




top of the bulk filler material (see Figure 4.17(b)).  This GFRP helped to ensure a smooth 

load transition throughout the rehabilitated section of the pile. 

 

During the wrapping of the pile, the wrap was initially stapled to the pile using an 

air powered staple gun.  This allowed the crew to pull tightly on the wrap and drive out 

any air voids.  Also during this process, a marginal amount of adhesive was distributed 

evenly by hand on the GFRP placed on the pile (See Figure 4.18). 

 

 

 
                                                                                                                    (a) 

 

Figure 4.17.  Hand wringer method (a) and 
placement of wrap (b) around pile 

                              (b) 

 

 

80 



 
 

Figure 4.18.  Smoothing of wrap with adhesive 

 

4.5.2.7 Applying Pressure 
After placing the GFRP wrap, uniform clamping pressure was applied to develop 

adequate bond between all layers of GFRP and the wooden pile.  To apply pressure to the 

pile a thin and workable plastic sheeting was used.  This sheeting was held to the pile by 

rubber banding (Figure 4.19). 

 

 

 
Figure 4.19.  Rubber banding around pile 
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4.5.2.8 Sanding 
After the GFRP has been given time to sufficiently dry and cure, the rubber 

banding and sheeting were removed from the pile.  A hand held sander was then used to 

smooth out any rough edges on the GFRP wrap.  This prevents water entrapment and 

bond degradation.   

 

4.5.2.9 Sealing 
The final step in the wrapping process is the sealing of rough edges using 

phenolic-based adhesives, to seal around the layers of GFRP and prevent any ingress of 

moisture and protect the bond between the layers of GFRP.   

 

4.6 Field Testing After Rehabilitation  
 

4.6.1 Introduction 
 Dynamic testing was performed on Bridge 568 prior to rehabilitation to provide a 

baseline for comparison with the dynamic tests performed after application of the GFRP 

composite materials.   Post rehabilitation field testing was conducted on the fourth span 

from the west of Bridge 568 to evaluate the effects of GFRP composite material on an in-

service railroad bridge.   

 

4.6.2 Description of Bridge 568 
Bridge 568 is located in Moorefield, WV along the South Branch Valley Railroad.  

It was constructed in 1954, after severe damage to the superstructure of the bridge due to 

flooding as mentioned in Section 3 of this chapter.  There are seven spans within Bridge 

568, containing eight pile bents.  Each span measures 12 feet center-to-center of supports 

and contained two main chords, each consisting of three sawn timber stringers placed in a 

staggered fashion.  Chords are supported by pile bents approximately 12 feet apart.  Each 

pile bent consisted of one pile cap and four piles.  Figure 4.20 shows a layout view of 

Bridge 568 and indicated which pile bent was selected for rehabilitation.      
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Figure 4.24. Visual Inspection of GFRP composite material post curing 
 
 Bridge 568 had been subject to periodic flooding due to heavy rains (as much as 

six (6) inches in six (6) hours) throughout the period between application of rehabilitation 

and post rehabilitation testing.  No significant damage had occurred to the pile bent on 

which rehabilitation had been completed (See Figure 4.24).   
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Chapter 5 - Results & Discussion of Field Testing 
 

5.1 Introduction 
 Presented in this chapter are the results of the initial field-testing and the post 

rehabilitation field-testing described in Chapter 4.  The initial field-testing was performed 

prior to the joint and pile rehabilitation using GFRP composite fabric, while the post 

rehabilitation testing was performed after the addition of the GFRP fabric. An analysis 

and discussion of these results, including dynamic amplification factors and load 

distribution are also presented.   

 

5.2 Initial Field Testing  
 The initial field testing was performed in Summer of 2002 on an open deck timber 

trestle railroad bridge for the purpose of establishing baseline data.  These data were used 

for comparative purposes with the data collected during the post rehabilitation testing.  

Deflection, strain, and acceleration versus time data under static and dynamic loads for 

varying speeds were collected and reduced using the data acquisition system.  Data plots 

of all pertinent information were developed for the evaluation of the static and dynamic 

response.  Areas of specific interest included: (a) chord deflection at mid-span, (b) load 

distribution between stringers and chords (c) pile cap and pile stresses.  The acceleration 

data collected during the initial field-testing were found to be corrupted by noise and was 

not used any further.  Acceleration data were not collected during the post rehabilitation 

testing. 

