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Executive Summary

Five reinforced T-beam bridges were tested during the summer of 2017 by the University of Maine
(UMaine) as part of this program for the Maine Department of Transportation (MaineDOT):

o wNh e

Canton No. 3356 School Street over Whitney Brook,

Peru No. 5432 Ridge Road over Spears Stream,

Jackson No. 3776 Village Road over Marsh Stream (North Branch),
Alna No. 2130 Route 218 over Carlton (Trout) Brook,

Franklin No. 3307 Route 200 over Card’s Mill Stream.

Revised load ratings were computed using data collected during live load testing. Details of bridge
instrumentation, load cases, and strain plots for each bridge are provided in Appendices A.1to A.6
inclusive. The results of the tests and analyses are summarized below and are compared with the
existing ratings. Use of 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.

1.

Canton No. 3356: On July 11, 2017, maximum applied loading produced 75% of HL-93
flexural service load with impact. The rating factors per AASHTO were 0.98 for interior, 2.48
for the original exterior girder, and 0.28 for the extended exterior girder. The extended exterior
girder made this span the lowest capacity bridge tested. Applied loads were greater than the
predicted capacity. Not surprisingly, measured extended exterior girder strains were the highest
for any of the bridges and had the smallest compressive strength window for uncracked
behavior. Using the provisions of the AASHTO Manual for Bridge Evaluation (AASHTO
2012), the rating factor for HL-93 was increased to 1.39 for the interior girders, 2.48 for the
original exterior girder, and 0.30 for the extended girder.

Peru No. 5432: On July 13, 2017 87% of HL-93 flexural service loading with impact was
produced from maximum loading. This was the highest loading for all bridges. The live load
rating factors per AASHTO were 0.75 for the interior girders and 2.04 for the exterior girders.
Overall, the strains measured at this bridge were highest, although it still exhibited uncracked
section behavior. Rating factors were increased for this structure to 1.10 for interior girders
and 2.55 for exterior girders, bringing this bridge to an acceptable operating flexural rating.
Jackson No. 3776: On July 18, 2017 70% of HL-93 flexural service loading with impact was
produced for this under maximum loading. The initial rating factors per AASHTO were 0.69
for interior girders and 2.08 for exterior girders. Fairly low strain was produced compared to
other bridges in the group due to the relatively small percentage of HL-93 loading, but rating
factor increases were still allowable and uncracked section behavior was observed. Live load
testing results allowed the rating factors to be increased to 1.20 for interior girders and 2.40 for
exterior girders, bringing this bridge’s flexural rating factors to acceptable values.

Alna No. 2130: On July 20, 2017 75% of HL-93 service flexural loading with impact was
achieved under maximum applied load. This structure had near-acceptable AASHTO
calculated rating factors of 0.92 for the interior and 1.01 for the exterior girders. Uncracked
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section behavior was observed, and rating factor increases to 1.28 and 1.98 for interior and
exterior girders, respectively, were justified, bringing this bridge’s flexural rating factors to
acceptable values.

Franklin No. 3307: On July 25, 2017 maximum applied loading produced 84% of HL-93
service flexural loading with impact. This bridge exhibited very low strains as compared with
those predicted, exhibiting uncracked behavior and justifying rating factor increases from 0.92
and 2.78 to 1.61 and 5.03 for interior and exterior girders respectively. These increases brought
this bridge’s flexural rating factors to acceptable values.

1 Bridge Testing Program
Five reinforced concrete T-beam bridges were tested during the summer of 2017 as part of this
program:

IEESIR A

Canton No. 3356 School Street over Whitney Brook,

Peru No. 5432 Ridge Road over Spears Stream,

Jackson No. 3776 Village Road over Marsh Stream (North Branch),
Alna No. 2130 Route 218 over Carlton (Trout) Brook,

Franklin No. 3307 Route 200 over Card’s Mill Stream.

All bridges were instrumented with a strain measuring system, loaded with heavy trucks, and then
analyzed to determine whether it was reasonable to change the bridge rating factors based on the
test results. These bridges were all constructed between 1936 and 1950, and were originally
designed as simply supported with nominal concrete compressive strength of 2.5 ksi. The primary
objective of this study was to determine more appropriate live-load rating factors for these bridges
and to determine actual live load distribution factors. Recommendations for rating factor
modifications are made based on the observed and computed response of these structures.
Characteristics of the bridges tested and analyzed in this study are summarized in Table 1.

Table 1: Bridge Characteristics

Bridge Canton | Peru | Jackson | Alna | Franklin

Number 3356 5432 | 3776 | 2130 3307

Year Built 1936 1950 1941 | 1939 1941

Span - Center to Center of Bearings (feet) 27.50 4050 | 31.00 |27.00| 43.08
Number of Girders 6 5 5 4 5

Girder Spacing (in) 675595 | 76 68.63 | 72,70 | 68.75

Total depth (in) 28.00 |35.75| 30.50 |33.00| 31.00
Girder web thickness (in) 185,14 | 20.0 19.5 16,12 19

Slab Thickness (in) 6.50 5.75 5.50 8.00 5.75
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1.1 Instrumentation

The strain measurement system utilized in this research was the Wireless Structural Testing
System (STS-Wi-Fi) produced by Bridge Diagnostics Inc. (BDI). The system used a mobile base
station to communicate with up to 6 nodes, with up to 4 strain transducers connected to each node.
This system communicated with a dedicated laptop running BDI-specific WinSTS data acquisition
software. A sample setup in the field is shown in Figure 1, with strain sensors mounted under the
bridge at mid-span connected to battery operated wireless nodes. The sensors used in these tests
were equipped with extensions which are also visible in Figure 1. These extensions increased the
gauge length of the transducers so as to minimize the effect of local stress concentrations and
concrete cracks. A schematic of the entire network is shown in Figure 2 including strain and
displacement sensors, wireless nodes, the wireless base station, autoclicker, and the data recording
laptop.

Figure 1: Typical strain sensor mounted under bridge, equipped with extension

Personal
Compurter
V)
[ ——] Sa-ﬂ
\Sjj Command —_ f: ,;N
T Dawm K\( W
STS-WiFi
Base Statlon

Senscrs

Figure 2: BDI STS-Wi-Fi network setup for bridge sensor setup.
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Strain transducers were mounted under the bridges using a MaineDOT Under Bridge Inspection
Truck (UBIT) as shown in Figure 3. The sensors were mounted to the girders by first grinding the
concrete to be as flat as possible, then using LOCTITE 410 rubberized instant adhesive with
LOCTITE SF7453 accelerant to attach the strain transducer mounting tabs to the cleaned concrete.
All structures had three strain gages mounted to each girder at midspan - one to the bottom of the
slab, one at mid-depth of the web, and one at the web bottom face at mid-span - to give a complete
picture of load distribution and peak flexural strains in each girder type: center, interior non-center,
and exterior. Strain transducers were also installed near the ends of selected girders (generally
exterior and central girders as the number of remaining transducers allowed) to determine the
extent of any rotational restraint at the supports. Strain sensor layout varied slightly for some
bridges, with individual sensor layouts shown in the appendices A.2.2 for Canton, A.3.2 for Peru,
A.4.2 for Jackson, A.5.2 for Alna, and A.6.2 for Franklin.

Figure 3: MaineDOT UBIT used to install sensors

1.2 Loading

The vehicles used for this testing were Maine DOT standard three-axle dump trucks, and/or three-
axle trucks provided by contractors, as shown in Figure 4. Each truck wheel or pair of wheels was
weighed using state patrol certified portable scales as shown in Figure 5. VVarious load cases were
applied to each bridge, with each test given a specific identification code with the format: “Test
Configuration_Test Position_Test Number”. Test configurations included two trucks, one in each
lane (“SBS”), two trucks in a single lane (“BTB”), four trucks, two in each lane arranged to
produce maximum moment (“MAX?”), and four trucks, two in each lane arranged to produce less
than maximum moment (“ALT”). Test positions included load close to the first curb (*1”), load
close to the bridge centerline (“2”), and load close to the opposite curb (*3”). Test number refers
to the test index if a certain load case was repeated. In most cases at least three tests were completed
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for each configuration, one in each position, with the test in position “1” performed twice to verify
repeatability. Not all bridges were subjected to all load cases.

Figure 5: State highway patrol certified portable truck scales used to verify vehicle weight for
each test

1.3 Typical Results

Results from a representative test of one of the five bridges are presented in this section to overview
the general trends seen. Jackson No. 3776 had typical geometry and results for all test
configurations. Figure 6 shows a time history of the strains measured at midspan of the center
girder during the MAX_2_1 test, and Figure 7 shows a time history of the strains recorded at the
ends of the same girder during the same test. In this test, trucks were backed onto the bridge
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sequentially and came to rest such that two trucks were arranged back to back in each lane, with
their rear tandem wheels spaced approximately symmetrically about the midspan, with the trucks
in the two lanes spaced about symmetrically with respect to the striped centerline, thereby
maximizing applied moment. When all position measurements had been taken, the trucks were
then removed from the bridge in reverse order. This sequential loading is seen in the strain plateaus
in Figure 6 which clearly demark a truck backing onto, or pulling off the bridge. This figure also
demonstrates the typical linear response to flexure seen across all bridges. The sensor at the section
bottom recorded modestly high positive (tensile) strain at the maximum strain plateau, while the
sensor at the top of the section recorded very small compressive strains and the sensor at the mid-
depth of the section roughly split the difference. This strain distribution across the section indicates
that section’s neutral axis lies in the web, close to the bottom of the slab. The location of the neutral
axis within the section, as well as the relatively low strains recorded, indicate that the section
behaves as uncracked under test loading and has not experienced significant flexural cracking due
to prior loading. Figure 7 shows the typical behavior of girder ends. At both ends of the girder, the
bottom of the section experiences small tensile strains while the top of the section experiences very
small compressive strains, mimicking the strain distribution at midspan. This indicates that very
little, if any, unintended end restraint is present.

Strain, Girder 3

I I I
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50 | Bottom Sensor
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30 | 4

20 L .
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10 |- 4

———— ———
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Figure 6: Jackson No. 3776 — MAX_2_1, center girder strains at midspan
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Strain at Girder Ends, Girder 3, Test MAX, Test 1, Position 2
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Figure 7: Jackson No. 3776 — MAX_2_1, center girder strains at ends

1.4 Analysis Methodology

1.4.1 Analysis Overview

Material properties, load and resistance factors, and design live loads were taken from or calculated
as specified in the AASHTO Manual for Bridge Evaluation and used with field-measured
geometry to determine original nominal rating factors for each of the bridges. Bridges were then
tested using heavily loaded trucks and strains were measured and correlated with these applied
loads. Resulting strains from live load testing were then used to verify cracked/uncracked behavior
and compute distribution factors determined from live load testing and modified rating factors.
These calculation sheets are included in the appendices of this report. Appendix A.2.5 contains
calculations for Canton No. 3356, A.3.5 pertains to Peru No. 5432, A.4.5 corresponds to Jackson
No. 3776, A.5.5 is for Alna No. 2130, and A.6.5 is for Franklin No. 3307.

1.4.2 Bridge Characteristics

First, necessary parameters were defined for use in calculations. These included material properties
for each bridge, as well as general bridge geometry (i.e. span length, girder section properties, and
reinforcement layout and geometry). These were taken from each bridge’s most recent available
rating report or were based on minimum material properties specified by the AASHTO Manual
for Bridge Evaluation. Dead load moments were determined from the bridge geometry and typical
unit weights as specified in AASHTO Manual for Bridge Evaluation.

1.4.3 AASHTO Distribution Factors

Distribution factors for moment for interior and exterior girders are calculated based on in-situ
measured bridge characteristics along with nominal values for dimensions that were not possible
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to verify in the field in accordance with AASHTO LRFD Bridge Design Specifications. All live
load distribution factors for moment are taken assuming cross-section “e” from Table 4.6.2.2.1-1
and “Cast-in-Place Concrete Tee Beam, Monolithic concrete.” For moment on interior beams this
IS per Table 4.6.2.2.2b-1, with all ranges of applicability met. For the exterior girder moment
distribution factors are per Table 4.6.2.2.2d-1, with all ranges of applicability met.

1.4.4 AASHTO Live Loads with Impact

1.4.5 AASHTO live loads with impact (LL + IM) per lane were determined as the
maximum load effect with HL-93 per (6A.2.3) and AASHTO LRFD Design 3.6.1.2
and 3.6.2. This includes the worst case of truck or tandem loading with lane loads
and impact as applicable. Girder moment was calculated based on this load and the
AASHTO Distribution Factors calculated as described in section 1.4.3 of this
report. AASHTO Rating Factor

Flexural rating factors are computed per AASHTO Manual for Bridge Evaluation (6A.4.2.1-1)
with terms as defined in that section. Values specific to the bridges in this study are as shown in
Equation 1. The live load per lane computed according to section 1.4.4 of this report with impact
was multiplied by the AASHTO distribution factors as described in section 1.4.3 of this report. It
should be noted that only flexural rating factors were computed as bridges were not instrumented
to determine effects of shear. This implies that shear rating factors could not be improved based
on measured strains.
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_ C—YpcDC —ypwDW *ypP
YL (LL + IM)

RF Equation 1

C = @cpspRy, (6A.4.2.1-1)
¢, = 1.0 per Table 6A.4.2.3-1
¢s = 0.85 — 1.0 per Table 6A.4.2.4-1
¢ = 0.9 per LRFD Design 5.7.2.1
Ypc = 1.25 per Table 6A.4.2.2-1
Ypow = 1.25 per Table 6A.4.2.2-1 (field-measured dimensions, no coring)
v = 1.35 per Table 6A.4.2.2-1 (operating rating)

R, = Asf, (ds - %) per LRFD Design 5.7.3.2.2-1

P = 0 for all bridges in this study,
no permanent loads
other than dead loads

1.4.6 Live Loads Applied during Testing

Applied moment loadings were determined based on measured truck axle weights for all load
configurations. The average of axle loads for side-by-side trucks was used to allow live load
distribution factors to be calculated and applied. The trucks were positioned to produce the
maximum moment effect on the bridge, with the exception of the “ALT” test series, which was
designed to apply less than maximum moment. Continuous data recording was started, and then
trucks started moving onto the bridge in a serial manner. For each load configuration and position,
trucks were moved onto the bridge one after another and the strains were allowed to plateau at the
pre-determined configurations with data recording continuing during truck movement.

Applied moments were calculated assuming the bridges were simply supported. The percentage
of AASHTO HL-93 loading achieved is the ratio of the moment produced by the live loads applied
during testing and calculated per section 1.4.8 of this report and the moment produced by the
AASHTO HL-93 loading as described in section 1.4.4 of this report.

1.4.7 Verification of Uncracked Behavior

For each bridge, the theoretical strains under test loading were computed and compared with the
measured strains to verify whether concrete sections behaved as though they had remained
uncracked. Theoretical strains were calculated as shown in Equation 2.
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_ DF % Mgy

= Equation 2
& E.S q

DF = Distribution Factor per AASHTO LRFD Spec 4.6.2.2.2b-1 or
4.6.2.2.2d-1
M. = Maximum applied moment per girder
E. = Concrete elastic modulus per AASHTO LRFD SpecC5.4.2.4 — 1
S = Girder section modulus, uncracked or cracked

In all cases, Ec was calculated using the compressive strength specified by the AASHTO Manual
for Bridge Evaluation, 2.5 ksi. In addition, strains were computed assuming a compressive strength
of 5 ksi, which is more conservative and may more accurately reflect the in-service concrete
compressive strength of these older structures. The maximum strains recorded were compared with
these calculated values. Maximum strains equal to or less than the estimated uncracked strain
indicated that the bridge remained uncracked with the assumed compressive strength, while strains
greater than the theoretical uncracked strain indicated possible cracking. For all bridges, the strains
measured in all girders under maximum loading were smaller than those predicted with uncracked
sections and 5 ksi compressive strength. For this reason, the strains computed assuming 5 ksi
concrete were used in calculating rating factor improvements.

As an additional comparison to help verify uncracked behavior, the measured neutral axis depth
for all girders was determined under maximum loading using the recorded strains. These depths
were taken relative to the top of the deck in the case of interior girders and the top of the integral
curbs for exterior girders. Where present, integral concrete wearing surfaces were considered part
of the sections. These neutral axis locations inferred from measured strains were compared to the
sections’ theoretical neutral axis locations based on conventional strength of materials
assumptions. Neutral axis locations inferred from measured strains were determined using the
strains recorded at girder bottoms and at mid-height. The strains measured at the bottom of the
slab were generally not used per BDI’s recommendation against relying on very small measured
strains. In general, measured neutral axis locations tended to be consistent with either uncracked
section behavior or fell between cracked and uncracked behavior (“partially cracked”). When
behavior not consistent with either uncracked or partially cracked behavior was seen, it tended to
be unreasonable and was assumed to be in error.

1.4.8 Distribution Factors Determined from Live Load Testing

The appropriate section modulus — uncracked or cracked — was determined based on results from
1.4.7. The moment carried by each girder was then calculated as per Equation 3.
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M; = E.S;¢; Equation 3

M; = Moment carried by girder i
E = Modulus of elasticity of girder
S; = Section modulus of girder i
g = Strain measured in girder i

The distribution factor for each girder was then calculated by Equation 4.
M; Equation 4

n
i=1 M;

DFi =

DF; = Distribution factor for girder i
M; = Moment carried by girder i
n = Total number of girders

1.4.9 Modified Rating Factor
In accordance with the AASHTO Manual for Bridge Evaluation, the ratio of computed strain &,

(based on the section behavior determined in 1.4.7) to measured strain & was then used to

compute a rating factor modifier as detailed below in Equation 5 to Equation 7. This analysis is
based on the interior girder and exterior girder that experienced the largest measured strain.

