




























average peak strain for the bridge was 433 microstrain for 40 mph (64 km/h), left lane, truck 
passes in spring 1999. While the maximum average peak deflection was 0.430 in (1 0.9 mm) for 
40 mph (64 km/h), right lane, truck passes in fall1998. The bridge has a maximum average peak 
deflection ofL/650, or 0.323 in (8.20 mm), for idle and 25 mph ( 40 km/h) truck crosses. 
However, the bridge has a maximum average peak deflection of L/490, or 0.430 in (10. 7 mm), 
for 40 mph (64 km/h) truck crosses. 

The AASHTO guidelines for the control of deflections for an all timber bridge is L/500 
or 0.42 in in the AASHTO Standard Specification (AASHTO, 1996) and L/425 or 0.494 in in the 
AASHTO LRFD Specification (AASHTO, 1998). For a bridge with timber deck on steel girders 
the deflection is limited toL/800 or 0.263 in. in both specifications. Recall that there are no 
existing AASHTO design standards for a glulam deck on FRP composite girder bridge structure. 
These AASHTO guidelines are given because they represent the deflection control 
recommendations for typical small-span two lane bridges. The maximum measured deflection 
(L/490) was larger than that recommended by AASHTO for timber-steel bridges and 
approximately equal to that recommended for all timber bridges. 

In general, idle and 25 mph ( 40 km/h) truck passes result in a similar bridge response 
with idle data being slightly higher than the 25 mph ( 40 km/h) values. The maximum bridge 
response always occurs during 40 mph (64 km/h) truck crosses, however, the location of this 
maximum varies between the right and left lanes. The maximum average peak strain for 40 mph 
(64 km/h) runs occurred in the left lane for all of the field tests with the exception of the fall 
1998 test, when it occurred in the right lane. The maximum average peak deflection for 40 mph 
(G4 km/h) runs occurred in the right lane for the fall 1998 and 1999 field tests and in the left lane 
for the spring 1999 field test. With only three test's worth of deflection data for analysis, it is 
impossible to predict if either lane results in the maximum deflection a majority of the time. One 
thing that is for certain, the maximum bridge response, whether strains or deflections, always 
occurs in either the right or left lane at 40 mph (64 km/h). 

The data do not indicate any loss in stiffness of the bridge. Both the strains and the 
deflections that the bridge experienced during the first load test in fall 1997 are very similar in 
magnitude to the values obtained 2 years later during the fall 1999 field test. 

Effect of Deck-to-Girder Connections on Bridge Stiffness 

Service strains and deflections were determined for the "Tightened" afternoon runs in the 
same manner that the "As-Is" morning run values were calculated. In Tables 5 and 6, the 
average service load response has been compared for the "As-Is" and "Tightened" state and the 
percent change has been determined. 

The expectation was that with the tightening ofthe Tom's Creek Bridge composite 
connections, the bridge will exhibit reduced service strains and deflections. However, Tables 5 
and 6 show that the average peak strain and deflection values increased once the connections 
were tightened. The maximum average peak strain increased from 433 !-!£to 454 !-!£,albeit in the 
center lane as opposed to the left lane. The maximum average peak deflection increased from 
0.415 in (10.5 mm) to 0.446 in (11.3 mm). For the right lane, the average strain value increased 
by approximately 15% for idle runs and 5% for 40 mph (64 km/h) runs. The left travel lane also 
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experienced an increase in strain of about 15% during idle runs. During 40 mph (64 km/h) truck 
crossings the left lane experienced a 4% reduction in strain for the spring 1999 field test but 
realized an increase in strain of 6% for the fall 1999 test. The center lane is where the increase in 
strain values are most dramatic. During idle runs the average center lane strain increase was 
17% and 21% for 40 mph (64 km/h) runs. The results for deflection values are consistent with 
those for strain values. Again the only reduction in deflection values occurred during spring 
1999 for the left lane at 40 mph (64 km/h). The deflection data verify that the load in the most 
heavily loaded girder actually increased when the deck-to-girder connections were tightened. 
Also, the deflection data reinforce the fact that the most dramatic increase in the response of the 
bridge's FRP composite girders, upon tightening ofthe connections, occurs when the truck 
crosses the center travel lane. 