 

5.2.1 Dynamic Amplification Factors (DAFs) 
The dynamic load behavior was evaluated for several speeds. Also, to obtain a 

comparison to the dynamic load effects, a static test was performed.  The maximum 

deflection obtained under static loading (δstat) and the maximum dynamic deflection for a 

particular speed (δdyn) were used to determine dynamic amplification factors (DAFs) for 

both chords.  Typically, DAFs are calculated using the following equation: 
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DeflectionStaticMaximum
DeflectionDynamicMaximumDAF =                                    (5.1) 

 

 

The cross section at midspan of Bridge 568 is shown in Figure 5.1. 

North ChordSouth Chord

Rails

Railroad Tie

4x4 Timber 
assists tie 
alignment

8”

16
”

North ChordSouth Chord

Rails

Railroad Tie

4x4 Timber 
assists tie 
alignment

8”

16
”

 
Figure 5.1.  Midspan cross-section of Bridge 568 

 

Both north and south chords were evaluated to find the maximum static deflection and 

the maximum dynamic deflection.  Figure 5.2 shows the DAFs calculated for all three 

speeds on the north and south chords for Bridge 568. 
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Figure 5.2.  Dynamic Amplification Factor at various speeds for Bridge 568 

 

From observation of the limited DAF data, it can be seen that a higher dynamic 

affect is measured with increasing speed (although the DAF dropped for the 10 mph test 

on the north chord while increasing for the south chord).  This drop at 10 mph suggests 

that the data may be erroneous.  This suggests that a dynamic amplification factor should 

be accounted for and used in design and analysis.  Although, the highest DAF recorded 

for Bridge 568 (for the span tested) was 1.13 for the South Chord, it appears that the 

North Chord has higher DAF values for both the 5 mph and the 15 mph suggesting a that 

the North Chord is attracting more load than the South Chord.    

An analysis was also performed based on the strains due to the dynamic load.  

The dynamic amplification factors based on strain were calculated using an equation 

similar to that previously discussed: 

 

StrainStaticMaximum
StrainDynamicMaximumDAF =                                                 (5.2) 
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North and south chords were evaluated to obtain maximum static strain and the 

maximum dynamic deflection.  Figure 5.3 shows the DAFs calculated using strain for all 

three speeds on the north and south chords for Bridge 568. 
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Figure 5.3.  Dynamic Amplification Factor based on Strain for Bridge 568 

  

In the north chord, the DAF’s from strain and deflection are very similar.  There 

is a decrease in the magnitude of the DAF in the 10 mph trial for both DAFs due to 

deflection and strain.  From Figure 5.3, the south chord did not experience greater strains 

during the dynamic testing than the static testing.  However, Figure 5.2 shows that the 

south chord experienced greater deflections during the dynamic testing than in the static 

testing.  The largest difference in deflection between static and dynamic tests was 

recorded in the south chord during the 10 mph test. 

The recorded deflections in the north chord were higher during the dynamic 

testing than in the static testing.  Comparatively, the magnitude of the DAFs from 

deflection and strain were very close.  Both exhibited a drop in the DAF during the 10 

mph trail.  This drop in the DAF may be attributed to the variability of the speed of the 

locomotive.  The speed of the locomotive was not regulated electronically, but only with 

a speedometer. 

The existence of high (>1) dynamic amplification factors (with the exception of 

the DAFs due to strain in the south chord) suggests that a dynamic load factor should be 
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considered in timber bridge design and analysis.  Existing codes do not account for a 

dynamic amplification factor for timber bridges because of woods ability to absorb shock 

and carry a greater load for short durations.  Although, more recently, the AASHTO 

LRFD code has a dynamic allowance factor that includes bridges. 

           

5.2.2 Chord Strains 
A comparative analysis of the north and south chord mid-span strains was also 

performed for each bridge under each individual load condition for varying speeds, i.e., 5 

mph, 10 mph, and 15 mph.  Figure 5.4 shows various plots generated to illustrate the 

associated strain distribution for span 4 of Bridge 568. 
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Figure 5.4.  Bridge 568 Span 4 Strain Distribution 
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Stringers 1,2, and 3 represent the south chord, while stringers 5 and 6 represent 

the north chord.  Figure 5.4 shows that the north chord (stringer 5) mid span strain is 

considerably higher than the south chord stringer strains for all velocities.  The maximum 

mid span strain for the north chord (stringer 5) was approximately 194 microstrains under 

the 5 mph speed test.  While the maximum mid span strain for the south chord (stringer 

1)is 126 microstrains under the 15 mph speed test. 