RF; = RE.K Equation 5

In Equation 5, RF; is the modified rating factor taking into account test results, RF, is the rating
factor based on standard calculations, and K is an adjustment factor specified by the AASHTO
Manual for Bridge Evaluation that incorporates the test results. K is computed per Equation 6
below.

K =1+ K,K, Equation 6

K, accounts for the difference between measured response based on load testing and expected
response as shown below in Equation 7. K;, accounts for the magnitude of the applied test load and
confidence in extrapolating results; and is defined in Table 8.8.2.3.1-1 in the AASHTO Manual
for Bridge Evaluation. For all structures K;, was taken as 0.5 per the AASHTO Manual for Bridge
Evaluation, which reflects both the magnitude of the applied load and assumes results cannot be
extrapolated to higher loads.

K, = Ee _ 1 Equation 7

Er
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2 Live Load Test Results

2.1 Canton No. 3356

The bridge in Canton, No. 3356 over Whitney Brook, is shown in Figure 8. Testing was conducted
on July 11, 2017 with a maximum applied moment producing 75% of HL-93 loading with impact.
The rating factors based on the AASHTO LRFD Design Manual and Manual for Bridge
Evaluation are 0.98 and 2.48 for the interior and original exterior girders respectively. This bridge
was unique in that its roadway was widened by utilizing an additional exterior girder. This girder
was originally designed to support a sidewalk, as is shown from the original design drawings in
Figure 8 but is now used to support traffic loading, as is shown in Figure 8. The rating factor
computed per the AASHTO MBE for this extended girder was 0.28, making this bridge the lowest
rating bridge of those tested. As expected, strains measured from this extended exterior girder were
the largest measured from all exterior girders, while strains measured from the remaining girders
were typical of other bridges. Table 2 shows the maximum measured strains for this bridge.

Assuming the nominal concrete compressive strength of 2.5 ksi specified, the strains recorded
indicate the sections remain uncracked. Using a more conservative value of 5 ksi, the high strains
recorded in the extended girder seem to indicate partially cracked behavior. This is supported by
the observed neutral axis depths, which, with the exception of girders 3 and 5 which are likely in
error, display uncracked behavior as can be seen in Table 3. Based only on the computed cracking
strain, cracked behavior would be experienced in the exterior girder for compressive strengths
greater than about 3.5 ksi. However, uncracked behavior was still assumed for the remaining
girders as they experienced relatively low strains and their measured neutral axes indicated either
uncracked or partially cracked behavior. These conditions allowed interior girder rating factors to
be increased to 1.39 and the original exterior girder rating factor to be increased to 5.69.
Conservatively using its uncracked section modulus to predict strain response, the extended
exterior girder’s rating factor could be increased to 0.30.

The live load distribution factors determined from the measured strains and those calculated per
AASHTO are shown in in Table 3, and generally indicate that the AASHTO distribution factors
are conservative with the exception of girder 1 — the extended exterior girder. It should be noted
as well that due to technical issues, tests could not be conducted at load position 2 (trucks centered
about the roadway centerline) for this bridge, which may have led to a more even distribution of
live load. As shown in Table 2, strain measured at the ends of the girders indicate very little, if
any, end restraint.
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Figure 8: Canton No. 3356 general condition
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Figure 9: Canton No. 3356 original cross section
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Table 2: Canton No. 3356 strains recorded from tests SBS_1 2and MAX_1 1

Canton SBS 1 2 MAX 1 1
Midspan | Abutment 1 | Abutment2 | Midspan | Abutment1 | Abutment 2

Girder | Location ue ue ue ue ue ue

Top 3.47 -2.34 - 5.71 -3.20 -

1 Center 9.87 - - 13.0 - -
Bottom 50.6 -0.38 -3.84 78.5 5.70 -0.63

Top 6.98 - - 493 - -

2 Center 21.1 - - 29.3 - -

Bottom 49.8 - - 66.9 - -

Top 2.01 -0.57 - 2.67 -1.22 -

3 Center 44.5 - - 45.4 - -
Bottom 59.1 0.89 2.64 72.6 8.49 3.16

Top 0.13 - - -0.70 - -

4 Center 19.9 - - 27.4 - -

Bottom 49.1 - - 63.2 - -

Top 1.26 - - 1.79 - -

5 Center 15.0 - - 20.1 - -

Bottom 22.0 - - 31.2 - -

Top 0.90 - - 2.61 - -

6 Center 3.47 - - 6.76 - -

Bottom 9.93 - - 18.0 - -

Table 3: Canton No. 3356 neutral axis depths

Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 17.9 11.5 26.8
2 12.2 7.60 12.7
3 12.2 7.60 2.93
4 12.2 7.60 13.0
5 12.2 7.60 1.59
6 19.5 13.9 22.04
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Table 4: Canton No. 3356 distribution factors

Canton SBS 12 MAX 1 1
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.438 0.436 -0.5% 0.496 13%
2 0.611 0.398 -35% 0.393 -36%
3 0.611 0.472 -23% 0.424 -31%
4 0.611 0.392 -36% 0.360 -41%
5 0.611 0.175 -711% 0.171 -72%
6 0.438 0.127 -711% 0.155 -65%

2.2 Peru No. 5432

The bridge in Peru, No. 5432 over Spears Stream, is shown in Figure 11. Testing was conducted
on July 13, 2017 with maximum applied moment producing 87% of HL-93 flexural service load
with impact. This is the highest percentage of HL-93 load applied among all the bridges. This led
to some of the highest strains recorded of all the bridges tested, as shown in Table 4. Despite these
high strains, the girders behaved as uncracked when both the nominal 2.5 ksi compressive strength,
and when the more conservative 5 ksi was used to predict strains. Based on a computed modulus
of rupture, uncracked behavior would be experienced for compressive strengths up to around 5
ksi. Further evidence for uncracked behavior is provided by the measured neutral axis depths
which tended to be consistent with uncracked or partially cracked behavior as seen in Table 5. The
originally computed rating factors based on the AASHTO LRFD Design Manual and Manual for
Bridge Evaluation are 0.75 and 2.04 for the interior and exterior girders respectively. Under the
conditions experienced during testing, the interior and exterior rating factors were able to be
increased to 1.10 and 2.55, bringing both flexural rating factors to acceptable operating levels.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 5. The AASHTO distribution factors are
quite conservative. However, as can be seen in Table 4, the strain reading at the bottom sensor of
girder 2 is likely in error as it reads a value of strain very close to that measured at the girder’s
mid-depth.

The distribution factors resulting from replacing the recorded strain in girder 2 with that recorded
in girder 4 are presented in Table 5. The distribution factor for girder 2 calculated in this way is
more consistent with the distribution factors calculated for the other girders and is still much
smaller than the distribution factor predicted by AASHTO. It is evident from the girder end strains
reported in Table 4 that any unintended end restraint was negligible.
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Figure 11: Peru No. 5432 general condition
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Table 5: Peru No. 5432 strains from tests SBS_2 1 and MAX_2_1

Peru SBS 21 MAX 2 1
Midspan | Abutment1 | Abutment2 | Midspan | Abutment 1 | Abutment 2
Girder | Location ue ue ue ue ue ue
Top -3.44 -3.35 - -5.34 -2.43 -
1 Center 2.39 - - 3.41 - -
Bottom 30.00 7.39 -0.54 46.47 12.12 -
Top -3.29 - - -6.05 - -
2 Center 18.59 - - 27.46 - -
Bottom 18.81 - - 26.56 - -
Top -5.35 -2.60 - -9.71 -2.19 -
3 Center 19.57 - - 27.26 - -
Bottom 56.34 3.66 -2.29 77.96 -1.33 1.25
Top -0.48 - - -5.91 - -
4 Center 22.10 - - 33.22 - -
Bottom 60.52 - - 87.34 - -
Top -3.97 0.83 - -5.20 -4.23 -
5 Center 15.46 - - 28.38 - -
Bottom 34.77 11.71 -0.43 55.16 14.88 0.45
Table 6: Peru No. 5432 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 22.9 15.5 31.6
2 15.4 9.00 12.5
3 15.4 9.00 16.8
4 15.4 9.00 15.5
5 22.9 15.5 16.9
Table 7: Peru No. 5432 distribution factors from recorded strains
Peru Two Trucks Four Trucks
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.473 0.360 -24% 0.382 -19%
2 0.68 0.186 -73% 0.161 -76%
3 0.68 0.500 -26% 0.474 -30%
4 0.68 0.537 -21% 0.530 -22%
5 0.473 0.417 -12% 0.453 -4%
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Table 8: Peru No. 5432 distribution factors assuming identical strains in girder 2 and 4

Peru Two Trucks Four Trucks
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.473 0.306 -35% 0.322 -32%
2 0.68 0.457 -33% 0.448 -34%
3 0.68 0.425 -38% 0.400 -41%
4 0.68 0.457 -33% 0.448 -34%
5 0.473 0.355 -25% 0.382 -19%

2.3 Jackson No. 3776

The bridge in Jackson, No. 3776 over the North Branch of Marsh Stream, is shown in Figure 12.
Testing was conducted on July 18, 2017 with maximum applied moment producing 70% of HL-
93 moment with impact. This was the smallest percentage of HL-93 moment with impact applied
to any of the bridges tested, and just barely qualifies the load test to be useful in improving live
load rating. As a result, the strains recorded were among the smallest on any bridges tested, as
shown in Table 7. Rating factors determined per AASHTO equaled 0.69 and 2.08 for interior and
exterior girders respectively. When compared with predicted strains using both the nominal and
conservative compressive strengths of 2.5 ksi and 5 ksi respectively, the recorded strains indicated
uncracked behavior. This uncracked behavior would theoretically continue with compressive
strengths up to around 5.5 ksi. The measured neutral axis depths also provide evidence for
uncracked behavior. For all girders, the measured neutral axis depths indicate uncracked or nearly
uncracked behavior as seen in Table 8. These conditions allowed for the interior and exterior rating
factors to be increased to 1.20 and 2.40 respectively.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 8. The results of experimental determination
would suggest that AASHTO’s distribution factors are somewhat conservative. However, Table 7
shows that the measured strain at the bottom of the midspan section of girder 2 is large in
comparison to the other measured strains for the tests reported. This may be due to some cracking
in this particular girder that was not visible. Regardless, the AASHTO distribution factors remain
conservative, with the exception of girder 5. It is evident from the girder end strains reported in
Table 7 that any unintended end restraint was negligible.
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Figure 12: Jackson No. 3776 general condition

Table 9: Jackson No. 3776 strains from tests SBS 2 1 and MAX_2 1

Jackson SBS 2 1 MAX 2 1
Midspan | Abutment 1 | Abutment 2 | Midspan | Abutment 1 | Abutment 2
Girder | Location ue ue ue ue ue ue

Top -1.68 0.72 - -2.40 0.93 -

1 Center 8.37 - - 12.86 - -
Bottom 21.95 1.08 1.69 30.27 2.22 6.49

Top -1.36 - - -2.08 - -

2 Center 15.58 - - 20.27 - -

Bottom 54.6 - - 67.69 - -

Top -2.43 -0.81 - -2.22 -0.57 -

3 Center 17.29 - - 24.07 - -
Bottom 4457 421 4.71 57.69 11.56 11.78

Top - - - - - -

4 Center 12.8 - - 19.01 - -

Bottom 38.95 - - 53.94 - -

Top 0.322 -1.49 - -0.740 -3.17 -

5 Center 3.09 - - 5.75 - -
Bottom 27.41 1.34 0.42 44.79 4.93 2.55
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Table 10: Jackson No. 3776 neutral axis depths

Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 20.9 14.1 23.4
2 13.4 7.70 16.7
3 13.4 7.70 13.1
4 13.4 7.70 15.4
5 20.9 14.1 28.2

Table 11: Jackson No. 3776 distribution factors

Jackson SBS 21 MAX 2 1
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.396 0.299 -24% 0.300 -24%
2 0.635 0.525 -17% 0.474 -25%
3 0.635 0.428 -33% 0.404 -36%
4 0.635 0.374 -41% 0.378 -40%
5 0.396 0.373 -6% 0.444 12%

2.4 Alna No. 2130

The bridge in Alna, No. 2130 over Carlton (Trout) Brook, is shown in Figure 13. Testing occurred
on July 20, 2017 with maximum applied moment producing 75% of HL-93 live load with impact.
Rating factors determined per AASHTO equaled 0.92 and 1.01 for interior and exterior girders
respectively. The recorded strains presented in Table 9 indicate uncracked behavior when
compared with predicted strains using both the nominal and conservative compressive strengths
of 2.5 ksi and 5 ksi respectively. Uncracked behavior would theoretically continue up to a
compressive strength around 8 ksi based on a nominal computed modulus of rupture. Measured
neutral axis height tends to confirm uncracked behavior for girders 2, 3, and 4. However, the
measured neutral axis height for girder 1 is unreasonable (outside of the section) and so was
determined to be in error. This can be seen in Table 9 These conditions allowed for interior and
exterior rating factors to be increased to 1.28 and 1.98 respectively.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 10. For exterior girders, AASHTO is very
conservative. However, for interior girders, the AASHTO distribution factors appear to be
unconservative. Alna No 2130 is the only structure for which this is the case. One possible cause
is that Alna has only four girders compared to five for all other structures tested. It is surprising
that so little load is drawn to the exterior girders given that the bridge’s curb and railing were
recently replaced and are quite massive. It would seem that such a large mass of concrete would
add significantly to the stiffness of the girders. However, the girder, curb, and railing may not act
fully compositely, decreasing the beneficial stiffening effect. From the relatively large negative
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girder end strains reported in Table 9, it would seem that a small amount of unintended end restraint
was experienced during the SBS_2_1 test. However, this was not seen in the MAX_2_1 test and
so it should not be regarded as a reliable beneficial effect.

Figure 13: Alna No. 2130 general condition
Table 12: Alna No. 2130 Strain and Neutral Axis Data

Alna SBS 2 1 MAX 2 1
Midspan | Abutment 1 | Abutment 2 | Midspan | Abutment 1 | Abutment 2
Girder | Location ue ue ue ue ue ue

Top 3.60 -0.07 - 2.46 2.74 -

1 Center 12.05 - - 10.81 - -
Bottom 14.43 0.69 -2.45 12.12 4.56 0.77

Top -2.97 -0.81 - -5.29 -1.50 -

2 Center 17.25 - - 17.55 - -
Bottom 47.97 -3.80 -5.71 47.06 3.28 5.74

Top -4.84 -1.82 - -7.55 -3.84 -

3 Center 18.31 - - 17.62 - -
Bottom 59.28 -4.09 -10.11 56.37 -0.42 0.24

Top - -0.17 - - -0.19 -

4 Center 8.498 - - 9.07 - -
Bottom 22.18 -0.18 -2.15 19.71 -0.07 1.04
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Table 13: Alna No. 2130 neutral axis depths

Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 21.2 15.1 -17.1
2 12.2 7.70 12.6
3 12.2 7.70 14.8
4 21.2 15.1 25.4
Table 14: Alna No. 2130 distribution factors
Alna SBS 2 1 MAX 2 1
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.485 0.201 -59% 0.185 -62%
2 0.707 0.663 -6% 0.667 -6%
3 0.707 0.827 17% 0.829 17%
4 0.485 0.309 -36% 0.319 -34%

2.5 Franklin No. 3307

The bridge in Franklin, No. 3307 over Card’s Mill Stream, is shown in Figure 14. Testing occurred
on July 25, 2017 with maximum applied moment producing 84% of HL-93 load with impact.
Rating factors determined per AASHTO equaled 0.92 and 2.78 for interior and exterior girders
respectively. Measured strains given in Table 11 indicate uncracked behavior when compared with
strains predicted using the nominal 2.5 ksi compressive strength or the more conservative 5 ksi.
Based on the models by AASHTO, the section would remain uncracked for compressive strengths
up to 11 ksi. This behavior is supported by the measured neutral axis depths, which indicate
uncracked or partially cracked behavior for all girders as seen in Table 12. Based on these
conditions, the interior and exterior flexural rating factors could be increased to 1.61 and 5.03
respectively.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 12. It is clear that for all girders AASHTO is
conservative and this conservatism is relatively consistent across both presented load cases.
Notably, the measured distribution factors seem to increase from the exterior girders to the center
girder and are reasonably symmetric about the center girder. This is somewhat unexpected as the
deck had a significant side-slope to conform to road super-elevation and because this symmetric
behavior was not seen in other bridges. It is evident from the girder end strains reported in Table
11 that any unintended end restraint was negligible.
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P, =

Figure 14: Franklin No. 3307 general condition
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Table 15: Franklin No. 3307 Strain and Neutral Axis

Franklin SBS 21 MAX 2 1
Midspan | Abutment 1 | Abutment 2 | Midspan | Abutment 1 | Abutment 2
Girder | Location ue ue ue ue ue ue
Top 0.46 -0.83 - 1.33 -3.67 -
1 Center 11.56 - - 16.74 - -
Bottom 30.9 -0.17 -0.01 44 .31 -5.04 1.54
Top -8.43 - - -8.43 - -
2 Center 16.82 - - 25.45 - -
Bottom 41.3 - - 58.21 - -
Top -7.16 1.57 - -8.97 -0.07 -
3 Center 19.63 - - 27.27 - -
Bottom 55.65 8.42 -0.12 76.16 7.09 2.82
Top - - - - - -
4 Center 14.44 - - 21.61 - -
Bottom 45,29 - - 62.48 - -
Top -4,95 0.27 - - -0.64 -
5 Center 6.44 - - 11.06 - -
Bottom 25.24 1.28 -2.79 38.65 -1.34 -4.96
Table 16: Franklin No. 3307 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 22.0 16.1 23.3
2 14.2 9.20 12.7
3 14.2 9.20 15.4
4 14.2 9.20 15.8
5 22.0 16.1 26.0
Table 17: Franklin No. 3307 distribution factors
Franklin SBS 2 1 MAX 2 1
Girder | AASHTO DF | Measured DF | % Difference | Measured DF | % Difference
1 0.432 0.319 -27% 0.324 -25%
2 0.6 0.413 -31% 0.412 -31%
3 0.6 0.556 -7% 0.539 -10%
4 0.6 0.453 -25% 0.442 -26%
5 0.432 0.260 -40% 0.282 -35%
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3 Summary of Live Load Test Data Conclusions

Analyses of the tested bridges are described in detail in Section 2. In general, calculations were
based on mechanics of materials principles and AASHTO code requirements including the
Manual for Bridge Evaluation.