Tightening the connections seems to provide little in the way of composite action 
between the Tom's Creek Bridge's glue-laminated deck and FRP composite girders. During the 
composite bridge field testing, strains and deflections increased for identical truck crossings 
(lane and speed) as the day progressed. This increase is thought to be a function of the ambient 
air temperature, as the ambient air temperature increases, so to does the response (strains and 
deflections) ofthe FRP composite girders. 

Dynamic Load Allowance 

Typical composite girder midspan deflection during truck crossings is depicted in Figure 
10. The figure presents the mid-span deflection for the most heavily loaded girder for a given 
truck crossing and are typical regardless of the truck's position on the bridge (right lane, center 
lane or left lane). In addition, the figure reveals the amplification of a quasi -static vehicular load 
once the vehicle becomes a moving load. 

The measured IM values have been plotted as a function of time of service in Figures 11 
and 12 where the average IM values are shown as well as current AASHTO standards for a glue­
laminated deck on steel stringer bridge. Only the last three load tests were used to calculate the 
dynamic load allowance based on deflection data. This is due to the fact that there were not 
enough deflectometers on the bridge to accurately depict the bridge 's behavior during the first 
two load tests. For design purposes a representative value for the entire bridge was desired. By 
including the center lane values, the IM was felt to underestimate the response of the bridge, 
particularly the left lane. It was discovered that the left and right side of the bridge demonstrated 
a greater dynamic response than the center lanes the source of which is unknown. As a result the 
IM results that follow are an average of right and left lane passes. 

The speed of the truck as it approaches and crosses the bridge plays an important role in 
the magnitude of the dynamic load allowance. For the Tom's Creek Bridge there was little to no 
dynamic response when the truck crossed the bridge at 25 mph ( 40 km/h) as shown in the 
figures. However, when the truck crossed the bridge at 40 mph (64 km/h) the IM values ranged 
anywhere from as low as 0.2 (Figure 11) from strain data to 0.90 (Figure 12) from deflection 
data. The largest average value for IM shown in the two figures is 0.9 and is from deflection 
data. The results of this analysis are consistent with other tests that have been conducted in 
which the dynamic load allowance values both exceed AASHTO guidelines and display 
relatively large variations within the data (Billing, 1984). 
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Recommendations for IM for the Tom's Creek Bridge will be made based on deflection 
measurements. Deflection data are used over strain data for two reasons. First, strain gages do 
not accurately measure the total response of FRP composite girders. This is due to the fact that 
strain gages cannot detect shear deformations which can be significant with fiber-reinforced 
polymer composites. With a span of 17.5 ft (5.33 m), the shear deformation contribution to the 
FRP girders' response is approximately six percent ofthe total response. In addition, deflection 
data resulted in larger IM values and was therefore desirable, since it is extremely important to 
be conservative when designing with FRP composites. The strain data presented served as a 
validation for the results that are based on deflection data, therefore providing a necessary check 
on our results. 

Transverse Wheel Load Distribution 

The composite girders' behavior under typical heavy truck loading is shown in Figures 
13 and 14. As expected the girders closest to the truck wheels carry most of the load. 

Only the last three load tests were used to calculate the value of g based on deflection 
data for the same reasons as discussed earlier. Typically the center lane results yielded smaller 
distribution factors than the right or left lane passes, therefore, analysis of results will be based 
on the average of right or left lane truck crossings. 

A summary of the design transverse wheel load distribution has been plotted as a function 
oftime in Figures 15 and 16, where the current AASHTO standards for a glue-laminated deck on 
steel stringer bridge have been shown as well. In addition, the transverse wheel load distribution 
for an infinitely stiff bridge deck (effectively a lower bound on g) is shown. This value is equal 
to the number oflanes loaded, divided by the number of girders. In the case of the Tom's Creek 
Bridge, this value is equal to 1/24 or 0.042. 