 

5.2.3 Pile Strains 
Pile strains were also measured under various load tests.  Figure 5.5 shows the 

location of strain gages placed on the pile bent of span 4 of Bridge 568. 

 

 

 
Figure 5.5.  Location of Strain Gages 

 

 

93 



A comparative analysis of pile strains was performed for each bridge under each 

individual load condition and for all speeds.  Figure 5.6 shows various plots generated to 

illustrate strain distribution for the static load test and the dynamic load tests at velocities 

of approximately 5 mph, 10 mph, and 15 mph. 
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Figure 5.6  Bridge 568 span 4 pile strain distribution for varying speeds 

 

Figure 5.6 shows that the strain is considerably higher in the 3rd pile (P3) in the 

instrumented pile cap.  The maximum axial strain recorded in P3 was 637 microstrains 

for the 10 mph test.  Figure 5.4 shows the location of Pile 3 directly under the North 

Chord.  Since the span was 12 feet in length, one truck (i.e. train axle) was placed at 

midspan, providing a 40 ton point load on the span.  Assuming equal distribution between 

the four piles on each bent, each pile will carry a 10 tons (or 20 kip) load.  Using the 
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following equations, the theoretical microstrain, which would be carried by each pile, 

was calculated: 

A
P

=σ       (5.3) 

 

A
P

=Εε                                                              (5.4) 

Rearranging equation 5.2 to solve for strain,  

EA
P

theory =ε                                                             (5.5) 

 

strainx
xtheory

6
6 10177

113101
20000 −=

∗
=ε  

 

Where: 

E = typical timber Modulus of Elasticity, psi 

A = cross sectional area of pile, in2 

P = load, lb 

 

 Therefore, if equal distribution between the piles were present, each pile would 

take on 177 microstrain.  This compares will with Piles 1, 2, and 4 as shown in Figure 5.6 

5.2.4 Pile Cap Strains 
Another comparative analysis was that of the pile cap strain distribution for 

various speeds for Bridge 568 for static and dynamic load cases.  Figure 5.7 shows 

various plots generated to illustrate strain distribution in pile cap under test for the static 

and dynamic load cases. 
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Figure 5.7.  Bridge 568 span 4 pile cap strains 

 

Figure 5.7 shows the distribution of tensile strains.  The gages placed on bottom 

face of pile cap at pile cap locations 5, 6, & 7 (Figure 5.4).  The maximum strain recorded 

in the pile cap was 348 microstrains (pile cap location # 7, under the north chord) during 

the 5 mph test. 

5.2.5 Chord Deflection 
Using the deflection data from both LVDTs, a general load distribution was 

assessed between the two chords.  This was made based on the assumption that the 

individual instrumented stringer deflection represents the actual deflection of the entire 
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chord (i.e., each chord consists of three stringers bolted together) including the tie and 

nail.  Figure 5.8 shows a comparison of span 4 north and south chord midspan deflections 

for static, 5 mph, 10 mph, and 15 mph test locomotive vehicles.  Figure 5.8 also shows 

that the north chord deflects more than the south chord for every load case.   

 

The maximum deflection for the north chord is 0.2203 inches at 15 mph, while the 

maximum static deflection for the south chord is 0.2 inches.  In general, the north chord 

deflected more than the south chord for static and various speeds. 
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Figure 5.8 Bridge 568 North and South Chord midspan deflections 

 

Based on the deflection data, the load distribution between the north and south chords is 

56% and 44%, respectively. 
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5.3 Post Rehabilitation Testing 
  

Post rehabilitation testing was performed on the same open deck timber trestle 

railroad bridge in the summer of 2003.  Deflection and strain time data under static and 

dynamic loads for varying speeds were collected and reduced using the data acquisition 

system.  The data collected during the testing was used for comparative analysis with the 

data collected in the initial field testing.  This analysis was used to determine the effects 

of the GFRP composite wrap applied during rehabilitation.  Data plots of all pertinent 

information were developed for the evaluation of the static and dynamic response.  Areas 

of specific interest included: (a) chord deflection at mid-span, (b) load distribution 

between stringers and chords and (c) pile stresses.  Pile cap stress are not presented as in 

the initial testing due to malfunctioning of the uniaxial strain gages. 

