Rating 1.3 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.

66.53 5.76 83.99 4.56 87.70 4.37
66.53 5.76 83.99 4.56 87.70 4.37
89.96 6.52 121.81 4.82 125.06 4.69
66.53 5.74 83.99 4.54 87.70 4.35
66.53 5.74 83.99 4.54 87.70 4.35

-97.96 4.50 -124.31 3.55 -126.61 3.48
-90.05 4.90 -121.94 3.62 -125.18 3.53
-97.96 4.50 -124.31 3.54 -126.61 3.48

72.12 3.67 65.48 4.04 60.26 4.39
16.07 -32.21 9.63 16.91 -33.92 9.14 15.99 -32.06 9.67
16.07 -32.21 9.62 16.91 -33.92 9.14 15.99 -32.06 9.67
72.12 3.67 65.48 4.04 60.26 4.39

-94.09 10.37 -118.78 8.21 -124.02 7.86
70.29 -19.16 4.16 13.65 84.11 -15.67 3.47 16.70 85.31 -15.77 3.43 16.59
45.57 -22.72 4.63 47.98 -23.93 4.40 45.36 -22.62 4.65
45.57 -22.72 4.61 47.98 -23.93 4.37 45.36 -22.62 4.63
70.29 -19.16 4.17 13.61 84.11 -15.67 3.48 16.65 85.31 -15.77 3.44 16.54

-94.09 10.34 -118.78 8.19 -124.02 7.85

L1-U1 3.67 L2-U1 3.47 L2-U1 3.43
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Table D.2: TRAP-LFD Truss Rating (Existing Condition with Overlay)

TRUSS RATING (ORIGINAL DECK WITH OVERLAY) HS20
All forces in kips (with AASHTO lanes)

Truss Member Allowable 2.17 LL+I Rating  
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 195.91 156.59 2.36
Bottom L1-L2 566.18 -475.26 195.91 156.59 2.36
Chord L2-L3 861.31 -708.76 293.80 214.50 2.65

L3-L4 566.18 -475.26 197.21 156.59 2.36
L4-L5 566.18 -475.26 197.21 156.59 2.36

Top U1-U2 876.15 -714.85 -292.76 -229.39 1.84
Chord U2-U3 876.15 -714.85 -292.50 -214.72 1.97

U3-U4 876.15 -714.85 -293.54 -229.39 1.84
L1-U1 346.11 -195.55 87.75 158.08 1.63

Verticals L2-U2 474.55 -315.75 -5.59 36.87 -73.93 4.20
L3-U3 474.55 -315.75 -5.85 36.87 -73.93 4.19
L4-U4 346.11 -195.55 87.75 158.08 1.63
L0-U1 1613.71 -1234.26 -277.03 -221.64 4.32
L2-U1 420.20 -133.64 137.02 164.12 -42.01 1.73 6.44

Diagonals L2-U3 209.49 -16.15 -1.43 104.53 -52.12 2.02
L3-U2 209.49 -16.15 -0.39 104.53 -52.12 2.01
L3-U4 420.20 -133.64 136.11 164.12 -42.01 1.73 6.42
L5-U4 1613.71 -1234.26 -278.98 -221.64 4.31

LFD Inventory Rating Factors: L1-U1 1.63

Truss Member Allowable 1.3 LL+I Rating  
OPERATING - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 195.91 93.81 3.95
Bottom L1-L2 566.18 -475.26 195.91 93.81 3.95
Chord L2-L3 861.31 -708.76 293.80 128.51 4.42

L3-L4 566.18 -475.26 197.21 93.81 3.93
L4-L5 566.18 -475.26 197.21 93.81 3.93

Top U1-U2 876.15 -714.85 -292.76 -137.42 3.07
Chord U2-U3 876.15 -714.85 -292.50 -128.64 3.28

U3-U4 876.15 -714.85 -293.54 -137.42 3.07
L1-U1 346.11 -195.55 87.75 94.71 2.73

Verticals L2-U2 474.55 -315.75 -5.59 22.09 -44.29 7.00
L3-U3 474.55 -315.75 -5.85 22.09 -44.29 7.00
L4-U4 346.11 -195.55 87.75 94.71 2.73
L0-U1 1613.71 -1234.26 -277.03 -132.78 7.21
L2-U1 420.20 -133.64 137.02 98.32 -25.17 2.88 10.75

Diagonals L2-U3 209.49 -16.15 -1.43 62.62 -31.23 3.37
L3-U2 209.49 -16.15 -0.39 62.62 -31.23 3.35
L3-U4 420.20 -133.64 136.11 98.32 -25.17 2.89 10.72
L5-U4 1613.71 -1234.26 -278.98 -132.78 7.19

LFD Operating Rating Factors: L1-U1 2.73
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Table D.2: TRAP-LFD Truss Rating (Existing Condition with Overlay)

TRUSS RATING (ORIGINAL DECK WITH OVERLAY)
All forces in kips (with AASHTO lanes)

Truss Member Allowable
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 195.91
Bottom L1-L2 566.18 -475.26 195.91
Chord L2-L3 861.31 -708.76 293.80