For the Tom's Creek Bridge, the difference between the maximum and minimum g 
values, for all of the load tests, at all three speeds, was only 0.016. )Jo one speed consistently 
displayed the largest wheel load distribution values. The maximum Design g for the Tom's 
Creek Bridge is 0.101 or 10.1% ofthe total vehicle weight on the bridge (the rear tandem axle in 
this case). This value occurred during the fall 1998 field test as the truck crossed the bridge at 40 
mph (64 km/h). With an average girder spacing, S, of 0.94 ft (0.29 m), this translates into a g 
value of S/9.3. Current AASHTO Standard Specification (AASHTO, 1996) requirements for a 
four inch thick glued laminated flooring on steel stringers are S/9.0 and S/8.0 (one and two 
design lanes loaded, respectively). The AASHTO LRFD Specification (AASHTO, 1998) values 
are S/8.8 and S/9.0 (one and two design lanes loaded, respectively) for a glulam deck on steel 
stringer bridge. 

Based on the results from the Tom's Creek Bridge load tests, it is proposed that 
AASHTO design requirements for a glue-laminated deck on steel stringer bridge be adopted for 
the glue-laminated deck on FRP composite girder Tom's Creek Bridge. Deflection data were 
used as the primary source for wheel load distribution factor calculations because strain data do 
not measure the additional shear deformation that the FRP composite girders experience under 
load. Also, deflection data result in a slightly higher wheel load distribution factor, resulting in a 
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more conservative design. Although strain data have been presented, the purpose of these 
calculations was to validate our data that were based on deflection measurements. The inclusion 
of strain data provides a necessary check on our results. 

Laboratory Results 

Residual Stiffness Testing of FRP Composite Bridge Girders 1 and 2 

The modulus of elasticity values in Table 7 are only for bending deformations since the 
mid-span shear is zero when a beam is subjected to four-point loading. In addition, the effective 
bending stiffness, or the product of the modulus and the moment of inertia, has been given. 
Finally, the P/() value has been calculated for girders one and two. The reported P/() number that 
is shown in Table 7 is the slope ofthe load versus deflection curve from 3 to 5 kips (the same 
loading region that was used to calculate the modulus). This value is a good indicator of the 
beams stiffness as it indicates the amount of load (kips) that it takes to deflect the composite 
girders one inch under four-point loading. 

After 15 months of bridge service, girder one had a modulus value of7080 ksi ( 48.8 GPa) 
while girder two has a modulus of 6900 ksi ( 47.6 GPa). This corresponds to a 1.25% decrease in 
the modulus of elasticity, and corresponding bending stiffness, for girder one and no change in 
the modulus, or the bending stiffness, for girder 2. The 1.25% decrease in modulus of elasticity 
is within experimental error. Under four-point loading it took 4.50 kips (20.0 kN) to deflect 
girder 1 one inch (25 mm) while it took 4.46 kips (19.8 kN) to deflect girder 2 one inch (25 mm). 
This makes sense since girder 1 is stiffer than girder 2 as is seen with the higher modulus value. 
After 15 months of service loading and one winter's worth offreeze-thaw cycles (51 as 
measured by on-site instrumentation) and deicing salts, the FRP composite girders have no 
significant loss in stiffness. 

Residual Strength Testing of FRP Composite Bridge Girders 1 and 2 

The data gathered from the strength tests performed on girders 1 and 2 are compared to 
ultimate strength data obtained from a different girder of the same batch that was tested prior to 
construction ofthe Tom's Creek Bridge. A summary ofthe ultimate strength values may be seen 
in Table 8. 

Girder 1 failed at an ultimate load of30.2 kips (134.3 kN). The mid-span deflection 
was 6.88 in (175 mm) and the top flange strain was 6530 j.l£ at failure. The mid-span bending 
moment in girder one was calculated to be 117 kip-feet (159 kN-m) at failure. 

Girder 2, despite being less stiffthan girder 1, failed at a significantly higher load of35.7 
kips (159 kN). The mid-span deflection was 8.37 in (213 mm) and the top flange strain was 
8030 microstrain at failure. The mid-span bending moment in girder 2 was calculated to be 138 
kip-feet (188 kN-m) at failure. 

The FRP composite girders suffered a sudden, explosive failure that was the result of 
delamination of the compression (top) flange, while the tensile flange remained intact. Figure 8 
shows one of the FRP composite girders after experiencing such a failure. This failure is best 
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represented in Figure 17 where load versus strain and deflection has been plotted up to failure. 
Strains and deflections increase linearly until failure at which time the composite girders lose the 
ability to carry load. Both girder 1 and girder 2 displayed larger values for failure load and top 
flange failure strain when compared to a similar Batch 1 beam that was failed prior to 
construction ofthe Tom's Creek Bridge. Girder 1 displayed a 3.4% increase in failure load 
while girder 2 failed at a load that was 22.3% greater than the 29.2 kips (130 kN) that the similar 
Batch 1 beam failed at. Based on comparisons to a similar beam from the same batch it appears 
that there has been little, if any, change in the ultimate strength of the FRP composite bridge 
girders. 

Fatigue Life Prediction Compared to Experimental 

The stiffness reduction for a girder fatigued at 53% ofthe ultimate moment capacity is 
shown experimentally and that predicted from the theoretical analysis in Figure 18. Observe that 
both the top and bottom flanges lose about 2% of their stiffness over the nearly 40,000 cycles. 
The stiffness reduction in the tensile flange is based solely on coupon data. As expected a 
reduction in compression flange stiffness is not predicted. Still the model does a reasonable job 
at modeling the stiffness reduction for the overall beam and can be used by designers to suggest 
the loss in stiffness of a bridge as a result of fatigue. The sudden loss of stiffness at the end of 
life is indicative of the propagation of the delamination across the width of the flange. 

In terms of failure for all cases investigated delamination is predicted as the primary 
failure mode, shown in Figure 19. This is noted when the remaining strength (delamination 
strength) is exceeded by the out of plane stress state, inducing delamination. Note that the stress 
required for in-plane failure of the laminates of the girder is more than four times higher than the 
stress required to cause out-of-plane failure. 

An S-N curve was created for the beam considering no neutral axis shift and using the 
overall average ultimate moment data to determine the strength ofthe beam. The experimental 
points and the predicted S-N curve are shown in Figure 20, normalized to the average ultimate 
moment of all the hybrid beams tested from both batches. The beam failure at 53% is about 7 
orders of magnitude from the prediction. The two beams which experienced runout at 8 and 10 
million cycles were under the predicted failure. The beam that failed after 370,000 cycles at 
71% of the average ultimate moment agrees well with the prediction of300,000 cycles at the 
same load. Without further data, the validity of the model overall cannot be determined. 

What is important to note from this analysis is that the Tom's Creek Bridge service 
moment is less that 10% of the ultimate moment capacity for the D WB. The analysis suggests 
that fatigue will not be a concern over the life of the bride considering the light traffic volume 
and loads. However, the environmental effects have not as yet been included in this analysis and 
will contribute to stiffness loss that will reduce the life of the girder by increasing the stress 
needed to cause delamination. 
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CONCLUSIONS 

As a result of research conducted on the FRP composite Tom's Creek Bridge, the 
following conclusions are made: 

• For the FRP composite Tom's Creek Bridge, the maximum service deflection response has 
been determined to be 0.430 in (11 mm). This corresponds to a service deflection ofL/490, 
where L is the clear-span length. This value is consistent with AASHTO deflection control 
criteria for an all timber bridge of L/425 (LRFD Specification) and L/500 (Standard 
Specification). However, the service deflections for the Tom's Creek Bridge greatly exceed 
the recommendations for a timber deck on steel girder bridge ofL/800. 

• There is little, if any, dynamic amplification of an applied load on the bridge due to a vehicle 
moving at 25 mph ( 40 km/h). However, at 40 mph (64 km/h) the composite bridge exhibits a 
relatively large dynamic response. 

• The transverse wheel load distribution factor, g, for the bridge's composite girders has been 
determined. The wheel load distribution factor is not a function of the vehicle's speed and 
although typical for the right and left lane loading, is smaller for the center lane loading. The 
decrease in the center lane g value is due to the fact that a center lane load is effectively 
distributed to a larger number of bridge girders. For the Tom's Creek Bridge, a distribution 
factor of0.101, or 10.1%, has been calculated. For the Tom's Creek Bridge, a g value of 
0.101 is the equivalent of S/9 .3, where S is the average girder spacing in feet. The calculated 
distribution factor is conservatively less than the AASHTO requirements (hoth T ,RFD and the 
Standard Specification) for a glulam timber deck on steel stringer bridge. 

• The effect of the Tom' s Creek Bridge's deck-to-girder connections was investigated. By 
comparing data gathered immediately after tightening of the connections to data collected 
prior to tightening of the connections it has been determined that the composite connections 
do not contribute significant additional stiffness to the bridge. 

• Bridge girders 1 and 2 were removed after 15 months of service and tested for stiffness and 
strength. These data were compared to stiffness and ultimate strength values established 
prior to the construction of the bridge. After 15 months, there was no apparent loss in the 
stiffness of the girders. Likewise, the ultimate strength of each FRP girder, 30.2 kips (134 
kN) for Girder 1 and 35.7 kips (159 kN) for Girder 2, is consistent with the pre-service data, 
indicating no apparent losses, after 15 months of service, in the ultimate strength of the FRP 
composite beams. 

• A life prediction methodology is developed and experimentally investigated for four point 
bending fatigue of the DWB girder. This analysis relies on the coupon data to suggest the 
fatigue performance of the girder. Comparisons with experimental results show that the 
stiffness reduction can be predicted with reasonable accuracy. However there is insufficient 
fatigue failure data to validate the model in predicting fatigue life. 

• The fatigue life model, although not fully validated, does suggest that designers can use the 
stiffness reduction information to assess the loss in stiffness of the girder (and ultimately the 
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bridge) based on fatigue. For the case of a girder fatigued at 53% of the ultimate moment 
capacity, only a 2% reduction in bending stiffness was observed. 

• Given the low service loads (no more than 10% ofthe ultimate capacity) and traffic volume 
the model suggests that fatigue will not be a major concern during the life of service (10-15 
years). 

RECOMMENDATIONS 

1. A dynamic load allowance, IM, of 0.90 is recommended for the Tom's Creek Bridge. This 
value is the largest average IM observed and is therefore conservative. This value is 
significantly higher than those set forth in the AASHTO standards of 0.33 (AASHTO, 1998) 
and 0.30 (AASHTO, 1996). 

2. It is recommended to use a value of L/425 (LRFD Specification) or L/500 (Standard 
Specification). This value is consistent with AASHTO deflection control criteria for an all 
timber bridge. 

3. It is recommended to use the AASHTO wheel load distribution factors for a glulam timber 
deck on steel stringer bridge. 

4. Tests conducted on the long-term performance of the FRP composite bridge girders were 
conducted after only 15 months of service. To be able to predict long-term losses better in 
stiffness with a greater degree of confidence the girders should be tested periodically for 
stiffness values. In one day, two girders can be removed, tested for stiffness and then placed 
back in the bridge. In addition, when the Tom's Creek Road is widened in approximately 5 
years, girders from each batch (Batch 1 and Batch 2) should be tested to failure. This would 
indicate if exposure to bridge service conditions over a period of 10 years results in a loss in 
the ultimate strength ofthe FRP composite girders. 
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Table 1. Section properties for the 8 inch FRP composite beams. 

8" FRP Beam Properties English Units SI Units 
Area 13.7 in 

2 
88 .4 em 

2 

Depth 8.0 in 20.3 em 

Outer Width ofWeb Box 3.0 in 7.62 em 

Web Thickness 0.36 to 0.42 in 0.91 to 1.07 em 

Flan2e Width 6.0 in 15.2 em 

Flan2e Thickness 0.62 in 1.57em 

I - 129 in 4 I xx - 5350 em 4 
XX 

Moments of Inertia . 4 4 
I YY = 31.7 m r yy = 1320 em 

Table 2. Fatigue test conditions for each beam. 

Max Actuator Min Actuator 
Load Load R-Ratio Frequency 
(lbs) (lbs) (Min/Max) (Hz) 

Beam 425 16,000 1720 0.11 0.85 

Beam 421 20,100 1300 0.06 0.60 

Beam 514 20,010 2700 0.13 0.82 

Beam 517 27,085 7500 0.28 0.70 
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Table 3. Service load strains (J.!E) recorded during the Tom's Creek Bridge field tests. 

Truck Position 

Test Speed Right Lane Left Lane Center Lane 
Date (mph) No. of Max Peak Avg Peak No. of Max Peak Avg Peak No. of Max Peak Avg Peak 

Passes Strain Strain Passes Strain Strain Passes Strain Strain 

Idle 2 271 268 2 235 232 2 230 229 
Fal11997 25 2 266 255 2 227 214 3 219 214 

40 2 358 356 2 419 383 2 374 343 
Idle 4 323 300 4 290 275 4 321 316 

Spring 1998 25 3 318 299 3 310 300 4 317 299 
40 4 369 314 4 470 383 4 407 353 

Idle 5 259 255 6 218 213 6 222 213 
Fal11998 25 4 284 268 5 248 239 7 223 206 

40 5 428 393 4 373 367 5 311 272 

Idle 6 303 297 6 280 262 6 331 324 
Spring 1999 25 3 299 285 3 274 268 6 310 290 

40 4 449 419 4 447 433 6 432 376 

Idle 6 285 265 6 246 235 5 253 219 
Fal11999 25 3 245 231 3 230 224 3 202 197 

40 6 409 381 5 396 385 5 317 272 
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Table 4. Service load deflections (inches) recorded during the Tom's Creek Bridge field tests. Note that AASHTO deflection control 
recommendations for a bridge with this span are: Timber & Steel Bridge= 0.263 in, All Timber Bridge (Standard Spec.)= 0.420 in 
and All Timber Bridge (LRFD Spec.) = 0.494 in. 

Truck Position 

Test Speed Right Lane Left Lane Center Lane 

Date (mph) No. of Max Peak Avg Peak No. of Max Peak Avg Peak No. of Max Peak Avg Peak 
Passes Defl. (in) Defl. (in) Passes Defl. (in) Defl. (in) Passes Defl. (in) Defl. (in) 

Idle 5 0.261 0.252 6 0.188 0.179 6 0.213 0.208 
Fal11998 25 4 0.304 0.271 5 0.203 0.196 7 0.206 0.195 

40 5 0.465 0.430 4 0.381 0.372 5 0.288 0.257 

Idle 6 0.280 0.272 6 0.241 0.226 6 0.327 0.323 
Spring 1999 25 3 0.277 0.264 3 0.227 0.223 6 0.276 0.259 

40 4 0.410 0.384 4 0.413 0.394 6 0.415 0.357 

Idle 6 0.322 0.262 6 0.200 0.181 5 0.229 0.184 
Fal11999 25 3 0.262 0.233 3 0.191 0.183 3 0.173 0.169 

40 6 0.446 0.415 5 0.378 0.360 5 0.300 0.247 

Table 5. Change in service strains (f.l£) after tightening of the Tom's Creek Bridge deck-to-girder connections. 

Truck Position 

Test Speed Right Lane Left Lane Center Lane 

Date (mph) As-Is Composite 0/o As-Is Composite 0/o As-Is Composite 0/o 

Average Average Change Average Average Change Average Average Change 

Spring 1999 
Idle 297 335 +13 262 303 +16 324 348 +7 
40 419 436 + 4 433 415 - 4 376 454 + 21 

Fal11999 
Idle 265 301 + 14 235 261 +11 219 275 + 26 
40 381 401 + 5 385 407 + 6 272 327 + 20 
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Table 6. Change in service deflections (inches) after tightening ofthe Tom's Creek Bridge deck-to-girder connections. 

Truck Position 

Test Speed Right Lane Left Lane Center Lane 
Date (mph) As-Is Composite 0/o As-Is Composite 0/o As-Is Composite 0/o 

Average Average Change Average Average Change Average Average Change 

Spring 1999 
Idle 0.272 0.306 +13 0.226 0.277 +23 0.323 0.354 + 10 
40 0.384 0.427 +11 0.394 0.377 - 4 0.357 0.440 + 23 

Fall1999 
Idle 0.262 0.278 + 6 0.181 0.223 +23 0.184 0.261 + 42 
40 0.415 0.446 + 7 0.360 0.374 + 4 0.247 0.289 + 17 

Table 7. Stiffness values for the FRP composite Tom's Creek Bridge girders 1 and 2. Data are shown for both girders prior to the 
bridge's construction and then after 15 months of service. 

Stiffness Parameter 
Brid~e Girder 1 Brid~e Girder 2 

Pre-Service Post-Service Pre-Service Post-Service 
Young's Modulus of Elasticity, E (ksi) 7,170 7,080 6,900 6,900 

Bending Stiffness, EI (kips-inches2
) 922,000 910,000 887,000 887,000 

Load vs. Deflection, P 10 (kips/inch) -------- 4.50 -------- 4.46 
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Table 8. Ultimate strength values for the FRP composite Tom's Creek Bridge girders 1 and 2. Data are shown for girders 1 and 2 
after 15 months of service. *Pre-service data are taken from a beam that was failed prior to construction of the Tom's Creek Bridge 
that was from the same batch (Batch 1) as girders 1 and 2. 

Strength Parameter 
Brid2e Girder 1 Brid2e Girder 2 

Pre-Service Post-Service Pre-Service Post-Service 

Top Flange Failure Strain, J..L£ (microstrain) 6,210* 6,530 6,210* 8,030 
Mid-Span Failure Deflection, ~ (inches) -------- 6.88 -------- 8.37 

Failure Load, P (kips) 29.2* 30.2 29.2* 35.7 
Failure Moment, M (kip-feet) 113* 117 113* 138 
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Figure 1. Cross-section of the 8-in fiber-reinforced polymer composite beams used in the Tom's 
Creek Bridge rehabilitation. 

Figure 2. The completed Tom's Creek Bridge. 
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a) Initial instrumentation plan 
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b) Final instrumentation plan 

Figure 3. Instrumentation plan evolution. 

Lab Construction Field Test Field Test Girders 1&2 Field Test Field Test Field Test 
Testing #1 #2 Replaced #3 #4 #5 

May 1997 J\Ule 1997 October 1997 April1998 September 1998 October 1998 May 1999 October 1999 

Figure 4. Timeline detailing the history of the Tom's Creek Bridge. 
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Steel Spreader Beam 

Pin Support Roller Support 

1'-3" 7'-9" 

Figure 5. Schematic of four-point strength and stiffness setup. 
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Figure 6. Schematic for the instrumentation used in the characterization of strength and fatigue. 
1. Actuator Load, 2. Actuator deflection, 3. Mid-span Deflection, 4. Quarter Point Deflection, 5. 
Top Center Bending Strain, 6. Top Right Bending Strain, 7. Top Left Bending Strain, 8. Top 
Right Flange Bending Strain, 9. Top Left Flange Bending Strain, 10. Bottom Center Bending 
Strain, 11 . Shear Strain 1 in outside of the constant moment region, 12. Torsional Strain at the 114 
point. 
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Remaining Strength 

-------- I Applied Stress 
I 
I 
I 

Cycles N 
Figure 7. The use of remaining strength as a damage metric. 

Figure 8. Failure of the compression flange for removed Tom's Creek Bridge FRP com]>Jsite 
Girder I. Note failure occurs at mid.span. 
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Figure 9. Flowchart of stress analysis and stiffness reduction, delamination determination, and 
stress redistribution following delamination. 
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Figure 10. Typical Tom's Creek Bridge composite girder response (mid-span deflections) due 
to heavy truck loading. 

29 



0.80 

0.70 

0.60 

0.50 

0.40 

--Proposed 
1M 

-D-1M40 

-o-1M25 

0.30 ::===~;;::;;=~::;;c====::======~::======~ -<>- A A SHTO 

0.20 

0.10 

Standard 

-X-A A SHTO 
LRFD 

-0 .10 ~=----------------------===========" 
Fall1997 Spring 1998 Fall 1998 Spring 1999 Fall1999 

Test Date 

Figure 11. IM values based on mid-span strain data. 
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Figure 12. IM values based on mid-span deflection data. 
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Figure 13. Typical Tom's Creek Bridge composite girder response under heavy truck crossing, 
right lane 40 mph. 
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Figure 14. Typical Tom's Creek Bridge composite girder response under heavy truck crossing, 
right lane 40 mph. 
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Figure 15. Summary ofthe design wheel load distribution factor, g. Values based on mid-span 
strain data. 
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Figure 16. Summary ofthe design wheel load distribution factor, g. Values based on mid-span 
deflection data. 
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Figure 17. Load versus top flange strain to failure for FRP composite girder 2, failed after 
fifteen months of service in the Tom's Creek Bridge. 
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Figure 18. Stiffness reduction (predicted and measured) curve for the girder fatigued at 53% of 
the ultimate moment capacity. 
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Figure 19. Graphical representation of remaining strength and the stress on the critical element. 
This analysis is shown for an applied moment, 85% of the ultimate moment capacity. 
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Figure 20. Comparison of predicted S-N curve for beam fatigue loading to experimental data. 
The 400 and 500 series beams are designations of different processing runs. 
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