 

5.3.1 Dynamic Amplification Factor (DAFs)  
The dynamic load behavior was evaluated for speeds of 5 mph, 10 mph and 15 

mph. Also, to obtain a comparison to the dynamic load effects, a static test was 

performed.  The maximum deflection obtained under static loading (δstat) and the 

maximum dynamic deflection for a particular speed (δdyn) were used to determine 

dynamic amplification factors (DAFs) for each chord.  Similarly, DAFs are calculated 

using the following equation: 

  

DeflectionStaticMaximum
DeflectionDynamicMaximumDAF =                                      (5.6) 

 

Both north and south chords were evaluated to find the maximum static deflection and 

the maximum dynamic deflection.  Figure 5.9 shows the DAFs calculated for three 

speeds on the north and south chords for Bridge 568. 
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Figure 5.9.  Dynamic Amplification Factors (at various speeds) due to deflection 

 

 From observation of the limited DAF data, it can be seen that a higher dynamic 

affect is measured with increasing speed in the North Chord.  This suggests that a 

dynamic amplification factor should be accounted for and used in design and analysis.  

The highest DAF recorded for bridge 568 (for the span tested) was 1.11 for the North 

Chord. 

There was no strengthening performed on stringers or chords prior to the post 

rehabilitation testing.  Variations in strain distribution from the initial field-testing to the 

post-rehabilitation testing may be attributed to pile bent foundation settlement and overall 

degradation due to excessive flooding.  The DAF data in the post rehabilitation testing 

differed slightly when compared with the DAF data in the initial field-testing.  South 

chord DAFs in the post rehabilitation testing exhibited a decreasing tendency for DAF 

from 5 mph – 10 mph.  A DAF of 1.05 was calculated for the 5 mph trial in both the 

initial testing and a DAF of 1.04 was calculated for the post rehabilitation test.  This 

indicates that the “chord action” of the south chord slightly decreased at a speed of 5 mph 

between initial and post rehabilitation testing.  The DAF of the south chord using 

deflection data in the initial testing was calculated to be 1.13 for the 10 mph trial.  For the 

same speed in the post rehabilitation testing, a DAF of 1.03 was calculated.  This 

indicates a decrease in the “chord action” during the post rehabilitation testing.  The DAF 
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from deflection in the post rehabilitation test from the 15 mph trial was calculated at 1.02, 

this is lower than the 1.12 DAF calculated from the 15 mph trial of the initial field-

testing.  This indicates decreased “chord action” in the south chord during the post 

rehabilitation testing. 

The dynamic effect experienced by the north chord during the post rehabilitation 

testing was similar to the recorded effect during the initial field-testing.  The 5 mph DAF 

in the post rehabilitation testing was calculated as 1.05, while the DAF at the same speed 

in the initial field test was 1.11.  A DAF of 1.08 was calculated for the 10 mph trial in the 

initial field-testing.  While a DAF of 1.11 was calculated for the post rehabilitation test.  

As for the 15 mph trial of the initial field testing a DAF of 1.12 was calculated for the 

north chord.  For this same speed in the post rehabilitation testing a DAF of 1.11 was 

calculated from experimental field data.   

An analysis was also performed based on the strains due to the dynamic load.  

The dynamic amplification factors based on strain were also calculated using an equation 

similar to that previously discussed: 

 

StrainStaticMaximum
StrainDynamicMaximumDAF =                                                 (5.7)          

 

 

 

The north and south chords were evaluated to obtain maximum static strain and the 

maximum dynamic deflection.  Figure 5.10 shows the DAFs calculated using strain for 

three speeds on the north and south chords for Bridge 568. 
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Figure 5.10.  Dynamic Amplification Factors (at various speeds) due to strain 

 

 A comparison of the DAFs due to strain show several similarities and differences 

between the strain distribution during dynamic testing in the initial field and the post 

rehabilitation testing.  The DAF due to strain calculated for the south chord from the 5 

mph trial of the initial field-testing was 0.66.  For the same speed of the post 

rehabilitation testing, the south chord DAF due to strain was calculated as 1.02.  The 

DAF due to strain of the 10 mph trial during initial field-testing was 0.64.  A DAF of 

1.02 was calculated for the south chord of the post rehabilitation testing at 10 mph.  At 15 

mph a DAF due to strain of 0.75 for the south chord, during initial field-testing was 

calculated, while a south chord DAF due to strain of 1.03 was calculated for the 15 mph 

trial of the post rehabilitation testing.  While the values of the DAFs between the initial 

and post rehabilitation vary, the trend is quite similar (i.e., the dAF for the 15 MPH is the 

highest in both cases). 

 The calculated DAFs of the north chord are significantly higher for all test speeds 

of the initial field-testing and than those calculated during the post rehabilitation testing.  