L3-L4 566.18 -475.26 197.21
L4-L5 566.18 -475.26 197.21

Top U1-U2 876.15 -714.85 -292.76
Chord U2-U3 876.15 -714.85 -292.50

U3-U4 876.15 -714.85 -293.54
L1-U1 346.11 -195.55 87.75

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 87.75
L0-U1 1613.71 -1234.26 -277.03
L2-U1 420.20 -133.64 137.02

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 136.11
L5-U4 1613.71 -1234.26 -278.98

LFD Inventory Rating Factors:

Truss Member Allowable
OPERATING - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 195.91
Bottom L1-L2 566.18 -475.26 195.91
Chord L2-L3 861.31 -708.76 293.80

L3-L4 566.18 -475.26 197.21
L4-L5 566.18 -475.26 197.21

Top U1-U2 876.15 -714.85 -292.76
Chord U2-U3 876.15 -714.85 -292.50

U3-U4 876.15 -714.85 -293.54
L1-U1 346.11 -195.55 87.75

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 87.75
L0-U1 1613.71 -1234.26 -277.03
L2-U1 420.20 -133.64 137.02

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 136.11
L5-U4 1613.71 -1234.26 -278.98

LFD Operating Rating Factors:

State Vehicle Type 3 State Vehicle Type 3S2 State Vehicle Type 3-3

2.17 LL+I Rating 2.17 LL+I Rating 2.17 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.
111.06 3.33 140.20 2.64 146.39 2.53
111.06 3.33 140.20 2.64 146.39 2.53
150.16 3.78 203.33 2.79 208.75 2.72
111.06 3.32 140.20 2.63 146.39 2.52
111.06 3.32 140.20 2.63 146.39 2.52

-163.51 2.58 -207.50 2.03 -211.34 2.00
-150.32 2.81 -203.55 2.07 -208.95 2.02
-163.51 2.58 -207.50 2.03 -211.34 1.99

120.39 2.15 109.30 2.36 100.58 2.57
26.82 -53.77 5.77 28.23 -56.62 5.48 26.69 -53.51 5.80
26.82 -53.77 5.76 28.23 -56.62 5.47 26.69 -53.51 5.79

120.39 2.15 109.30 2.36 100.58 2.57
-157.06 6.09 -198.27 4.83 -207.02 4.62

117.33 -31.99 2.41 8.46 140.40 -26.15 2.02 10.35 142.40 -26.32 1.99 10.28
76.06 -37.93 2.77 80.09 -39.95 2.63 75.71 -37.76 2.79
76.06 -37.93 2.76 80.09 -39.95 2.62 75.71 -37.76 2.77

117.33 -31.99 2.42 8.43 140.40 -26.15 2.02 10.32 142.40 -26.32 2.00 10.25
-157.06 6.08 -198.27 4.82 -207.02 4.61

L1-U1 2.15 L2-U1 2.02 L2-U1 1.99

1.3 LL+I Rating 1.3 LL+I Rating 1.3 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.

66.53 5.57 83.99 4.41 87.70 4.22
66.53 5.57 83.99 4.41 87.70 4.22
89.96 6.31 121.81 4.66 125.06 4.54
66.53 5.55 83.99 4.39 87.70 4.21
66.53 5.55 83.99 4.39 87.70 4.21

-97.96 4.31 -124.31 3.40 -126.61 3.33
-90.05 4.69 -121.94 3.46 -125.18 3.37
-97.96 4.30 -124.31 3.39 -126.61 3.33

72.12 3.58 65.48 3.95 60.26 4.29
16.07 -32.21 9.63 16.91 -33.92 9.14 15.99 -32.06 9.67
16.07 -32.21 9.62 16.91 -33.92 9.14 15.99 -32.06 9.67
72.12 3.58 65.48 3.95 60.26 4.29

-94.09 10.17 -118.78 8.06 -124.02 7.72
70.29 -19.16 4.03 14.12 84.11 -15.67 3.37 17.28 85.31 -15.77 3.32 17.16
45.57 -22.72 4.63 47.98 -23.93 4.40 45.36 -22.62 4.65
45.57 -22.72 4.61 47.98 -23.93 4.37 45.36 -22.62 4.63
70.29 -19.16 4.04 14.08 84.11 -15.67 3.38 17.22 85.31 -15.77 3.33 17.11

-94.09 10.15 -118.78 8.04 -124.02 7.70

L1-U1 3.58 L2-U1 3.37 L2-U1 3.32
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Table D.3: TRAP-LFD Truss Rating (Existing Condition with Overlay, Section Loss)

TRUSS RATING (ORIGINAL DECK WITH OVERLAY, SECTION LOSS) HS20
All forces in kips (with AASHTO lanes)

Truss Member Allowable 2.17 LL+I Rating  
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 195.91 156.59 2.36
Bottom L1-L2 566.18 -475.26 195.91 156.59 2.36
Chord L2-L3 861.31 -708.76 293.80 214.50 2.65

L3-L4 566.18 -475.26 197.21 156.59 2.36
L4-L5 566.18 -475.26 197.21 156.59 2.36

Top U1-U2 876.15 -714.85 -292.76 -229.39 1.84
Chord U2-U3 876.15 -714.85 -292.50 -214.72 1.97