Overall, a high percentage of HL-93 loading with impact was applied to the structures. In all cases,
the maximum applied moment was at least 70% of HL-93 service moment with impact, which is
required to justify rating factor increases per the AASHTO Manual for Bridge Evaluation.
Numerically, this translates to a test understanding factor, ky equal to 0.5 for all bridges, which
effectively reduces the measured benefit by 50% Because measured strains were invariably smaller
than those predicted, all test benefit factors, ka were greater than zero, and all rating factors could
be increased based on measure strains.

Live load distribution factors inferred from the test data showed reasonable agreement with
AASHTO-recommended values, although the AASHTO values are generally conservative. The
maximum differences between values inferred from the tests and values computed per AASHTO
were observed for the bridge in Canton. However, these differences may have been less
pronounced for symmetric load cases.

Assuming the nominal specified concrete compressive strength of 2.5 ksi, all bridges exhibited
uncracked behavior under maximum applied moment. With the exception of the bridge in Canton,
the assumption of uncracked behavior could be extended to strains predicted for a compressive
strength of 5 ksi or greater, continuing to 11 ksi for the bridge in Franklin. This observation is
significant in that it is possible that the actual compressive strengths of the concrete in these bridges
is significantly greater than the nominal value specified by AASHTO given their age and
condition.

The test results and analyses presented here justify significant increases in the rating factors for
four of the five bridges according to the AASHTO Manual for Bridge Evaluation. The average
increase in HL-93 flexural operating rating factors for the critical interior girders of all bridges was
55.6%, with minimum and maximum increases of 41.8% and 74.9% respectively. All rating factor
increases have been calculated based on the assumption that the observed results cannot be
confidently extrapolated to loads of 30% beyond that produced by HL-93 load with impact, largely
due to uncertainty of uncracked section behavior at higher loads.

With the exception of the bridge in Canton, each bridge’s controlling operating flexural rating
factor could be increased to 1.0 or greater for HL-93 loading with impact, indicating that they are
sufficient for such loading. For the case of the bridge in Canton, the controlling rating factor of
0.30 is for the exterior girder originally supporting a sidewalk that was re-purposed to support
traffic loads. The remaining girders of the Canton bridge had increased flexural rating factors
above 1.0.
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A.1 Experimental Configuration and Data Collected

For each of the five bridges tested, a collection of data files is provided which contains input data,
experimental configuration data, and data collected during tests. The files pertaining to each bridge
are tabulated in the following appendices.

A.1.1 Input Data

Input data for each bridge include bridge geometries, material properties, and sensor layouts.
Section properties for interior and exterior girders are also listed in separate Comma Separated
Variable (.csv) files, labeled and in units of inches to the appropriate power.

A .csv is also provided which gives a list of the serial numbers of the sensors in the order as well
as a MATLAB variable file (.mat) giving the layout of those sensors on each bridge. The sensor
list .csv file provides sensors in the order that they are used and tabulated by STS-WiFi, and
consequently in resulting test data. The sensor layout gives relative positions of sensors as they
appeared for each bridge. Each girder is represented by three rows of data representing its top,
middle and bottom respectively. Each collection of rows is placed in its relative position as it
appears on the bridge. From left to right, columns represent the end receiving two sensors, mid-
span, and the end receiving one sensor respectively. In this way, the relative position of each sensor
can be determined. For example, a sensor in the second column of the second row would represent
a sensor placed at mid-height of the first girder at midspan.

A.1.2 Experimental Configuration

Experimental configuration data includes data on the loading trucks. Each test includes a .mat file
containing information on the trucks used to test it. The truck .mat file contains structured arrays
for each truck, containing its plate number, truck number in relation to each test, individual wheel
weights (in pounds), lengths (center to center of wheels; side, front and back in inches), wheel
bearing surface widths (front to back in inches), and wheel bearing lengths (front to back in inches).

A.1.3 Collected Data

For each test configuration, a .mat file is provided which contains strain data recorded during the
test. This data has been rectified by a linear correction function to correct for the sensors’ tendency
to drift its zero-point during a test.
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A.2 Canton No. 3356

A.2.1 Input Data, Experimental Configuration, and Experimental Data Collected
Table 18: Canton No. 3356 input data, experimental configuration, and experimental data

collected
File Contents File Name File Type
Exterior Section Data Br3356_Geom _Ext.csv CSV Format
Interior Section Data Br3356_Geom _Int.csv CSV Format
Sensors Br3356 _Sensors.csv CSV Format

Sensor Layout

Br3356 _SensorLayout.mat

MATLAB Data File

Truck Weight and Dimensions

Br3356_Trucks.mat

MATLAB Data File

Sensor Data

Br 3356 _ALT 1 1 Strain.mat

MATLAB Data File

Br 3356 BTB_1 1 Strain.mat

MATLAB Data File

Br 3356 BTB_1 3 Strain.mat

MATLAB Data File

Br 3356 BTB 2 1 Strain.mat

MATLAB Data File

Br_3356_MAX 1 1 Strain.mat

MATLAB Data File

Br_3356_ MAX 1 2 Strain.mat

MATLAB Data File

Br 3356 SBS 1 __Strain.mat

MATLAB Data File

A.2.2 Instrumentation
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Figure 15: Canton No. 3356 sensor layout
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A.2.3 Loading
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e e
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10" —_— BRIDGE: 3156
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—= - g" 10,850 LBS DRAWN BY: APS
DATE: 1215/2017

Figure 16: Canton No. 3356 Truck T01-211 loading
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Figure 17: Canton No. 3356 Truck T01-272 loading
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Figure 18: Canton No. 3356 Truck T01-901 loading
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A.2.4 Representative Data Plots

Midspan Strain, All Girders
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Figure 20: Canton No. 3356- BTB_2_1 strains - Midspan

Strain at Girder Ends, Test BTB, Test 1, Position 2

Microstrain

-4 | | | | | | | |
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Time (s/10)

Figure 21: Canton No. 3356- BTB_2_1 strains - Ends
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Figure 22: Canton No. 3356- SBS_1_2 strains - Midspan

Strain at Girder Ends, Test SBS, Test 2, Position 1
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Figure 23: Canton No. 3356- 4 SBS_1 2 strains - Ends
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Figure 24: Canton No. 3356- MAX_1_2 strains - Midspan

Strain at Girder Ends, Test MAX, Test 2, Position 1
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Figure 25: Canton No. 3356- MAX_1_2 strains — Ends
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Midspan Strain, All Girders
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Figure 26: Canton No. 3356 — ALT_1 1 strains — Midspan

Strain at Girder Ends, Test ALT, Test 1, Position 1
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Figure 27: Canton No. 3356 — ALT_1 1 strains — Ends
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A.2.5 Rating Factor Calculations

Figure 28: Canton No. 3356 Calculations
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AASHTO Rating Calculations:
Bridge 3356 - Canton, Maine

Material Parameters:

Concrete Compressive Strength F.=5 kst
Reinforcement Yield Strength F, =33 ksi
Unit Weights: Reinforced Concrete, Wearing Surface
& _ kip N kip
Fro=0.160 — T =0.144 —
fi 7t
Concrte Elastic Modulus - LRFD Design C54.2.4-1 7
B,=1820 kei- A2 °* =(4.07.10%) ksi
ksi
Geometric Properties:
Span Length L:=27 ft
Girder Spacing - Interior and Exterior S:=6751in 5, =46in
Number of Girders NG =6
Skew Angle skew:=0"
Width and Number of Lanes lanewidth:=13.5 ft Niane:=2
Wearing Surface Thickness wsi=4 in
Girder Height - Interior, Exterior hi=28 in h, =28 1in
Deck Thickness d,=65 in
Web Height - Interior, Exterior dyi=h—d, g i= by —d
Web Thickness - Interior, Exterior b,=185 in be=185 in
Distance from Centerline of Girder to Edge of Curb d,=—5.75 in
Height of Curb Above Deck Py =12 i
Width of Curb bayrp =18 in
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[ 3] [ 3]
Height to Centroid of Reinforcement - | 4.67 | |4.67 |
Interior, Exterior U= | 55 |in e | 5.5 | in
| 4.67] | 4.67]
[ 3 ] L3 |
] . dy+ds 5
Dictance Between Centroids of Deck and Web g,= Tf: 14 in
Depth of Reinforcement - Interior, Exterior d =A== Dpi= Pl R
[5.0625 ] [5.0625]
Area of Reinforcement at All Changes - | 7.0625 | | 7.0625 |
Interior, Exterior Ag=lo0625 |in® A :=]90625]in’
| 7.0625 | | 7.0625 |
| 5.0625 | | 5.0625 |
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder Pa..=0 kip

Resistance Factors - Structural Dead load, Weading Surface, Live Load
Yoo = Yow = 1 Yop = 1ia5

Impact Factor IM:=0.33
Resistance Factor ¢i=.9
System Factor $.i=1.0
Condition Factor ¢.=1.0
L] . = kip
Distributed Load Due to Rail Wgp t=0.017 T
t
Eccentricity of Centerline of Girders w.r.t. exc=2.52 in

Centerline of Roadway
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Distribution Factors
3

: sl bw’ dfg AR d
Area and Moment of Inettia of Web Ai=d,eb,=307.75 in’T=—"_"¢ —(1.532.10") in
12 ses)
Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter K =1 (I+A . egz) = (9.328 . 104> in'

I’ 5 \0.4.(8\0.3‘( Kg \U-l

Interior Moment Distribution Factor Gmp =006+ | — = 0.496
\14f¢) \L) (1.4}
0.6 0.2 0.1
) s K
gm2::0.075+l/__\. (_\l . ‘{—ga\i =0.611
s ge) \T) \paa?)
G i=1NBK <9m1 s gm2>
Roadway Width W.i=lanewidth. Nlane
g” : W.
Eccentricity of Design Lane From £q:= —b ft+exc=8.71jft
Center of Gravity of Girders 2
Eccentricity of Exterior Girder From s
Center of Gravity of Girders X, =(NG-1) .E: 14.063 f
o=
Eccentricity of Each Girder Ty=X — 5
mB::Xemt_z’S
z,=1f(NG>3,X,,,-3.5,0 ft)
rp=if (NG>4, X, —4.5,0 ft)
wo=if (NG >5, X, ,—5.5,0 ft)
yi= if(NG> 6,X.—6-5,0 ﬁ)
L . 1 Xemt' €1 !
ever Rule - One Design Lane Ry=—_+ . =0.388

ald m12 +5322 Jr3'332 +m42 er52 +m62 Tty

Fomm1 =Py > 0,12 B, , 0y =0
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Kepo e —b
Lever Rule - Two Design Lanes SRS 2 + ext ( ! f)

2 2 2 2 P 2 P
NG 5 4wy +my +m, +35 25+,

=0.428

s = (P> 0, Ry, 03 =0

1.2 (S+d.—2 ft
Exterior Moment Distribution Factor Fomw1 = 7LL} =0.336
2.5

d&
ee=0.7T+_° =0717
9 ft

s = o+ 02 =0.438

G i=Max (gml H ng;2>

Interior Exterior
G, =0.611 Gnp="0.458
Loading
n g il B kip
Interior Girder Dead Load W girder = Vror B 4, =0.414 ?7
t
¥ i kip
Deck Dead Load Week = Tro+ S« 3, =0.457 f—
11
N E kip
Curb Dead Load Wewrh ' =FRC* Neurd * Doury = 0.225 —=
t
e ;
Dead Load from Nonstructural w, =y =0.055 =y
Components i
i} L kip
Total Dead Load D=0 e+ Wagon + Wy, = 0.926 ?7
1]
Iy B L kip
Exterior Girder Dead Load Wtrdere = TR0 * D * Dge=0.414 fT
! kip
Exterior Deck Dead Load Weeks = Tro* S d,=0.311 ?_
3
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Total Exterior Dead L oad DL =0 g gergy + Wagehp T Wi = 0.78 i;:_p
1]

] kip
Wearing Surface Dead Load DWi=ey ows.S=0.27 ﬁ_
Exterior Wearing Surface Dead Load DW=, +ws+S, =0.184 kip;

i
Dead Load Moments
¥ i 75, oarsig
My ::ESL+PW. gz 84368 fe-kip  Mpoyi=— "t~ + Py i’ =71.103 fi- kip
2 2
. DW,.L
Moy = DH; L_:24.604 Jtokip M = ; — =18.767 ft.kip

Live Load Moment - Truck Load

My =32 bip: @ 2k, [5—14 ft} =206 ft- kip

Live Load Moment - Tandem 5 or -
MTcmdem;:25 kip'z+—2£'{?—4 ,}Ft}:2875 ft'k“rp

Live Load Moment - Lane ki Lz
.Y —58.32 ftkip
ft 3

M e = 0.64

Total HL-93 Live Load
MLL ::MLane + (1 +IM) + NAK (MTmck ’MTandem> =440.605 ft > kip
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Nominal Resistance

Depth of Interior Whitney Stress Block

Depth of Exterior Whitney Stress Block

Nominal Interior Moment Resistance

Midspan Moment Capacity

Nominal Exterior Moment Registance

Midspan Moment Capacity

Rating Factors

RFEmten’ar :

Interior

REpeper=0.981

FM-PR-08(07)

UMaine Composites Center Report XX-XX-XXXX

[0.582]
7 |0.812 |
Y 11.042] im
085-7.+% |gg1zl

| 0.582 |

a::AS.

[0.855]
|1.192]
; Fy =153 lin
ST 7 .
0.85-F .5, !1‘192\

| 0.855 |

Gy i=

[543.993

Tt | 445 223 |
M, =F, A, (a2 =|547752| ft.kip

U 2) a5 203 |

345.993 |

M, =max (M,) =547.752 ft-kip

capreity §

[609.161 ]
¥ | 674,508 |
T a ;
Mmf:Fy~Am-de—7mJ:\840.743\ (ft - kip)
| 674.508 |
|509.161 |
Mcapmitym =max (Mn:c> =840.743 ‘ft +kip

1 Do Por Megpaciny— Yoo Mpe —Yow  Mow
Yer-Mrre Gm

sk Qb * QESS * gbc 'Mcapacitym — WD 'MDG:I: —Yow* MDWa:

Yor Mrr+ Gme

Exterior

Bl pterior=2482
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Parameters for Extended Girder

Geometry

Load

FM-PR-08(07)

—58.063 ft- kip

UMaine Composites Center Report XX-XX-XXXX

5,0=30.75 in
B =28 in

dng = h$27 ds

b= 14 in
dogi=—T in

hourpn=13.5 in
b

curb2 ' 17 in

[

| 4.6
Yoares = I 5

|

[

L3

3|
|
|

4.6
3

de = th ~ Ybara T hcm‘b?

[1.325]
|2.209 | ,
A= 265 |in
|2.200]
|1.325
ki
Weirdere2 = YRO* Bosn* ngZOoS 14 i
Ft
ki
Weeehes = VRO * T o+ dy=0.268 il
Ft
ol I¥ kip
DC:CQ ;_wgim!em2+wa!eckm2+wns_0'637 .
" _ kip
DW=, e w5+ ,=0158 75
b
DW._,+ L
M pryes = ";2_: 14.489 ft - kip
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Capacity [0.259]
7 |0.432|

v —[n5iglm
0.85:fc+ 5 |p.432]

10.259]

O = Agpa

[139.813]

——— |222.348]|
z.{d _@zlzﬁmoalﬁwip

27 l222.848|

|139.213]

McapacitymZ =max <Mna:2> =264.108 ft 3 kip

Rating Factor

qﬁ M (155’ (ISC B capacityns — VDO 'MDaffYDW’MDW
Yrp - Mrre G,

=0.275

REputeriors =
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Rating Factor

Improvements

Interior

Maximum Recorded Strain £r=7538.107°
Maximum Applied Moment per Lane M, =329.16 ft-kip
Uncracked Section Modulus e =4304 in’
Cracked Section Modulus o =1478 in’
Section Behavior Behavior := “Uncracked®

Section Modulus Effective for Behavior

S, =i (Behavior = “Uncracked”, §,m,, 9.,) = (4.304-10°) in’

Migact -
Caleulated Strain g M T I a1
S B,

EC
Test Benefit Factor ko=~ —1=0.828%

&

: : el MMM 1
Ratio of Applied to HL-93 Moment T = ——— =0.747
My,

Test Understanding Factor Ry o= 1f {rp>0.7,0.5,0)=0.5
Rating Improvement Factor ki=1+k,+k,=1.414
Improved Rating Factor B rroved =B F poror+ $=1.388
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Exterior

Maximum Recorded Strain Ep=17.18-107°
Maximum Applied Moment per Lane Mg =329.16 ft-kip
Uncracked Section Modulus 5 e = 6802 in’
Cracked Section Modulus 5, =2522 in’
Section Behavior Behauvior :==*“Uncracked?