The calculated DAF for the 5 mph trial of the initial test is 1.18, whereas, the DAF for the 

same speed in the post rehabilitation test is 1.07.  The DAF for the north chord, 10 mph 

test of the initial field test is 1.1, as compared to 1.07 for the post rehabilitation value.  

The 15 mph DAF for the north chord during the initial field testing is 1.12.  For this same 
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speed the DAF for the north chord during the post rehabilitation testing was 1.08.  

Although, the DAFs from strain vary, the trend is also similar for the north chord.  The 

north chord DAFs are higher than the south chord DAFs.        

  

5.3.2 Chord Strains 
A comparative analysis of the north and south chord mid-span strains was also 

performed for each bridge under each individual load condition for varying speeds, i.e., 3 

mph, 5 mph, 10 mph, and 15 mph.  Figure 5.11 shows various plots generated to illustrate 

the associated strain distribution for span 4 of Bridge 568. 

 Stringers 1, 2, and 3 represent the south chord, while stringers 4, 5, and 6 

represent the north chord.  Figure 5.11 shows that the north chord (stringer 5) mid span 

strain is again higher than the south chord stringer strains for all velocities.  The 

maximum mid span strain for the north chord (stringer 5) was approximately 196 

microstrains under the 15 mph speed test. 
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SBVR Load Test - 80 Ton Locomotive 15 MPH
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SBVR Load Test - 80 Ton Locomotive 10 MPH
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Figure 5.11.  Bridge 568 Span 4 Strain Distribution 

 

5.3.3 Pile Strains 
Pile strains were also measured under various load tests.  Figure 5.12 shows the 

location of strain gages placed on the pile bent of span 4 of Bridge 568. 
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Figure 5.12  Post Rehabilitation Strain Gage Location 

 

A comparative analysis of pile strains was performed on Bridge 568 under each 

individual load condition and for all speeds.  Figure 5.13 shows various plots generated to 

illustrate strain distribution for the static load test and the dynamic load tests at velocities 

of approximately 3 mph, 5 mph, 10 mph, and 15 mph. 
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SBVR Load Test - 80 Ton Locomotive 3 MPH
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Figure 5.13.  Span 4 pile strain distribution (at varying speeds) post rehabilitation 

 

Figure 5.13 shows that the strain is considerably higher in the 1st pile (P1) in the 

instrumented pile bent.  The maximum strain recorded in P1 was 176 microstrains for the 

15 mph test. 

The maximum strain experienced within the piles during the post rehabilitation 

testing is lower than the maximum strain value during the initial field-testing.  As stated 

above, the maximum value of strain in pile 1 during the post rehabilitation testing was 

176 microstrains.  By comparison, the maximum strain value in the initial field-testing 

was recorded in pile 3 at 348 microstrain, i.e., a 50 percent drop in the maximum strain 

value and a shift in the maximum pile strain.  These numbers suggest a more even strain 

and load distribution throughout the rehabilitated pile bent.  During the initial field-

testing, pile 3 was sustaining a much higher level of strain than any of the other pile.  

This strain concentration may cause a failure within the pile bent.   In the post 

rehabilitation testing, the distribution of strain was more even throughout the piles and 
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the maximum strain was in pile 1 rather than pile 3.  This strain distribution decreases the 

chances that a failure due to strain concentration will occur within the pile bent.      

 

5.3.4 Chord Deflection 
Using the deflection data from both LVDTs, a general load distribution was 

assessed between the two chords.  This was made based on the assumption that the 

individual instrumented stringer deflection represents the actual deflection of the entire 

chord (i.e., each chord consists of three stringers bolted together) including the tie and 

nail.  Figure 5.14 shows a comparison of span 4 north and south chord midspan 

deflections for 3 mph, 5 mph, 10 mph, and 15 mph test locomotive vehicles.  Figure 5.14 

also shows that the north chord deflects more than the south chord for every load case.   

 

The maximum deflection for the north chord is 0.2465 inches at 5 mph, while the 

maximum static deflection for the south chord is 0.176 inches.  In general, the north 

chord deflected more than the south chord for static and various speeds.  The initial test 

maximum deflection in the north chord is 0.2203 inches during the 15 mph trial and the 

maximum deflection in the south chord is 0.2 inches during the 15 mph trial.   
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3 MPH - Deflection vs. Time - Bridge 568
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10 MPH - Deflection vs. Time - Bridge 568
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Figure 5.14.  North and South Chord midspan deflections post rehabilitation 

 

5.3.5 Pile Cap Strains 
 Due to a malfunction in the uniaxial strain gages, the pile cap stresses were not 

recorded during the post rehabilitation testing. 

 

5.4 Summary of Field Tests 
 
 The following summary of results from the field tests are: 
 

• The North and South chords of Bridge 568 are in reasonably good condition 

(NO significant checks or splits visible).  Pile-cap/Pile joints are in reasonable 

condition except for one, which was selected for repair.  Piles are in 

reasonably good condition also except for the one, which was also selected for 

rehabilitation. 
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• DAFs were computed using the static and dynamic deflection data.  DAFs 

increased with increasing speed during initial testing.   

• There was a direct correlation between increasing train speed and increasing 

DAF in the post rehabilitation dynamic testing.   

• Due to the existence of high dynamic amplification factors (>1) this suggests 

that a dynamic load factor needs to be included in the design and analysis of 

timber bridges. 

• Strains in the pile and pile cap under the north chord were also higher than the 

corresponding south chord values, for both the initial and the post 

rehabilitation field tests. 

• Rehabilitation of a deteriorated pile cap/pile connection with GFRP composite 

materials can provide improved strain (i.e. stress) distribution within the 

substructure of a timber railroad bridge. 
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Chapter 6.  Conclusions and Recommendations 
 

6.1 Introduction 
This chapter presents conclusions and recommendations based on the finding of 

the laboratory and field-testing performed in Phase II of the current research.     

6.2 Conclusions 

6.2.1 Field Testing 
• Fifty-year-old timber railroad bridges perform well under static and dynamic 

loading. 

• Static and Dynamic tests were conducted using an 80 ton locomotive 

• DAFs for the North and South Chords from deflection and strain data were 

computed. 

• The presence of a combination of low and high density stringers, such as the 

stringers tested in the laboratory testing, within timber railroad bridges may 

cause load distribution issues throughout the bridge 

• Existence of dynamic amplification factors (>1) suggests that a dynamic load 

factor needs to be included in the design and analysis of timber bridges. 

• Data collected during the 10 mph initial field test may be erroneous. 

• Span 4 of SBVR Bridge 568, Moorefield, West Virginia was rehabilitated 

using GFRP composite materials.  The rehabilitation involved one "pile 

cap/pile" joint and one above ground pile.  A step-by-step procedure for the 

wet hand-lay up was presented.  The procedure included sequential steps to 

properly repair "pile cap/pile" joints.  Also, a detailed procedure for the repair 

of a damaged above ground timber pile was presented. 

• Rehabilitation of a deteriorated pile cap/pile connection with GFRP composite 

materials can provide improved strain (i.e. stress) distribution within the 

substructure of a timber railroad bridge. 

• The in-situ rehabilitation of timber railroad bridges with GFRP composite 

materials provides a viable alternative which is quick and easy to install when 

compared with conventional methods of railroad bridge repair. 
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• GFRP composite fabric in combination with phenolic formaldehyde adhesives 

was found to perform well in harsh environmental conditions. 

• GFRP composite material bond adequately to creosote treated timber.  

 

6.2.2 Laboratory Experiments  
• The primer/resin combination used during the laboratory experiments bonded 

well with creosote treated timber stringers. 

• Using GFRP composite materials to repair as well as strengthen previously 

failed beams allows the recovery of 55 – 60 % of the initial strength. 

• GFRP composite repaired beams failed in bending displayed greater ductility 

prior to failure when compared to control specimens.  

• Repaired beams failed in bending displayed a drop in bending flexural rigidity 

(EIbending) of 37 – 71 % and a drop in experimental flexural rigidity (EIexp) of 

20 – 57%. 

• A transformed section analysis was conducted to determine the transformed 

shear modulus and flexural rigidity of the repaired specimens.  Comparative 

analysis was used to evaluate the effects of the GFRP fabric rehabilitation 

applied at the location of maximum moment (Figure 3.14) and occurrence of 

maximum shear (Figure 3.22)   

 

6.3 Recommendations 
• A horizontal load test of the rehabilitated pile cap joint to determine the 

effectiveness of the repaired joint using GFRP. 

• Strengthen timber bridge substructure joints and other superstructure members 

utilizing alternative application methods of GFRP materials such as non-

atomizing application spray gun with chopped fibers 
• A laboratory testing program of full-scale timber stringers failed and repaired 

utilizing alternative wrapping methods  
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