U3-U4 876.15 -714.85 -293.54 -229.39 1.84
SECTION LOSS L1-U1 251.80 -195.55 87.75 158.08 1.04

Verticals L2-U2 474.55 -315.75 -5.59 36.87 -73.93 4.20
L3-U3 474.55 -315.75 -5.85 36.87 -73.93 4.19
L4-U4 346.11 -195.55 87.75 158.08 1.63
L0-U1 1613.71 -1234.26 -277.03 -221.64 4.32
L2-U1 420.20 -133.64 137.02 164.12 -42.01 1.73 6.44

Diagonals L2-U3 209.49 -16.15 -1.43 104.53 -52.12 2.02
L3-U2 209.49 -16.15 -0.39 104.53 -52.12 2.01
L3-U4 420.20 -133.64 136.11 164.12 -42.01 1.73 6.42
L5-U4 1613.71 -1234.26 -278.98 -221.64 4.31

LFD Inventory Rating Factors: L1-U1 1.04

Truss Member Allowable 1.3 LL+I Rating  
OPERATING - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 195.91 93.81 3.95
Bottom L1-L2 566.18 -475.26 195.91 93.81 3.95
Chord L2-L3 861.31 -708.76 293.80 128.51 4.42

L3-L4 566.18 -475.26 197.21 93.81 3.93
L4-L5 566.18 -475.26 197.21 93.81 3.93

Top U1-U2 876.15 -714.85 -292.76 -137.42 3.07
Chord U2-U3 876.15 -714.85 -292.50 -128.64 3.28

U3-U4 876.15 -714.85 -293.54 -137.42 3.07
SECTION LOSS L1-U1 251.80 -195.55 87.75 94.71 1.73

Verticals L2-U2 474.55 -315.75 -5.59 22.09 -44.29 7.00
L3-U3 474.55 -315.75 -5.85 22.09 -44.29 7.00
L4-U4 346.11 -195.55 87.75 94.71 2.73
L0-U1 1613.71 -1234.26 -277.03 -132.78 7.21
L2-U1 420.20 -133.64 137.02 98.32 -25.17 2.88 10.75

Diagonals L2-U3 209.49 -16.15 -1.43 62.62 -31.23 3.37
L3-U2 209.49 -16.15 -0.39 62.62 -31.23 3.35
L3-U4 420.20 -133.64 136.11 98.32 -25.17 2.89 10.72
L5-U4 1613.71 -1234.26 -278.98 -132.78 7.19

LFD Operating Rating Factors: L1-U1 1.73
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Table D.3: TRAP-LFD Truss Rating (Existing Condition with Overlay, Section Loss)

TRUSS RATING (ORIGINAL DECK WITH OVERLAY, SECTION LOSS)
All forces in kips (with AASHTO lanes)

Truss Member Allowable
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 195.91
Bottom L1-L2 566.18 -475.26 195.91
Chord L2-L3 861.31 -708.76 293.80

L3-L4 566.18 -475.26 197.21
L4-L5 566.18 -475.26 197.21

Top U1-U2 876.15 -714.85 -292.76
Chord U2-U3 876.15 -714.85 -292.50

U3-U4 876.15 -714.85 -293.54
SECTION LOSS L1-U1 251.80 -195.55 87.75

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 87.75
L0-U1 1613.71 -1234.26 -277.03
L2-U1 420.20 -133.64 137.02

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 136.11
L5-U4 1613.71 -1234.26 -278.98

LFD Inventory Rating Factors:

Truss Member Allowable
OPERATING - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 195.91
Bottom L1-L2 566.18 -475.26 195.91
Chord L2-L3 861.31 -708.76 293.80

L3-L4 566.18 -475.26 197.21
L4-L5 566.18 -475.26 197.21

Top U1-U2 876.15 -714.85 -292.76
Chord U2-U3 876.15 -714.85 -292.50

U3-U4 876.15 -714.85 -293.54
SECTION LOSS L1-U1 251.80 -195.55 87.75

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 87.75
L0-U1 1613.71 -1234.26 -277.03
L2-U1 420.20 -133.64 137.02

Diagonals L2-U3 209.49 -16.15 -1.43
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 136.11
L5-U4 1613.71 -1234.26 -278.98

LFD Operating Rating Factors:

State Vehicle Type 3 State Vehicle Type 3S2 State Vehicle Type 3-3

2.17 LL+I Rating 2.17 LL+I Rating 2.17 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.
111.06 3.33 140.20 2.64 146.39 2.53
111.06 3.33 140.20 2.64 146.39 2.53
150.16 3.78 203.33 2.79 208.75 2.72
111.06 3.32 140.20 2.63 146.39 2.52
111.06 3.32 140.20 2.63 146.39 2.52

-163.51 2.58 -207.50 2.03 -211.34 2.00
-150.32 2.81 -203.55 2.07 -208.95 2.02
-163.51 2.58 -207.50 2.03 -211.34 1.99

120.39 1.36 109.30 1.50 100.58 1.63
26.82 -53.77 5.77 28.23 -56.62 5.48 26.69 -53.51 5.80
26.82 -53.77 5.76 28.23 -56.62 5.47 26.69 -53.51 5.79

120.39 2.15 109.30 2.36 100.58 2.57
-157.06 6.09 -198.27 4.83 -207.02 4.62

117.33 -31.99 2.41 8.46 140.40 -26.15 2.02 10.35 142.40 -26.32 1.99 10.28
76.06 -37.93 2.77 80.09 -39.95 2.63 75.71 -37.76 2.79
76.06 -37.93 2.76 80.09 -39.95 2.62 75.71 -37.76 2.77

117.33 -31.99 2.42 8.43 140.40 -26.15 2.02 10.32 142.40 -26.32 2.00 10.25
-157.06 6.08 -198.27 4.82 -207.02 4.61

L1-U1 1.36 L1-U1 1.50 L1-U1 1.63

1.3 LL+I Rating 1.3 LL+I Rating 1.3 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.

66.53 5.57 83.99 4.41 87.70 4.22
66.53 5.57 83.99 4.41 87.70 4.22
89.96 6.31 121.81 4.66 125.06 4.54
66.53 5.55 83.99 4.39 87.70 4.21
66.53 5.55 83.99 4.39 87.70 4.21

-97.96 4.31 -124.31 3.40 -126.61 3.33
-90.05 4.69 -121.94 3.46 -125.18 3.37
-97.96 4.30 -124.31 3.39 -126.61 3.33

72.12 2.27 65.48 2.51 60.26 2.72
16.07 -32.21 9.63 16.91 -33.92 9.14 15.99 -32.06 9.67
16.07 -32.21 9.62 16.91 -33.92 9.14 15.99 -32.06 9.67
72.12 3.58 65.48 3.95 60.26 4.29

-94.09 10.17 -118.78 8.06 -124.02 7.72
70.29 -19.16 4.03 14.12 84.11 -15.67 3.37 17.28 85.31 -15.77 3.32 17.16
45.57 -22.72 4.63 47.98 -23.93 4.40 45.36 -22.62 4.65
45.57 -22.72 4.61 47.98 -23.93 4.37 45.36 -22.62 4.63
70.29 -19.16 4.04 14.08 84.11 -15.67 3.38 17.22 85.31 -15.77 3.33 17.11

-94.09 10.15 -118.78 8.04 -124.02 7.70

L1-U1 2.27 L1-U1 2.51 L1-U1 2.72
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Table D.4: TRAP-LFD Truss Rating (with FRP Deck)

TRUSS RATING (WITH FRP DECK) HS20
All forces in kips (with AASHTO lanes)

Truss Member Allowable 2.17 LL+I Rating  
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 136.11 153.48 2.80
Bottom L1-L2 566.18 -475.26 136.11 153.48 2.80
Chord L2-L3 861.31 -708.76 204.23 210.27 3.12

L3-L4 566.18 -475.26 137.54 153.48 2.79
L4-L5 566.18 -475.26 137.54 153.48 2.79

Top U1-U2 876.15 -714.85 -203.06 -224.86 2.28
Chord U2-U3 876.15 -714.85 -202.80 -210.49 2.43

U3-U4 876.15 -714.85 -203.97 -224.86 2.27
L1-U1 346.11 -195.55 57.85 154.96 1.86

Verticals L2-U2 474.55 -315.75 -5.59 36.13 -73.19 4.24
L3-U3 474.55 -315.75 -5.85 36.13 -73.19 4.23
L4-U4 346.11 -195.55 57.85 154.96 1.86
L0-U1 1613.71 -1234.26 -192.53 -217.26 4.79
L2-U1 420.20 -133.64 94.77 160.88 -41.16 2.02 5.55

Diagonals L2-U3 209.49 -16.15 -1.56 103.51 -51.10 2.04
L3-U2 209.49 -16.15 -0.39 103.51 -51.10 2.03
L3-U4 420.20 -133.64 93.86 160.88 -41.16 2.03 5.53
L5-U4 1613.71 -1234.26 -194.48 -217.26 4.79

LFD Inventory Rating Factors: L1-U1 1.86

Truss Member Allowable 1.3 LL+I Rating  
OPERATING - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 136.11 91.95 4.68
Bottom L1-L2 566.18 -475.26 136.11 91.95 4.68
Chord L2-L3 861.31 -708.76 204.23 125.97 5.22

L3-L4 566.18 -475.26 137.54 91.95 4.66
L4-L5 566.18 -475.26 137.54 91.95 4.66

Top U1-U2 876.15 -714.85 -203.06 -134.71 3.80
Chord U2-U3 876.15 -714.85 -202.80 -126.10 4.06

U3-U4 876.15 -714.85 -203.97 -134.71 3.79
L1-U1 346.11 -195.55 57.85 92.83 3.11

Verticals L2-U2 474.55 -315.75 -5.59 21.65 -43.85 7.07
L3-U3 474.55 -315.75 -5.85 21.65 -43.85 7.07
L4-U4 346.11 -195.55 57.85 92.83 3.11
L0-U1 1613.71 -1234.26 -192.53 -130.16 8.00
L2-U1 420.20 -133.64 94.77 96.38 -24.66 3.38 9.26

Diagonals L2-U3 209.49 -16.15 -1.56 62.01 -30.62 3.40
L3-U2 209.49 -16.15 -0.39 62.01 -30.62 3.38
L3-U4 420.20 -133.64 93.86 96.38 -24.66 3.39 9.22
L5-U4 1613.71 -1234.26 -194.48 -130.16 7.99

LFD Operating Rating Factors: L1-U1 3.11
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Table D.4: TRAP-LFD Truss Rating (with FRP Deck)

TRUSS RATING (WITH FRP DECK)
All forces in kips (with AASHTO lanes)

Truss Member Allowable
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 136.11
Bottom L1-L2 566.18 -475.26 136.11
Chord L2-L3 861.31 -708.76 204.23

L3-L4 566.18 -475.26 137.54
L4-L5 566.18 -475.26 137.54

Top U1-U2 876.15 -714.85 -203.06
Chord U2-U3 876.15 -714.85 -202.80

U3-U4 876.15 -714.85 -203.97
L1-U1 346.11 -195.55 57.85

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 57.85
L0-U1 1613.71 -1234.26 -192.53
L2-U1 420.20 -133.64 94.77

Diagonals L2-U3 209.49 -16.15 -1.56
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 93.86
L5-U4 1613.71 -1234.26 -194.48

LFD Inventory Rating Factors:

Truss Member Allowable
OPERATING - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 136.11
Bottom L1-L2 566.18 -475.26 136.11
Chord L2-L3 861.31 -708.76 204.23

L3-L4 566.18 -475.26 137.54
L4-L5 566.18 -475.26 137.54

Top U1-U2 876.15 -714.85 -203.06
Chord U2-U3 876.15 -714.85 -202.80

U3-U4 876.15 -714.85 -203.97
L1-U1 346.11 -195.55 57.85

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 57.85
L0-U1 1613.71 -1234.26 -192.53
L2-U1 420.20 -133.64 94.77

Diagonals L2-U3 209.49 -16.15 -1.56
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 93.86
L5-U4 1613.71 -1234.26 -194.48

LFD Operating Rating Factors:

State Vehicle Type 3 State Vehicle Type 3S2 State Vehicle Type 3-3

2.17 LL+I Rating 2.17 LL+I Rating 2.17 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.
108.87 3.95 137.43 3.13 143.48 3.00
108.87 3.95 137.43 3.13 143.48 3.00
147.19 4.46 199.31 3.30 204.63 3.21
108.87 3.94 137.43 3.12 143.48 2.99
108.87 3.94 137.43 3.12 143.48 2.99

-160.28 3.19 -203.42 2.52 -207.15 2.47
-147.34 3.48 -199.53 2.57 -204.83 2.50
-160.28 3.19 -203.42 2.51 -207.15 2.47

118.03 2.44 107.15 2.69 98.58 2.92
26.30 -53.25 5.82 27.69 -56.07 5.53 26.17 -52.99 5.85
26.30 -53.25 5.82 27.69 -56.07 5.53 26.17 -52.99 5.85

118.03 2.44 107.15 2.69 98.58 2.92
-153.96 6.77 -194.37 5.36 -202.92 5.13

115.03 -31.36 2.83 7.28 137.62 -25.65 2.36 8.90 139.57 -25.80 2.33 8.85
75.32 -37.19 2.80 79.29 -39.15 2.66 74.95 -37.00 2.82
75.32 -37.19 2.79 79.29 -39.15 2.65 74.95 -37.00 2.80

115.03 -31.36 2.84 7.26 137.62 -25.65 2.37 8.87 139.57 -25.80 2.34 8.82
-153.96 6.75 -194.37 5.35 -202.92 5.12

L1-U1 2.44 L2-U1 2.36 L2-U1 2.33

1.3 LL+I Rating 1.3 LL+I Rating 1.3 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.

65.22 6.59 82.33 5.22 85.96 5.00
65.22 6.59 82.33 5.22 85.96 5.00
88.18 7.45 119.41 5.50 122.59 5.36
65.22 6.57 82.33 5.21 85.96 4.99
65.22 6.57 82.33 5.21 85.96 4.99

-96.02 5.33 -121.86 4.20 -124.10 4.12
-88.27 5.80 -119.54 4.28 -122.71 4.17
-96.02 5.32 -121.86 4.19 -124.10 4.12

70.71 4.08 64.19 4.49 59.06 4.88
15.76 -31.90 9.72 16.59 -33.59 9.23 15.68 -31.75 9.77
15.76 -31.90 9.71 16.59 -33.59 9.23 15.68 -31.75 9.76
70.71 4.08 64.19 4.49 59.06 4.88

-92.24 11.29 -116.44 8.95 -121.56 8.57
68.91 -18.79 4.72 12.16 82.45 -15.37 3.95 14.86 83.62 -15.46 3.89 14.78
45.12 -22.28 4.68 47.50 -23.45 4.44 44.90 -22.17 4.70
45.12 -22.28 4.65 47.50 -23.45 4.42 44.90 -22.17 4.67
68.91 -18.79 4.74 12.11 82.45 -15.37 3.96 14.81 83.62 -15.46 3.90 14.72

-92.24 11.27 -116.44 8.93 -121.56 8.55

L1-U1 4.08 L2-U1 3.95 L2-U1 3.89
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Table D.5: TRAP-LFD Truss Rating (with FRP Deck, Section Loss)

TRUSS RATING (WITH FRP DECK, SECTION LOSS) HS20
All forces in kips (with AASHTO lanes)

Truss Member Allowable 2.17 LL+I Rating  
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 136.11 153.48 2.80
Bottom L1-L2 566.18 -475.26 136.11 153.48 2.80
Chord L2-L3 861.31 -708.76 204.23 210.27 3.12

L3-L4 566.18 -475.26 137.54 153.48 2.79
L4-L5 566.18 -475.26 137.54 153.48 2.79

Top U1-U2 876.15 -714.85 -203.06 -224.86 2.28
Chord U2-U3 876.15 -714.85 -202.80 -210.49 2.43

U3-U4 876.15 -714.85 -203.97 -224.86 2.27
SECTION LOSS L1-U1 251.80 -195.55 57.85 154.96 1.25

Verticals L2-U2 474.55 -315.75 -5.59 36.13 -73.19 4.24
L3-U3 474.55 -315.75 -5.85 36.13 -73.19 4.23
L4-U4 346.11 -195.55 57.85 154.96 1.86
L0-U1 1613.71 -1234.26 -192.53 -217.26 4.79
L2-U1 420.20 -133.64 94.77 160.88 -41.16 2.02 5.55

Diagonals L2-U3 209.49 -16.15 -1.56 103.51 -51.10 2.04
L3-U2 209.49 -16.15 -0.39 103.51 -51.10 2.03
L3-U4 420.20 -133.64 93.86 160.88 -41.16 2.03 5.53
L5-U4 1613.71 -1234.26 -194.48 -217.26 4.79

LFD Inventory Rating Factors: L1-U1 1.25

Truss Member Allowable 1.3 LL+I Rating  
OPERATING - LFD Element Designation Tension Compr. 1.3 DL Tension Compr. Tension Compr.

L0-L1 566.18 -475.26 136.11 91.95 4.68
Bottom L1-L2 566.18 -475.26 136.11 91.95 4.68
Chord L2-L3 861.31 -708.76 204.23 125.97 5.22

L3-L4 566.18 -475.26 137.54 91.95 4.66
L4-L5 566.18 -475.26 137.54 91.95 4.66

Top U1-U2 876.15 -714.85 -203.06 -134.71 3.80
Chord U2-U3 876.15 -714.85 -202.80 -126.10 4.06

U3-U4 876.15 -714.85 -203.97 -134.71 3.79
SECTION LOSS L1-U1 251.80 -195.55 57.85 92.83 2.09

Verticals L2-U2 474.55 -315.75 -5.59 21.65 -43.85 7.07
L3-U3 474.55 -315.75 -5.85 21.65 -43.85 7.07
L4-U4 346.11 -195.55 57.85 92.83 3.11
L0-U1 1613.71 -1234.26 -192.53 -130.16 8.00
L2-U1 420.20 -133.64 94.77 96.38 -24.66 3.38 9.26

Diagonals L2-U3 209.49 -16.15 -1.56 62.01 -30.62 3.40
L3-U2 209.49 -16.15 -0.39 62.01 -30.62 3.38
L3-U4 420.20 -133.64 93.86 96.38 -24.66 3.39 9.22
L5-U4 1613.71 -1234.26 -194.48 -130.16 7.99

LFD Operating Rating Factors: L1-U1 2.09
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Table D.5: TRAP-LFD Truss Rating (with FRP Deck, Section Loss)

TRUSS RATING (WITH FRP DECK, SECTION LOSS)
All forces in kips (with AASHTO lanes)

Truss Member Allowable
INVENTORY - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 136.11
Bottom L1-L2 566.18 -475.26 136.11
Chord L2-L3 861.31 -708.76 204.23

L3-L4 566.18 -475.26 137.54
L4-L5 566.18 -475.26 137.54

Top U1-U2 876.15 -714.85 -203.06
Chord U2-U3 876.15 -714.85 -202.80

U3-U4 876.15 -714.85 -203.97
SECTION LOSS L1-U1 251.80 -195.55 57.85

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 57.85
L0-U1 1613.71 -1234.26 -192.53
L2-U1 420.20 -133.64 94.77

Diagonals L2-U3 209.49 -16.15 -1.56
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 93.86
L5-U4 1613.71 -1234.26 -194.48

LFD Inventory Rating Factors:

Truss Member Allowable
OPERATING - LFD Element Designation Tension Compr. 1.3 DL

L0-L1 566.18 -475.26 136.11
Bottom L1-L2 566.18 -475.26 136.11
Chord L2-L3 861.31 -708.76 204.23

L3-L4 566.18 -475.26 137.54
L4-L5 566.18 -475.26 137.54

Top U1-U2 876.15 -714.85 -203.06
Chord U2-U3 876.15 -714.85 -202.80

U3-U4 876.15 -714.85 -203.97
SECTION LOSS L1-U1 251.80 -195.55 57.85

Verticals L2-U2 474.55 -315.75 -5.59
L3-U3 474.55 -315.75 -5.85
L4-U4 346.11 -195.55 57.85
L0-U1 1613.71 -1234.26 -192.53
L2-U1 420.20 -133.64 94.77

Diagonals L2-U3 209.49 -16.15 -1.56
L3-U2 209.49 -16.15 -0.39
L3-U4 420.20 -133.64 93.86
L5-U4 1613.71 -1234.26 -194.48

LFD Operating Rating Factors:

State Vehicle Type 3 State Vehicle Type 3S2 State Vehicle Type 3-3

2.17 LL+I Rating 2.17 LL+I Rating 2.17 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.
108.87 3.95 137.43 3.13 143.48 3.00
108.87 3.95 137.43 3.13 143.48 3.00
147.19 4.46 199.31 3.30 204.63 3.21
108.87 3.94 137.43 3.12 143.48 2.99
108.87 3.94 137.43 3.12 143.48 2.99

-160.28 3.19 -203.42 2.52 -207.15 2.47
-147.34 3.48 -199.53 2.57 -204.83 2.50
-160.28 3.19 -203.42 2.51 -207.15 2.47

118.03 1.64 107.15 1.81 98.58 1.97
26.30 -53.25 5.82 27.69 -56.07 5.53 26.17 -52.99 5.85
26.30 -53.25 5.82 27.69 -56.07 5.53 26.17 -52.99 5.85

118.03 2.44 107.15 2.69 98.58 2.92
-153.96 6.77 -194.37 5.36 -202.92 5.13

115.03 -31.36 2.83 7.28 137.62 -25.65 2.36 8.90 139.57 -25.80 2.33 8.85
75.32 -37.19 2.80 79.29 -39.15 2.66 74.95 -37.00 2.82
75.32 -37.19 2.79 79.29 -39.15 2.65 74.95 -37.00 2.80

115.03 -31.36 2.84 7.26 137.62 -25.65 2.37 8.87 139.57 -25.80 2.34 8.82
-153.96 6.75 -194.37 5.35 -202.92 5.12

L1-U1 1.64 L1-U1 1.81 L1-U1 1.97

1.3 LL+I Rating 1.3 LL+I Rating 1.3 LL+I Rating
Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr. Tension Compr.

65.22 6.59 82.33 5.22 85.96 5.00
65.22 6.59 82.33 5.22 85.96 5.00
88.18 7.45 119.41 5.50 122.59 5.36
65.22 6.57 82.33 5.21 85.96 4.99
65.22 6.57 82.33 5.21 85.96 4.99

-96.02 5.33 -121.86 4.20 -124.10 4.12
-88.27 5.80 -119.54 4.28 -122.71 4.17
-96.02 5.32 -121.86 4.19 -124.10 4.12

70.71 2.74 64.19 3.02 59.06 3.28
15.76 -31.90 9.72 16.59 -33.59 9.23 15.68 -31.75 9.77
15.76 -31.90 9.71 16.59 -33.59 9.23 15.68 -31.75 9.76
70.71 4.08 64.19 4.49 59.06 4.88

-92.24 11.29 -116.44 8.95 -121.56 8.57
68.91 -18.79 4.72 12.16 82.45 -15.37 3.95 14.86 83.62 -15.46 3.89 14.78
45.12 -22.28 4.68 47.50 -23.45 4.44 44.90 -22.17 4.70
45.12 -22.28 4.65 47.50 -23.45 4.42 44.90 -22.17 4.67
68.91 -18.79 4.74 12.11 82.45 -15.37 3.96 14.81 83.62 -15.46 3.90 14.72

-92.24 11.27 -116.44 8.93 -121.56 8.55

L1-U1 2.74 L1-U1 3.02 L1-U1 3.28
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Table D.6 - Summary of TRAP LFD Rating Results for All Truss, Floorbeam and Stringer Members

Summary of Rating Factors - LFD Method WITH SECTION LOSS *

TRUSS Vehicle Original Condition Existing Deck FRP Deck Existing Deck FRP Deck
with Overlay with Overlay

INVENTORY HS20 1.67 L1-U1 1.63 L1-U1 1.89 L1-U1 1.04 L1-U1 1.28 L1-U1
State Vehicle Type 3 2.20 L1-U1 2.15 L1-U1 2.48 L1-U1 1.36 L1-U1 1.69 L1-U1

State Vehicle Type 3S2 2.08 L2-U1 2.02 L2-U1 2.42 L2-U1 1.50 L1-U1 1.86 L1-U1
State Vehicle Type 3-3 2.05 L2-U1 1.99 L2-U1 2.38 L2-U1 1.63 L1-U1 2.02 L1-U1

OPERATING HS20 2.80 L1-U1 2.73 L1-U1 3.16 L1-U1 1.73 L1-U1 2.14 L1-U1
State Vehicle Type 3 3.67 L1-U1 3.58 L1-U1 4.15 L1-U1 2.27 L1-U1 2.81 L1-U1

State Vehicle Type 3S2 3.47 L2-U1 3.37 L2-U1 4.03 L2-U1 2.51 L1-U1 3.10 L1-U1
State Vehicle Type 3-3 3.43 L2-U1 3.32 L2-U1 3.98 L2-U1 2.72 L1-U1 3.37 L1-U1

INVENTORY HS20 1.48 L1-U1 1.44 L1-U1 1.70 L1-U1 0.92 L1-U1 1.15 L1-U1
(with 10' lanes) State Vehicle Type 3 1.94 L1-U1 1.90 L1-U1 2.23 L1-U1 1.20 L1-U1 1.51 L1-U1

State Vehicle Type 3S2 1.84 L2-U1 1.78 L2-U1 2.17 L2-U1 1.33 L1-U1 1.67 L1-U1
State Vehicle Type 3-3 1.81 L2-U1 1.76 L2-U1 2.14 L2-U1 1.44 L1-U1 1.81 L1-U1

OPERATING HS20 2.47 L1-U1 2.41 L1-U1 2.83 L1-U1 1.53 L1-U1 1.92 L1-U1
(with 10' lanes) State Vehicle Type 3 3.24 L1-U1 3.17 L1-U1 3.72 L1-U1 2.01 L1-U1 2.52 L1-U1

State Vehicle Type 3S2 3.07 L2-U1 2.98 L2-U1 3.62 L2-U1 2.21 L1-U1 2.78 L1-U1
State Vehicle Type 3-3 3.03 L2-U1 2.93 L2-U1 3.57 L2-U1 2.41 L1-U1 3.02 L1-U1

U1 U2 U3 U4 * These ratings take into account
Truss Designations:    section loss at L1-U1 (east truss).

L0 L1 L2 L3 L4 L5
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Table D.7 - ANSYS LFD Inventory and Operating Truss Rating of the Orriginal Design Condition

3.00 4.00 T/0.55 C*0.85*2.12
19 L0-L1 155.35 183.17 177.20 125.21 566.18 3.28
20 L1-L2 150.23 183.17 172.20 122.91 566.18 3.38
21 L2-L3 217.20 274.69 253.20 186.89 861.31 3.45
22 L3-L4 126.75 184.47 136.00 83.55 566.18 5.26
23 L4-L5 139.49 184.47 150.40 93.53 566.18 4.56
24 U1-U2 -240.34 -273.65 -285.00 -217.27 -714.85 2.18
25 U2-U3 -238.25 -273.39 -273.00 -194.72 -714.85 2.45
26 U3-U4 -231.56 -274.43 -264.60 -187.65 -714.85 2.58
29 L1-U1 82.15 81.38 109.60 100.70 346.11 2.62
33 L2-U2 -11.22 -5.59 -20.00 -24.67 474.55 -315.75 24.31
34 L3-U3 -11.22 -5.85 -20.00 -24.67 474.55 -315.75 13.25
30 L4-U4 37.12 81.38 29.20 1.40 346.11 220.37
27 L0-U1 -240.21 -258.96 -276.20 -198.39 -1234.26 5.01
31 L2-U1 107.26 127.92 134.00 111.74 420.20 2.80
36 L2-U3 9.47 -1.43 18.00 23.25 209.49 -16.15 8.60
35 L3-U2 9.47 -1.43 18.00 23.25 209.49 -16.15 8.60
32 L3-U4 130.98 127.14 162.00 132.90 420.20 2.18
28 L5-U4 -197.26 -260.91 -213.00 -132.94 -1234.26 7.80

2.17*Min LL+I

Left Truss, Concrete Slab LFD RATING

RF,-veElement Number Bridge E.NB DL-TRAP1.3*DL-ANSYS
Allowable

RF,+ve2.17*Max LL+I
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Table D.8 - ANSYS LFD Truss Rating of the New FRP Deck

T/0.55 C*0.85*2.12
19 L0-L1 77.11 16.10 125.21 566.18 3.91
20 L1-L2 74.52 126.10 122.91 566.18 4.00

Bottom 21 L2-L3 108.95 189.28 186.89 861.31 4.03
Chord 22 L3-L4 66.25 127.53 83.55 566.18 5.98

23 L4-L5 72.45 127.53 93.53 566.18 5.28
Top 24 U1-U2 -118.95 -188.11 -217.27 -714.85 2.74

Chord 25 U2-U3 -118.31 -187.85 -194.72 -714.85 3.06
26 U3-U4 -116.07 -188.89 -187.65 -714.85 3.19
29 L1-U1 34.82 52.91 100.70 346.11 3.09

Verticals 33 L2-U2 -7.08 -5.59 -24.67 474.55 -315.75 18.35
34 L3-U3 -7.08 -5.85 -24.67 474.55 -315.75 13.09
30 L4-U4 18.96 52.91 1.40 346.11 233.32
27 L0-U1 -118.86 -178.36 -198.39 -1234.26 5.62
31 L2-U1 53.36 87.62 111.74 420.20 3.28

Diagonals 36 L2-U3 3.17 -1.56 23.25 209.49 -16.15 8.87
35 L3-U2 3.17 -0.39 23.25 209.49 -16.15 8.87
32 L3-U4 62.07 86.84 132.90 420.20 2.69
28 L5-U4 -102.46 -180.31 -132.94 -1234.26 8.51

RF,+ve2.17*Min LL+I
Allowable

2.17*Max LL+I

Left Truss, FRP Slab LFD RATING

RF,-veElement Number Bridge E.NB DL-TRAP1.3*DL-ANSYS
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