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, 8, 5.,) = (6.902-10° ) in’

Mot p
Caleulated Strain gk I | iy, i
5.+ B,
EC
Test Benefit Factor ky=———1=2.585
&r
Rafi : = Mpge =
atio of Applied to HL-93 Moment Tapi=m———— =0.747
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+k, +k,=2.293
Improved Rating Factor REp orovedBut = BE Bytepiors #=5.691
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Exterior - Extended Girder

Maximum Recorded Strain £p=81.73-107°
Maximum Applied Moment per Lane Mg =329.16 ft-kip
Uncracked Section Modulus F e =4641 im :
Cracked Section Modulus 5, =1035 in’
Section Behavior Behavior =="“Uncracked”

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, 8., S0) = (4.641-10° ) in’

Mot p
Caleulated Strain o 1 o | oy i, 0P
5.+ B,
EC
Test Benefit Factor ky=———1=0.122
&r
i . MMcw:
Ratio of Applied to HL-93 Moment Tapi=m———— =0.747
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+k,+k;=1.061
Improved Rating Factor BRI orovedButs = B Brieriora» £ =0.206
Summary
Interior Exterior Exterior- Extended
RFImprwed =1.338 RFImp'rchdE:Et =5.69 RFImprovedEth =0.286
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Bridge 3356

Interior Section Propeities
” L .3
Yume=16.8in I, =72270 in Somei=4304 in N;=4

Yor=213 40 I,=315204n" §,:=1478in°

Exterior Section Properties (Averaged Between Original and Extended Girder)
=210 Tn=1199664n" S,.,,=5771.5in" N,:=2

Hunex' UAELT T wnex "

; o | w3
Yorg =276 iR I,..,=48118564dn 5, =1773.5 in
Test Parameters

Maximum Applied Moment Maximum Measured Strain
M=658.32 ft - kip £, =81.73-10"

Using Nominal Compressive Strength - 2.5 ksi

=05 kai  E,=1820 kai- Fe —(2.878.10°) ksi
ks
M -5

Euneracked = =9.546.10

Ni'Sunc'Eﬂ+Nz'Sunzz' e
R 28 =2.899.10" Behavior:=ife, <& req | = “Uncracked”

cracke - ™ UNCTACRe
N+ Sert Be t-1y  Sery B “Uncracked?
Using More Realistic Compressive Strength - 5 ksi “Cracked®
LT - e B
=5 ket B,i=1820 kai. =(4.07.10°) ksi
ks
M -5

Emeracked = =6.75+10

Ni'Sunc'Ec+Nw'Sunca:' 2

M —4
& eracked "= =2.05+10
Ni’Scr’Ec+Nm’Scm'Ec
Behavior :==1f g, < ergepeq | = “Cracked
“Uncracked?
else
“Cracked®

FM-PR-08(07) Page 56 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges

Distributivon Factors from Testing
Bridge 3356

Compressive Strength

Section Modulus for Each Girder

Strains Recorded During SBS & MATX Tests

Modulus of Elasficity

Moment Produced in Each Girder

Total Moment
M = > M, =365.355 ft-kip

Distribution Factors
[0.436] [0.496]
I0393I |0.303 |
0.472 0.424
DEz=| ) 392 | DF4=| .36
!0175! 0.171
[0.127 ] [0.155 ]

FM-PR-08(07)

[50.55]
| 40.78 |
| 50.001
25| go05]"
| 21.06]
[9.925 |

E,:=1820 ksi-

UMaine Composites Center Report XX-XX-XXXX

Iei=5 ksi

[4641]

| 4304 |

|4304] . 2
=] 4304 ™

| 4304

[6902 |

S

[81.73]
| 69.79 |
| 75.381
€1 g3.01 |
| 30.41]
[17.18]

10" 10°°

Fe

=(4.07.10") ksi
ksi

[128.638]
| 101.869 |
——— [110.0281 )
j‘l.f_ﬁ:Er,'S-E,.:I 93.285|f1‘.-hp
44,388
[ 40.214]

Myma= >, My=518.422 ft-kip

2.0, 2.My
DFy:= 7=
M Aumm? M surmd
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Distributiuon Factors from Testing
Bridge 2130

Compressive Strength f.i=b ksi

(4641 ]

| 4304 |

l4304 | . 4
4304 | ™
4304

| 6902 |

Section Modulus for Each Girder

Strains Recorded During SBS & MAX Tests
[50.55 ] [81.73]

| 49.78 | | 69.70 |

|se.00] l75.838]
€2=| 4905 "1 4| g3.01 |10
! 21.96 } } 50.41 }
| 9.925 | 117.18]

Te

={4.07.10%) kai
kel

Modulus of Elasticity E,:=1820 ksi-

Moment Produced in Each Girder
[78.562] [128.638]

| 72.661 | |101.869 |
——— 8825 | ; ——— |110.028] ,
MQ::EC~S~52:|71.596‘ft-ktp M4::EC-S-54:‘ 93.286‘ Jt kip

|32.054 | 1 44,383 |

|23.232 | | 40.214

Total Moment

M = 2, My =365.355 fE-kip M= > M, =518.422 ft-kip
Digtribution Factors
2.0, 2.0M,
_DF2 = - DF4 = :
[0.436] [0.496] s M ima
[0.398 | |0.393 |
l0.472| |0.424|
DFy=|4 309 | DFy=| 3¢
!0.175! !0.171I
|0.127] 10.155]
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A.3 Peru No. 5432

A.3.1 Input Data, Experimental Configuration, and Experimental Data Collected
Table 19: Peru No. 5432 input data, experimental configuration, and experimental data collected

File Contents File Name File Type
Exterior Section Data Br5432_Geom_Ext.csv CSV Format
Interior Section Data Br5432_Geom_Int.csv CSV Format

Sensors Br5432_Sensors.csv CSV Format

Sensor Layout

Brb5432_SensorLayout.mat

MATLAB Data File

Truck Weight and Dimensions

Br5432_Trucks.mat

MATLAB Data File

Sensor Data

Br 5432 ALT 1 1 Strain.mat

MATLAB Data File

Br 5432 ALT 2 1 Strain.mat

MATLAB Data File

Br 5432 ALT 3 1 Strain.mat

MATLAB Data File

Br 5432 BTB 1 1 Strain.mat

MATLAB Data File

Br 5432 BTB 1 2 Strain.mat

MATLAB Data File

Br 5432 BTB 2 1 Strain.mat

MATLAB Data File

Br 5432 MAX 1 1 Strain.mat | MATLAB Data File
Br 5432 MAX 1 2 Strain.mat | MATLAB Data File
Br 5432 MAX 2 1 Strain.mat | MATLAB Data File
Br 5432 MAX 3 1 Strain.mat | MATLAB Data File
Br 5432 SBS 1 1 Strain.mat | MATLAB Data File
Br 5432 SBS 1 2 Strain.mat | MATLAB Data File
Br 5432 SBS 2 1 Strain.mat | MATLAB Data File

FM-PR-08(07)
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A.3.2 Instrumentation

150 |MosPAN o]
— e~ e
EXTERIOR 2‘—“ \_93 @ @ @ 1 @ @ ar DETAIL 1 -t DETAL 2 —tr
73 74 60 61 73 7z
CIRDER LBor ToP BOT M L. T0P gor L. | o 1] o k]
e
INTERIOR @ @1 @ o
GIRDER G3 G4 G7 I.
BOT MID L, TOP wor | T aor
INTERIOR @ 6 @ @1 @ @ q swal- anizl—
£8 70 75
GIRDER LEOT Top BOT D _.,TESP BOT L DETAIL 3
.
INTERIOR |® @ 1 ®
57 58 59
GIRDER BOT MID L. TOP
e ‘IA &
EXTERIOR 7@ '\% @ @1 e '2% I sor
55 5 71810 811 /i
GIRDER BOT TOP sor mib L, Top gor |, Fonel-
DOWEL EDGE
Un-01 Um0z UM-03 UN-04 UM-5 UM-06
(&} B3072( A9 83073[ 23 B3075| (1)— B3085| (3)— B3057| 23— B3076
§)—= B3060 — B3074 — B3065 )— B3056 — B3058 —&B3071
® @ @ @ ® D BRIDGE 5432 SENSOR LAYOUT
7 )—= B3061 — B3063| 12— B3066| 14— B3068| (5)— B3059 —=B33810
@ @ 2 @ (2 ?_3; DRAWN BY DATE
(8)— B3062| 10 B3064| {3 B3067| (5 B3069| 18 B3070| @4 B3811 s 2017105708

Figure 29: Peru No. 5432 sensor layout
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A.3.3 Loading

R

! - 77501BS
I R S
|
p — = 11"
7,200 LBS —
190"

~+133" | ——10,700LBS

l TRUCK: T01-211
BRIDGE: 5432

TOTAL WEIGHT: 57,500 LBS

11,100 LBS DRAWN BY: APS

DATE: 12/15/2017

Figure 30: Peru No. 5432 Truck T01-211 loading

FM-PR-08(07) Page 61 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges
UMaine Composites Center Report XX-XX-XXXX

| S
; % 7500LBS
s Cr I
9 In
2 _-_‘ - '1 1 n
8,100 LBS —~
186"
8,800 LBS — 133" +— h 59" ﬂ ~-134" | 11,700 LBS
9" T
13,200 LBS ——_ 54
"7: l TRUCK: To1-272
— BRIDGE: 5432
J TOTAL WEIGHT: 58,050 LBS
87— ¥ BTSOLBS [

Figure 31: Peru No. 5432 Truck T01-272 loading
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| T—
! T 7800Les

10" — F
?

_-_‘ _-_11“

7,700 LBS —
190"
9,800 LBS 713 4= h 59" ﬂ --134" | 9,200LBS
9 %H .
11,000 LBS —_ 52"

] -

Figure 32: Peru No. 5432 Truck T01-901 loading

TRUCK: To1-901
BRIDGE: 5432

TOTAL WEIGHT: 54,300 LBS

DRAWN BY: APS
DATE: 12/15/2017
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9,900 LBS ——__13"
~.

11,300 LBS —-

- g2l 4‘

' B

LS R B

/_-_‘ -1
7,350 LBS

12" i

—

—

4o

__—8,300LBS
192"
| 10,600 LBS
51 %l"
TRUCK: T01-004

BRIDGE: 5432

i3
oA
| g2

TOTAL WEIGHT: 67,750 LES

10,300 LBS DRAWN BY: APS

DATE: 12115/2017

Figure 33: Peru No. 5432 Truck T01-904 loading

A.3.4 Representative Data Plots

60

Midspan Strain, All Girders

50 [

40 |

30 |-

Microstrain

10 |

20 |

-10

s B3062
s B306.1

B3060
s B3067
s B3064

B3063
s B3066
s B3065
s B3070

B3059
s B3058
s B3057

B3811
e B3810
s B307 1
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500 1000

Time (s/10)

1500 2000

Figure 34: Peru No. 5432 — BTB_2_1 strains - Midspan
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Strain at Girder Ends, Test BTB, Test 2, Position 2
15

e B3074
e B3073

B3072
e B3069
e B3068
e B3075
e B3056
s B3055
e B3076

10

Microstrain

-10 | | | | |
0 500 1000 1500 2000 2500

Time (s/10)

Figure 35: Peru No. 5432 — BTB_2_1 strains - Ends

Midspan Strain, All Girders
\ \

70

e B3062
s B3061
‘ B3060

Microstrain

0 500 1000 1500 2000 2500
Time (s/10)

Figure 36: Peru No. 5432 — SBS_2_1 - Midspan

FM-PR-08(07) Page 65 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges
UMaine Composites Center Report XX-XX-XXXxX

Strain at Girder Ends, Test SBS, Test 1, Position 2
20

___B3074
—B3073

B3072
—_B3069
—B3068
w —B3075
—_B3056
—_B3055
—B3076

Microstrain

0 500 1000 1500 2000 2500
Time (s/10)

Figure 37: Peru No. 5432 - SBS_2 1 - Ends

Midspan Strain, All Girders

100 ‘ ‘

' B3062
e B3061
‘ B3060
e B3067
. B3064
o B3063
—B3066 ||
e B3065
e B3070

B3059
e B3058
\ e B3057
e B3811
—B3810 ||
—— B3071

Microstrain

o

0 500 1000 1500 2000 2500 3000 3500
Time (s/10)

Figure 38: Peru No. 5432 - MAX_2_1 - Midspan
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Strain at Girder Ends, Test MAX, Test 2, Position 2
20
e B3074

e B3073
15 B3072

e 83069
e B3068
e B3075

e B3056
e B3055
e B3076

10 |

Microstrain

Time (s/10)

Figure 39: Peru No. 5432 - MAX_2_1 - Ends

Midspan Strain, All Girders
100

Microstrain

0 500 1000 1500 2000 2500 3000 3500 4000
Time (s/10)

Figure 40: Peru No. 5432 — ALT_2_1 - Midspan
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Strain at Girder Ends, Test ALT, Test 1, Position 2
15

—B3074
—B3073
B3072
10— —B3069
o B3068
- B3075
5 e B3056
[ e B3055
c
£ e B3076
7
o
(5}
s o0
5
-10 \ \ \ \ \ \ \ |
0 500 1000 1500 2000 2500 3000 3500 4000

Time (s/10)

Figure 41: Peru No. 5432 - ALT_2 1 - Ends

A.3.5 Rating Factor Calculations
Figure 42: Peru No. 5432 Calculations
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AASHTO Rating Calculations:

Bridge 5432 - Peru, Maine

Material Parameters:

Concrete Compresgive Strength f.i=b kst
Reinforcement Yield Strength F, =33 ksi
Unit Weights: Reinforced Concrete, Wearing Surface 3 =
& _ kip _ kip
Fre=0.150 — T =0.144 =
fi It
Concrte Elastic Modulus - LRFD Design C5.4.2.4-1 7
B,=1820 kei- AL =(4.07.10°) kei
ksi
Geometric Properties:
Span Length L:=40 ft
Girder Spacing - Interior and Exterior 5:=76 in &,=51 in
Number of Girders NGF=5
Skew Angle skew:=0"*
Width and Number of Lanes lonewidth =12 ft Nlane:=2
Wearing Surface Thickness ws:=4 in
Girder Height - Interior, Exterior h:=357514dn h, =3b75in
Deck Thickness d.:=h.bin
Web Height - Interior, Exterior dyi=h—d, B =Ry —d
Web Thickness - Interior, Exterior b,=204n b, :=201tn
Distance from Centerline of Girder to Edge of Curb di=—58 in
Height of Curb Above Deck hen=12 in
Width of Curb beomi=21 10
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[4.346 | [4.346 ]
| 5.028 | |5.028 |
Height to Centroid of Reinforcement - | 6.24 | | 6.24 |
Interior, Exterior Ui = 7.068 ‘ it L= | 7.068 ‘ in
| 6.24 | 6.24
1 5.028 1 !5.028 1
| 4.3486 | | 4.3486 |
. . dg + d&‘ -
Dictance Between Centroids of Deck and Web g,= Tf: 17.875 in
Depth of Reinforcement - Interior, Exterior d =A== Dpi= Pl R
[ 7.0625 | [ 7.0625 ]
| 9.0625 | | 9.0625 |
Area of Reinforcement at All Changes - [11.0625 | | 11.0625 |
Interior, Exterior A,=113.0625 in® 4 =|13.0625 | in’
| 11.0625 | | 11.0625
l 9.0625 1 1 9.0625 l
Load and Analysis Parameters | 7.0625 | | 7.0625 |
Concentrated Load Due to Diaphragms on One Girder Pa..=2.042 kip

Resistance Factors - Structural Dead load, Weading Surface, Live Load
Yoo = Yow = 1 Yop = 1ia5

Impact Factor IM:=0.33
Resistance Factor ¢i=.9
System Factor $.i=1.0
Condition Factor ¢.=1.0
L] . = kip
Distributed Load Due to Rail Wgp t=0.100 T
t
Eccentricity of Centerline of Girders w.r.t. exc:=0 in

Centerline of Roadway
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Distribution Factors

. o bw’ dfg3 LR
Area and Moment of Inettia of Web A=d,eb,=605 0" T="2_"7 —(4.613.10") in
12 ses)
Modular Ratio - Deck and Web
I [ 2 5y . 4
Longitudinal Stiffness Parameter K =1 (I—e—Ao ey ) = (2.394 +10 > in

I’ 5 \0.4.(8\0.3‘( Kg \U-l

Interior Moment Distribution Factor Gmp =006+ | — = 0.527
\14f¢) \L) (1.4}
0.6 0.2 0.1
) s K
Tma ::0.075-1-!/__\. . (_\l . ‘{—ga\i =0.68
s ge) \T) \paa?)
G i=1NBK <9m1 s gm2>
Roadway Width W.i=lanewidth. Nlane
g” : W.
Eccentricity of Design Lane From £q:= —b ftt+exc=T ft
Center of Gravity of Girders 2
Eccentricity of Exterior Girder From s
Center of Gravity of Girders X, =(NG-1) .E: 12.667 f&
o=
Eccentricity of Each Girder Ty=X — 5
mB::Xemt_z’S
z,=1f(NG>3,X,,,-3.5,0 ft)
rp=if (NG>4, X, —4.5,0 ft)
wo=if (NG >5, X, ,—5.5,0 ft)
yi= if(NG> 6,X.—6-5,0 ﬁ)
L . 1 Xemt' €1 !
ever Rule - One Design Lane Ry=—_+ . =0.421

ald m12 +5322 Jr3'332 +m42 er52 +m62 Tty

Ipm1 = iE (P> 0,12, 0)=0.505
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2
Ry=— - 4

Lever Rule - Two Design Lanes
NG

Exterior Moment Distribution Factor

Interior Exterior

g,,=0.68 G =0.473

Loading

Interior Girder Dead Load
Deck Dead Load

Curb Dead Load

Dead Load from Nonstructural
Components

Total Dead Load

Exterior Girder Dead Load

Exterior Deck Dead Load

FM-PR-08(07)

UMaine Composites Center Report XX-XX-XXXX

Kewie <8175.ﬂ:> —0.463

2 2 ] 2 2 2
Ly +dy +@y +3, +T; +3g +@r

Gmra =18 (P >0, Ry 03 =0.463

1.2 (S+d,—2 ft)

g, = T — _ "L =0.347
de
g TR R 0E
9 ft
Gz = Gma* ee=0.473
Gy = AKX (gml ’97?1,;1:2)
ki
wgi'rder;:')[j{(}" bwongO.GS Ttp
kip

Wyeek*=Yro S+ d,=0.435 fT

i
Wewrd *=YrRO* hzuw‘b * bcu'rb =0.263 _:3

Weyrh ki,
W= ;g Fa,,,=0.162 pr
kip

D= wﬁirder+wdeck +wns: 1.227 _ft

il 3

Wotrdere = TrO* B dgx =0.63 Tt

kg

Wiecke = VRO * Sor 4,=0.282 ft
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Total Exterior Dead Load
Wearing Surface Dead Load
Exterior Wearing Surface Dead Load

Dead Load Moments

Wi ESL+PW -2 —265.845 ft - kip

Dw.r’

Mgy i =603 fikip

Live Load Moment - Truck Load

Mippoer=32 kip- [% +

Live Load Moment - Tandem

MTcmdem =25 k”p

Live Load Moment - Lane

Total HL.-93 Live Load

DO =

MDCx::

UMaine Composites Center Report XX-XX-XXXX

Wairders + Wepehp+ Wps=1 034 kT'f_

DW =y, va5- 5 =0.304 B

kg

DW=, +ws+S, =0.204 fe

DC, L
@ L 026,939 ft - kip

8 4

ow,.L’

MDW'JZ:

40 kip (L \ .
(214 f6] =440 ft ki
g fJ St kip

+§2’“LP (L 4}"'}‘.}:450 - kip

kip L

M e = 0.64 = =128 fi-kip

Mg, =My e+ (1+IM) + 108X (Mot M gomom) = 726-5 ft- kip

FM-PR-08(07)
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Nominal Resistance

Depth of Interior Whitney Stress Block

Depth of Exterior Whitney Stress Block

Nominal Interior Moment Resistance

Midspan Moment Capacity

Nominal Exterior Moment Registance

M,=Fy A, {deJ:}

|

- |
Mm::Fy.Am.Ldf?J:} 1.426-10

\

\

|

UMaine Composites Center Report XX-XX-XXXX

[0.722]
| 0.926 |
[1.13
fg | 1 L
. i 1.335 1 in
08575 |113 |
|0.9261
|0.722]
[1.075]
|1.38 |
I1.684}
it v —11.9%0!in
T 0888, | abal
11.38 }
[1.075 ]
[602.918 ]
| 754.112 |
|
|
|
|

=y

A | 880 558

1.006.10°

| 880.558
| 754.112
| 602.918

t o ki
= ftokip

max (M,) = (1.006.10°) ft-kip

capreity =
3
1.048.10

1.237.10°

3

1.237.10°

1.048.10°

]
|
I
I (ft - kip)
|
|
|

Midspan Moment Capacity M oo =085 (M, ) = (1 A426.10° ) ft-kip
Rating Factors
] o ol Do Por Megpaciny— Yoo Mpe —Yow  Mow
nierior
Yer-Mrre Gm
REg ik oy qu'Mcapacitym*fYDG “Mpo.—Yow Mpw
wierior T
Yor Mrr+ Gme
Interior Exterior

REperar="0.746

FM-PR-08(07)

Bl gpterior=2.042
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Rating Factor
Improvements

Interior

Maximum Recorded Strain
Maximum Applied Moment per Lane
Uncracked Section Modulus

Cracked Section Modulus

Section Behavior

Section Modulus Effective for Behavior

St

o

Calculated Strain

Test Benefit Factor

Ratio of Applied to HL.-93 Moment

Test Understanding Factor
Rating Improvement Factor

Improved Rating Factor

FM-PR-08(07)

{Behavior = “Uncracked”, S

UMaine Composites Center Report XX-XX-XXXX

Epi=87.34.107°
M pgas=629.99 fi - kip
s
Soune=7434 in
5,.:=2519 in’

Behavior = “Uncracked?”

Sy)=(7.434-10") ¢n’

UG ¢

e oo Miton® O
T S

e {2

=17+107"

]ga::i—l =0.946

Ry =1f (rgy>0.7,0.5,0)=0.5
ki=11k, ky=1473

RFImpm'veu! =R pgepar e £ =1.008
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Exterior

Maximum Recorded Strain £p=58.62.107°
Maximum Applied Moment per Lane Mo =629.99 ft-kip
Uncracked Section Modulus F e = 10052 in’
Cracked Section Modulus 5,.=3475 in’
Section Behavior Behavior =="“Uncracked”

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, §,,, 5.) = (1.005-10") in’

Mot p
Caleulated Strain g T | gy, i
5.+ B,
EC
Test Benefit Factor ky=———1=0.482
&r
Rafi : = Mpso =
atio of Applied to HL-93 Moment Tapi=m——— =0.867
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+k,+k,=1.246
Improved Rating Factor REr orovedBet = Brierior #=2.545
Summary
Interior Exterior
RFImproved =1.093 RFImpTovedEa:t =2.545
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Bridge 5432

Interior Section Propeities

Yune'=20.8 ¥ I, =154658 in" S, :=7434 in’

Yor=27.1 40 I,=68243in" §,:=2519in’

Exterior Section Properties
=2364in I, :=2370554n" S

UAELT T

el
Hunes® wner = 10052 in

; , 4 5 |3
Yorp=o1.2 im I, =108622 in 5 =04T8 in
Test Parameters

Maximum Applied Moment
M:=1259.95 ft. kip

Using Nominal Compressive Strength - 2.5 ksi

UMaine Composites Center Report XX-XX-XXXX

Ni3:3

N, =2

Maximum Measured Strain
£, =87.40.107

3

F.=25 kei  E,=1820 kai. re =(2.878.10°) kei
kai
M —

Euneracked = =1.23%.10

NS e B+ Ny Sypen L
——— ) =3.62.10" Behavior:=ife, <& req | = “Uncracked”

cracke - ™ UNCTACRe
Ni'Sm"Ec +N:c'Sc'r:c'Ec “Uncracked?
= T = A else
Using More Realistic Compressive Strength - 5 ksi “Cracked®
LT - e B
F=5 ket E,=1820 kai. —{4.07.10%) ksi
kai
M -5

Emeracked = =8.761.10

NS e B+ N> Sypen L,

M —4
& eracked "= =2.56.10
Ni’Scr’Ec+Nm’Scm'Ec
Behavtor :==1f g, < € ergereq | = “Uncracked”

FM-PR-08(07)

“Uncracked?”
else
“Cracked?
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Distributiuon Factors from Testing
Bridge 5432

Compressive Strength
Section Modulus for Each Girder

Strains Recorded During SBS & MAX Tests

Modulus of Elasticity

Moment Produced in Each Girder

[102.134 |
| 52.868]
L

—_
My=E_+S+g,=|

|152.58 |
118.531 |

Total Moment
M

Distribution Factors

[0.36 ] [0.382]
|0.185 | |0.161 |
pry,=los | DF,=|0.474]
!0.537! !0.53 |
|0.417] |0.453 |

FM-PR-08(07)

142.041 | ft-kip M4::EC-S-54:‘
|

UMaine Composites Center Report XX-XX-XXXX

[29.06]
| 20.97 |
£y:=|56.34
! 60.52 }
|34.77 ]

[46.47]
| 26.56 |
107 £,=|77.96
} 87.34 }
|55.16 |

2107

Te

={4.07.10%) kai
kel

E,:=1820 ksi-

[158.416
| 66.062]
|

—

|106.548 | ft - kip
220.197 |
188.041 |

o= DM, =568.154 fE-kip M, = > M, =830.164 ft-kip
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Distributiuon Factors from Testing
Bridge 5432
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Compressive Strength f.=b ks{
[ 10052 ]
| 7434 |
Section Modulus for Each Girder 5:=| 7434 | in’
| 7434 |
| 10052 |
Strains Recorded During SBS & MAX Tests
[29.96] [46.47]
| 60.52 | | 87.34 |
ey=156.34 [.107° e,=|7796].107°
| 60.52 | | 87.34 |
|34.77 | |55.16 |
Modulus of Elasticity B,=1820 ksi- ;: £ —(4.07.10°) ksi
2%
Moment Produced in Each Girder
[102.134 | [158.416]
_ |1s2.58 | 220197
My=F +Sec,=|142.041| ftokip M,=F, -5.5,=|196.548| ft-kip
15258 | | 220.107]
|118.531 | | 185.041 |
Total Moment
Moo= S M, —667.865 fl-kip M= > A,=0983.300 ft-kip
Distribution Factors
2. M, 2.1,
DFy = DF = .
[0.306] [4.322] M g M gma
| 0.457 | | 0.448 |
DF,=|0.425 | DF,=l04 |
l0.457| | 0.445 |
| 0.355 | |0.382 |
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A.4 Jackson No. 3776

A.4.1 Input Data, Experimental Configuration, and Experimental Data Collected
Table 13: Jackson No. 3776 input data, experimental configuration, and experimental data

collected
File Contents File Name File Type
Exterior Section Data Br3776_Geom _Ext.csv CSV Format
Interior Section Data Br3776_Geom _Int.csv CSV Format
Sensors Br3776 _Sensors.csv CSV Format

Sensor Layout

Br3776 _SensorLayout.mat

MATLAB Data File

Truck Weight and Dimensions

Br3776_Trucks.mat

MATLAB Data File

Sensor Data

Br 3776 ALT 1 1 Strain.mat

MATLAB Data File

Br 3776 _ALT 2 1 Strain.mat

MATLAB Data File

Br 3776 _ALT 3 1 Strain.mat

MATLAB Data File

Br 3776 BTB 1 1 Strain.mat

MATLAB Data File

Br 3776 BTB 1 2 Strain.mat

MATLAB Data File

Br 3776 BTB 2 1 Strain.mat

MATLAB Data File

Br 3776 BTB_3 1 Strain.mat

MATLAB Data File

Br 3776 MAX 1 1 Strain.mat

MATLAB Data File

Br 3776 MAX 1 2 Strain.mat

MATLAB Data File

Br 3776 MAX 2 1 Strain.mat | MATLAB Data File
Br 3776 MAX 3 1 Strain.mat | MATLAB Data File
Br 3776 SBS 1 1 Strain.mat | MATLAB Data File
Br 3776 SBS 1 2 Strain.mat | MATLAB Data File
Br 3776 SBS 2 1 Strain.mat | MATLAB Data File
Br 3776 SBS 3 1 Strain.mat | MATLAB Data File

FM-PR-08(07)
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A.4.2 Instrumentation

EXTERIOR
GIRDER

INTERIOR
GIRDER

INTERIOR
GIRDER

INTERIOR
GIRDER

EXTERIOR
GIRDER

. |MIDSPAN 140
— =
10 @ ® 0T® @ I
L T G0 61 62 TZ L
BOT TOP BOT MID L.TOP BOT
-
© @1 @
63 64 67
BOT MID L.TOP
s
o © ® 0T@ GEN
68 69 70 65 65 75 L
BOT TOP BOT MD L.ToP BOT
57 58 53
BOT MD L.TOP
-
70 @ @ @1 a ZEN
55 56 71 B10 811 76 L
BOT TOP BOT MID L. TOP BOT
DOWEL EDGE
UM-01 umM-02 UM-03 Uh-04 UM-05 UM-08
(&} B3072( A9 83073 @ B3075| (1)— B3055| (3)— B3057| 23— B3076
(8)— B3060| @0— B3074| (1) — B3065| (Z)— B3056| (4)—= B3058| ({)— B30T1
(7)—= B3061| (T} 83063 {3 83066 (3 B3068| (B) 83059( &3 B3810
(8)— B3062| (0 B3084| (13 B3067| (15 B3069| (18 B3070| 23 B3811

DETAIL 1 DETAIL 2
e g
e i [ I i
5] |
oz
Bal | BOT
i;v.'.f - :-;WJ -
DETAIL 3
L 1
Bo1
i e

BRIDGE 3307 SENSOR LAYOUT

DRAWN BY DATE

APS 2017/03/08
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Figure 43: Jackson No. 3776 sensor layout
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A.4.3 Loading

N

—6,900LBS
S B R
_-‘ —— 9 In
6,900 LBS
180"
9,100 LBS T“MJZ‘N T "7 61" 4—‘ -1 14" | 12,500 LBS
2

TRUCK: 8a-5565
BRIDGE: 3776

TOTAL WEIGHT: 55,100 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 44: Jackson No. 3776 Truck 8A-5565 loading
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& . 7250LBS
ﬂ -
%
pai
7,000 LBS —
162"
10,000 LBS .,\_:I__Zf;_ "]

——— 1 4" — 1 1 ,400 LBS

TRUCK: 791-040
BRIDGE: 3776

TOTAL WEIGHT: 54,950 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 45: Jackson No. 3776 Truck 791-040 loading
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o

' . 710018s
TS T S
_-‘ — 9"
8,000 LBS —
173"
ossotss oy o| st brsy | zosouss
13" i "
9,400 LBS —__
‘ TRUCK: T01-020
19° BRIDGE: 3775

TOTAL WEIGHT: 57,450 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 46: Jackson No. 3776 Truck T01-020 loading
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9,200 LBS

~
97
b
10,450 LBS —-
-

& -7z

_—6,350LBS

—

9 n J
T e
5,800 LBS

R

11"

180"

| ——12,100 LBS

TRUCK: T01-175
— BRIDGE: 3776

TOTAL WEIGHT. 54,600 LBS

DRAWN BY: APS
DATE: 12/15/2017

10,700 LBS

Figure 47: Jackson No. 3776 Truck T01-175 loading

A.4.4 Representative Data Plots

50

Midspan Strain, All Girders

40 |

30 |-

20 |

Microstrain

10 |

s B3062
s B306.1
B3060
s B3067
s B3064
B3063

-10

—B3066 [
—B3065
e B3070
B3059 | |
—B3058
e B3057
B3811
—B3810 []
/ —B3071
— - — ,

FM-PR-08(07)

500 1000

1500 2000 2500 3000
Time (s/10)

Figure 48: Jackson No. 3776 — BTB_2_1 strains - Midspan
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Strain at Girder Ends, Test BTB, Test 1, Position 2

14
——B3074
12 —B3073
B3072
10 . B3069
—.B3068
8 . B3075
—— B3056
c 6 —_B3055
g e B3076
7 | o
S 4
S
s
2 X o
pps——
0 — .
.2 | —
-4 ! \ \ \ \ |
0 500 1000 1500 2000 2500 3000
Time (s/10)
Figure 49: Jackson No. 3776 — BTB_2_1 strains - Ends
Midspan Strain, All Girders
60 \ \ I
——B3062
A & A) e B3061
50 [ B3060 |
— B3067
Araguedror | e B3064
40 — e B3063
Lk e B3066
— B3065
30 | —B3070 [
= _
S re > B3059
3 e B3058
5 20| L
s s B3057
A s B3811
——B3810
10 | L
—B3071
0 _
-10 | | \ | ! ! !
0 200 400 600 800 1000 1200 1400 1600 1800

FM-PR-08(07)

Time (s/10)

Figure 50: Jackson No. 3776 — SBS_2_1 strains - Midspan
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Strain at Girder Ends, Test SBS, Test 1, Position 2
20

e B3074
e B3073

B3072
e B3069
e B3068
e B3075
e B3056
s B3055

15 |

10

Microstrain

Time (s/10)

Figure 51: Jackson No. 3776 — SBS_2_1 strains — Ends

Midspan Strain, All Girders
70

s B3062
s B306 1

B3060
s B3067
e B3064
s B3063
s B3066
s B3065
s B3070

B3059
s B3058
s B3057
e B3811 [
e 3810
s B307 1

Microstrain

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (s/10)

Figure 52: Jackson No. 3776 — MAX_2_1 strains - Midspan
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Strain at Girder Ends, Test MAX, Test 1, Position 2
15

e B3074
s B3073

B3072
e B3069
e B3068
e B3075
e B3056
e B3055
e B3076

10 |

Microstrain

-10 | | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Time (s/10)

Figure 53: Jackson No. 3776 — MAX_2_1 strains - Ends

Midspan Strain, All Girders
70

e 3062
e B3061
B3060
e B3067
e B3064 |
e B3063
e B3066
e B3065
e B3070
B3059
e B3058
e B3057
‘—b . e B3811
e B3810

— B3071

Microstrain

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (s/10)

Figure 54: Jackson No. 3776 — ALT_2_1 strains - Midspan
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Strain at Girder Ends, Test ALT, Test 1, Position 2
25

e B3074
fC— s B3073

B3072
e B3069
e B3068
e B3075
e 83056
s B3055
s B3076

20 |

15 |

10 |

Microstrain

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (s/10)

Figure 55: Jackson No. 3776 — ALT_2_1 strains - Ends

A.4.5 Rating Factor Calculations
Figure 56: Jackson No. 3776 Calculations
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AASHTO Rating Calculations:
Bridge 3776 - Jackson, Maine
Material Parameters:
Concrete Compressive Strength
Reinforcement Yield Strength
Unit Weights: Reinforced Concrete, Wearing Surface
Jt

Concrte Elastic Modulus - LRFD Design C54.2.4-1 7
[

E,=1820 kei.
kosd

Geometric Properties:
Span Length

Girder Spacing - Interior and Exterior 5:=63.625 in
Number of Girders

Skew Angle

Width and Number of Lanes lanewidth:=11 ft
Wearing Surface Thickness

Girder Height - Interior, Exterior =305 in
Deck Thickness

Web Height - Interior, Exterior dy=h—d,
Web Thickness - Interior, Exterior b,=12.5in
Distance from Centerline of Girder to Edge of Curb

Height of Curb Above Deck

Width of Curb

FM-PR-08(07)

=5 kai

F,:=33 ksi

kip

Yre=0.150 ﬁif Vus=0.144 28

ft

={4.07.10") kei

L:=32.96 ft
5,:=47.063 in
NG =5
skeuwr:=0"*
Nigne:=2
wsi=4 tn
h,=305 in
d,=5.5 in
B =Ry —ds
bue=195in
d,=—15.75 in
Beyni=12 tn

by =18 0
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[3.063 ] [3.083]
Height to Centroid of Reinforcement - | 4.337 | |4.337]
Interior, Exterior Vb= 5049 | I8 9y =15.049] in

| 4.337 | | 4.337]

| 3.063 | |3.063 ]

. . dy+d, ¥
Dictance Between Centroids of Deck and Web g,= Tf: 15.25 in
Depth of Reinforcement - Interior, Exterior d =A== Dpi= Pl R

[5.0625] [5.0625]
Area of Reinforcement at All Changes - | 7.0625 | | 7.0625 |
Interior, Exterior Ag=|90625 | in A, =]90625 | in’

| 7.0625 | | 7.0625 |

| 5.0625 | | 5.0625 |
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder Pa..=0 kip

Resistance Factors - Structural Dead load, Weading Surface, Live Load
Yoo = Yow = 1 Yop = 1ia5

Impact Factor IM:=0.33
Resistance Factor ¢i=.9
System Factor $.i=1.0
Condition Factor ¢.=1.0
L] . = kip
Distributed Load Due to Rail Wgp t=0.100 T
t
Eccentricity of Centerline of Girders w.r.t. exc:=0 in

Centerline of Roadway
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Distribution Factors

: b bw’dfga AR d
Area and Moment of Inettia of Web As=dyb, <4875 in’ T= ot = (2.539.10%) in
Modular Ratio - Deck and Web ni=1
Longitudinal Stiffness Parameter K =1 (I+A . egz) = (1.388 . 105> in'

I’ 5 \0.4.(8\0.3‘( Kg \U-l

Interior Moment Distribution Factor Gmp =006+ | — = 0.505
\14f¢) \L) (1.4}
0.6 0.2 0.1
) s K
Tma ::0.075-1-!/__\. . (_\l . ‘{—ga\i =0.635
s ge) \T) \paa?)
G i=1NBK <9m1 s gm2>
Roadway Width W.i=lanewidth. Nlane
g” : W.
Eccentricity of Design Lane From £q:= —b ft+exc=6 ft
Center of Gravity of Girders 2
Eccentricity of Exterior Girder From s
Center of Gravity of Girders X, =(NG-1) .E: 11.438 f&
o=
Eccentricity of Each Girder Ty=X — 5
mB::Xemt_z’S
z,=1f(NG>3,X,,,-3.5,0 ft)
rp=if (NG>4, X, —4.5,0 ft)
wo=if (NG >5, X, ,—5.5,0 ft)
yi= if(NG> 6,X.—6-5,0 ﬁ)
L . 1 Xemt' €1 !
ever Rule - One Design Lane Ry=—_+ . =0.41

ald m12 +5322 Jr3'332 +m42 er52 +m62 Tty

Fomm1 =Py > 0,12 B, , 0y =0

FM-PR-08(07) Page 92 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges
UMaine Composites Center Report XX-XX-XXXX

Kepo e —b
Lever Rule - Two Design Lanes SRS 2 + ext ( ! f)

2 2 2 2 P 2 P
NG 5 4wy +my +m, +35 25+,

=0.435

s = (P> 0, Ry, 03 =0

1.2 (S+d.—2 ft
Exterior Moment Distribution Factor Fomw1 = 7LL} =0.252
2.5

d&
ee=0.7T+_° =0.624
9 ft

Fypgs = oo r €€ =0.386

G i=Max (gml H ng;2>

Interior Exterior
g, =0.635 Gonp="10.396
Loading
T I il = kip
Interior Girder Dead Load W girder = Vror* by 4,=0.508 ?7
t
¥ By kip
Deck Dead Load Week = Tro+ S« 3,=0.393 f—
11
N L ip
Curb Dead Load Wenrh ' =YR0* Pours * Pourp = 0.225 f—
t
Dead Load from Nonstructural W, = i 5. W,y =0.154 =y
Components NG i
i} L kip
Total Dead Load D=0 g+ Wy on + Wy, = 1.055 ?7
1]
- B B kip
Exterior Girder Dead Load Wtrdere = TR0 * D * D g =0.508 fT
L N I, kip
Exterior Deck Dead Load Waeeks = TR Sp+ T,=0.27 f—
{1
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Total Exterior Dead Load

UMaine Composites Center Report XX-XX-XXXX

£

DC:C =Wairders L e 0.931

Wearing Surface Dead Load DWi=cy s 5=0.275 kﬁ
Exterior Wearing Surface Dead Load DW=, +ws+S, =0.188 %f;
Dead Load Moments
My ::gjs'i: 143.261 ft-kip me::%’f:IQGASG Ft-kip
My i= DWS' Li:37.276 ft - kip Mg = DW?“"’£:25.564 ft kip
Live Load Moment - Truck Load
Mpon =32 Rip+ [%j +&:5P_, [5714 ft} =3515.28 ft - kip

Live Load Moment - Tandem

Live Load Moment - Lane

Total HL.-93 Live Load

FM-PR-08(07)

MTcmdem;:25 kip'%"_&:ﬂ'{g_‘l ,}Ft}ZSGQ ft'kip
kip
M, =064 2P, —=86.000 ft - kip

ft

My, =My gne+ (1 4+ IM) e 108K (Mo M pngem) = 568.369 ft- kip
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Nominal Resistance [0.573]

| 0.799 |

| s Lin
08575 |g799l

|0.573

Depth of Interior Whitney Stress Block ai=Age

[0.835 ]
Depth of Exterior Whitney Stress Block | 1.165 \

F
S
0.35- /005, |1165|

| 0.835 ]

[577.987]

N |500.375 |

Nominal Interior Moment Resistance M, r:Fy-AS-k f_J: | 621.500 | ft-kip
2/ |500.375 |
|377.987 |

Midspan Moment Capacity M pneing =108 (M) = 621 509 ft - Kip

[545.225 ]

T ot 720882
Nominal Exterior Moment Resistance M =F v Ay de ,_?“”J =lo14.718| (ft-&kip)
2/ |729.882

|543.223 |

Midspan Moment Capacity M =max (M, ) =214.718 ft-kip

capacityr”
Rating Factors

= et o Menpaciry— Yoo Mpe — Yow- Mpw
B Interiar ™
Yer-Mrre Gm

RF sk Qb'qss'gbc'Mcapacitym*fYDG 'MDwarYDW'MDWa:
Bxterior '
Yer Mrpe Gm

Interior Exterior

RErierior=0.685

Rl puterior=2.083
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Rating Factor
Improvements

Interior

Maximum Recorded Strain
Maximum Applied Moment per Lane
Uncracked Section Modulus

Cracked Section Modulus

Section Behavior

Section Modulus Effective for Behavior

St

o

Calculated Strain

Test Benefit Factor

Ratio of Applied to HL.-93 Moment

Test Understanding Factor
Rating Improvement Factor

Improved Rating Factor

FM-PR-08(07)

{Behavior = “Uncracked”, S

UMaine Composites Center Report XX-XX-XXXX

£pi=57.69.107°
Moy =397.94 ft- kip
s
Sune=50171 in
2 5
5, =1651 in

Behavior = “Uncracked?”

Sy)=(5.171-10") fn’

UG ¢

e oo Miton® O
T S

e {2

=1.44.107"

ka::i—1:1.497

Ry =1f (rgy>0.7,0.5,0)=0.5
ki=11k, k,=1.748

RFImpm'veu! =R pgepar B =1.198
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Exterior

Maximum Recorded Strain £p=4851-107°
Maximum Applied Moment per Lane Mo =397.94 ft-kip
Uncracked Section Modulus 5 e = 7024 in’
Cracked Section Modulus 5,.=2406 in’
Section Behavior Behauvior :==*“Uncracked?

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, 8, 90 = (7.324-10° ) in’

Mot p
Caleulated Strain g I | o, i
5. B,
EC
Test Benefit Factor ky=——1=0.308
&r
Rafi : = Mpso =
atio of Applied to HL-93 Moment T = = ks
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+k, +k,=1.154
Improved Rating Factor RE orovedBet =B Brierior £ =2.404
Summary
Interior Exterior
RFImproved =1.198 RFImpTovedEa:t =2.404
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Bridge 3776

Interior Section Propeities
” L .3
Yume=17.84in [, :=9213b in S =8171 in

Yor=2344n  I,.=386364n" §,:=1651in"

Exterior Section Properties

=205 én I,,=150368 in’ S, =7324 in’

yunc:ﬁ : UNCL 2

; e M
Yorg =276 iR I, =66328 in 5 =2406 in
Test Parameters

Maximum Applied Moment
M:=795.88 ft-kip

Using Nominal Compressive Strength - 2.5 ksi

UMaine Composites Center Report XX-XX-XXXX

Ni3:3

N,

€T

s

Maximum Measured Strain
£,=74.85.107

3

F.=25 kei  E,=1820 kai. re =(2.878.10°) kei
kai
M —4
Euneracked = =1.1-10
N+ Some B+ Ny Sy By
——— ) =3.399.10" Behavior:=ife, <& req | = “Uncracked”
cracke - ™ UNCTACRe
Nyo 8o B 4N+ 5 B, “Uneracked?
= T = A else
Using More Realistic Compressive Strength - 5 ksi “Cracked®
LT - e B
F=5 ket E,=1820 kai. —{4.07.10%) ksi
kai
M -5
Eumeracked = =7.781.10
Nir S B ANy Sy B
o) o an | =2.403+10~*
Ni’Scr’Ec+Nm’Scm'Ec
Behavtor :==1f g, < € ergereq | = “Uncracked”

FM-PR-08(07)

“Uncracked?”
else
“Cracked?
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Distributiuon Factors from Testing
Bridge 2130

Compressive Strength

Section Modulus for Each Girder

Strains Recorded During SBS & MAX Tests

[21.95]
| 54.6 \

|3895\

| 27.41 |

Modulus of Elasticity

Moment Produced in Each Girder

f.=5 ksi

[7324]

| 5171 |
3i=|51711 in®

5171 |

| 7324 |

[30.27]

| 67.69 |
-4

10

\53 94\
| 44.79 |

E,=1820 ksi-\/ f°_ ={4.07.10%) kai
kel

[54.52 ] [ 75.186]
| 95.751 | |118.708]
—_ —_—
My=F,+Seg,=|78161| ft-kip  M,=FE,S-g,=|101.17 | ft-kip
| 68,306 | | 04.503]
| 62.052 | |111.251 |

Total Moment

M gygi= 3 My =364.82 fi - kip

M gyai= >, M, =500.906 ft-kip

Digtribution Factors

2.0, 2. M,
DF, = . DF,= .
[0.299] foa ] sum3 M s

| 0.525 | | 0.474 |

Dr,=|0428] Dr,=|0.404|

Io 374 ! Io 378 !

l0.373] |0.444|

FM-PR-08(07)
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Distributivon Factors from Testing

Bridge 3776
Compressive Strength f.=0 ksi
[7324]
| 5171
Section Modulus for Each Girder 5:=|5171]| in’
ls171]
[7324]
Strains Recorded During SBS & MAX Tests
[21.95] [30.27]
| 546 ] |67.60]
e=|44571.107° £,=|57.60].10"
| 38.05 | 53.94]
| 27.41] | 44.70]

Modulus of Elasticity

Moment Produced in Each Girder

E,:=1820 m.\;‘ﬁzu.or.m“) ksi
ksi

[54.52 ] [ 75.186]
| 95.751 | [ 118.706 |
e ———
My=FE_-S-e,=|78.161| ft-kip = M,=E..S.e,=|101.17 | ft-kip
| 65.306 | 04.503 |
| 65.082 111.251

Total Moment

M pymoi= 3 M, =364.82 ft-kip

M, ygi= 32 M, =500.906 ft-kip

Distribution Factors
P 2. M, - 2.0,
[0.200] [0.3 ] M g M ms
|0.525| | 0.474]
DF,=|0.428 | F,=|0.404|
l0.374] lo.37sl
[0.373] |0.444|
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A.5 Alna No. 2130

A.5.1 Input Data, Experimental Configuration, and Experimental Data Collected
Table 20: Alna No. 2130 input data, experimental configuration, and experimental data collected

File Contents File Name File Type
Exterior Section Data Br2130_Geom_EXxt.csv CSV Format
Interior Section Data Br2130_Geom_Int.csv CSV Format

Sensors Br2130_Sensors.csv CSV Format
Sensor Layout Br2130_SensorLayout.csv MATLAB Data File
Truck Weight and Dimensions Br2130_Trucks.mat MATLAB Data File
Sensor Data Br 2130 ALT 1 1 Strain.mat | MATLAB Data File

Br 2130 ALT 2 1 Strain.mat | MATLAB Data File
Br 2130 ALT 3 1 Strain.mat | MATLAB Data File
Br 2130 BTB 1 1 Strain.mat | MATLAB Data File
Br 2130 BTB 1 2 Strain.mat | MATLAB Data File

train.mat | MATLAB Data File
train.mat | MATLAB Data File

Br_2130_SBS .
Br_2130_SBS

Br 2130 BTB 2 1 Strain.mat | MATLAB Data File
Br 2130 BTB 3 1 Strain.mat | MATLAB Data File
Br 2130 MAX 1 1 Strain.mat | MATLAB Data File
Br 2130 MAX 1 2 Strain.mat | MATLAB Data File
Br 2130 MAX 2 1 Strain.mat | MATLAB Data File
Br 2130 MAX 3 1 Strain.mat | MATLAB Data File
Br 2130 SBS 1 1 Strain.mat | MATLAB Data File

2 .

1.

1.

118

Br 2130 SBS 1 2 Strain.mat | MATLAB Data File
21S
31S
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A.5.2 Instrumentation

DETAIL1 DETAIL2
o e
e e B e -
me [
.'JI'J
BT | BT
izl S
DETAIL 3
L 1
BOT
Twwel—

2] ‘MIDSPAN =195
r (" fan ) Iy e -
EXTERIOR 10 @ ® ®1 @ %__2 3
55 56 2 63 64
GIRDER L.BOT TOP BOT MID L, TOP BOT L.
INTERIOR 2 ® @ @ @1 @& @ 3
GIRDER 60 &1 72 74 67 73
l.BOT TOP BOT MDD L.TOP BOT L.
re — & .
INTERIOR 2 %_gg @ @2 e 1 @4 23 3
GIRDER 70 75 58 68 76
L.BOT TOP BOT MID L.TOP BOT L.
I ™ = -
EXTERIOR 16 @ @ @1 ® @9 3
GIRDER 57 58 71 810 59 811
: L. BOT TOP BOT MID L. TOP BOT L,
DOWEL EDGE
UM-01 UM-02 UM-03 Uh-04 UM-05 UM-08
(1)— Ba0ss| (8)— B3062| 48 B3072| 20 B3074| (3 B3057| (5)—= B3059)
(2)— B3056| (59— B3063| A9 B3073| @3 B3075| (4) B3058| A7) — B307T1
(8)— B3060| (10 83064| (12 B30E6| G2 B3076| (15 B3063| 3 83810
(7)—= B3061| (31 B3085| (13 B30&7| (14 B3068| (18 B3070| 84 B3811

BRIDGE 2130 SENSOR LAYOUT

DRAWN BY

DATE

APS

2017/03/08

FM-PR-08(07)

Figure 57: Alna No. 2130 sensor layout
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A.5.3 Loading
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| - gaooiss
G B
=
7,950 LBS —~
150"
10,600 LBS — 14" = '—* 59" 4“ —1— 14" " 11,550 LBS
1 21| L
9,350 LBS — | 55"
~_
‘ TRUCK: 18-7321
13" BRIDGE: 2130
*7 TOTAL WEIGHT: 58,000 LBS
DRAWN BY: APS

FM-PR-08(07)

Figure 58: Alna No. 2130 Truck 1B-7321 loading
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_ 9,000 LBS
12" ;l B j
/ _-_‘ - 9 1“
7,400 LBS —
174"
10,450 LBS -~ ~. 137" 1= hss %"ﬂ ~—13" | ——12,050LBS
1 2“ B

TRUCK: sa-6132
BRIDGE: 2130

TOTAL WEIGHT: 60,950 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 59: Alna No. 2130 Truck 8A-6132 loading
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- I
il ssotes
4/. F ]
125" — P
2 P _...‘ — 9!1
6,100 LBS —
178"
10,100LBS —"‘-1? I '*58 %"ﬂ - 13 3" | 14,900 LBS
1 2" B

TRUCK: To1-169
BRIDGE: 2130

TOTAL WEIGHT: 61,000 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 60: Alna No. 2130 Truck T01-169 loading
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8,050 LBS —

10,050 LBS — 13 3"+~
T

11,100 LBS —_

o

__—17,700 LBS

I S EE

+‘ _-711“

191"

h 59" ﬂ k— 133" 10,800 LBS

i
1 0"

4

1 Oll

l TRUCK: To1-914
BRIDGE: 2130

TOTAL WEIGHT: 59,150 LBS

b

11,450 LBS DRAWN BY: APS

DATE: 12/15/2017

Figure 61: Alna No. 2130 Truck T01-914 loading

A.5.4 Representative Data Plots

40

Midspan Strain, All Girders

30

20 |

10 |

Microstrain

/KK/ /{

I
B3064

B3062
B3063
B3067
B3074
B3072
B3068
B3066
B3075

UM-06CH
D

B3810
B3071

}._

FM-PR-08(07)

200 400 600 800 1000 1200 1400 1600

Time (s/10)

Figure 62: Alna No. 2130 - BTB_2_1 strains - Midspan
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Strain at Girder Ends, Test BTB, Test 1, Position 2
10 _

.
e B3056
e B3055

B3065
e B3061
e B3060
e B3073
e B3070
e B3069
e B3076

B3058
e B3057
e B3811

£
<
5
173
S 0
L
=

60

0 200 400 600 800 1000 1200 1400 1600 1800
Time (s/10)

Figure 63: Alna No. 2130 - BTB_2_1 strains - Ends

Midspan Strain, All Girders

e B3064

e B3062
B3063 H

"\ e B3067
e B3074

e B3072

e B3068

e B3066

e B3075
UM-06CH

e B3810 H
s B3071

Microstrain

0 200 400 600 800 1000 1200 1400
Time (s/10)

Figure 64: Alna No. 2130 — SBS_2_1 strains - Midspan
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Strain at Girder Ends, Test SBS, Test 1, Position 2
20

15 |

10

e B3056
e B3055

B3065
e B3061
e B3060
e B3073
e B3070
e B3069
e B3076

Microstrain

B3058

e B3057
e B3811

-10 [

-15 | | |

Time (s/10)

1000 1200

Figure 65: Alna No. 2130 — SBS_2_1 strains — Ends

Midspan Strain, All Girders
60

1400

J [ I

e B3064
s B3062

50

Microstrain

B3063
e B3067
s B3074
s B3072
— B3068
s B3066
s B3075

UM-06CH

e B3810

=— s B3071

-10 | | | | |

0 500 1000 1500 2000 2500

Time (s/10)

3000 3500

Figure 66: Alna No. 2130 - MAX_3 1 strains - Midspan
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Strain at Girder Ends, Test MAX, Test 1, Position 3

15 _

s B3056
e B3055

B3065
e B3061
e B3060
e B3073
e B3070
e B3069
e B3076

B3058
e B3057
e B3811

Microstrain

-15 | | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000

Time (s/10)

Figure 67: Alna No. 2130 - MAX_3_1 strains - Ends

Midspan Strain, All Girders
[ [ [

70

——B3064
B3062
B3063 H
e B3067
—— B3074
—.B3072 [
—— B3068
— B3066 L
e B3075
UM-06CH

e B3810
e B3071

Microstrain

-10 | | | | | |
0 500 1000 1500 2000 2500 3000 3500

Time (s/10)

Figure 68: Alna No. 2130 — ALT_2_1 strains - Midspan
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Strain at Girder Ends, Test ALT, Test 1, Position 2
15

——B3056
——B3055
10 | B3065
——B3061
——B3060
5 Lr——’”—-—/,’___\\_‘_‘ ~..B3073
——B3070
£ | —B3069
g o
£ Ia— —B3076 [
IS
5 B3058
s M
5 —B3057
[ —B3811
0 — \—fj_/
-15 \ \ | | \ | |
0 500 1000 1500 2000 2500 3000 3500

Time (s/10)

Figure 69: Alna No. 2130 — ALT_2_1 strains - Ends

A.5.5 Rating Factor Calculations
Figure 70: Alna No. 2130 Calculations
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AASHTO Rating Calculations:
Bridge 2130 - Alna, Maine

Material Parameters:

Concrete Compressive Strength F.=5 kst
Reinforcement Yield Strength F, =33 ksi
Unit Weights: Reinforced Concrete, Wearing Surface

& _ kip N kip

Fro=0.160 — T =0.144 —
fi 7t
Concrte Elastic Modulus - LRFD Design C54.2.4-1 7
B,=1820 kei- A2 °* =(4.07.10%) ksi
ksi

Geometric Properties:
Span Length L:=27 ft
Girder Spacing - Interior and Exterior 5:=86 in §,=34 in
Number of Girders NG =4
Skew Angle skew:=0"
Width and Number of Lanes lanewidth:=10 ft Nione=2
Wearing Surface Thickness wsi=13 in
Girder Height - Interior, Exterior hi=33 in h,=33 in
Deck Thickness dy=81n
Web Height - Interior, Exterior dy=h—d, &g 1= Py — g
Web Thickness - Interior, Exterior b,=16in boe =12 tn
Distance from Centerline of Girder to Edge of Curb d, =—0.75 ft
Height of Curb Above Deck Py =17 i
Width of Curb Bown =18 in
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3] [3 ]
Height to Centroid of Reinforcement - |35 | [3.5]
Interior, Exterior Ypar = |44] in Vo |3.5] in
|3.5] |3.5]
| 3] 3]
. : dy+dy ]
Dictance Between Centroids of Deck and Web £,i= & f-1654n
2
Depth of Reinforcement - Interior, Exterior di=h—Ypor Ao =R — Yoare T Povrd
[ 6] [2]
8] 4]
Area of Reinforcement at All Changes - A= 110 ] in Al |4 in
Interior, Exterior 1 8 1 1 4 !
L 6] 12]
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder Pa..=0 kip

Resistance Factors - Structural Dead load, Weading Surface, Live Load
Yoo = Yow = 1 Yop = 1ia5

Impact Factor IM:=0.33
Resistance Factor ¢=.9
System Factor $.i=1.0
Condition Factor ¢.=0.95
Distributed Load Due to Rail Wgs = 0.1 kﬂ
Jt
Eccentricity of Centerline of Girders w.r.t. exc:=0 in

Centerline of Roadway
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Distribution Factors

. o bw’ dfg3 LR
Area and Moment of Inettia of Web A=d,eb,=400 in° T="2"° —(2.083.10°) in
12 ses)
Modular Ratio - Deck and Web
I [ 2 5y . 4
Longitudinal Stiffness Parameter K =1 (I—e—Ao ey ) = (1_297. 10 > in

I’ 5 \0.4.(8\0.3‘( Kg \U-l

Interior Moment Distribution Factor Gmp =006+ | — = 0.561
\14f¢) \L) (1.4}
0.6 0.2 0.1
) s K
Tma ::0.075-1-!/__\. . (_\l . ‘{—ga\i =0.707
s ge) \T) \paa?)
G i=1NBK <9m1 s gm2>
Roadway Width W.i=lanewidth. Nlane
g” : W.
Eccentricity of Design Lane From £q:= —b ft+exc=5 ft
Center of Gravity of Girders 2
Eccentricity of Exterior Girder From s
Center of Gravity of Girders DAl = (NG_lj.Ezlo,TE; F
o=
Eccentricity of Each Girder Ty=X — 5
mB::Xemt_z’S
z,=1f(NG>3,X,,,-3.5,0 ft)
rp=if (NG>4, X, —4.5,0 ft)
wo=if (NG >5, X, ,—5.5,0 ft)
yi= if(NG> 6,X.—6-5,0 ﬁ)
L . 1 Xemt' €1 !
ever Rule - One Design Lane Ry=—_+ . =0.45%

ald m12 +5322 Jr3'332 +m42 er52 +m62 Tty

Fomm1 =Py > 0,12 B, , 0y =0

FM-PR-08(07) Page 113 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges
UMaine Composites Center Report XX-XX-XXXX

Kegsr{e1—5 ft
Lever Rule - Two Design Lanes Rgtzi-i- = = Ejt { 12 f} - 3
NG 5 4wy +my +m, +35 25+,

=0.5

s = (P> 0, Ry, 03 =0

1.2 {(S4+d.—2 ft
Exterior Moment Distribution Factor Gong1 = 7LL} =0.37
2.5

d&
ee=0.7T+_° =0.687
9 ft

Gy = o+ 02 =0.485

G i=Max (gml H ng;2>

Interior Exterior
G, =0.707 Gonp="0.485
Loading
T I il = kip
Interior Girder Dead Load Wgirder = Vro Bt 4y =0.417 ?7
t
¥ By kip
Deck Dead Load Week = Tro+ S« d,=0.717 —
11
N L ip
Curb Dead Load Werh '=FRC* Neurd * Doury = 0,318 f—
t
Dead Load from Nonstructural W, = i 5. W,y =0.18 i
Components NG ft
i} L kip
Total Dead Load D=0 g+ Wy on + Wy, = 1.313 ?7
1]
- B B kip
Exterior Girder Dead Load Wtrdere = TrO * D * Dy =0.313 fT
: N I kip
Exterior Deck Dead Load Waeeks = TRo* Sp+ &= 0.283 ?_
t
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Total Exterior Dead L oad DL =0 pi oy + Wepohp T Wi = 0.776 kTW_
t
] kip
Wearing Surface Dead Load DW=y sws.5=1118 _
Exterior Wearing Surface Dead Load DW=, sws+S, =0.442 %p;
t
Dead Load Moments
=i rE, B b
Mo ::%%:119,649 ft-kip Mpgyi= ==~ =70.669 ft - kip
2 2
. DW, . L
Mgwiz DI/VS L_:101,878 ﬁ‘.‘kip MDW(IZ;: ; L A O ﬂokip

Live Load Moment - Truck Load

My =32 bip: @ 2k, [5—14 ft} =206 ft- kip

Live Load Moment - Tandem 5 or -
MTcmdem;:25 kip'z+—2£'{?—4 ,}Ft}:2875 ft'k“rp

Live Load Moment - Lane ki Lz
.Y —58.32 ftkip
ft 3

M e = 0.64

Total HL-93 Live Load
MLL ::MLane + (1 +IM) + NAK (MTmck ’MTandem> =440.605 ft > kip
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Nominal Resistance [0.542]
7 |0.722
Depth of Interior Whitney Stress Block ai=Age y%: |0.903 | in
0.85.f,.5 ! 0.722 |
| 0.542 |
[0.457]
7 | 0.013
Depth of Exterior Whitney Stress Block O t=A.e %7:| 0.913 | in
0.85.f,-5, ! 0.013
| 0.457 |
[490.531]
=i | 641.055 |
Nominal Interior Moment Resistance My =Fy+ Ay d—21=|774.085 | fL-kip
| 641.055 |
|490.531 |
Midspan Moment Capacity M apaeizg = max (M,) =774.085 ft . kip
[257.244]
7 | 506.476 |
Nominal Exterior Moment Resistance Myp=FyrAgr1d,——=|= | 506.476 | (ft-kip)
\ |506.476 |
|257.244 |
Midspan Moment Capacity M apneivgs = max (M} =506.476 ft. kip
Rating Factors
P o M oppaeny — Voo Mpo —Yow-Mpw
RFIntem’c’r’*
Yoo Mz Im
1 Qb N ¢’s * ch 'Mcapacitym — D ’MDGm —Yow* MDW:c
RFEmterior;_
Yor Mpp Gme
Interior Exterior
REperer=>0.915 EFppterior=1.018
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Rating Factor
Improvements

Interior

Maximum Recorded Strain
Maximum Applied Moment per Lane
Uncracked Section Modulus

Cracked Section Modulus

Section Behavior

Section Modulus Effective for Behavior

St

o

Calculated Strain

Test Benefit Factor

Ratio of Applied to HL.-93 Moment

Test Understanding Factor
Rating Improvement Factor

Improved Rating Factor

FM-PR-08(07)

{Behavior = “Uncracked”, S

UMaine Composites Center Report XX-XX-XXXX

£pi=6545.107"°
Magas=329.14 fi- kip
s
Sone =5850 in
5,.:=2185 in’

Behavior = “Uncracked?”

Sy)=(5.85.10") in’

UG ¢

e oo Miton® O
T S

e {2

=1.173.10""

]ga::i—l =0.782

Ry =1f (rgy>0.7,0.5,0)=0.5
=11k, ky=1.396

RFImpm'veu! =R pgepar B=1.278
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Exterior

Maximum Recorded Strain Ep=27.74.107°
Maximum Applied Moment per Lane Mg =329.14 ft-kip
Uncracked Section Modulus 5 e = 5384 in’
Cracked Section Modulus 5,.=1832 in’
Section Behavior Behavior =="“Uncracked”

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, 8, 5.,) = (5.804-10° ) in’

Mot p
Caleulated Strain U, A
5.+ B,
EC
Test Benefit Factor ky=——1=1.881
&r
Rafi : = Mpso =
atio of Applied to HL-93 Moment Tapi=m———— =0.747
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+4k, +ky=1.541
Improved Rating Factor RE orovedBet =B Brierioe F=1.978
Summary
Interior Exterior
RFImproved: 1.273 RFImpTovedEa:t =1.978
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Bridge 2130

Interior Section Propeities
” . 4 .3
Yume =214 4in I, :=128330in" 5,.:=5H3560in

Yor=25.0 40 I,=566214n" §,:=2185in"

Exterior Section Properties

=2594n I,,.=152933in’ S, =5804 in’

yunc:ﬁ : UNCL 2

; e M
Yorp=o2.1 iR I, =bH8T63 in 5, =1832 in
Test Parameters

Maximum Applied Moment
M :=658.28 ft-kip

Using Nominal Compressive Strength - 2.5 ksi

UMaine Composites Center Report XX-XX-XXXX

Ni::Q

N,

€T

s

Maximum Measured Strain
£, =65.45.10"

3

F.=25 kei  E,=1820 kai. re =(2.878.10°) kei
kai
M —
Emeracked = =1.16%.10
N+ Some B+ Ny Sy By
——— ) =3.417.10" Behavior:=ife, <& req | = “Uncracked”
cracke - ™ UNCTACRe
Nyo 8o B 4N+ 5 B, “Uneracked?
= T = A else
Using More Realistic Compressive Strength - 5 ksi “Cracked®
LT - e B
F=5 ket E,=1820 kai. —{4.07.10%) ksi
kai
M -5
Eumeracked = =8.264.10
Nir S B ANy Sy B
o) o an | =2.416.10~"
Ni’Scr’Ec+Nm’Scm'Ec
Behavtor :==1f g, < € ergereq | = “Uncracked”

FM-PR-08(07)

“Uncracked?”
else
“Cracked?
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Distributiuon Factors from Testing
Bridge 2130

Compressive Strength

Section Modulus for Each Girder

Strains Recorded During SBS & ALT Tests

Modulus of Elasticity

Moment Produced in Each Girder

[ 28.844
p— | 95.17
Mo=ESees= 1 gn
| 44.335
Total Moment
M yymo = > M, =287.029 ft-kip

]

|ﬁ~kip My=E,S-c,= Ft-kip
! 4T e +~1129.85 |

J

Distribution Factors
[0.201] [0.185]
|0.663 | |0.667|
DFQ_!O.SQ?’! DF4_!0.829!
[0.309 ] [0.319]

FM-PR-08(07)
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f.=5 ksi

[5804]
_|sss0| s
=|ss50] "

| 5804 |

[14.43 ] (14,47
la7.07| |52.66] 4
€2=| 5o ga "1 4| g5 10

|22.18 | |24.98 ]

Te

={4.07.10%) kai
kel

E,:=1820 ksi-

[ 28.924]
| 104.475 |

| 49.932]

M gygi= S0, =313.18 ft - kip
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A.6  Franklin No. 3307

A.6.1 Input Data, Experimental Configuration, and Experimental Data Collected

Table 21:Franklin No. 3307 input data, experimental configuration, and experimental data

collected
File Contents File Name File Type
Exterior Section Data Br3307_Geom _Ext.csv CSV Format
Interior Section Data Br3307_Geom _Int.csv CSV Format
Sensors Br3307 _Sensors.csv CSV Format

Sensor Layout

Br3307_SensorLayout.mat

MATLAB Data File

Truck Weight and Dimensions

Br3307_Trucks.mat

MATLAB Data File

Sensor Data

Br 3307 ALT 1 1 Strain.mat

MATLAB Data File

Br 3307 BTB 1 1 Strain.mat

MATLAB Data File

Br 3307 BTB_1 2 Strain.mat

MATLAB Data File

Br 3307 BTB_2 1 Strain.mat

MATLAB Data File

Br 3307 BTB 3 1 Strain.mat

MATLAB Data File

Br 3307 MAX 1 1 Strain.mat | MATLAB Data File
Br 3307 MAX 1 2 Strain.mat | MATLAB Data File
Br 3307 MAX 2 1 Strain.mat | MATLAB Data File
Br 3307 MAX 3 1 Strain.mat | MATLAB Data File
Br 3307 SBS 1 1 Strain.mat | MATLAB Data File
Br 3307 SBS 1 2 Strain.mat | MATLAB Data File
Br 3307 SBS 2 1 Strain.mat | MATLAB Data File
Br 3307 SBS 3 1 Strain.mat | MATLAB Data File
A.6.2 Instrumentation
=182 |MIDSPAN —1.00+
EXTERIOR e EID) ® @ e ® @ " DETAIL 1 - DETAIL 2 N
GIRDER Lsor 1ap 5 Mb L1oe gor L. | T ]
INTERIOR ® @@ w e
GIRDER B%?T n?ﬁ:n _‘,TEOFP . 3:" .
INTERIOR @ ® @ @ T @ GE evial— il
GIRDER ,,aﬁc?w 15p gor b L Top EOT .. DETAIL 3
INTERIOR '@ @ 1-h® ’—‘
GIRDER B%?T I\?Is[] _,,TSOQP
exterior | 1 (D) @ ® ala @ 3
GIRDER LeBr 1or sor Mib L, fob g7 L Tewzl-
DOWEL EDGE
Ln-01 umn-0z2 UmM-03 Lind-04 UmM-05 UM-06
[{E] B3072| A9 B3073| 23 B3075| (1)— B3055| (3)— B3057| 22— B3076
(6)— B3060| @0— B3074| (13— B3065| (2)— B3056| (4)—= B3058| (17)— 83071 BRIDGE 3307 SENSOR LAYQUT
7)—=B3061 — B3083 f"' B306E| 14 B3068| (5 B3059 B3310
g—a B3062 % B3084 ﬂi B3ng7 g B3063 QO?‘ B3070 g B3a11 DR}W:::Y 2[3;:1;3;'08

FM-PR-08(07)

Figure 71: Franklin No. 3307 sensor layout
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A.6.3 Loading

| ‘ 8 7850LBS
L_;. B ]
_-_‘ — 9 %I!
6,300 LBS —
176"
9,900 LBS 713 o= h 58" ﬂ -—13" | 11,850 LBS
10" T
10,000 LBS —_ 57"
J—; l TRUCK: 101-137
10" BRIDGE: 3307
* TOTAL WEIGHT: 67,250 LBS
— |~—87" 11,400 LBS DRAWNBY: APS
DATE: 12/15/2017

Figure 72: Franklin No. 3307 Truck T01-137 loading

FM-PR-08(07)
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| T
¥ % 7400188
i. F 1
?
e +‘ -9l
6,300 LBS —
180"

9,650 LBS — 133" -

~-133" | ——11,750LBS

TRUCK: T01-166
BRIDGE: 3307

TOTAL WEIGHT: 54,800 LBS

DRAWN BY: APS
DATE: 12/15/2017

Figure 73: Franklin No. 3307 Truck T01-166 loading
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| " |
! 7 7650LBS
10— - j
) +‘ 11
6,800 LBS —~
198"
10,000 LBS —.133" h 58" ﬂ -3k | 11550LBS
1 ‘1 n B T
9,800 LBS —_ 53 1
‘ l TRUCK: T01-215
i BRIDGE: 3307

TOTAL WEIGHT: 56,350 LBS

10,550 LBS DRAWN BY: APS

DATE: 12/15/2017

Figure 74: Franklin No. 3307 Truck T01-215 loading
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| " |
| | 82 . T7750LBS
128 B
—-‘ - 11"
7,200 LBS —
198"
8,900 LBS —13 v 60" — 13" _——11,100 LBS
T
1 1“ _
10,100 LBS —_ | 53 I
Q TRUCK: To1-286
10" — BRIDGE: 3307
{ TOTAL WEIGHT: 56,150 LBS
—=— 11,100 LBS DRAWN BY: APS
DATE: 12/15/2017

Figure 75: Franklin No. 3307 Truck T01-286 loading

A.6.4 Representative Data Plots

Midsp
40

an Strain, All Girders

v

35

30

25

20

15

Microstrain

10

_‘ B3062
e B306.1
B3060
e B3067
e B3064
B3063
e B3066
e B3065
e B3070
um-oscH ||
D

s B3058
s B3057
e B3810
s B307 1

200 400 600

800 1000

Time (s/10)

1200

Figure 76: Franklin No. 3307 — BTB_2_1 strains - Midspan
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Microstrain

Microstrain

10
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Strain at Girder Ends, Test BTB, Test 1, Position 2

e B3074
e 83073
B3072
e B3069
e B3068
e B3075
e B3056
e B3055
e B3076

60

400 600 800 1000 1200 1400

1600 1800 2000
Time (s/10)

Figure 77: Franklin No. 3307 - BTB_2_1 strains — Ends

Midspan Strain, All Girders

- ‘—B3062
e B3061

B3060 H
e B3067
e B3064
e B3063 H
e B3066
e B3065
e B3070 H
UM-0SCH

s B3058
s B3057
s B3811
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[ [
800 1000 1200 1400 1600
Time (s/10)

1800

Figure 78: Franklin No. 3307 — SBS_2_1 strains - Midspan
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Microstrain

Microstrain
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Strain at Girder Ends, Test SBS, Test 1, Position 2

e B3074
e B3073

B3072
e B3069
e B3068
e B3075
e B3056
e B3055
s B3076

200 400 600 800 1000 1200 1400 1600 1800
Time (s/10)
Figure 79: Franklin No. 3307 — SBS_2_1 strains - Ends
Midspan Strain, All Girders
I
‘ | ‘ e B3062
| e B3061 ||
B3060
e B3067
[ / A e B3064 [
e B3063
r e B3066 M
e B3065
= e B3070 H
UM-0SCH
~ e o B3058 M
”~ Nl e B3057
L — =\~ _B3811 H
= [ s \f\ e || ——B3810
L ( = e B3071 L
/,— F/ —
| | - |
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (s/10)

Figure 80: Franklin No. 3307 — MAX_2_1 strains - Midspan
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Microstrain

Microstrain

FM-PR-08(07)

80

Midspan Strain, All Girders

1=
St
=

e 83062
s B3061

B3060
e B3067
s B3064
s B3063
e B3066 M
e B3065
s B3070 =

UM-05CH o

e B3058 M
s B3057
s B3811 L
— B3810
e B307 1

2000
Time (s/10)

2500

Figure 81: Franklin No. 3307 — BTB_2_1 strains - Ends

Midspan Strain, All Girders

4000

s B3062

s B306.1 L
B3060

e B3067

s B3064

s B3063

e B3066

s B3065

s B3070
UM-05CH o

e B3058
s B3057 m
s B3810
e B307 1 [l

200 400 600 800 1000 1200 1400 1600
Time (s/10)
Figure 82: Franklin No. 3307 — BTB_2_1 strains - Midspan
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Strain at Girder Ends, Test BTB, Test 1, Position 2

N
e B3056
e B3055

B3065
—B3061
e B3060
e B3073
| B3070
e B3069
e B3076

B3058
e B3057
e B3811

Microstrain
IS

-8 | | | | 1 | | | |
0 200 400 600 800 1000 1200 1400 1600 1800

Time (s/10)

Figure 83: Franklin No. 3307 - BTB_2_1 strains - Ends

A.6.5 Rating Factor Calculations
Figure 84: Franklin No. 3307 Calculations
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AASHTO Rating Calculations:
Bridge 3307 - Franklin, Maine

Material Parameters:

Concrete Compressive Strength F.=5 kst
Reinforcement Yield Strength F, =33 ksi
Unit Weights: Reinforced Concrete, Wearing Surface
& _ kip N kip
Yro :=0.150 = Vv :=0.144 g
fi 7t
Concrte Elastic Modulus - LRFD Design C54.2.4-1 7
B,=1820 kei- A2 °* =(4.07.10%) ksi
ksi
Geometric Properties:
Span Length L:=40 ft
Girder Spacing - Interior and Exterior 5:=68.76 in 5,:=46.875 in
Number of Girders IhAEEE )
Skew Angle skew:=0"
Width and Number of Lanes lanewidth:=11 ft Nione=2
Wearing Surface Thickness wsi=4 in
Girder Height - Interior, Exterior h=3154n h :=35151in
Deck Thickness dy:=b.7b in
Web Height - Interior, Exterior dy=h—d, &g 1= Py — g
Web Thickness - Interior, Exterior b,=1%4in boue=18 tn
Distance from Centerline of Girder to Edge of Curb d,i=—15in
Height of Curb Above Deck Py =12 i
Width of Curb Bown =18 in
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[ 4.42 ] [ 4.42 |
|5.125 | |5.125 |
Height to Centroid of Reinforcement - | 64 | | 6.4
Interior, Exterior ybm;:‘ 7.25 ‘ in %am":| 7.25 ‘ in
| 6.4 | 6.4
15 1251 !5.1251
| 4.42 | | 4.42 |
. . dg + d&‘ .
Dictance Between Centroids of Deck and Web g,= Tf: 15.75 im
Depth of Reinforcement - Interior, Exterior d =A== Dpi= Pl R
[ 7.504 | [ 7.504 |
110.125 | 110.125 |
Area of Reinforcement at All Changes - | 12.656 | | 12.656 |
Interior, Exterior A, =l15.188 ] in A =l15.188| in’
12.656 | 12.656
1 10.125 1 10.125 l
Load and Analysis Parameters | 7.694 | | 7.694 |
Concentrated Load Due to Diaphragms on One Girder Pa..=0 kip

Resistance Factors - Structural Dead load, Weading Surface, Live Load
Yoo = Yow = 1 Yop = 1ia5

Impact Factor IM:=0.33
Resistance Factor ¢=.9
System Factor $.i=1.0
Condition Factor ¢.=1.0
Distributed Load Due to Rail Wgs = 0.1 kﬂ
Jt
Eccentricity of Centerline of Girders w.r.t. exc:=0 in

Centerline of Roadway
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Distribution Factors

: sl bw’ dfg3 AR d
Area and Moment of Inettia of Web A=d,eb,=489.25 in'T-=""_"% —(2.703.10") in
12 ses)
Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter K =1 (I+A . egz) = (1.484 . 105> in'

I’ 5 \0.4.(8\0.3‘( Kg \U-l

Interior Moment Distribution Factor Gmp =006+ | — = 0.47
\14f¢) \L) (1.4}
0.6 0.2 0.1
) s K
Gz :=0.075 4+ l/__\. . (_\l . ‘{ g = \i =0.6
s ge) \T) \paa?)
G i=1NBK <9m1 s gm2>
Roadway Width W.i=lanewidth. Nlane
g” : W.
Eccentricity of Design Lane From £q:= —b ft+exc=6 ft
Center of Gravity of Girders 2
Eccentricity of Exterior Girder From s
Center of Gravity of Girders X, =(NG-1) .E: 11.458 f&
o=
Eccentricity of Each Girder Ty=X — 5
mB::Xemt_z’S
z,=1f(NG>3,X,,,-3.5,0 ft)
rp=if (NG>4, X, —4.5,0 ft)
wo=if (NG >5, X, ,—5.5,0 ft)
yi= if(NG> 6,X.—6-5,0 ﬁ)
L . 1 Xemt' €1 !
ever Rule - One Design Lane Ry=—_+ . =0.40%

ald m12 +5322 Jr3'332 +m42 er52 +m62 Tty

Fomm1 =Py > 0,12 B, , 0y =0
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Kepo e —b
Lever Rule - Two Design Lanes SRS 2 + ext ( ! f)

2 2 2 2 P 2 P
NG 5 4wy +my +m, +35 25+,

=0.435

s = (P> 0, Ry, 03 =0

1.2 {(S4+d.—2 ft
Exterior Moment Distribution Factor Gong1 = 7LL} =0.26
2.5

d&
ee=0.7T+_° =0.631
9 ft

Fimazs = Gmor 26 =0.379

G i=Max (gml H ng;2>

Interior Exterior
g,=0.6 Gonp="0.379
Loading
T I il = kip
Interior Girder Dead Load W girder = Vrer* b d;=0.51 T
L
¥ By kip
Deck Dead Load Week = Tro+ S« d,=0.412 f—
11
N L ip
Curb Dead Load Wenrh ' =YR0* Pours * Pourp = 0.225 f—
t
Dead Load from Nonstructural W, = i 5. W,y =0.145 =y
Components NG i
i} L kip
Total Dead Load D=0 e+ Wy on + Wy, = 1.066 ?7
1]
- B B kip
Exterior Girder Dead Load Wpirdere = TR0 * D * B =0.51 ﬁf
L N I, kip
Exterior Deck Dead Load Waeeks = TRo* Sp+ &= 0.281 ?_
t
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Total Exterior Dead Load DO = W girdere T Wasehe T W= 0.935 kTW_
t
] kip
Wearing Surface Dead Load DWi=ey cws.S=0276 _
Exterior Wearing Surface Dead Load DW=, +ws+S, =0.188 %p;
£
Dead Load Moments
=i rE, B b
M= gjsi: 213,284 ft - kip Mpoyi=——="_=187.079 ft-kip
2 2
. DW,.L
Mgy = DWS L ks ft.kip Mipyyi= s = =375 fo-hip

Live Load Moment - Truck Load

My =32 bip: @ 2k, [5—14 ft} =440 fv - kip

Live Load Moment - Tandem 5 or -
MTcmdem;:25 kip'z+—2£'{?—4 ,}Ft}:450 ft'kip

Live Load Moment - Lane ki Lz
i L
My, =064 T:L?.:IQS ft-kip

Total HL-93 Live Load
MLL ::MLane + (1 +IM) + NAK (MTmck ’MTandem> =726.5 .ft E kip
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Nominal Resistance

Depth of Interior Whitney Stress Block

Depth of Exterior Whitney Stress Block

Nominal Interior Moment Resistance

Midspan Moment Capacity

Nominal Exterior Moment Registance

Midspan Moment Capacity

Rating Factors

RFEmtenar =

Interior

REperer=">0.924

FM-PR-08(07)

RFIntemc'r
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[0.858]
| 1.144 |
[1.420]
fg | 1 L
i 1.715 1 in
08575 |1429]
11144
| 0.858 |
[1.258]
|1.677]
IQ.OQG}
i e v =12.516!in
T 038 F-8, | s bl
11,677,
|1.258]
[556.57 ]
| 718459

a::AS.

el L | 845706 |
M, =F,A,-(d—2)=|977.027| ft-kip
" 2) | sasioe
718459,
|556.57 |

M, =max (M,) =977.027 ft-kip

802.992 |

capreity §

1.255. 103

|

L aE
Mm’:Fy’Asm'de77J:} 1.462.10

\

\

|

|

|
4 _
| (ft-kip)
1.255.10° !
1.045.10° |
]

M =max (M) = (1.462-10°) ft- kip

capae tym

Do Por Megpaciny— Yoo Mpe —Yow  Mow
Yer-Mrre Gm

Qb ¢' Qb Mcapacztym Vo 'MDG:I: Tow* MDWa:
Yer Mrpe Gm

Exterior

Bl ppterior=2.754
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Rating Factor
Improvements

Interior

Maximum Recorded Strain
Maximum Applied Moment per Lane
Uncracked Section Modulus

Cracked Section Modulus

Section Behavior

Section Modulus Effective for Behavior

St

o

Calculated Strain

Test Benefit Factor

Ratio of Applied to HL.-93 Moment

Test Understanding Factor
Rating Improvement Factor

Improved Rating Factor

FM-PR-08(07)

{Behavior = “Uncracked”, S

UMaine Composites Center Report XX-XX-XXXX

Epi=T616-107°
B pgas=609.88 fi- kip
s
Sune=b712 in
5,,=2250 in’

Behavior = “Uncracked?”

Sq)=(6.712-10") in’

UG ¢

e oo Miton® O
T S

e {2

=1.89-10"

ka::i—1:1.482

Ry =1f (rgy>0.7,0.5,0)=0.5
k=11 k, ky=1.741

RFImpm'veu! =R pgepor e £ =1.608

Page 136 of 139



Instrumentation During Live Load Testing and Load Rating of Five Reinforced Concrete T-Beam Bridges
UMaine Composites Center Report XX-XX-XXXX

Exterior

Maximum Recorded Strain £p=44.3.107°
Maximum Applied Moment per Lane Mo =609.88 ft-kip
Uncracked Section Modulus 5 e = 5384 in’
Cracked Section Modulus 5,.=1832 in’
Section Behavior Behavior =="“Uncracked”

Section Modulus Effective for Behavior

S, :=if (Behavior = “Uncracked”, 8, 5.,) = (5.804-10° ) in’

Mot =
Caleulated Strain gk PR I |y e, i
5.+ B,
EC
Test Benefit Factor ky=———1=1.61
&r
Rafi : = Mpso =
atio of Applied to HL-93 Moment = =0.830
Mg,
Test Understanding Factor ko =1f{ry;>0.7,0.5,0}=0.5
Rating Improvement Factor ki=1+k, +k,=1.805
Improved Rating Factor BRI orovedBet =BE Brierior #=5.025
Summary
Interior Exterior
RFImproved =1.603 RFImpTovedEa:t =5.025
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Bridge 3307

Interior Section Propeities
” . 4 .3
Yume=18.14n I, :=103148 in~ 5, .:=5H71Z in

Yo =228 40 I,=513884n° §,:=2250in’

Exterior Section Properties

=20.64én I, :=1656824in" S =8041in’

yunc:ﬁ : UNCL 2

; e M
Yorp =265 im I,..=86963 in 5, =5276 in
Test Parameters

Maximum Applied Moment
M:=12198.76 ft. kip

Using Nominal Compressive Strength - 2.5 ksi

UMaine Composites Center Report XX-XX-XXXX

Ni3:3

N,

€T

s

Maximum Measured Strain
£, =7616.107

3

F.=25 kei  E,=1820 kai. re =(2.878.10°) kei
kai
M —
Emeracked = =1.631.10
N+ Some B+ Ny Sy By
——— ) =3.824.10" Behavior:=ife, <& req | = “Uncracked”
cracke - ™ UNCTACRe
Ni'Sm"Ec +N:c'Sc'r:c'Ec “Uncracked?
= T = A else
Using More Realistic Compressive Strength - 5 ksi “Cracked®
LT - e B
F=5 ket E,=1820 kai. —{4.07.10%) ksi
kai
M —4
Eumeracked = =1.083-10
Nir S B ANy Sy B
o) o an | =2.704.10""
Ny Sopr B+ Ny e S By
Behavtor :==1f g, < € ergereq | = “Uncracked”

FM-PR-08(07)

“Uncracked?”
else
“Cracked?
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Distributiuon Factors from Testing
Bridge 3307

Compressive Strength

Section Modulus for Each Girder

Strains Recorded During SBS & MAX Tests

Modulus of Elasticity

Moment Produced in Each Girder

| 20.004|

—_
My=FE_Sg,=|

Total Moment
M

Distribution Factors
[0.319] [0.324]
|0.413 | |0.412 |
Dr,=|0556] Dr,=|0539]
!0.453 ! !0.442 !
|0.25 | |0.282 |

FM-PR-08(07)

[ 61.765]
L

UMaine Composites Center Report XX-XX-XXXX

f.=5 ksi

(5804 ]

| 5712 |
3:=|5712] in®

5712 |

| 5894 |

[ 30.0 ] [44.31 ]
| 41.3 | | 58.21 |
gy:=155.65 .10 &,:=/76.16
!45.29 } } 62.48 }
| 25.24 | | 38.65 |

2107

Te

={4.07.10%) kai
kel

E,:=1820 ksi-

[ 88.57 ]
|112.762 |

—_—
107.802| ft-kip M, =E,-S.c,=|147.533 | fi-kip
87.734|
50.452 |

| 121.033]
| 77.256]

o= DM, =387.757 ft-kip M= > M,=547.155 ft-kip
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