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Executive Summary

The five skewed reinforced T-beam bridges listed below were tested during the summer of 2018
by the University of Maine (UMaine) in partnership with the Maine Department of Transportation
(MaineDOT):

o s wnN e

Bridge No. 5489 in Levant, carrying Route 222 over Black Stream,

Bridge No. 5109 in Hampden, carrying Route 9 over Souadabscook Stream,
Bridge No. 2390 in Unity, carrying Town Farm Road over Sandy,

Bridge No. 2879 in Atkinson, carrying Stagecoach Road over Piscataquis River,
Bridge No. 3848 in Columbia, carrying Saco Road over Western Little River.

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.

Levant No. 5489: On July 31, 2018, maximum applied loading produced 79.5% of HL-93
flexural service load with impact. The rating factors per AASHTO were 0.784 for interior, and
1.88 for exterior girders. Low flexural strains were recorded, which showed that both interior
and exterior girders remained uncracked. Negative strains recorded at girder ends indicated a
small amount of unintended support restraint. Using the provisions of the AASHTO Manual
for Bridge Evaluation (AASHTO 2012), the rating factor for HL-93 was increased to 1.10 for
the interior girders and 2.36 for the exterior girders.

Hampden No. 5109: On August 2, 2018 91.8% of HL-93 flexural service loading with impact
was produced from maximum loading. The live load rating factors per AASHTO were 0.686
for the interior girders and 1.59 for the exterior girders. Measured strains indicated uncracked
sections and negative strains at interior girder ends indicated unintended fixity. Rating factors
were increased for this structure to 0.942 for interior girders and 3.78 for exterior girders,
bringing this bridge to an acceptable operating flexural rating. These rating factors are valid
when the newer curbs and wearing surface are assumed to be composite with the
superstructure.

Unity No. 2390: On August 4, 2018 93.2% of HL-93 flexural service loading with impact was
produced for this under maximum loading. The initial rating factors per AASHTO were 0.757
for interior girders and 1.05 for exterior girders. Live load testing results allowed the rating
factors to be increased to 0.838 for interior girders and 1.15 for exterior girders, meaning that
the operating rating factor was unable to be raised above 1.0. This is likely due to the thick
asphalt wearing surface overlay.

Atkinson No. 2879: On August 9, 2018 92.4% of HL-93 service flexural loading with impact
was achieved under maximum applied load. AASHTO calculated rating factors of 1.09 for the
interior and 2.57 for the exterior girders. This structure was the only structure whose operating
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rating factor began above 1.0. Uncracked section behavior was observed, and rating factors
could be increased to 1.35 and 2.76 for interior and exterior girders, respectively.

5. Columbia No. 3848: On August 28, 2018 maximum applied loading produced 80.9% of HL-
93 service flexural loading with impact. A small amount of unintended end fixity was observed
from negative strains measured at interior girder ends. This bridge exhibited uncracked section
behavior, justifying rating factor increases from 0.887 and 1.41 to 1.15 and 2.20 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 2018 as part of this
program:

Bridge No. 5489 in Levant, carrying Route 222 over Black Stream,

Bridge No. 5109 in Hampden, carrying Route 9 over Souadabscook Stream,
Bridge No. 2390 in Unity, carrying Town Farm Road over Sandy,

Bridge No. 2879 in Atkinson, carrying Stagecoach Road over Piscataquis River,
Bridge No. 3848 in Columbia, carrying Saco Road over Western Little River.

IEEIR A

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 1931 and 1952 and were originally
designed as simply supported with a 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. When
two numbers are listed, the first gives the value for interior girders and the second for exterior
girders. When one value is listed, the interior and exterior girders are the same.
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Table 1: Bridge Characteristics

Bridge Levant | Hampden Unity Atkinson | Columbia
Number 5489 5109 2390 2879 3848
Year Built 1952 1951 1950 1931 1951*
Span - Center to Center of | 45 47.0 37.0 50.0 34.0

Bearings (feet)

Skew (Degrees) 15.0 35.0 30.0 30.0 30.0
Number of Girders 5 5 5 4 5
Girder Spacing (in) 82.0,54.0 | 85.8,57.3 | 73.5,42.8 | 90.0,54.0 | 70.4,45.2

Total depth (in) 36.0 39.8 31.3 50.0 29.8

Girder web thickness (in) 19.0 22.8 24.0,150 | 22.0,17.0 | 195, 16.0
Slab Thickness (in) 5.50 6.25 5.75 8.00 5.75

*Substructure built in 1943, superstructure built in 1951

1.1 Instrumentation

The strain measurement system used 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 WIinSTS 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
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Figure 2: BDI STS-Wi-Fi network setup for bridge sensor setup.

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 measure load
distribution and peak flexural strains in each girder. 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 Bridge 5489, A.3.2 for Bridge 5109, A.4.2 for Bridge 2390, A.5.2 for Bridge
2879, and A.6.2 for Bridge 3748.
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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 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. Various load cases were applied to each bridge, with each test given
a specific identification code with the format: “Test Configuration_Centerline_Test Position_Test
Number”. Test configurations included two trucks, one in each lane (“SBS”), 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?”). Centerline refers to the longitudinal
centerline by which truck positions were measured. It was not immediately obvious as to whether
positioning trucks relative to the skewed centerline (Figure 6) or perpendicular centerline (Figure
7) would produce larger moments, so both centerline configurations were tested for all
configurations. Centerline code “S” refers to tests relative to the skew centerline, and “U” refers
to tests with trucks measured relative to the perpendicular centerline. 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. Not all bridges
were subjected to all load cases.
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LA

Figure 5: State highway patrol certified portable truck scales used to verify vehicle weight for
each test
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Figure 7: Truck positioning relative to perpendicular centerline
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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. Bridge No. 3848 had typical geometry and results for all test configurations.
Figure 8 shows a time history of the strains measured at midspan of the center girder during the
MAX_S 2 1test, and Figure 9 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 sequentially and were
positioned such that two trucks were arranged back to back in each lane with their rear tandem
wheels spaced approximately symmetrically about the skew longitudinal centerline. All four trucks
were equidistant the striped centerline. After 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 8 which demark a truck backing onto or pulling off the bridge.

In addition to showing the girder’s response to sequential loading Figure 8 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 many of the
sections behaved as uncracked under test loading and had not experienced significant flexural
cracking due to prior loading. Figure 9 shows the typical behavior of girder ends. At both ends of
the girder, the bottom of the section experienced small compressive strains throughout the section
depth at one end, indicating that some unintended end restraint was present, but did not greatly
affect overall bridge response. This was common of many of the bridges.
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Figure 9: Bridge 3848 — MAX_S 2 1, center girder strains at ends
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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 Bridge 5489, A.3.5 contains calculations for Bridge 5109, A.4.5 contains
calculations for Bridge 2390, A.5.5 contains calculations for Bridge 2879. 2130, and A.6.5
contains calculations for Bridge 3848.

1.4.2 Bridge Characteristics

Material properties and general bridge geometry (i.e. span length, girder section properties, and
reinforcement layout and geometry) were required for calculations. Geometric parameters were
taken from each bridge’s most recent available rating report and were verified in the field when
accessible. Material properties were assumed based on the bridges’ ages as 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 were calculated based on in-situ
measured bridge characteristics along with nominal values for dimensions that were not possible
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

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 impact as applicable and including lane load. Girder moment
was calculated based on this load and the AASHTO Distribution Factors calculated as described
in section 1.4.3 of this report.

FM-PR-08(07) Page 17 of 120



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

1.4.5 AASHTO Rating Factor

Flexural rating factors were independently 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. Where present, integral concrete wearing surfaces and integral curbs were assumed to
contribute to interior and exterior girders’ moment capacities respectively. 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.

_ C—YpcDC —ypwDW ypP

RF
Yo (LL + IM)

Equation 1

C = p.p;0R, (6A.4.2.1-1)
¢, = 1.0 per Table 6A.4.2.3-1
¢@s = 0.85 to 1.0 inclusive 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 - g) 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 significant
moment effects on the bridge. Continuous data recording was initiated, and then trucks were
moved onto the bridge in a series. 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 the moment produced by the AASHTO HL-93 loading as described in section
1.4.4 of this report. Total moment applied during testing was determined based on the measured
magnitude of truck wheel loads and the positions of wheels measured during testing.
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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.

_ 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 of 2.5 ksi specified by the AASHTO
Manual for Bridge Evaluation. 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. Several studies of cast-in-place concrete
structures of similar age have shown that concrete strengths can approach 8 ksi in older structures
(Buckle et al. 1984, Saraf 1998, Alkhrdaji et al. 2001). 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. The
assumption of a higher-than-nominal strength of 5 ksi is conservative, since it leads to a higher-
than-nominal elastic modulus and therefore lower predicted strains.

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 when the recorded strains were reliable. The
strains measured at the bottom of the slab were generally not used per BDI’s recommendation
against relying on very small measured strains, but were used when recorded strains in another
sensor were deemed unreliable. In general, measured neutral axis locations tended to be consistent
with either uncracked section behavior or fell between cracked and uncracked behavior (“partially
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cracked”). In only one case (an exterior girder from Bridge 2390) did a neutral axis depth inferred
through recorded strains seem to indicate a cracked section. However, the strains recorded at the
section’s bottom were still significantly less than the strains predicted for an uncracked section
and so the girder was assumed uncracked.

1.4.8 Distribution Factors Determined from Live Load Testing

The moment carried by each girder was then calculated as per Equation 3 assuming an uncracked
section.

M; = E_S;¢; Equation 3

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

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

M; Equation 4

DF; =
l ?:1 Mi

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 ¢,

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
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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. In all cases, the strains used corresponded to the test causing the
greatest applied moment. Although the “MAX_2” tests were designed ideally apply the greatest
moment of all of the test series, in some cases other tests caused greater moments to be applied
and so those moments and strains were used.

&c Equation 7

2 Live Load Test Results

2.1 Levant No. 5489

The bridge in Levant, No. 3356 over Black Stream, is shown in Figure 10. Testing was conducted
on July 31, 2018 with a maximum applied moment producing 79.5% of HL-93 moment loading
with impact. The moment rating factors based on the AASHTO LRFD Design Manual and Manual
for Bridge Evaluation are 0.784 and 1.88 for the interior and exterior girders respectively. Table
2 shows the maximum measured strains for this bridge under typical two-truck and four-truck
loading cases. The strains recorded with trucks positioned relative to the skew centerline
consistently resulted in higher values of recorded strain than for load cases positioned relative to
the perpendicular centerline. For this reason, these values were reported for Bridge 5489 along
with all other bridges. Where two values of strain are reported, the first value is the recorded strain,
which was determined to be unreliable and inaccurate due to its magnitude being grossly
inconsistent with that of other similarly loaded girders and other strains measured over the section
depth. The second value of strain was calculated using the other strains recorded in the same
section and assuming linear strain distribution.

Assuming the conservative concrete compressive strength of 5 ksi, the strains recorded indicate
the sections remained uncracked. This is supported by the observed neutral axis depths, which are
consistently lower in the section than would be predicted for an uncracked section, as can be seen
in Table 3. The high level of applied load and low recorded strains allowed interior and exterior
girder rating factors to be increased to 1.10 and 2.36 respectively.

The live load distribution factors determined from the measured strains and those calculated per
AASHTO are shown in in Table 4, and indicate that the AASHTO distribution factors are quite
conservative. The distribution factor inferred for each girder was reduced by a minimum of 27%
with respect to AASHTO calculated distribution factors for both two-truck and four-truck load
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cases. As shown in Table 2, strain measured at the ends of the girders indicate that the central
girder and one of the exterior girders experienced a small amount of unintended fixity as evidenced
by the negative strains recorded near the abutments. Original design drawings indicate the presence
of dowel bars attaching one abutment to the superstructure. These, along with friction between the
superstructure and opposing abutment may contribute to this small, apparent fixity.

Figure 10: Bridge 5489 general condition
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Table 2: Bridge 5489 strains recorded from tests SBS_S 2 1 and MAX_S_2_1 with corrections

noted
SBS S 21 MAX S 2 1
Girder | Location | Midspan | Abutment1 | Abutment2 | Midspan | Abutment 1 | Abutment 2
ME ME ME ue ME ME
Top -3.61 - - -5.50 - -
1 Center 9.85 - - 16.8 - -
Bottom | 11.5/23.3 -1.75 2.69 17.2/39.0 -3.64 5.10
Top -6.90 - - -10.3 - -
2 Center | 6.05/21.3 - - 8.38/30.2 - -
Bottom 45.6 - - 70.7 - -
Top -7.22 - - -16.9 - -
3 Center 20.1 -3.66 - 32.5 -7.22 -
Bottom | 21.9/47.4 0.537 -14.0 34.5/81.8 -5.92 -17.3
Top -1.48 - - -12.3 - -
4 Center 21.1 - - 34.2 - R
Bottom | 14.7/43.6 - - 24.5/80.6 - -
Top -5.30 - - -8.64 - -
5 Center 10.9 0.167 - 18.8 -0.892 -
Bottom | -0.00/27.0 0.428 -2.68 -0.00/ 46.2 -17.3 -1.13
Table 3: Bridge 5489 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 23.8 17.2 26.7
2 15.7 13.0 35.7
3 15.7 13.0 25.3
4 15.7 13.0 26.5
5 23.8 17.2 25.7
Table 4: Bridge 5489 distribution factors
_ AASHTO DE SBS_S_2_1_ MAX S_2_1_
Girder Measured DF | % Difference | Measured DF | % Difference
1 0.483 0.271 -55.1% 0.272 -43.7%
2 0.685 0.498 -27.3% 0.426 -37.8%
3 0.685 0.477 -30.4% 0.493 -28.0%
4 0.685 0.438 -36.1% 0.486 -29.1%
5 0.483 0.314 -35.0% 0.322 -33.3%
FM-PR-08(07) Page 23 of 120




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

2.2 Hampden No. 5109

The bridge in Hampden, No. 5109 over Souadabscook Stream, is shown in Figure 11. Testing was
conducted on August 2, 2018 with maximum applied moment producing 91.8% of HL-93 flexural
load with impact. Strains recorded during testing are presented in Table 5. Where two values of
strain are reported, the first value is the recorded strain, which was determined to be unreliable and
inaccurate due to its magnitude being grossly inconsistent with that of other similarly loaded
girders and other strains measured over the section depth. The second value of strain was calculated
using the other strains recorded in the same section and assuming linear strain distribution. By
comparing the recorded strains at the bottom of the girders it was determined that none of the
girders had experienced significant flexural cracking throughout their service live and did not crack
during testing. Further evidence for uncracked behavior is provided by the measured neutral axis
depths presented in Table 5 which show that for each of the girders the inferred neutral axis depths
were well below those expected for an uncracked section.

The rating factors computed based on the AASHTO LRFD Design Manual and Manual for Bridge
Evaluation are 0.686 and 1.59 for the interior and exterior girders respectively. Through testing,
the interior and exterior rating factors were able to be increased to 0.942 and 3.78. It should be
noted that in the initial calculation of girder capacity, the wearing surface and curbs were included
despite their replacement. Design drawings for the replacement indicated that the new curbs would
be anchored to the exterior girders with grouted rebar and that the new concrete wearing surface
would be bonded to the deck. These specifications justified the assumption of composite action.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 7. As is apparent, the AASHTO predicted
distribution factors are conservative. This conservatism is greatest for the exterior girders with
decreasing conservatism as toward the center girder. From the strains reported in Table 5 near the
girder ends, it can be seen that some unintended fixity was experienced in the central girder. This
is evidenced by the negative strains recorded at the girder’s bottom. Original design drawings
indicate that dowel bars were specified to connect interior girders with the Western abutment.
These dowel bars are likely the source of some of this apparent fixity.
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Figure 11: Bridge 5109 general condition
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Table 5: Bridge 5109 strains from tests SBS_S 2 1 and MAX_S_2_1 with corrections

SBSS21 MAX S 21
Girder Location | Midspan | Abutment1 | Abutment2 | Midspan | Abutmentl1 | Abutment 2
M M M ME ME ME
Top -0.083 - - -0.638 - -
1 Center 8.04 - - 14.3 - -
Bottom 20.7 -4.10 -0.01 345 -3.92 1.57
Top 7.09 - - -1.59 - -
2 Center | 7.80/27.7 - - 11.2/33.7 - -
Bottom 48.2 - - 68.9 - -
Top -6.78 - - -3.75 - -
3 Center 21.9 -4.79 - 30.9 -12.6 -
Bottom 57.1 -10.7 -14.4 90.5 -22.8 -19.3
Top -1.57 - - 0.270 - -
4 Center 0/20.8 - - 0/35.8 - -
Bottom 43.2 - - 71.3 - -
Top -0.588 - - -0.361 - -
5 Center 2.52 0.603 - 4.10 -3.57 -
Bottom 7.10 0.207 - 11.2 -5.40 -
Table 6: Bridge 5109 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 24.1 15.5 28.7
2 19.5 11.8 34.3
3 19.5 11.8 25.4
4 19.5 11.8 334
5 24.1 15.5 26.4
Table 7: Bridge 5109 distribution factors from recorded strains
Two Trucks Four Trucks
Girder AASHTO DF Measured DF | % Difference | Measured DF | % Difference
1 0.506 0.283 -44.1% 0.300 -40.7%
2 0.686 0.526 -23.3% 0.479 -30.2%
3 0.686 0.623 -9.18% 0.629 -8.31%
4 0.686 0.471 -31.3% 0.495 -27.8%
5 0.506 0.093 -81.6% 0.097 -80.8%
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2.3 Unity No. 2390

The bridge in Unity, No. 2390 over the Sandy Stream, is shown in Figure 12. Testing was
conducted on August 7, 2018 with maximum applied moment producing 93.2% of HL-93 moment
with impact. This was the largest percentage of HL-93 moment with impact applied to any of the
bridges tested. This led to relatively large recorded strains, as shown in Table 8. Where two values
of strain are reported, the first value is the recorded strain, which was determined to be unreliable
and inaccurate due to its magnitude being grossly inconsistent with that of other similarly loaded
girders and other strains measured over the section depth. The second value of strain was calculated
using the other strains recorded in the same section and assuming linear strain distribution. Rating
factors determined per AASHTO equaled 0.757 and 1.05 for interior and exterior girders
respectively.

In contrast to other bridges investigated, some of the neutral axis depths inferred from recorded
strains indicate either partially or fully cracked behavior, as seen in Table 9. However, the strains
recorded at midspan at the sections’ bottoms were still below those expected for an uncracked
section, suggesting that the sections indeed behaved as though they remained uncracked. Because
of this behavior, the interior and exterior rating factors could be increased to 0.838 and 1.15
respectively. A contributing factor to this bridge’s low rating factors is the very thick (~5 in.)
asphalt overlay. The thickness of this overlay is seen in Figure 13 which shows a drainage opening.
This layer could not be assumed to add to the section’s capacity and so only added additional dead
load.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 10. These results suggest that AASHTO’s
distribution factors are conservative for exterior girders and non-central interior girders, but are
relatively accurate for the central girder. This is true for both two-truck and four-truck load cases.
The strains recorded in Table 8 indicate that significant fixity was experienced in the central girder.
This is evidenced by the relatively large negative strains recorded at the bottom of this girder near
the abutments. This unintended fixity is likely due in part to dowel bars specified in the original
design drawings which attach the interior girders to the West abutment.
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Figure 13: Thick asphalt overlay

FM-PR-08(07) Page 28 of 120



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

Table 8: Bridge 2390 strains from tests SBS_S 2 1 and MAX_S_2_1 with corrections

SBSS21 MAX 2 S 1
Girder Location Midspan | Abutment1 | Abutment 2 Midspan | Abutment 1 | Abutment 2
M ME M ME ME M
Top 0.920 - - -1.98 - -
1 Center 8.89 - - 15.4 - -
Bottom 29.9 0.355 -4.11 50.4 -10.9 -19.6
Top -5.77 - - -12.0 - -
2 Center 19.3 - - 24.7 - -
Bottom 66.1 - - 83.1 - -
Top -3.76 - - -4.65 - -
3 Center 34.5 -4.68 - 41.3 -5.96 -
Bottom 97.5 -20.9 -29.2 117 -26.7 -36.8
Top -9.21 - - -8.96 - -
4 Center 32.5 - - 40.8 - -
Bottom | 22.9/74.2 - - 30.3/90.6 - -
Top -0.067 - - -0.923 - -
5 Center 14.4 - - 25.6 - -
Bottom | 9.31/28.9 -0.009 - 13.4/52.2 4.54 -
Table 9: Bridge 2390 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 22.1 13.9 16.9
2 14.5 8.60 17.1
3 14.5 8.60 15.5
4 14.5 8.60 12.0
5 22.1 13.9 10.2
Table 10: Bridge 2390 distribution factors
SBSS21 MAX S 2 1
Girder AASHTO DF Measured DF | % Difference | Measured DF | % Difference
1 0.428 0.196 -54.2% 0.250 -41.9%
2 0.635 0.449 -29.3% 0.427 -32.8%
3 0.635 0.662 4.25% 0.599 -5.67%
4 0.635 0.504 -20.6% 0.465 -26.8%
5 0.428 0.190 -55.6% 0.259 -39.5%

2.4 Atkinson No. 2879

The bridge in Atkinson, No. 2879 over the Piscataquis River, is shown in Figure 14. Testing
occurred on August 9, 2018 with maximum applied moment producing 92.4% of HL-93 live load

FM-P
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with impact. This bridge was unique in that it had only four girders and four simple spans. Only
the Eastern, interior span was tested and so results may or may not be applicable to other spans.
Rating factors determined per AASHTO were 1.09 and 2.57 for interior and exterior girders
respectively, making it the only bridge investigated with an operating rating factor above 1.0. The
strains recorded during testing are presented in Table 11 for two-truck and four-truck loadings.
Intuitively, it would appear that the strains presented at midspan at the bottom of girders 3 and 4
have been switched, with the reading of one being valid for the other and vice-versa. However, no
definitive evidence was found to support this and so it was assumed that the recorded strains were
correct. Regardless, recorded strains were consistently lower than predicted for an uncracked
section, suggesting that the section behaved as uncracked. This is further evidenced by the inferred
neutral axis depths shown in Table 12, which show that inferred neutral axis depths were close to
or below predicted neutral axis locations for uncracked sections. These conditions allowed for
interior and exterior rating factors to be increased to 1.35 and 2.76 respectively.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 13. These distribution factors were lower
than those predicted by AASHTO, but to a smaller degree than was seen on other bridges. This
suggests that AASHTO may be less conservative for bridges with four girders rather than five.
From the consistently positive girder end strains reported in Table 11, no unintended fixity was
measured during testing for this particular span.

Figure 14: Bridge 2879 general condition

FM-PR-08(07) Page 30 of 120



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

Table 11: Bridge 2879 strains from tests SBS S 2 1and MAX_ S 2 1

SBSS21 MAX S 21
Midspan | Abutment 1 | Abutment 2 | Midspan | Abutment 1 | Abutment 2
Girder | Location ue ue ue ue ue ue
Top -6.40 - - -8.76 - -
1 Center 7.38 - - 14.4 - -
Bottom 34.6 6.28 3.46 56.4 8.77 7.67
Top -8.84 - - -11.6 - -
2 Center 16.2 0.136 - 24.5 -0.858 -
Bottom 45.5 9.19 1.49 65.5 8.16 8.37
Top -5.32 - - -9.65 - -
3 Center 17.9 4.73 - 27.6 2.70 -
Bottom 35.8 6.89 -0.103 54.9 5.69 7.73
Top -4.04 - - -7.29 - -
4 Center 8.20 - - 15.0 - -
Bottom 39.9 7.96 - 65.5 11.0 -
Table 12: Bridge 2879 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 28.5 18.3 28.2
2 214 13.2 335
3 214 13.2 42.2
4 28.5 18.3 27.2
Table 13: Bridge 2879 distribution factors
SBSSS21 MAX S S21
Girder AASHTO DF Measured DF | % Difference | Measured DF | % Difference
1 0.498 0.377 -24.3% 0.397 -20.3%
2 0.701 0.662 -5.56% 0.621 -11.4%
3 0.701 0.526 -25.0% 0.521 -25.7%
4 0.498 0.435 -12.7% 0.461 -7.43%

2.5 Columbia No. 3848

The bridge in Columbia, No. 3848 over Western Little Stream, is shown in Figure 15. Testing
occurred on August 28, 2018 with maximum applied moment producing 80.9% of HL-93 load
with impact. Rating factors determined per AASHTO equaled 0.887 and 1.41 for interior and
exterior girders respectively. Strains measured during two-truck and four-truck load cases are
given in Table 14. Where two values of strain are reported, the first value is the recorded strain,
which was determined to be unreliable and inaccurate due to its magnitude being grossly
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inconsistent with that of other similarly loaded girders and other strains measured over the section
depth. The second value of strain was calculated using the other strains recorded in the same
section and assuming linear strain distribution. Strains measured at girder bottoms were
consistently smaller than would be predicted with an uncracked section, suggesting the girders
behaved as uncracked. This behavior is supported by the inferred neutral axis depths, which
indicate uncracked behavior for all girders as seen in Table 15. Based on these conditions, the
interior and exterior flexural rating factors could be increased to 1.15 and 2.20 respectively.

The live load distribution factors determined per AASHTO as well as those experimentally
determined from measured strains are given in Table 16. Unexpectedly, significantly more load
was distributed to one of the non-central interior girders (girder 4) than to other interior girders.
The reason for this anomaly is not immediately apparent, however the strain recorded was still
smaller than was expected for an uncracked section and so can be neglected. A small amount of
fixity was experienced in the central girder, as is shown by the negative strains reported in Table
14. This is likely due to dowel bars, which were designed to connect the interior girders with one
of the abutments.

Figure 15: Bridge 3848 general condition
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Table 14: Bridge 3848 strains from tests SBS S 2 1and MAX_ S 2 1

SBSS21 MAX S 21
Girder Location | Midspan | Abutment1 | Abutment2 | Midspan | Abutment1 | Abutment 2
ME ME M M M M
Top 0.503 - - -2.54 - -
1 Center 9.94 - - 22.1 - -
Bottom 28.4 1.22 5.96 53.6 6.16 8.78
Top -7.58 - - -7.66 - -
2 Center 21.5 - - 31.2 - -
Bottom 55.9 - - 74.2 - -
Top -5.67 - - -5.98 - -
3 Center 27.5 -3.19 - 36.2 -1.83 -
Bottom 53.0 -8.60 -14.7 72.2 0.600 -13.6
Top -5.51 - - -4.76 - -
4 Center | -0.00/32.5 - - -0.00/ 36.5 - -
Bottom 70.6 - - 77.8 - -
Top -0.132 - - -0.262 - -
5 Center 12.5 - - 16.0 - -
Bottom 30.3 12.9 - 39.0 19.5 -
Table 15: Bridge 3848 neutral axis depths
Girder | Uncracked NA Depth (in) | Cracked NA Depth (in) | Measured NA Depth (in)
1 19.8 12.7 20.9
2 12.9 7.6 20.4
3 12.9 7.6 25.9
4 12.9 7.6 25.4
5 19.8 12.7 20.8
Table 16: Franklin No. 3307 distribution factors
SBSS21 MAX S 2 1
Girder AASHTO DF Measured DF | % Difference | Measured DF | % Difference
1 0.431 0.239 -44.5% 0.339 -21.3%
2 0.611 0.469 -23.2% 0.468 -23.4%
3 0.611 0.444 -27.3% 0.455 -25.5%
4 0.611 0.593 -2.95% 0.491 -19.6%
5 0.431 0.255 -40.8% 0.247 -42.7%
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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 above 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, k, 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 nearly always conservative.
The maximum differences between values inferred from the tests and values computed per
AASHTO were seen for exterior girders in general for each of the bridges. Assuming a
conservative concrete compressive strength of 5 ksi, all bridges exhibited uncracked behavior
under maximum applied moment. This was generally supported by the calculated neutral axis
depths which were often much lower in the section than computed for an uncracked section.

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
28.3%, with minimum and maximum increases of 10.7% and 40.2% 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. The controlling operating flexural
rating factor could be increased to 1.0 or greater for HL-93 loading with impact for Bridges 5489,
2879, and 3848, indicating that they are sufficient for such loading. The controlling rating factors
for Bridges 5109 and 2390 were unable to be raised above 1.0, using the noted conservative
assumptions.
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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

A Comma Separated Variable (.csv) file is provided for each bridge 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 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 Levant No. 5489

A.2.1 Experimental Configuration and Experimental Data Collected
Table 17: Bridge 5489 experimental configuration and experimental data collected

File Contents

File Name

File Type

Sensors

Br5489 _Sensors.csv

CSV Format

Sensor Layout

Br5489 SensorLayout.mat

MATLAB Data File

Br5489 ALT S 2 1 Strain.mat

MATLAB Data File

Br5489 ALT U 2 1 Strain.mat

MATLAB Data File

Br5489 MAX S 1 1 Strain.mat

MATLAB Data File

Sensor Data Br5489 MAX S 2 1 Strain.mat | MATLAB Data F!Ie
Br5489 MAX S 3 1 Strain.mat | MATLAB Data File
Br5489 MAX U 2 1 Strain.mat | MATLAB Data File
Br5489 SBS S 2 1 Strain.mat | MATLAB Data File
Br5489 SBS U 2 2 Strain.mat | MATLAB Data File

A.2.2 Instrumentation
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Figure 16: Bridge 5489 sensor layout
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A.2.3 Loading
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Figure 17: Bridge 5489 Truck T01-316 loading
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Figure 18: Bridge 5489 Truck T01-907 loading
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Figure 19: Bridge 5489 Truck T01-906 loading
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A.2.4 Representative Data Plots
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Figure 21: Bridge 5489 SBS_S 2 1 strains - Midspan
Strain at Girder Ends, Test SBS-S, Test 1, Position 2
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Figure 22: Bridge 5489 SBS_S 2 1 strains - Ends
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Figure 23: Bridge 5489 SBS_U_2_ 2 strains - Midspan
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Figure 24: Bridge 5489 SBS_U_2 2 strains - Ends
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Midspan Strain, All Girders

80 T T T T T B3058
B3811
70 L
B3810
B3069
60 - B3068
B3067
50 B3075
B3076
40 | B3066
< B3065
S 30
5 ~ B3064
8
35 B3063
= 20 |- B3057
B3056
10 |- B3055
: 0]
SN fr
-10 | } .
-20 | | | | [ |
0 1000 2000 3000 4000 5000 6000 7000
Time (s/10)
Figure 25: Bridge 5489 MAX_S 2 1 strains - Midspan
Strain at Girder Ends, Test MAX-S, Test 1, Position 2
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Figure 26: Bridge 5489 MAX_2_1 strains — Ends
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Figure 27: Bridge 5489 MAX_U_2 1 strains — Midspan
Strain at Girder Ends, Test MAX-U, Test 1, Position 2
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Figure 28: Bridge 5489 MAX_U_2_1 strains — Ends
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Midspan Strain, All Girders
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Figure 29: Bridge 5489 ALT_S 2 1 strains — Midspan
Strain at Girder Ends, Test ALT-S, Test 1, Position 2
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Figure 30: Bridge 5489 ALT_S_2_1 strains — Ends
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Midspan Strain, All Girders
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Figure 31: Bridge 5489 ALT_U_2 1 strains — Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
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Figure 32: Bridge 5489 ALT_U_2_1 strains — Ends
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A.2.5 Rating Factor Calculations

AASHTO Rating Calculations:

Bridge 5489 - Levant, Maine

Material Parameters:

Concrete Compressive Strength P E ke
Reinforcement Yield Strength F,i=33 kei
ks e o kip
Unit Weight: Reinforced Concrete “ao=0.150 ==
1t
I o) | ksp
Unit Weight: Wearing Surface e t=0.150 — =
it
Geometric Properties:
Span Length L=4T ft
Girder Spacing - Tnterior S:=82 in
Girder Spacing - Exterior 8,:=54 in
Number of Girders NG =5
Skew Angle skewi=15°
T.ane Widih lenewndth =13 ft
Number of Lanes Niane =2
Wearing Surface Thickness ws:=3 i
Thickness of Pavement Overlay Wy i=0 0
Girder Height - Interior Bl g
Girder Height - Exterior h, =36 tn
Deck Thickness d.:=5.5n
‘Web Width - Interior bi=19 in
Web Width - Exterior b =19 ¥
Curb Depth hop =12 im
Curb Width B s =20 0
[4.893]
| 6.077 |
Height to Centroid of Reinforcement - Interior Ypar = | 827 |in
l6.077|
| 4.803 |
[4893]
| 6077 |
Height to Centroid of Reinforcement - Exterior Yhare = | 827 | 4n
| 6.077 |
| 4.803 |
[12.016 |
[ 15.142 | ,
Area of Reinforcement - Interior A,=]18.958 | in
l15.142 |
[12.016 |

FM-PR-08(07)
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[12.016]
| 15.142 | .
Area of Reinforcement - Exterior A, i=18.268 | in
l15.142 |
[12.016 |
Digtance from Centerline of Girder to Edge of Curb d.i=—7 in
Eccentricity of Centerline of Girders w.r.t. Centerline of Roadway exc=0 in
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder P e =1.9% kip
Location of Intermedi ate Diaphragm loc g :=“Half”
(Half, Third, Quarter)
Distributed Load Due to Rail 0,51 = 0,328 ‘F'L:’
Structural Dead Load Factor ¥poi=1.25
‘Wearing Surface Dead Load Factor Yow =125
Live Load Factor =135
Live Load Impact Factor IM =033
Flexural Resistance Factor Pi=
System Factor ¢, =1.0
Condition Factor $.=1.0
Initial Calculations
‘Web Height - Interior dyi=h—d,
‘Web Height - Exterior Ao i=hy—d,
Include Wearing Surface in Section Height hi=h+if 'ff;fws =015 k‘f S WS, 0\' =30 in
L of | 1)
Depth to Centroid of Reinforcement - Interior di=h—y,,
Depth to Centroid of Reinforcement - Exterior d, = by — Ypare + Powrn
Moment Applied to Interor Girders from Diaphragm M p=if locy=*“Half> =23.383 fi. kip
I s
F s+ —
| =%
elseif locy = “Third”
I I
Foaimer—
|
elseif loc, = “Quarter”
L L
Pt — A+ Paimsr —
|| £ time 7 diat*
I
; o oo , My ;
Moment Applied to Exterior Girders from Diaphragm Mg, :=T =11.691 fi-kip
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Distribution Factors

Dictance B etween Centroids of Deck and Web

Area of Web

Moment of Inertia of Web

Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter

Interior Moment Distribution Factor - 1 Lane

Interior Moment Distribution Factor - 2 Lane

Controling Interior Moment Distribution Factor

Roadway Width

Eccentricity of Design Lane From C.G. of Girders

Eccentricity of Exterior Girder From C.G. of Girders

Eccentricity of Each Girder

Lever Rule Distribution Factor - One Lane

Lever Rule Distribution Factor - Two Lanes

Exterior Moment Distribution Factor

FM-PR-08(07)

et=_% °—=184n

Ai=dyrb,=5705 in’

w d £ 4y . 4
I= ¢ _{4.492-10%) in
12

=1
Ky=n-(I+A-e,")=(2.327-10") in’

0.8
H,

Led

[ 8 s

Gy =006 4 — if
\

l1ape) \T)

[
G =0.075 +
i o5 rt

Gy = BX (9m1 B 97«1’2)

W, =lanewidth - Nlane
W,
31::77—5_ft+ emc=38 ft

X, = (NG—1)-2 =13.667 ft

.8
2

my =X,

Ty =X =8

Ty =X, =208

ay =i (NG>8,X, . —8-5,0 fi)

ag =i (NG >4, X, —4: 8,0 ft)

1 Kooy

Ry=— 4 =0.434
NG 2 9 2 2 25
Ty +&p +Z3 +3y + 3y

G A (P g > 0, 1.2 Ry 0} =0.521

Ryi= 2 % ngt'(31*5ft}
NG

=10.488

2 2 2 2
Ty +@g +@g +Ty + Ty
G AL {P g > 0 By, 0) = 0,488

12(S+d,—2f)
2.5

=0.573

Gy '=

d
ae:=07T+ ¢ —0.708
91 g%

G =G pn v 2e=0.484
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G = TOBE (G ) = 0,484
025
sk i e 1% )
ew Correction Factor ¢y =025+ 3
|2z}
&:=if (shew =30 ° skew, 0 ")
15

Ogi=1—¢- (tan(8)) =1

.@Zm

G =, Cg=0.688
G = Gmer Tg=0.484

Interior DF Exterior DF
g,,=0.686 G = 0,484
L oading
Interior Girder Dead Load =+ by d, =0.604 FIP
erior Girder Dead Loa Wyinder = Tre Byt &y = 0. F
kip
Deck Dead Load Wt ' =¥Rar Srd, =047 =2
kip
Curb Dead Load W =2 Yror Pyt Bl =08 —
Wenrh kip
Dead Load from Nonstructural Components Wy t= + ot =0.428 2
NG It
Total Structural Dead Load on Interior Girders D = tgipgay + W + W =1.501 ’;;f
ol e kip
Exterior Girder Dead Load Wairdere = VRO D * A =0.604 f_t
. ksp
Exterior Deck Dead Load W ok = VB Oy + d = 0,300 F
Total Structural Dead Load on Exterior Girders DO =W gre + Wampee + W = 1.341 i}ﬁ
]
Wearing Surface Dead Load on Interior Girders At T (ws + wsg} - 5=0.256 ’;Lf
‘Wearing Surface Dead Load on Exterior Girders DW=y, v (ws+ wseg)+ 5, =0.16% I;Lp
i1
3 P
i DO L
Dead Load Moments MDG::&-;.Md Mpo,i=—"2 +M,,
g8 3
2 2
DW. 1 DW,+ L
Mpw ::—8 Mpy,t=
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Mpo=437.967 ft-kip

My =T0.757 ft-kip

Live Load Moment - Truck Load
Live Load Moment - Tandem
Live Load Moment - Lane

Total HL-93 Live Load

My =9295 ft.kip

Nominal Resistance

Depth Whitney Stress Block - Interior

Nominal Moment Resistance - Interior
Interior Nominal Moment Capacity
M = max (M) = (1.457.10°) ft - kip

capaeity i

Depth Whitney Stress Block - Exterior

Nominal Moment Resistance - Exterior
Exterior Nominal Moment Capacity

M,

copacitys -

FM-PR-08(07)

UMaine Composites Center Report Xx-XX-XXxx

Mpo,=381.981 ft-kip

M pyr, =46.596 ft - kip

. (LY 40kép (L ) ;
Mo =32 ki ) + o —14 ft, =566 fi - ki
Truck P u 5 kQ f) f P
A e I L L B
2 7 |2 )

kip L’ i

My, =064 28 .2 17570 ft- ks

Lay 7t s f T

Mpp =M+ (1+ IM) - max (Mp o Mpgngon)

[2.276]

| 2.863|
=246 |in

2268

|2.276]

FC‘!
0.85.f_ - &

5

[1.088.10°

., i11311.18°

M, =F, A, [d- )= [1.457.10
[1.511.10
[1.089-10

3
3

3

]
|
| 7t kip
|
|
J

[5.456]
|4.355 |
=|5.254]in
l 43551

| 3.456 |

VA i
0857 -8

£

0=

[1.367.
- I1.655. it
=|1.864.
l1.655v

[1.367:

M ais M

F A i
=Ty A, -

=

= max (M,,,) = (1.864.10° ) ft-kip
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Rating Factors
ST S N M T |
Interior Moment Rating Factor RFfmmmtzqé %5 @e* Meapeiry =Yoo Mpc —vow Mow
Yz Mrpe 8,
v M e M M
Exterior Moment Rating Factor RFEIimwtz(b Pe Be Meapucitys = Vnc Mooe =Yow Mpws
YoMz G
Interior Exterior
Bl pepor=0.784 EFgpteror=1.87%
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Rating Factor Improvements
Concrete Compressive Strength - Larger is More Congervative Fl.=5 kat
y O 8 pod
Concrte Elastic Modulus E =1820 kai- = (4.07' 10 ) kai
]
Interior Girders
Maximum Recorded Strain Ep=87.2-1 0°
Maximum Applied Moment per Lane My, :=T38.7 fi- bip
Uncracked Section Modulus Sne 1=9507 in
Cracked Section Modulus
8., = 4565 in’
Section Behavior Hehavior:=“Unecracked”
Section Modulugz Effective for Behavior &, =if (Behavior =“Uncracked”, 8,,,., 8.}
nve .
Calculated Strain o IMan Iy gng 07
S,-E,
Test Benefit Factor k=5 —1=0.803
b
i ; My
Ratio of Applied to HL-93 Moment rayi=—— = =0.T45
My
Test Understanding Factor ky=if {ry;>0.7,0.5,0)=0.5
Rating Tmprovement Factor k=1+4k,-k=1.401
Improved Rating Factor RErnsd =B gy - K =1.088
Exterior Girders
Maximum Recorded Strain Ept=635-1 i
Maximum Applied Moment per Tane Mg, :=T38.7 fi- kip
Uncracked Section Modulus Sne 1=11008 in
Cracked Section Modulus 5., 1=8469 n
Section Behavior Hehavior:="“Uncracked”
Section Modulus Effective for Behavior 8, =if (Behavior =“Uncracked”, 8,,., 8.}
nve . 2
Calculated Strain M g e3,107
13 i (=]
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Test Benefit Factor ka::ifl =0.508
£r

. ; Myt

Ratio of Applied to HL-93 Moment T t=———— =10.785
LL

Test Understanding Factor k=i {rgy>0.7,0.5,03=0.5
Rating Tmprovement Factor k=1+k, - k,=1255
Improved Rating Factor B provedBut = BE Bryerior» £ =2.357
Improved Rating Factors
Interior Exterior
RFIm;Dm'ued: 1.094 RFIm;D'rc'uedE:zt =2.357

Figure 33: Bridge 5489 calculations
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A.3 Hampden No. 5109

A.3.1 Experimental Configuration and Experimental Data Collected
Table 18: Bridge 5109 experimental configuration and experimental data collected

File Contents

File Name

File Type

Sensors

Br5109_Sensors.csv

CSV Format

Sensor Layout

Br5109_SensorLayout.mat

MATLAB Data File

Br5109 ALT S 2 1 Strain.mat

MATLAB Data File

Br5109 ALT U 2 1 Strain.mat

MATLAB Data File

Br5109 MAX_S 1 1 Strain.mat

MATLAB Data File

Br5109 MAX_S 2 1 Strain.mat

MATLAB Data File

Sensor Data

Br5109 MAX S 3 1 Strain.mat | MATLAB Data File
Br5109 MAX U 2 1 Strain.mat | MATLAB Data File
Br5109 SBS U_2 1 Strain.mat | MATLAB Data File
Br_5432 MAX 1 2 Strain.mat | MATLAB Data File

A.3.2 Instrumentation

/ e @ lo 7
am Bory/l.,'rop BO
@ @ @

DETAIL 1

DETAIL 2

DETAIL 3

7 73
/ /L BOT M D BO% 6P 7/L/
@ iV ]
Bor 0 ot
o ' o
760 oofl
657 MiD soT My L, ToP 81/ L,
UM-01 UM-02 UM-03 UM-04 UM-05 UM-06
B3060 (3)— B3057 | (1)——= B3065| (19 B3067| &§—— B3810| {i— B3072]
(T)— B3061 | (B)—= B3063| 13— B3066| [ — BI0GE| E§— BI811| B— BI0TY BRIDGE 5109 SENSOR LAYOUT
(1)—= B3055| ({— B3064| @3 ——= BI076| ({5 —= B30I (4)— BI058| (]§—= B2070 ORAWN BY DATE
2018/04/30
(@)—> B3052| (B)— B3062| (2)——> B3075| @)—> B30T4| [P—> BIOT1 APS

FM-PR-08(07)

Figure 34: Bridge 5109 sensor layout

Page 53 of 120



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

A.3.3 Loading

11,200 LBS

Ty
11" F‘
R
AL
7,800 LBS
191"
11,500 LBS ——._ 14" —+‘ h 60" ﬂ 14 |
4$ \\"'ﬂs P o
| 1]
— g"
. 54"
T
- 9" 11,600 LBS

7,900 LBS

11,200 LBS

TRUCK: T01-314
BRIDGE: 5109

TOTAL WEIGHT. 61,200 LBS

DRAWN BY: APS
DATE! 10/9/2018

Figure 35: Bridge 5109 Truck T01-314 loading

10,100 LBS

&

’Qﬁ 83" ——

11"

11"

11"

g 1

~—

T

A

-

2

/_- “"_ 1 1"
7,500 LBS

10,000 LBS —P\M" 4—‘ h 60" ﬂ

¥

F

|

e

191"

14" |

54"

1
d

12,300 LBS

8,000 LBS

12,000 LBS

TRUCK: T01-918
BRIDGE: 5109

TOTAL WEIGHT: 59,900 LBS

DRAWN BY: APS
DATE! 10/9/2018
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Figure 36: Bridge 5109 Truck T01-918 loading
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&

11"

f/
7,800 LBS -

e

11,000 LBS 7‘\_\\13" S
~L
12"
11,000 LBS ~_
‘ ~.

82" ‘ . 7900LBS

- 11"

’—49 ;"ﬂ ‘+_ 13" | -

190 3"

55"

12" : l!
f — 9" 11,300 LBS

10,400 LBS

TRUCK: To1-317
BRIDGE: 5109

TOTAL WEIGHT: 59,400 LBS

DRAWN BY: APS
DATE! 10/9/2018

Figure 37: Bridge 5109 Truck T01-317 loading

&

12"

2

y
7,400 LBS -

10,000 LBS — . 13" 1=
12"
10,900 LBS
S~
11" L

F

‘ o 1 1l|
191"
bg ;"ﬂ -——13" |
9"
55"
9" l!m,aoo LBS

7,700 LBS

11,900 LBS

TRUCK: Tto1-282
BRIDGE: s109

TOTAL WEIGHT. 58,700 LBS

DRAWN BY: APS
DATE! 10/9/2018
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Figure 38: Bridge 5109 Truck T01-282 loading
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A.3.4 Representative Data Plots

Midspan Strain, All Girders
60

B3058
B3811
50 | B3810
/ B3067
| B3069
w0 L B3068
B3075
\ B3076
30 L \ _ B3066
< B3065
[
7 ] B3059
5 20 L Il B3063
= B3055
B3057
10 L B3056
0 o
-10 | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000
Time (s/10)
Figure 39: Bridge 5109 SBS_S 2 1 strains - Midspan
Strain at Girder Ends, Test SBS-S, Test 1, Position 2
10
5L
0
£
g 5L
@
<]
S
=
B3070
10 B3071
B3073
B3072
15 | _ B3074
B3061
B3060
B3062
-20 | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000

Time (s/10)

Figure 40: Bridge 5109 SBS_S 2 1 strains - Ends
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70
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50
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30
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10

-10

10

-10

-15

Midspan Strain, All Girders

T T T T T

B3058
B3811
B3810
B3067
B3069
B3068
B3075
B3076
B3066
B3065
B3059
B3063
B3055
B3057
B3056

NV S ~
| | | | | |
500 1000 1500 2000 2500 3000 3500
Time (s/10)
Figure 41: Bridge 5109 SBS_U_2_1 - Midspan
Strain at Girder Ends, Test SBS-U, Test 1, Position 2
B3070
B3071
B3073
B3072
B3074
B3061
B3060
B3062
| | | | |
500 1000 1500 2000 2500 3000 3500
Time (s/10)
Figure 42: Bridge 5109 SBS_U 2 1 - Ends
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Midspan Strain, All Girders

100
T T T T T B3058
B3811
B3810
80 B3067
B3069
B3068
60 L B3075
B3076
| B3066
r= \ B3065
©
8 a0 |
g \ B3059
5 B3063
= B3055
20 L B3057
B3056
0 $F —" -
-20 I | | | I
0 1000 2000 3000 4000 5000 6000
Time (s/10)
Figure 43: Bridge 5109 MAX_2_1 - Midspan
Strain at Girder Ends, Test MAX-S, Test 1, Position 2
10
5
0 il f l = A “ L
5
j =
2 ﬂ
7 F’
° \
S -10 L ‘
=
B3070
‘ B3071
5 - ‘ B3073
_ B3072
B3074
20 B3061
B3060
B3062
25 I I | | I
0 1000 2000 3000 4000 5000 6000

Time (s/10)

Figure 44: Bridge 5109 MAX_2 1 - Ends
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Midspan Strain, All Girders

T T T T T T T T 53058
B3811
B3810
B3067
B3069
B3068
B3075
B3076
B3066
= B3065
= B3059
5 B3063
s RN B3055
B3057
B3056
ﬁﬁ |
v
-20 I I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 45: Bridge 5109 MAX _U_2 1 - Midspan
Strain at Girder Ends, Test MAX-U, Test 1, Position 2
10 _
5 L
0 i’v‘—/“Hv\‘_‘\(\‘ =T
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g |
: |
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Figure 46: Bridge 5109 MAX U 2 1-Ends
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Midspan Strain, All Girders

80
! ! T [ 83058
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[Cl B3810
B3067
60 |- B3069
B3068
50 L B3075
B3076
B3066
< 40 - B3065
[
7 B3059
5 30 L B3063
= B3055
20 L B3057
B3056
10 | |
° N NGl “/ﬁ/"’? I
-10 I I 1 1 I
0 1000 2000 3000 4000 5000 6000
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Figure 47: Bridge 5109 ALT_S 2 1 - Midspan
Strain at Girder Ends, Test ALT-S, Test 1, Position 2
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Figure 48: Bridge 5109 ALT_S 2 1-Ends
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Midspan Strain, All Girders
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Figure 49: Bridge 5109 ALT_U_2 1 - Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
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Figure 50: Bridge 5109 ALT_U_2 1 -Ends
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A.3.5 Rating Factor Calculations

AASHTO Rating Calculations:

Bridge 5109 - Hampden, Maine

Material Parameters:

Concrete Compressive Strength P E ke
Reinforcement Yield Strength F,i=33 kei
ok g il kip
Unit Weight: Reinforced Concrete “ao=0.150 ==
1t
I o) | ksp
Unit Weight: Wearing Surface e t=0.150 — =
it
Geometric Properties:
Span Length L=4T ft
Girder Spacing - Tnterior Hi=8EE1d 4
Girder Spacing - Exterior 8, :=57.31 in
Number of Girders NG =5
Skew Angle skew =35 °
T.ane Widih lenewndth =13 ft
Number of Lanes Niane =2

Wearing Surface Thickness

ws =225 in

Thickness of Pavement Overlay Wy i=0 0
Girder Height - Interior B s b a
Girder Height - Exterior R, t=39.75 in
Deck Thickness d_:=6.25 in
Web Width - Interior b i=22.75 tn
Web Width - Exterior b = 22,75 0
Curb Depth Frpi=11.25 dn
Curb Width Bowss =18 0
[4.844]
| 5.375 |
Height to Centroid of Reinforcement - Interior Ypar = | 6.44 |in
5375 |
| 4.844 |
[4844]
| 5375
Height to Centroid of Reinforcement - Exterior W =| 6.44 |in
| 5.375 |
| 4.844 |
[10.125 ]
l12.656]
Area of Reinforcement - Tnterior A,=]15.188 | in
l12.636 |
[10.195 |

FM-PR-08(07)
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[10.125]
| 12.656 | .
Area of Reinforcement - Exterior A, i=15.188 | in
l12.656 |
[10.125 |
Digtance from Centerline of Girder to Edge of Curb d.:=—3.625 in
Eccentricity of Centerline of Girders w.r.t. Centerline of Roadway exc=0 in
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder P e =2.07 kip
Location of Intermedi ate Diaphragm loc g :=“Half”
(Half, Third, Quarter)
Distributed Load Due to Rail gy = 0,987 ‘F'L:’
Structural Dead Load Factor ¥poi=1.25
‘Wearing Surface Dead Load Factor Yow =125
Live Load Factor =135
Live Load Impact Factor IM =033
Flexural Resistance Factor Pi=
System Factor ¢, =1.0
Condition Factor $.=1.0
Initial Calculations
‘Web Height - Interior dyi=h—d,
‘Web Height - Exterior Ao i=hy—d,
Include Wearing Surface in Section Height hi=h+if 'ff;fws =015 k‘f S WS, 0\' =42 §n
L of | 1)
Depth to Centroid of Reinforcement - Interior di=h—y,,
Depth to Centroid of Reinforcement - Exterior d, = by — Ypare + Powrn
Moment Applied to Interor Girders from Diaphragm M p=if locy=*“Half> =24.323 fi. kip
I s
F s+ —
| =%
elseif locy = “Third”
I I
Foaimer—
|
elseif loc, = “Quarter”
L L
Pt — A+ Paimsr —
|| £ time 7 diat*
I
; o oo , My ;
Moment Applied to Exterior Girders from Diaphragm Mg, :=T =12.161 fi-kip
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Distribution Factors

Dictance B etween Centroids of Deck and Web

Area of Web

Moment of Inertia of Web

Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter

Interior Moment Distribution Factor - 1 Lane

Interior Moment Distribution Factor - 2 Lane

Controling Interior Moment Distribution Factor

Roadway Width

Eccentricity of Design Lane From C.G. of Girders

Eccentricity of Exterior Girder From C.G. of Girders

Eccentricity of Each Girder

Lever Rule Distribution Factor - One Lane

Lever Rule Distribution Factor - Two Lanes

Exterior Moment Distribution Factor

FM-PR-08(07)

4 +d
o=t % 19,875 in
2

Ai=d b, = 762125 in’

w d £ 4y . 4
I= ¢ _{7127-10") in
12

=1
Ky=n-(I+A-e,")=(3.723-10") in"

0.8
H,

Led

[ 8 s

Gy =006 4 — if
\

l1ape) \T)

[
G =0.075 +
i o5 rt

Gy = BX (9m1 B 97«1’2)

W, =lanewidth - Nlane
W,
31::77—5_ft+ emc=38 ft

X, = (NG—1)-2 =14.302 ft

.8
2

my =X,

Ty =X =8

Ty =X, =208

ay =i (NG>8,X, . —8-5,0 fi)

ag =i (NG >4, X, —4: 8,0 ft)

1 Kooy

Ry=— 4 =0.424
NG 2 9 2 2 25
Ty +&p +Z3 +3y + 3y

G A (P g > 0, 1.2 - Ry, 0) = 0.508

Ryi= 2 % ngt'(31*5ft}
NG

=10.484

2 2 2 2
Ty +@g +@g +Ty + Ty
Gr AL {P g > 0 By, 0) = 0,484

12(S+d,—2f)
2.5

=0.407

Gy '=

d
ae:=07T+ f _—0.737
91 g%

G =G pnr 22 =0.528
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G = TOBE (G s ) = 0.526
025
sk i e 1% )
ew Correction Factor ¢y =025+ 3
|2z}
&:=if (shew =30 ° skew, 0 ")
15

Cgi=1—c;+ (tan(8)) =0.961

.@Zo.om

G =, Cg=0.688
Gmg = Gmer Tg=0.508

Interior DF Exterior DF
g,,=0.686 G =0.506
L oading
Interior Girder Dead Load =+ by d, = 0,704 FIP
erior Girder Dead Loa Wyinder = Tre Byt &y = 0. F
kip
Deck Dead Load W '=YRor Srd, =0.550 — 2
kip
Curb Dead Load W =2 Yrot Pyt By =0.422 — 2
Wenrh kip
Dead Load from Nonstructural Components Wy t= + g =0.371 2
NG It
Total Structural Dead Load on Interior Girders D = gy + Wiy + Wy =1.724 ’;;f
ol e kip
Exterior Girder Dead Load Wairdere '=YRE* D * A =0.704 f_t
. ksp
Exterior Deck Dead Load W ek =V pO " Oy v d, = 0.373 F
Total Structural Dead Load on Exterior Girders DC =W g + Waepe + W, = 1.538 i}ﬁ
]
Wearing Surface Dead Load on Interior Girders At T (ws + wsg} »5=0.201 ’;Lf
‘Wearing Surface Dead Load on Exterior Girders DW=y, » (s + wsg)+ 5, =0.134 I;Lp
i1
3 P
i DO L
Dead Load Moments MDG::&-;.Md Mpo,i=—"2 +M,,
g8 3
2 2
DW. 1 DW,+ L
Mpw ::—8 Mpy,t=

FM-PR-08(07) Page 65 of 120



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

Mpe=500.344 ft-kip

M py=55.535 fi- kip

Live Load Moment - Truck Load
Live Load Moment - Tandem
Live Load Moment - Lane

Total HL-93 Live Load

My =9295 ft.kip

Nominal Resistance

Depth Whitney Stress Block - Interior

Nominal Moment Resistance - Interior
Interior Nominal Moment Capacity

Mmpacity =1nax <Mn> = (1428 + 103> ft . kfp

Depth Whitney Stress Block - Exterior

Nominal Moment Resistance - Exterior
Exterior Nominal Moment Capacity

M,

FM-PR-08(07)
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Mpo,=436.943 ft - kip

M pyr, =37.089 ft - kip

. (LY 40kép (L ) ;
Mo =32 ki ) + o —14 ft, =566 fi - ki
Truck P u 5 kQ f) f P
A e I L L B
2 7 |2 )

kip L’ i

My, =064 28 .2 17570 ft- ks

Lay 7t s f T

Mpp =M+ (1+ IM) - max (Mp o Mpgngon)

[1.832]
|2.20 |
=|2.749 ] én
220
|1.232]

E

= ¥
0.85.f_ - &

5

[1.008.

., i1.235.

M, ::Fy'As'l/d—i\l:| 1.428.
|1.235.

[1.000.

[2.744]
|3.420]
=|4.116 ] in
l3.4201

| 2744 |

VA i
0857 -8

£

0=

[1.247.
- I1.52& it
=|1.775-
l1.5zsv

[1.247.

M ais M

F A i
=Ty A, -

=

capacityp T IBK <Mm> = (1 775, 103 > ft . kip
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Rating Factors
ST S N M T |
Interior Moment Rating Factor RFfmmmtzqé %5 @e* Meapeiry =Yoo Mpc —vow Mow
Yz Mrpe 8,
v M e M M
Exterior Moment Rating Factor RFEIimwtz(b Pe Be Meapucitys = Vnc Mooe =Yow Mpws
YoMz G
Interior Exterior
B pepor=0.686 EEgpterior=1.585
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Rating Factor Improvements
Concrete Compressive Strength - Larger is More Congervative Fl.=5 kat
y O 8 pod
Concrte Elastic Modulus E =1820 kai- = (4.07' 10 ) kai
]
Interior Girders
Maximum Recorded Strain Ep=00.50-10 -
Maximum Applied Moment per Lane Mg, :=830.05 ft-hip
Uncracked Section Modulus Sine 1=10618 n
Cracked Section Modulus
8, =3672 in’
Section Behavior Hehavior:=“Unecracked”
Section Modulugz Effective for Behavior &, =if (Behavior =“Uncracked”, 8,,,., 8.}
ATy
Calculated Strain oMM Iy pey 07
S,-E,
Test Benefit Factor ko= 5 —1=0.747
b
: : - M _
Ratio of Applied to HL-93 Moment api=—— = =0.803
My
Test Understanding Factor ky=if {ry;>0.7,0.5,0)=0.5
Rating Tmprovement Factor k=1+k,-k,=1374
Improved Rating Factor REned =B iy - k= 0,842
Exterior Girders
Maximum Recorded Strain Ep=84.5.1 i
Maximum Applied Moment per Tane M., =853.3 fi- kip
Uncracked Section Modulus S 1=9TET in’
Cracked Section Modulus S, 1=8552 n
Section Behavior Hehavior:="“Uncracked”
Section Modulus Effective for Behavior 8, =if (Behavior =“Uncracked”, 8,,., 8.}
nve . 24
Calculated Strain M g 999,107
13 i (=]

FM-PR-08(07) Page 68 of 120



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

Test Benefit Factor ka::ifl =il
£r

. ; Myt

Ratio of Applied to HL-93 Moment Ty i=———— =0.818
LL

Test Understanding Factor k=i {rgy>0.7,0.5,03=0.5
Rating Tmprovement Factor ki=1+k, -k, =2387
Improved Rating Factor B pprovedBnt = BE Brteriorr £ =3.783
Improved Rating Factors
Interior Exterior
RFIm;Dmved =0.942 RFIm;D'rc'uedE:zt =3.783

Figure 51: Bridge 5109 calculations
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A.4  Unity No.

2390

A.4.1 Experimental Configuration and Experimental Data Collected
Table 19: Bridge 2390 experimental configuration and experimental data collected

File

Contents

File Name

File Type

Sensors

Br2390 _Sensors.csv

CSV Format

Sensor Layout

Br2390 _SensorLayout.mat

MATLAB Data File

Br2390 ALT S 2 1 Strain.mat

MATLAB Data File

Br2390 ALT U 2 1 Strain.mat

MATLAB Data File

Br2390 MAX_ S 1 2 Strain.mat

MATLAB Data File

s Dat Br2390 MAX_S 2 1 Strain.mat | MATLAB Data File
ensoriata "515390 MAX_S 3 1 Strain.mat | MATLAB Data File
Br2390 MAX U 2 1 Strain.mat | MATLAB Data File
Br2390 SBS S 2 1 Strain.mat | MATLAB Data File
Br2390 SBS U_2 1 Strain.mat | MATLAB Data File
A.4.2 Instrumentation
\ H‘ @ ?0 B@\r (f% @W \ DETAIL 1 DETAIL 2
BOT MID LNoP BOT [ |
R @
BOT MID ?P [ ]—‘
]

\\

PN

\I}il\:% SOST M?D L\T“r S[)T \\

BOT MID

o)Xl

DETAIL 3

a7

Jb
MID

BOT

&t

L.

\

Un-01

UmM-02 UM-03

UM-06

UM-04 UM-05

(&) B3060]
(Z)—= B3056]
G)—u B3057]

@

(7)—= B30B1| @3— BIOTE
(B)— B3062| (@) — BIOTS

B3085| (1)— B3G5,
(§)— B3063| {3 — BI0G6

&3—— 83810
E3— B3

i5— 63072
A9 — 83073

iE] B2067|
(13— B3068|
@—u B30&9|

00— B304

@—s B3058

{{—= B30T

@—5 B3070

BRIDGE 2390 SENSOR LAYOUT

DRAWN BY

DATE

APS

2018104/30

FM-PR-08(07)

Figure 52: Bridge 2390 sensor layout
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A.4.3 Loading

79 3" —=
¥ . 7800LBS
B F

105" J of
S ST
8,200 LBS
191"
11,100 LBS —_13" = ’-k 60" 4‘ —— 13" 11,200 LBS
\\.\‘15_ P -
13
- 8 %“ "
11,100 LBS ——__ 54
B - TRUCK: To1-317
11" BRIDGE: 23%
f TOTAL WEIGHT: 61,200 LES
— 8 1" 11,800 LBS SRATN BV, APS
DATE: 10/9/2018

Figure 53: Bridge 2390 Truck T01-317 loading

| ﬁ?g I —-—‘ . &100LBS

10 & L o
2/* —11
7,500 LBS
191"
11,900 LBS —._ 13" h 59" ﬂ -—14" | 12,200LBS
- . _‘.»—"""')!-'-)7{
. 13
11,400 LBS ? Tl =87 "
' . 54
L_ TRUCK: T01-240
11" BRIDGE: 2390
? TOTAL WEIGHT: 60,900 LBS
—= 8 3" 11,800 LBS DRAWN BV, APS
DATE: 10/9/2018

FM-PR-08(07)

Figure 54: Bridge 2390 Truck T01-240 loading
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103
7,900 LBS

10,650 LBS

10,650 LBS

&
|

-

11"

11"

13"+

.

|
Y
(04]
M=

-
F

/\

™~

L

- 11
191"
'—59"ﬂ ‘~1¢'_,,~
54"
11,300 LBS

7,900 LBS

11,800 LBS

TRUCK: Tto1-282
BRIDGE: 2390

TOTAL WEIGHT: 60,200 LBS

DRAWN BY: APS
DATE: 10/9/2018

Figure 55: Bridge 2390 Truck T01-282 loading

7,600 LBS

10,800 LBS

10,500 LBS

104

'

—

i
II:_

n J /
Y
191"
— 13" = rsg'ai - 14" |
\.\_\1\ o

11" Fﬂ!l

L e ..

1 1"

I 81 12,100 LBS

7,500 LBS

10,700 LBS

TRUCK: To01-918
BRIDGE: 2390

TOTAL WEIGHT. 59,200 LES

DRAWN BY: APS
DATE: 10/9/2018

FM-PR-08(07)

Figure 56: Bridge 2390 Truck T01-918 loading
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A.4.4 Representative Data Plots

80

60

40

Microstrain

20

-20

15

10

-10

Microstrain

-15

-20

-25

-30

-35

FM-PR-08(07)

Midspan Strain, All Girders

T T T T T

B3058
B3811
B3810
B3067
B3069
B3068
B3075
B3076
B3066
B3065
B3061
B3063
B3055
B3057
B3056

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

Figure 57: Bridge 2390 SBS_S 2 2 strains - Midspan

Strain at Girder Ends, Test SBS-S, Test 1, Position 2

B3070
B3071
B3073
B3072
B3074
B3060
B3062

| | | 1 |

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

Figure 58: Bridge 2390 SBS_S 2 1 strains - Ends
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Midspan Strain, All Girders

120
T T T T T T T T 53058
B3811
100 B3810
B3067
B3069
80 B3068
B3075
B3076
60 B3066
< B3065
[
= B3061
o
5 a0 L B3063
= B3055
Y B3057
20 Aﬁﬁwﬁ\% B3056
P L]
0 REREREN N B o B _
s —
-20 I I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 59: Bridge 2390 SBS_U_2_1 strains - Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
15 _
10 |
5 1
. r——/_wv/_\__ﬁ
- L’(
5L
c
s
g
§ -10 |
=
15 |
20 L
25 | Mo
30 I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time (s/10)

Figure 60: Bridge 2390 SBS_U_2 1 strains — Ends
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Midspan Strain, All Girders

120
T T T T T T 53058
B3811
100 B3810
B3067
B3069
80 B3068
B3075
B3076
60 B3066
< B3065
o
= B3061
=]
5 a0 B3063
= B3055
B3057
20 B3056
0 4
-20 I I I I I I
0 1000 2000 3000 4000 5000 6000 7000
Time (s/10)
Figure 61: Bridge 2390 MAX_S 2 1 strains - Midspan
Strain at Girder Ends, Test MAX-S, Test 1, Position 2
20
10 L
\
\ l{JJ
0 A o et S
£ |
S .10 L
1%}
o
S
=
20 - B3070
B3071
B3073
30 L B3072
B3074
B3060
B3062
40 I I I I I I
0 1000 2000 3000 4000 5000 6000 7000

Time (s/10)

Figure 62: Bridge 2390 MAX_S 2 1 strains - Ends
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Midspan Strain, All Girders

120
T T T T T 53058
B3811
100 B3810
B3067
B3069
80 L B3068
B3075
B3076
60 L B3066
£ B3065
g
Z B3061
=]
S 40 L B3063
= B3055
B3057
20 L B3056
0 -
-20 | | | | |
0 1000 2000 3000 4000 5000 6000
Time (s/10)
Figure 63: Bridge 2390 MAX_U_2 1 strains - Midspan
Strain at Girder Ends, Test MAX-U, Test 1, Position 2
20 _
10 |
0
210 |
c
©
@
o
o 20 L
=
B3070
80 - B3071
B3073
B3072
40+ B3074
B3060
B3062
-50 | | ] ] |
0 1000 2000 3000 4000 5000 6000

Time (s/10)

Figure 64 Bridge 2390 MAX_U_2_1 strains — Ends
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Midspan Strain, All Girders

120 T T T T T Baoss
B3811
B3810
B3067
B3069
B3068
B3075
B3076
B3066
c B3065
g
% B3061
8 B3063
= — B3055
B3057
B3056
=
20 I I I I I
0 1000 2000 3000 4000 5000 6000
Time (s/10)
Figure 65: Bridge 2390 ALT_S_2_1 strains - Midspan
Strain at Girder Ends, Test ALT-S, Test 1, Position 2
15 _
10 |
5
\
0 N /h\f\ ey M
Bl ey e |
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§ -10 L
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20 L \‘ B3073
| V B3072
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Figure 66 Bridge 2390 ALT_S_2 1 strains — Ends
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Midspan Strain, All Girders
120

B3058

c
K]
@
[}
S
=
-20 I I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 67: Bridge 2390 ALT_U_2_1 strains - Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
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5
0 //‘-Mﬂ\x_/ﬂ
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Figure 68 Bridge 2390 ALT_U_2 1 strains - Ends
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A.4.5 Rating Factor Calculations

AASHTO Rating Calculations:

Bridge 2390 - Unity, Maine

Material Parameters:

Concrete Compressive Strength P E ke
Reinforcement Yield Strength F,i=33 kei
ok g il kip
Unit Weight: Reinforced Concrete “ao=0.150 ==
1t
I o) | ksp
Unit Weight: Wearing Surface e t=0.150 — =
it
Geometric Properties:
Span Length L:=37 ft
Girder Spacing - Tnterior Hiz=7a b un
Girder Spacing - Exterior 8,1=42.75 in
Number of Girders NG =5
Skew Angle shkew =307
T.ane Widih lonewndth =11 ft
Number of Lanes Niane =2
Wearing Surface Thickness ws=4 i
Thickness of Pavement Overlay Wy i=5 0
Girder Height - Interior sl b q
Girder Height - Exterior A, =31.25 n
Deck Thickness d.:=5.75 in
‘Web Width - Interior by =24 in
Web Width - Exterior b =15 ¥
Curb Depth hop =12 im
Curb Width Bouss =21 0
[ 4.375 ]
| 5.060 |
Height to Centroid of Reinforcement - Interior Ypar = |5.3125 | in
| 5.089 |
| 4.375 |
[4875]
| 4875 |
Height to Centroid of Reinforcement - Exterior Yhare = | 4875 | 4m
| 4875 |
| 4875 |
[ 8.859 ]
[11.391 | ,
Area of Reinforcement - Interior A, =[12.656 | in
l11.301 |
| 8.850 |

FM-PR-08(07)

Page 79 of 120



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

UMaine Composites Center Report Xx-XX-XXxx

[7.8125]

| 78125 | .
Area of Reinforcement - Exterior A, = 78125 | in

| 78125 |

| 7.8125 |
Digtance from Centerline of Girder to Edge of Curb d.i=—10.5
Eccentricity of Centerline of Girders w.r.t. Centerline of Roadway exc=0 in
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder P g =0 kip
Location of Intermedi ate Diaphragm loc g =“Half”
(Half, Third, Quarter)

kip

Distributed Load Due to Rail

ot sepe= (3 e e
It

Structural Dead Load Factor ¥poi=1.25
‘Wearing Surface Dead Load Factor Yow =125
Live Load Factor =135
Live Load Impact Factor IM =033
Flexural Resistance Factor =9
System Factor ¢, =1.0
Condition Factor $.=1.0
Initial Calculations
‘Web Height - Interior dyi=h—d,
‘Web Height - Exterior Ao i=hy—d,
Include Wearing Surface in Section Height hi=h+if 'ff;fws =015 k‘f S WS, 0\' =355 5n
L Y
Depth to Centroid of Reinforcement - Interior di=h—y,,
Depth to Centroid of Reinforcement - Exterior d, = by — Ypare + Powrn
Moment Applied to Interor Girders from Diaphragm M p=if locy=*“Half> =0 ft. kip
I s
Pipsr—
ik
elseif locy = “Third”
I I
Pinsr—
|

elseif loc, = “Quarter”
L L

Poing =4 P =
dint 7 dint i

M, |
Moment Applied to Exterior Girders from Diaphragm Mg, ::Td =0 ft- kip
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Distribution Factors

Dictance B etween Centroids of Deck and Web

Area of Web

Moment of Inertia of Web

Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter

Interior Moment Distribution Factor - 1 Lane

Interior Moment Distribution Factor - 2 Lane

Controling Interior Moment Distribution Factor

Roadway Width

Eccentricity of Design Lane From C.G. of Girders

Eccentricity of Exterior Girder From C.G. of Girders

Eccentricity of Each Girder

Lever Rule Distribution Factor - One Lane

Lever Rule Distribution Factor - Two Lanes

Exterior Moment Distribution Factor

FM-PR-08(07)

4 +d
o=t % 15695 in
2

Ai=dyeb,=6124n"

w d £ 4y . 4
I= ¢ _{3.316-10") in
12

=1
Ky=ne(I+A-e,")=(1.826-10) in"

0.8
H,

Led

[ 8 s

Gy =006 4 — if
\

l1ape) \T)

[
G =0.075 +
i o5 rt

Gy = BX (9m1 B 97«1’2)

W, =lanewidth - Nlane
W,
31::77—5_ft+ ezc=6 ft

X, = (NG—1)-2=12.25 f4

.8
2

my =X,

Ty =X =8

Ty =X, =208

ay =i (NG>8,X, . —8-5,0 fi)

ag =i (NG >4, X, —4: 8,0 ft)

1 Kooy

Ry=— 4 =0.306
NG 2 9 2 2 25
Ty +&p +Z3 +3y + 3y

G = (P >0,1.2-R, 0} =0

Ryi= 2 % ngt'(31*5ft}
NG

=10.433

4 a2 2 &
By g @ +@y + o
G = (P gy > 0, By, 03 =0

12(S+d,—2f)
2.5

=0.518

Gy '=

d
ae:=07T+ f _ —0.574
91 g%

G (=G v 2e=0.441
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G = TOBE (G s o) = 0441
025
sk i e 1% )
ew Correction Factor ¢y =025+ 3
|2z}
&:=if (shew =30 ° skew, 0 ")
15

Cgi=1—c;+ (tan(8)) =0.971

.@Zo,gaa

I =8 Cg=0.635
Gme = Gmer Tg=0.428

Interior DF Exterior DF
g,,=0.635 Gy =0.428
L oading
Interior Girder Dead Load =g+ by d, = 0,638 TP
erior Girder Dead Loa Wyinder = Tre Byt &y = 0. F
kip
Deck Dead Load Wy ' =¥Ror Srd, =044 =%
kip
Curb Dead Load W =2 Yrar Pyt By =0.5258 —2
Wenrh kip
Dead Load from Nonstructural Components Wy t= + g =0.424 — 2
NG It
Total Structural Dead Load on Interior Girders D= gy + Wiy + Wy =1.502 ’;;f
ol e kip
Exterior Girder Dead Load Wairdere '=YRE* D * A =0.308 f_t
. ksp
Exterior Deck Dead Load W o = VB Oy v d = 0,256 F
Total Structural Dead Load on Exterior Girders DC =W gere + Waepe + W, = 1.0T8 i}ﬁ
]
Wearing Surface Dead Load on Interior Girders At T (ws + wsg} - 5=0.68% ’;Lf
‘Wearing Surface Dead Load on Exterior Girders DW=y, v (ws+ wsg)+ 5, =0.401 I;Lp
i1
3 P
i DO L
Dead Load Moments MDG::&-;.Md Mpo,i=—"2 +M,,
g8 3
2 2
DW. 1 DW,+ L
Mpw ::—8 Mpy,t=
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Mpo=256.984 ft.kip Mpo,=184.557 ft-kip

Mpy=117.916 ft - kip M pyr, = 68.584 ft - kip

Live Load Moment - Truck Load Mo =32 kip- [ 'Z ) + 6l ;FBP . [%— 14 ft} =336 fE-kip
Live Load Moment - Tandem Mimdem =25 Kip- £+ cabih, [£74 _ﬂ] =412.5 f- kip
4 2 2
kip I’
Live Load Moment - Lane M;,,.=0.64 %.7,: 109.52 ft-kip
8
Total HL-93 Live Load Mg =My .+ (1+ IM) - max (Mg, My pgem)
My, =668.145 ft-kip
Nominal Resistance [1.872]
r | 2.407]
Depth Whitney Stress Block - Interior a=A— ¥ = |2.674| én
085-f-8 |g.407]
l1s72]
[729.384]
——— |oor.rai|
Nominal Moment Resistance - Tnterior M, =F A, rd 71\1 =|995.412 | ft. kip
! [ 907,721 |
Interior Nominal Moment Capacity g
M opacity = T0AX <Mn> =995.412 fit-kip
[2.838]
7 | 2.838 |
Depth Whitney Stress Block - Exterior [ :=A51073’I= | 2838 in
085+ -8, ! 5838 !
| 2.838 |
[ 798,877
7 a—\l* | 798.877 |
Nominal Moment Resistance - Exterior I L L [ e S| B E - kg
inal i i My =F,-A Ld J | 703.077| (ft- ki
2/ |res.o7r
| 793.977 |

Exterior Nominal Moment Capacity

M = tnax (M) =793.977 ft -kip

copacitys -
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Rating Factors
ST S N M T |
Interior Moment Rating Factor RFfmmmtzqé %5 @e* Meapeiry =Yoo Mpc —vow Mow
Yz Mrpe 8,
v M e M M
Exterior Moment Rating Factor RFEIimwtz(b Pe Be Meapucitys = Vnc Mooe =Yow Mpws
YoMz G
Interior Exterior
B pepor="0.757 BEgptener=1.047
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Rating Factor Improvements
Concrete Compressive Strength - Larger is More Congervative Fl.=5 kat
y O 8 pod
Concrte Elastic Modulus E =1820 kai- = (4.07' 10 ) kai
]
Interior Girders
Maximum Recorded Strain ep=112.56-10"°
Maximum Applied Moment per Lane My, :=613.45 Fi-hip
Uncracked Section Modulus Sine 1=8415 in
Cracked Section Modulus
8, =9764 in’
Section Behavior Hehavior:=“Unecracked”
Section Modulugz Effective for Behavior &, =if (Behavior =“Uncracked”, 8,,,., 8.}
nve .
Calculated Strain =DM Sy aep 107
S,-E,
Test Benefit Factor k=5 —1=0.213
b
i ; My
Ratio of Applied to HL-93 Moment Ty t=— = =0.032
My
Test Understanding Factor ky=if {ry;>0.7,0.5,0)=0.5
Rating Tmprovement Factor k=1+k, - k,=1.107
Improved Rating Factor RErnsd =B iy » k= 0.838
Exterior Girders
Maximum Recorded Strain Ept=T0.28-10 =
Maximum Applied Moment per Tane Mg, :=613.45 ft-kip
Uncracked Section Modulus Sne 1=8132 in’
Cracked Section Modulus S, =20T1 n
Section Behavior Hehavior:="“Uncracked”
Section Modulus Effective for Behavior 8, =if (Behavior =“Uncracked”, 8,,., 8.}
nve . 2
Calculated Strain M 5 599,107
13 i (=]
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Test Benefit Factor ka::ifl =0.201
£r

. ; Myt

Ratio of Applied to HL-93 Moment g t=———— = 10,832
LL

Test Understanding Factor k=i {rgy>0.7,0.5,03=0.5
Rating Tmprovement Factor k=1+k,-k,=1101
Improved Rating Factor B pprovedBnt = BE Brteriorr £ =1.152
Improved Rating Factors
Interior Exterior
RFIm;Dmﬂed:O‘SSS RFIm;D'rc'uedE:zt: 1152

Figure 69: Bridge 2390 calculations
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A.5.1 Experimental Configuration and Experimental Data Collected
Table 20: Bridge 2879 experimental configuration and experimental data collected

File Contents

File Name

File Type

Sensors

Br2130_Sensors.csv

CSV Format

Sensor Layout

Br2130_SensorLayout.csv

MATLAB Data File

Br2879 ALT S 2 1 Strain.mat

MATLAB Data File

Br2879 ALT U_2 1 Strain.mat

MATLAB Data File

Br2879 MAX S 1 1 Strain.mat

MATLAB Data File

Sensor Data "g15879"MAX S 2 1 _Strain.mat | MATLAB Data File
Br2879 MAX_S 3 1 Strain.mat | MATLAB Data File
Br2879 MAX U 2 1 Strain.mat | MATLAB Data File
Br2879 SBS S 2 1 Strain.mat | MATLAB Data File
Br2879 SBS U_2 1 Strain.mat | MATLAB Data File
A.5.2 Instrumentation
/ ;47@ ?ﬂ a@ 1V @ :{y DETAIL 1 — DETAIL 2
EIDT BC;‘Ty/LTOP y/l_,/ —— . _‘l_l [ ]
! = @ D M0
72 '&? v N . .
/)/Lsor 18] BoT Ol y/l.\/ _L‘Ej L)-‘
(@ O‘] @2 DETAIL 3
/ /LBOT i o Lﬁl‘pf . 3P /v / C— —]
BCIT B?}ET l\:l-’l? T(SJP BOT ":;"_

UM-01 UM-02 UM-03 UM-04 UM-05 UM-06
(§)— B30GO| (1)——= B3056| (22— B3076| ({6 ——= B30OT0| Z3—= B3BI0| (4)—= BI058

(1— B3066| (Z)— B3057| (3}— BI0SS| (F—r B3I06T| Qd—s B3I611| Z)—s BIOTS
({3—= £3073| (3)— B2063| ({5 ——= 82069 (B—— B3072| [D—— B3066| [H— BI0T1
({— B3065| €)—e BIO74

BRIDGE 2879 SENSOR LAYOUT

DATE
2018/04/30

DRAWM BY
APS

(7)——= B3061 | (E)— BIOGZ

Figure 70: Bridge 2879 sensor layout
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A.5.3 Loading

9,500 LBS

e
o B

2

/*‘ - 1"
7,000 LBS

218"

k 59" 4_‘ - 13" » o 13,1 00 LBS
Do | T
f

‘ e TRUCK: To1-279
11" BRIDGE: 2879
? TOTAL WEIGHT: 67,950 LBS
— 9" 13,200 LBS DRAWN BY: APS

DATE: 10/9/2018

12,350 LBS —._ 13" =

12,800 LBS

/
[
(e}
I\J\;\

Figure 71: Bridge 2879 Truck T01-279 loading

| ’&82" —-—‘ . 7,700LBS

107" J -~
/ 1 1 %"
7,500 LBS

191"

—-r 132" | —10,500LBS

P e

8,500 LBS —rj\S In ] ’—w 59" ﬂ

Wﬂ!
8800lBS . 1 ¢&

‘\\ )

g, TRUCK: To1-280

11" BRIDGE: 2579

?7 TOTAL WEIGHT: 54,400 LBS
— 8" 11,400 LBS DRAWN BY: APS

DATE: 10/9/2018

4

54"

Figure 72: Bridge 2879 Truck T01-289 loading
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8,500 LBS

&

11"

-

7,000 LBS

9,000 LBS —_13" =

.

B TRUCK: To1-243
BRIDGE: 2579
1 TOTAL WEIGHT: 54,300 LBS
3 — 8" 11,100 LBS DRAWN BY: APS

g

& ‘ . 7600LBS

___11"

189 4"

rﬁ 59" 4—‘ -t 13" L 11 ,1 00 LBS

(&3]
Iy
(NJEN

DATE: 10/3/2018

Figure 73: Bridge 2879 Truck T01-243 loading

9,000 LBS

'

10"

ot
6,900 LBS

8,400 LBS —-. 133"

-
o

.

=

82" ‘ . 8000LBS

‘___11"

N

- 13" | ——10,700LBS

TRUCK: To1-z283
— BRIDGE: 2879

TOTAL WEIGHT: 54,200 LBS

11,200 LBS DRAWN EY: APS

DATE! 10/9/2018

FM-PR-08(07)

Figure 74: Bridge 2879 Truck T01-283 loading
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A.5.4 Representative Data Plots

Midspan Strain, All Girders

50

B3058
B3811
B3810
B3075
B3065
B3066
B3076
B3061
B3063
B3055
B3057
B3056

Microstrain

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

Figure 75: Bridge 2879 SBS_S_2_1 strains - Midspan

Strain at Girder Ends, Test SBS-S, Test 1, Position 2
14

12 L

B3070

B3071

4 - B3067
ol | B3072

, L m B3074
B3073

A / B3068

Microstrain

WA
0 | — B3069
— B3060
B3062
2 | I I I I
0 500 1000 1500 2000 2500 3000

Time (s/10)

Figure 76: Bridge 2879 SBS_S 2 1 strains - Ends
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Midspan Strain, All Girders

50

B3058
B3811
B3810
B3075
B3065
B3066
B3076
B3061
B3063
B3055
B3057
B3056

Microstrain

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

Figure 77: Bridge 2879 SBS_U_2_1 strains - Midspan

Strain at Girder Ends, Test SBS-U, Test 1, Position 2
14 _

B3070
B3071
B3067
B3072
B3074
B3073
B3068
B3069
B3060
B3062

Microstrain

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

Figure 78: Bridge 2879 SBS_U_2_1 strains — Ends
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Midspan Strain, All Girders
70

B3058

£
[
@
=]
S
=
-20 | | | | |
0 1000 2000 3000 4000 5000 6000
Time (s/10)
Figure 79: Bridge 2879 MAX_S 2 1 strains - Midspan
Strain at Girder Ends, Test MAX-S, Test 1, Position 2
14
12
10
8
£
g 6
5 B3070
S
— B3071
4 B3067
B3072
B3074
2
B3073
B3068
0 B3069
B3060
B3062
2 | | | ] ]
0 1000 2000 3000 4000 5000 6000

Time (s/10)

Figure 80: Bridge 2879 MAX_S 2 1 strains - Ends
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Midspan Strain, All Girders

70
T T T T T T T T 5305
B3811
60 - B3810
B3075
50 | B3065
B3066
20 L B3076
B3061
B3063
30
< B3055
g
3 B3057
5 20+ B3056
=
10 ~ ~ X \ n
_J
o =S
0 / A 4
e
o
-10 |- -
-20 I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 81: Bridge 2879 MAX_U_2 1 strains - Midspan
Strain at Girder Ends, Test MAX-U, Test 1, Position 2
14
£
I
6 B3070
o
2 B3071
B3067
B3072
B3074
B3073
B3068
B3069
B3060
B3062
-4 I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time (s/10)

Figure 82: Bridge 2879 MAX_U_2_1 strains — Ends
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Midspan Strain, All Girders
70

T T T T

B3058
B3811
60 |- B3810
B3075
50 | B3065
B3066
40 L B3076
B3061
B3063
30 - B3055
B3057
20 L B3056
10 | -
0 -
—
\__Mﬁ_//——’_/g
-10 L -
-20 1 1 | | |
0 1000 2000 3000 4000 5000 6000

Time (s/10)

Figure 83: Bridge 2879 ALT_S_2_1 strains - Midspan

Strain at Girder Ends, Test ALT-S, Test 1, Position 2

-2 | | |

0 1000 2000 3000 4000 5000

Time (s/10)

Figure 84: Bridge 2879 ALT_S_2_1 strains — Ends
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Midspan Strain, All Girders
70

T T T T T T T T B3058

B3811
B3810

60 |

c
g
17
<]
S
=
-20 I I 1 I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 85: Bridge 2879 ALT_U_2_1 strains - Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
16
14 |
12 /\N
i N
10 [ \ H
8 |
£ A
T 6|
8 B3070
8 B3071
S 4L / f
[y / B3067
» L B3072
/_j B3074
B3073
[
B3068
B3069
2 |
B3060
B3062
-4 I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time (s/10)

Figure 86: Bridge 2879 ALT_U_2_1 strains - Ends
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A.5.5 Rating Factor Calculations

AASHTO Rating Calculations:

Bridge 2879 - Atkinson, Maine

Material Parameters:

Concrete Compressive Strength P E ke
Reinforcement Yield Strength F,i=33 kei
ks e o kip
Unit Weight: Reinforced Concrete “ao=0.150 ==
1t
I o) | ksp
Unit Weight: Wearing Surface e t=0.150 — =
it
Geometric Properties:
Span Length L:=50 ft
Girder Spacing - Tnterior S:=00in
Girder Spacing - Exterior 8,:=54 in
Number of Girders NG =4
Skew Angle shkew =307
T.ane Widih lenewndth:=10.5 ft
Number of Lanes Niane =2
Wearing Surface Thickness ws=4 i
Thickness of Pavement Overlay Wy i=0 0
Girder Height - Interior h =50 in
Girder Height - Exterior Ry =50 tn
Deck Thickness d.:=8in
‘Web Width - Interior by =22 in
Web Width - Exterior b =17 i1
Curb Depth hop =12 im
Curb Width Bowss =18 0
[2.333]
| 3.875 |
Height to Centroid of Reinforcement - Interior Ypar = |5.518 | in
| 3.875 |
|3.333 |
[9.583]
| 4125 |
Height to Centroid of Reinforcement - Exterior W =| 575 |in
| 4125 ]
| 3.583 |
[ 7.5038 |
| 12.656 | ,
Area of Reinforcement - Interior A =[17.718 | in
l12.636 |
| 7.5038 |

FM-PR-08(07)
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[8.375]
[1250 ;
Area of Reinforcement - Exterior A, i=|18.75 | in
| 125 |
|8.375 ]
Digtance from Centerline of Girder to Edge of Curb d.:=—6.5 in
Eccentricity of Centerline of Girders w.r.t. Centerline of Roadway exc=0 in
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder P e = 2.833 kip
Location of Intermedi ate Diaphragm lo¢ 4 :=“Third”
(Half, Third, Quarter)
Distributed Load Due to Rail e 310 P
it
Structural Dead Load Factor ¥poi=1.25
‘Wearing Surface Dead Load Factor Yow =125
Live Load Factor =135
Live Load Impact Factor IM =033
Flexural Resistance Factor Pi=
System Factor ¢, =1.0
Condition Factor $.=1.0
Initial Calculations
‘Web Height - Interior dyi=h—d,
‘Web Height - Exterior Ao i=hy—d,
Include Wearing Surface in Section Height hi=h+if 'ff;fws =015 k‘f S WS, 0\' =54 in
L of | 1)
Depth to Centroid of Reinforcement - Interior di=h—y,,
Depth to Centroid of Reinforcement - Exterior d, = by — Ypare + Powrn
Moment Applied to Interor Girders from Diaphragm M p=if locy=*“Half> =4T7.217 fi - kip
I s
F s+ —
| =%
elseif locy = “Third”
I I
Foaimer—
|
elseif loc, = “Quarter”
L L
Pt — A+ Paimsr —
H dint 7 dint i
; o oo , My ;
Moment Applied to Exterior Girders from Diaphragm Mg, :=T =23.608 fi-kip
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Distribution Factors

Dictance B etween Centroids of Deck and Web

Area of Web

Moment of Inertia of Web

Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter

Interior Moment Distribution Factor - 1 Lane

Interior Moment Distribution Factor - 2 Lane

Controling Interior Moment Distribution Factor

Roadway Width

Eccentricity of Design Lane From C.G. of Girders

Eccentricity of Exterior Girder From C.G. of Girders

Eccentricity of Each Girder

Lever Rule Distribution Factor - One Lane

Lever Rule Distribution Factor - Two Lanes

Exterior Moment Distribution Factor

FM-PR-08(07)

e t=_¥  ° =254n

Ai=dy b, =024 in

w d £ 5y, 4
I= ¢ _{1.353-10") in
12

=1
Ky=n-(I+A-e,")=(7.133-10") in"

0.8
H,

Led

[ 8 s

Gy =006 4 — if
\

l1ape) \T)

[
G =0.075 +
i o5 rt

Gy = BX (9m1 B 97«1’2)

W, =lanewidth - Nlane
W,
ey ::77—5 Ft+emc=55 fi

X, = (NG—1)-2=11.25 f4

.8
2

my =X,

Ty =X =8

Ty =X, =208

ay =i (NG>8,X, . —8-5,0 fi)

ag =i (NG >4, X, —4: 8,0 ft)

1 Kooy

Bytmos e Lo “EFIR gy
NG Ty +&p +Z3 +3y + 3y

G A (P gy > 0, 1.2 - Ry, 0) = 0.564

Ryi= 2 % ngt'(31*5ft}
NG

=10.52

2 2 2 2
Ty +@g +@g +Ty + Ty
G =M (P> 0, By, 03 = 0.52

12(S+d,—2f)
2.5

=0.5387

Gy '=

=0.71

d
eg=0.7T+__°
018

o =G nr 22 =0.512
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G = TOBE (G s ) = 0,512
025
sk i e 1% )
ew Correction Factor ¢y =025+ 3
|2z}
&:=if (shew =30 ° skew, 0 ")
15

Cgr=1—c;+ (tan(8)) =0.072

.@Zm

G = Cg=0.701
G = Gmer Tg=0.498

Interior DF Exterior DF
g,,=0.701 G =0.498
L oading
Interior Girder Dead Load =g+ by d, =0.963 FIP
erior Girder Dead Loa Winder = Tre Byt &y = 0. F
kip
Deck Dead Load Wt ' =¥Rar Srd, =078 ==
kip
Curb Dead Load W =2 Yrot Pyt Uapp =0.45 fT
Wenrh kip
Dead Load from Nonstructural Components Wy t= + g =0.332 2
NG It
Total Structural Dead Load on Interior Girders DO = oy + Wy + Wy =2.044 ’;;f
ol e kip
Exterior Girder Dead Load Wairdere = VRO D * A =0.744 f_t
. ksp
Exterior Deck Dead Load W ok = VRO Oy v, =045 ﬁ_
Total Structural Dead Load on Exterior Girders DO =W gere + Wanpee + Wy = 1.525 i}ﬁ
]
Wearing Surface Dead Load on Interior Girders At T (ws + wsg} »5=0.875 ’;Lf
‘Wearing Surface Dead Load on Exterior Girders DW=y, » (s + weg)+ 5,=0.225 I;Lp
i1
2 P
i DO L
Dead Load Moments MDG::&-;.Md Mpo,i=—"2 +M,,
g8 3
2 2
DW. 1 DW,+ L
Mpw ::—8 Mpy,t=
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Mpo="685.967 ft-kip M po,=500.249 ft - kip

Mpy=117.188 ft - kip My, =70.313 ft-kip

Live Load Moment - Truck Load Mo =32 kip- [ 'Z } + 6l ;FBP . [%— 14 ft} =620 ft-kip
Live Load Moment - Tandem Mimdem =25 Kip- £+ akig, [£74 _ﬂ] =575 fi-kip
4 2 2
kip I’
Live Load Moment - T.ane M;,,.=0.64 %.7,: 200 ft - kip
8
Total HL-93 Live Load Mg =My .+ (1+ IM) - max (Mg, My pgem)
3 :
My =(1.025.10") ft kip
Nominal Resistance [131 |
r |2184]
Depth Whitney Stress Block - Interior a=A— ¥ = |2.057| én
085-f-8 |g184]
l131
[1.044.10° W‘
N I 5 K. |
Nominal Moment Resistance - Tnterior M, =F A, rd 71\1 =|2.288. 10° | ft-kip
[1.707.10° 1
Interior Nominal Moment Capacity |_1.0440103 l
3 :
M o paciy =108 (M} = (2.288.10°) ft - kip
[2.695]
7 | 8.505 |
Depth Whitney Stress Block - Exterior [ :=A51073’I= | 5392 in
085-F.-5, |3503]
| 2.696 |
[1.471-10%]
et I1.928.103I
a.
Nominal Moment Resistance - Exterior Mo=Fyr Ay - de 771} =|2.781~ 10° | (FE-kig)
l1.928v103 l
Exterior Nominal Moment Capacity [1.471 10° ]
{ *) froki
M ity = 1083 (M, 3 =(2.761-107 ) ft. kip
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Rating Factors
ST S N M T |
Interior Moment Rating Factor RFfmmmtzqé %5 @e* Meapeiry =Yoo Mpc —vow Mow
Yz Mrpe 8,
v M e M M
Exterior Moment Rating Factor RFEIimwtz(b Pe Be Meapucitys = Vnc Mooe =Yow Mpws
YoMz G
Interior Exterior
Bl pepor=1.082 EEgpterior=2.574
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Rating Factor Improvements
Concrete Compressive Strength - Larger is More Congervative Fl.=5 kat
y O 8 pod
Concrte Elastic Modulus E =1820 kai- = (4.07' 10 ) kai
]
Interior Girders
Maximum Recorded Strain Ept=62.49- 10 -
Maximum Applied Moment per Lane Mg, =946.9 fi- bip
Uncracked Section Modulus Sine 1=21210 n
Cracked Section Modulus
8, :=8413 in’
Section Behavior Hehavior:=“Unecracked”
Section Modulugz Effective for Behavior &, =if (Behavior =“Uncracked”, 8,,,., 8.}
nve . Jy
Calculated Strain oMM m g 993,107
S,-E,
Test Benefit Factor k=5 —1=0.476
b
i ; My
Ratio of Applied to HL-93 Moment Tapi=—— " =0.024
My
Test Understanding Factor ky=if {ry;>0.7,0.5,0)=0.5
Rating Tmprovement Factor k=1+k, - k,=1.288
Improved Rating Factor R nsd = B iy » k= 1.248
Exterior Girders
Maximum Recorded Strain Ept=T7.52+10 =
Maximum Applied Moment per Tane Mg =946.9 fi- kip
Uncracked Section Modulus Sine 1=15738 in
Cracked Section Modulus 5., =4198 n
Section Behavior Hehavior:="“Uncracked”
Section Modulus Effective for Behavior 8, =if (Behavior =“Uncracked”, 8,,., 8.}
nve . 2
Calculated Strain M e g 931,107
13 i (=]
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Test Benefit Factor ka::ifl:().lzﬂ
£r

. ; Myt

Ratio of Applied to HL-93 Moment g t=——— = 10,824
LL

Test Understanding Factor k=i {rgy>0.7,0.5,03=0.5
Rating Tmprovement Factor k=1+k, - k,=1071
Improved Rating Factor B provedBut = BE Brperior» £=2.757
Improved Rating Factors
Interior Exterior
RFIm;Dm'ued: 1.348 RFIm;D'rc'uedE:zt =2.757

Figure 87: Bridge 2879 calculations
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A.6  Columbia No. 3848

A.6.1 Experimental Configuration and Experimental Data Collected
Table 21:Bridge 3848 experimental configuration and experimental data collected

File Contents

File Name

File Type

Sensors

Br3307 _Sensors.csv

CSV Format

Sensor Layout

Br3307_SensorLayout.mat

MATLAB Data File

Br3848 ALT S 2 1 Strain.mat

MATLAB Data File

Br3848 ALT U 2 1 Strain.mat

MATLAB Data File

Br3848 MAX S 1 1 Strain.mat

MATLAB Data File

Sensor Data Br3848 MAX_ S 2 1 Strain.mat | MATLAB Data File

Br3848 MAX S 3 1 Strain.mat | MATLAB Data File

Br3848 MAX U 2 1 Strain.mat | MATLAB Data File

Br3848 SBS S 2 1 Strain.mat | MATLAB Data File

Br3848 SBS U 2 1 Strain.mat | MATLAB Data File

A.6.2 Instrumentation
\ @ 2 DETAIL 1 - DETAIL 2
\ o 80P Wb LNoP goT . ] '
¢ ple - H - h
\\4‘ BOT MID (s3] \x ﬁ"t ||:[:'|_
@ @ 1 @ DETAIL 3
\L\&MID BOT MID L\i‘r I\\ ﬁ
\ \{’ 51 Wb o]

©)

E

55 5?
BOT MID

55
oF

BoT )

UM-01

Um-02

UM-03

Un-04

UM-05

UM-06

(5)—= B3060|
(7)— B2056|
(Z)—= B30ST

(3)— B3055
(58— B3083
(H)— B3061
(8)—= Ba0B2

(1) — B2068]
{2— 83086
@)—= 83076
(#)— B30T,

A3— B3067
({3—- B3088|
({5—= 823069
E0——e B3074|

E3— 83810
@3——-B3811
(@——=» 83058
({{h—= B30T

15— B2072]
§— 83073
(15— B3070

BRIDGE 3848 SENSOR LAYOUT

DRAWN BY

DATE

APS

201810430
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Figure 88: Bridge 3848 sensor layout
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A.6.3 Loading
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10,000 LBS
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R
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10" “
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o 1]
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80" _"‘ . 8600LBS

14,100 LBS

TRUCK: To1-215
BRIDGE: 3848

TOTAL WEIGHT: 63,200 LBS

DRAWN BY: APS
DATE: 10/9/2018

Figure 89: Bridge 3848 Truck T01-215 loading
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BRIDGE: 3848
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DATE! 10/9/2018
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Figure 90: Bridge 3848 Truck T01-312 loading
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‘ ’<7 82" 4.,‘ 7_7:_;_7:_7:_7__7_,_ 8,400 LBS

B I

10 1"
2/* “H "
7,550 LBS

191"
8,250 LBS — 133" 4= h 59" ﬂ ‘+_ 13" | 12,250 LBS
& T L “.«-""'-/-)’1
oF 1
9,600 LBS otk "
’ "'\_‘. 55

T TRUCK: to1-913
10" BRIDGE: 3s4s
f TOTAL WEIGHT: 58,350 LBS
—= 9" 12,300 LBS DRAWN BY: APS

DATE! 10/9/2018

Figure 91: Bridge 3848 Truck T01-913 loading
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Figure 92: Bridge 3848 Truck T01-166 loading
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A.6.4 Representative Data Plots

Midspan Strain, All Girders

£
s
@
o
S
=
0 1000 2000 3000 4000 5000 6000
Time (s/10)
Figure 93: Bridge 3848 SBS_S 2 1 strains - Midspan
Strain at Girder Ends, Test SBS-S, Test 1, Position 2
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5 L
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-10 |
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B3072
-15 | B3074
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B3062
-20 | 1 | | I I
0 1000 2000 3000 4000 5000 6000

Time (s/10)

Figure 94: Bridge 3848 SBS_S 2 1 strains — Ends
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Midspan Strain, All Girders

Microstrain

-10 | 1 1 1 1 | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s/10)
Figure 95: Bridge 3848 SBS_U_2 1 strains - Midspan
Strain at Girder Ends, Test SBS-U, Test 1, Position 2
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Figure 96: Bridge 3848 SBS_U_2 1 strains - Ends
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Midspan Strain, All Girders
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Figure 97: Bridge 3848 MAX_S 2 1 strains - Midspan

Strain at Girder Ends, Test MAX-S, Test 1, Position 2
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Figure 98: Bridge 3848 MAX_S 2 1 strains - Ends
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Figure 99: Bridge 3848 MAX_U_2_1 strains - Midspan

Strain at Girder Ends, Test MAX-U, Test 1, Position 2
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Figure 100: Bridge 3848 MAX_U_2 1 strains — Ends
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Midspan Strain, All Girders
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Figure 101: Bridge 3848 ALT_S_2_1 strains - Midspan

Strain at Girder Ends, Test ALT-S, Test 1, Position 2
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Figure 102: Bridge 3848 ALT_S_2_1 strains - Ends
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Figure 103: Bridge 3848 ALT_U_2 1 strains - Midspan
Strain at Girder Ends, Test ALT-U, Test 1, Position 2
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Figure 104: Bridge 3848 ALT_U_2 1 strains - Ends
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A.6.5 Rating Factor Calculations

AASHTO Rating Calculations:

Bridge 3848 - Columbia, Maine

Material Parameters:

Concrete Compressive Strength P E ke
Reinforcement Yield Strength F,i=33 kei
ok g il kip
Unit Weight: Reinforced Concrete “ao=0.150 ==
1t
I o) | ksp
Unit Weight: Wearing Surface e t=0.150 — =
it
Geometric Properties:
Span Length L:=34 fi
Girder Spacing - Tnterior Hi=T70.88 iy
Girder Spacing - Exterior 8,:=45.19 in
Number of Girders NE =5
Skew Angle shkew =307
T.ane Widih lonewndth =11 ft
Number of Lanes Niane =2
Wearing Surface Thickness ws:=3 i
Thickness of Pavement Overlay weyi=1 0
Girder Height - Interior Bl g
Girder Height - Exterior R, =29.75 tn
Deck Thickness d.:=5.75 in
Web Width - Interior bi=18.5 tn
Web Width - Exterior b =18 i
Curb Depth hop =12 im
Curb Width Bowss =18 0
[2.188]
| 4.115 |
Height to Centroid of Reinforcement - Interior Ypar = | 4.077 | in
4115 |
|5.188 |
[3188]
| 4828 |
Height to Centroid of Reinforcement - Exterior W =| 5313 | in
| 4388 |
| 3.188 |
[5.0265 |
| 7.584 | ,
Area of Reinforcement - Tnterior A,=[10.125 | in
| 7.504 |
| 5.0625 |

FM-PR-08(07)
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[3.80]
|6.33 | ;
Area of Reinforcement - Exterior A, =750 | in
l6.33|
[3.80]
Digtance from Centerline of Girder to Edge of Curb d.i=—7 in
Eccentricity of Centerline of Girders w.r.t. Centerline of Roadway exc=0 in
Load and Analysis Parameters
Concentrated Load Due to Diaphragms on One Girder P g =0 kip
Location of Intermedi ate Diaphragm loc g =“Half”
(Half, Third, Quarter)
Distributed Load Due to Rail 5= 0.0121 P
bis
Structural Dead Load Factor ¥poi=1.25
‘Wearing Surface Dead Load Factor Yow =125
Live Load Factor =135
Live Load Impact Factor IM =033
Flexural Resistance Factor Pi=
System Factor ¢, =1.0
Condition Factor $.=1.0
Initial Calculations
‘Web Height - Interior dyi=h—d,
‘Web Height - