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EXECUTIVE SUMMARY 

Five cast-in-place concrete T-beam bridges – Eustis #5341, Whitefield #3831, Cambridge #3291, 
Eddington #5107, and Albion #2832 – were live load tested. Revised load ratings were computed 
either using test data or detailed analysis when possible. In four of the five bridges, increases in 
rating factors were made through analysis alone. The Cambridge bridge was shown to have HL-
93 operating rating factors greater than 1.0 for both shear and moment without testing.  
Additionally, gains are presented for two of the five bridges (Eustis and Whitefield) where test 
data was used to compute an adjustment factor K for midspan bending, where the revised rating 
factor equals K x RF.  Adjustment factors were found to be 1.61 and 1.24 for Eustis and 
Whitefield, increasing their flexural rating factors to 1.14 and 1.06 if accepted by the Maine 
DOT.  Similarly, our analyses indicate that Eustis has a rating capacity greater than 1.0 for shear. 
While Whitefield has a rating factor greater than 1.0 for shear at the supports, the rating factor 
for shear near the termination of the bent-up reinforcing is 0.48 based on our analyses. 

Low loads used in the live load tests of both Albion and Eddington, where only one truck was 
provided on site, preclude the development of revised rating factors based on the test data. 
However, both of these structures did exhibit better-than-expected live load distribution. Further, 
analysis of the Albion bridge indicates that the consultant-provided load ratings for this structure 
can likely be increased significantly. 
Use of the these revised load ratings, live load test data, and extrapolation of these results to 
other structures is at the sole discretion of the bridge owner. 
 

REVIEW OF EXISTING LOAD RATING OF WHITEFIELD, EUSTIS 
& CAMBRIDGE BRIDGES 

Independent load rating analyses of an interior girder were conducted for Whitefield #3831, 
Cambridge #3291 and Eustis #5341. These analyses were outside the scope of UMaine’s planned 
work, but were necessary in light of the measured response of the structure observed during live 
load testing as described later in this report and conservatism in the load rating reports provided 
to UMaine. Major features of the rating analysis are summarized as follows: 

1) The plans for Whitefield show a bridge length of 92’ from abutment CL bearing to 
abutment CL bearing, and an overall length of 46’-7” for each span. Our field visit 
indicated that the beams are in full contact with the cap at the intermediate pier. 
Assuming a 6” bearing length at the intermediate pier, using the ½ pier width of 27”, and 
taking into account the 1” chamfer at the pier gives a span length of 46’ – 27” + 1” + 6”/2 
= 44.08’. 

2) The plans for Cambridge show a clear span of 25’ from abutment face to abutment face, 
and our field visit indicates full bearing between the girders at each abutment. This 
justifies a span length of 25’-6”. 

3) The earlier ratings of the Whitefield, Cambridge and Eustis bridges did not account for 
existing bent-up longitudinal reinforcing when calculating the shear capacity near the 



UMaine Composites Center Report 15-12-1143 

 
UMaine Composites Center  Telephone:  207-581-2123 
35 Flagstaff Rd                                                                            FAX:  207-581-2074 
University of Maine 4 composites@umit.maine.edu 
Orono, ME 04469  www.composites.umaine.edu 

 

 

supports. The bent-up longitudinal reinforcing was hooked for both Whitefield and 
Cambridge, although it was not hooked at Eustis. 

4) Following from point (3), the critical location for shear may be located just after the pair 
of bent-up longitudinal reinforcing bars located furthest from the support, since at that 
point the stirrup spacing is larger than near the support while live and dead load shear 
remain significant. 

5) In the case of the Cambridge structure, existing rating calculations assumed 1 in diameter 
round bars for the flexural reinforcing, whereas the plans show 1 in square bars. The 1 in 
square bars have significantly more cross-sectional area. 

6) The live load test results from the summer of 2013 indicate that the concrete wearing 
surface of the Whitefield structure contributes to the stiffness of the bridge under live 
loading and effectively increasing the deck thickness. This additional deck thickness 
cannot be used in strength calculations since it is not effective for self-weight. However, 
it is justifiable to include the wearing surface as additional deck thickness when 
computing the live load distribution factors, which are stiffness- and not strength-driven. 

Copies of the UMaine rating calculations for the three bridges are provided in Appendix 1. The 
results of the analyses are summarized and compared with the existing ratings in Table 1. 
 

Table 1: HL-93 Operating Rating Factors for Interior Girders Based on Analysis 

Structure 
Mid-span Moment Shear at support Shear at bent-up bar 

termination 

UMaine 
RF 

Existing 
RF 

UMaine 
RF 

Existing 
RF 

UMaine 
RF 

Existing 
RF 

Whitefield 0.85 0.58 1.00 0.36 0.48 NA 

Cambridge 1.19 0.62 1.38 0.77 1.59 NA 

Eustis NA 0.71 1.05 0.42 0.96 NA 

 
The results in Table 1 indicate that the interior beams of both structures have significantly more 
capacity than the original ratings predict. Indeed, the HL-93 operating RFs for the Cambridge 
bridge interior girder are all greater than one. However, the Whitefield bridge still has a very low 
(0.48) rating factor for shear at the termination of the last pair of bent-up longitudinal bars. This 
rating factor is lower than for Eustis and Cambridge because of the use of small (#3) stirrups at a 
large spacing at Whitefield relative to the other two bridges. 
Based on our independent load rating for an interior beam of these structures, it is recommended 
that a MaineDOT bridge engineer review these ratings and supporting calculations to assess their 
accuracy. In particular, the shear rating factors calculated by UMaine may be unconservative for 
Eustis since the bent-up bars are not hooked.  
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ANALYSIS OF LIVE LOAD TEST DATA 

A quantitative analysis of the live load data has been performed for Eustis, Whitefield, 
Eddington and Albion as described here. The live load test data for Cambridge is not critical 
since results presented in the last section show that it is structurally sufficient. 
EUSTIS #5341 
The Eustis bridge was tested in May, 2014 with four loaded dump trucks to ensure at least one T-
beam structure was tested under a heavy load. Calculations show that the moment produced by 
the four-truck loading was approximately 87.5% of that produced by an HL-93 loading with 
impact (truck + lane). 

The measured strains have several key features. First, the strain response varied nearly linearly 
with increasing load up to the full four-truck load. Second, the measured strains are typical of an 
uncracked section, even under a four-truck loading. Third, the distribution of mid span strains 
among the five girders indicate more equal load sharing among the five girders than predicted by 
the AASHTO distribution factor. 
The maximum measured flexural tensile strain (εt) at an interior girder was 87.8 µε, which is 
significantly less than the maximum calculated strain (εc) of 195 µε for an uncracked section. 
The calculated strain conservatively assumes a concrete strength of 5000 psi which is twice the 
nominal value of 2500 psi. The use of a larger-than-specified value for concrete strength is 
conservative because it leads to a larger calculated elastic modulus and therefore a lower 
calculated strain. 
The AASHTO Manual for Bridge Evaluation (MBE) permits a calculated rating factor to be 
increased if certain conditions are met. Given that the applied load effect exceeded 0.7 times the 
maximum rating load effect, but not assuming that the results can be safely extrapolated to 1.33 
times the HL-93 rating vehicle because of the likelihood of concrete flexural cracking at higher 
loads, the moment rating factor can be scaled by K as computed below. 

61.11
8.87

1955.0111 =⎟
⎠

⎞
⎜
⎝

⎛ −×+=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−×+=

t

c
bKK

ε
ε  

This implies that the rating factor for flexure at midspan can be increased from 0.71 to 1.14 for 
Eustis. 
WHITEFIELD #3831 
The Whitefield bridge was tested during the summer of 2013 with two loaded dump trucks. As 
with the Eustis bridge, the measured strains are typical of an uncracked section. Calculations 
show some conservatism in the AASHTO load factors, but less than was inferred for Eustis. This 
is likely because the Eustis exterior girders were affected by a large area of integral concrete 
sidewalk, which gave them a large stiffness relative to the interior girders. The maximum 
measured strain at Whitefield was 51.9 µε, which is only slightly less than the peak strain of 53.1 
µε measured at Eustis under a two-truck loading. The computed strain for this condition was 77.1 
µε, conservatively assuming 5000 psi concrete as done with Eustis. 

Calculations indicate that the moment produced by the two-truck loading at Whitefield was 
approximately 55% of that produced by an HL-93 loading. If results cannot be reliably 
extrapolated to 1.33 times the HL-93 loading, AASHTO does not permit the rating factor to be 
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increased based on strains measured at this load level. However, given the similarity in response 
and construction details between Whitefield to Eustis, it is reasonable to assume that if four 
trucks had been used to load Whitefield, strains would have increased linearly when compared to 
the two-truck loading. Given this assumption, the rating factor modifier K can be computed as 
shown below. 

24.11
9.51
1.775.0111 =⎟
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This implies that the rating factor of 0.85 for flexure at midspan can be increased to 1.06 for 
Whitefield. 
EDDINGTON #5107 
The Eddington bridge was the first test of the T-beams during the summer of 2013. This bridge 
had two widenings and was under construction to repair the railing on each side of the bridge at 
the time of testing.  While two loaded dump trucks were requested for load testing, only one was 
provided on the day of testing, and the structure was tested with only one loaded dump truck. 
The test vehicle moment ratio to the HL-93 loading with impact is 0.56. This loading is not high 
enough to allow the calculation of a rating adjustment factor as done for Eustis and Whitefield, 
and Kb for this case would be zero assuming behavior could not be extrapolated to 1.33 times the 
design loading for the bridge. However, the data do allow general behavior of the structure to be 
inferred as detailed below. 
 

 
Figure 1: Loading of Eddington bridge showing extent of construction 

Peak strains of 14 µε were seen in the centerline T-beam at midspan when the truck was centered 
in the road. This is roughly half the strain observed during single truck loading of the Eustis 
bridge (30 µε).  Eddington has fill over the concrete structure of roughly 3’-6” in depth and T-
beam spacings of 5’-2” versus 7-10” at the Eustis bridge. 
Load distribution was investigated with peak strain data for the load case where the truck was on 
the outside of the lane.  In this case, peak strains on the first two interior girders were nearly 
identical and the exterior girder was lower.  The next two interior girders were not instrumented 
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and a clear picture of load distribution cannot be inferred. However, if it is assumed all the load 
from the single truck was carried by these three girders (exterior and first two interior) and 
distributed by their relative stiffnesses as assumed in the analytical solution, we can develop a 
general comparison for the conservatism in the analytical load rating based on load distribution.   

Using uncracked, transformed section moduli of the interior and exterior girders of the widened 
section assuming a 5000psi concrete strength and the measured strains, moments can be inferred 
from the test data.  It should be noted that calculated section moduli for the interior girders as 
part of this analysis were approximately 22% higher than those reported by Erdman Anthony 
(10/26/2010) where the transformed tension reinforcement was not taken into account (n = 1).  
Using the larger value and the following equation, the moment in the girder can be computed.   

xctest SEM ε=  

All three girders on the Southerly side shown in Figure 2 showed between 31% and 48% of the 
moment calculated using the total truck load applied to the three girders as computed analytically 
(see Appendix D). Table 2 gives a summary of strain. 

 

 
Figure 2 – Plan of bridge with maximum strain values 

 
  

N 
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Table 2: Summary of strain data collected 

Truck Position Cross Section Max Strain 

(µε) 

Min Strain 

(µε) 

Y1 5 13.2 -4.9 

Y2 4 13.8 -4.5 

Y3 3 7.7 -2.7 

Y4 3 12.0 -3.9 

Y5 3 11.0 -3.6 

Y6=Y1 5 13.6 -5.5 

 

Eddington Summary 
An explicit rating factor adjustment could not be calculated due to the low loading of the bridge 
during the test, but test data showed greater load distribution than accounted for in analytical 
solutions.  Using test data and uncracked, transformed section moduli for the girders, and 
assuming the loading scenario shown in Figure 2, the girders each appear to receive between 
30% and 48% of the moment produced by a single truck. 

 
ALBION #2832 
The Albion bridge was tested in August 2013 with a single truck.  Two trucks were required here 
to give adequate results for revising load ratings with test data, but only one truck arrived on the 
site.  This bridge was widened in 1949 with a pie shaped, three girder section on the upstream 
side.  Drawings were provided for this portion of the bridge only.  Road alignment was now 
skewed to all girders except the exterior upstream girder.   
A review of rating factor calculations was also performed for this bridge and is presented below 
for flexure.  The points that we feel are more accurately represented in our calculations are listed 
below. 

1. The area of reinforcing used in the calculations provided uses round bars where 
square bars as referenced in 1949 drawings.  This increases the area of flexural 
reinforcement in the calculations by approximately 26.6%.   

2. Distribution factor for pie shaped section uses the maximum spacing of the girders.  
Using the girder spacing at midspan where the loading maximizes moment may better 
represent the actual cross section resisting load.  This reduces the distribution factor 
from 0.624 to 0.526.   

3. The centroid of reinforcing bars used in calculations is approximately 1.5 inches 
higher than shown in drawings reducing the depth of the bending section.   

With these changes, a new operating flexural rating factor with loads calculated from EA in 2010 
is calculated to be 0.77 where the EA value was 0.31 for the centerline interior girder where the 
fill depth is approximately 12 inches.  Shear calculations were not reviewed, but it can be 



UMaine Composites Center Report 15-12-1143 

 
UMaine Composites Center  Telephone:  207-581-2123 
35 Flagstaff Rd                                                                            FAX:  207-581-2074 
University of Maine 9 composites@umit.maine.edu 
Orono, ME 04469  www.composites.umaine.edu 

 

 

expected that an increased bar area with the inclusion of bent bars would increase the shear 
rating factor.   

A summary of peak strain data for each transverse truck position is given in Table 3.   
Table 3 – Summary of Strain Data from Albion Bridge 

Truck 
Position 

Cross 
Section 

Max Strain 
(microstrain) 

Min Strain 
(microstrain) 

Y1 3 19.1 -4.0 
Y2 4 19.8 -4.2 
Y3 5 17.8 -5.3 
Y4 5 17.9 -4.8 
Y5 1 16.4 -5.8 

 

The peak strain at midspan of the first interior girder that was analyzed by EA (2010) and 
reviewed above is shown in position Y1 as 19.1 µε.  Assuming an uncracked section and '

cf  of 
5000 psi this gives an inferred moment of 48.2 kip-ft (Sx = 7,445 in3).  This moment is 19% of 
moment caused by the test truck with distribution factor for this cross section (Mtandem x DF with 
no impact). 

Two factors were identified that would contribute to the reduced bending moment in the girder.  
First, the fill over the deck helps distribute the load.  While AASHTO specifies that fill depths 
less than 2 feet be neglected, the fill still contributes to load distribution.  Second, with the 
exception of the exterior girder, the test vehicle traveled at a skew of about 10 degrees relative to 
the girders.   
An explicit adjustment to the rating factor is not included due to the low loading.  Loading levels 
during this test are very similar to the single truck load cases at the Eddington and Eustis bridges.  
Recorded strain levels are very similar as well.  Extrapolating results based on test data for other 
structures may done at the discretion of the MaineDOT, but is not presented here.  Additional 
details of the test and data is presented in Appendix E. 
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APPENDIX B – EUSTIS BRIDGE TESTING 

The Eustis bridge was tested in 2013 with one truck and then retested in 2014 with up to four 
trucks.  A summary of the loading, instrumentation and representative data is presented for the 
2014 test only.   
TEST PLAN 

Three series of tests were conducted with one, two and four trucks with trucks either rolling 
across the bridge at a slow speed or static positions (4 trucks).  The bridge was closed to all other 
traffic when data was collected. Truck weights, dimensions, and positions during the four truck 
loading case are presented in Appendix A.  Lane positioning for the single and two truck load 
cases is given in Figure B1 and Figure B2.  These two load cases had the trucks starting off the 
bridge and then travelling across the bridge at a slow speed (approximately 3-5 mph).     

 
Figure B1 – Truck lane position during single truck loading 
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Figure B2 – Lane position for two truck loading 

INSTRUMENTATION 
Twenty-four strain transducers were used during the testing of the Eustis bridge.  They were 
located in groups of three at a given cross section and are shown in Appendix A.  Gages used 
extensions as shown in Figure B3 to average any effects of cracks in the concrete.   

 
Figure B3 – Installed gage on bottom of T-beam with 21” extension 



UMaine Composites Center Report 15-12-1143 

 
UMaine Composites Center  Telephone:  207-581-2123 
35 Flagstaff Rd                                                                            FAX:  207-581-2074 
University of Maine 48 composites@umit.maine.edu 
Orono, ME 04469  www.composites.umaine.edu 

 

 

REPRESENTATIVE DATA 
Plot of strain data from the two and four truck loading can be seen in Figures B4 and B5 where 
strain (microstrain) is plotted versus time from the start of the test.  The test software 
automatically zeroes the data. 

 
Figure B4 – Chart of strain during two truck loading 
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Figure B5 – Chart of strain during four truck (static) loadings 
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APPENDIX C – WHITEFIELD BRIDGE TESTING 

TEST PLAN 
The bridge in Whitefield was tested in 2013 with one and two trucks similar to previous bridges.  
Loading and instrumentation was directed to evaluate load distribution.  Test vehicle information 
can be seen in Figures C1 and C2.   

 
Figure C1 – Truck weight and dimensions 
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Figure C2 – Truck weight and dimensions 

Single truck lane positions for five tests are shown in Figure C3. Two truck load cases were 
symmetric about the centerline of the bridge and have the trucks on the outer and inner positions 
of each lane as shown in Figure C4.  The second two truck load case had both trucks side by side 
as shown in Figure C4 except they were 2 ft outward from the centerline to the inside of the rear 
dual wheels.   
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Figure C3 – Single truck truck positions during tests 1-5 

 
Figure C4 – Two truck lane position during test Y6 (2 ft from curb). 
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INSTRUMENTATION 
Instrumentation was concentrated in the northerly span.  All four girders were instrumented at 
midspan with three gages across the height of the cross section. Similarly two girders were 
instrumented at the quarter points of the eastern exterior and first interior girder.  Two girders 
were instrumented at their quarter points in the southerly span as seen in Figure C5.  Gages were 
located on the bottom of the section, 23 inches up the web and on the underside of the deck.  
 

 
Figure C5 – Gage locations during Whitefield bridge test 

  
REPRESENTATIVE DATA PLOTS 

Representative plots of strain versus front tire position on the bridge are given in Figure C6 and 
C7. Similar plots plots are available for all other gages.   
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Figure C6-Test Y1 Bottom Sensors (Note – Gage B3055 was found debonded when removed 

after test.  It appears to not record any measurement during the testing). 

 
Figure C7-Test Y7 (two trucks) Bottom gages  
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APPENDIX D – EDDINGTON BRIDGE CALCULATIONS AND TEST 
PLAN 

CALCULATIONS 
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TEST PLAN 
One truck was used to load the available portion of the Eddington Bridge as construction was 
being done on headwalls and railings on the southerly side of the bridge.  The instrumentation 
and loading plan was adjusted the day of the test to concentrate on the northerly half of the 
bridge.   
The single truck on site was weighed and measured as shown in Figure D1.   

 
Figure D1 – Truck weight and dimensions 

Truck lane positions during the test are shown in Figure D2.  
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Figure D2 – Truck lane positions during tests 

INSTRUMENTATION 
Twenty-four strain transducers were used during the test of the Eddington Bridge.  They were 
concentrated toward the northerly half of the bridge as shown in Figure D3 where each cross 
section shown has three gages, one on the bottom of the web and deck and one at mid height of 
the web.   
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Figure D3 – Gage locations 

REPRESENTATIVE DATA PLOTS 

A representative plot of strain versus front tire position on the bridge is given in Figure D4. 
Similar plots are available for all other gages. 

   
Figure D4 – Plot of strain during 1st test versus front tire position.   
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APPENDIX E – ALBION BRIDGE CALCULATIONS AND TEST 
PLAN 

TEST PLAN 

One truck was used to load the Albion bridge in lane positions parallel to the road alignment.  
The truck weight and dimensions and lane positions during the test can be seen in Figures E1 and 
E2.   

 
Figure E1 – Truck weight and dimensions 
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Figure E2 – Truck lane position during each test (Y1-Y5) 

 

INSTRUMENTATION 
Twenty-four strain transducers were used to collect strain date during the Albion bridge. They 
were grouped with three gages across the height of the cross section on the bottom of the T-beam 
and deck and at 22 inches up the height of the web. Individual gage locations can be seen in 
Figure E3.  Gages were used with 21 inch extensions as seen previously in Figure B3.   
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Figure E3 – Gage positions during Albion bridge test 

REPRESENTATIVE DATA PLOTS 
A representative plot of strain versus front tire position on the bridge is given in Figure E4. 
Similar plots are available for all other gages. 
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Figure E4 – Strain versus front tire position for  Cross section 6 
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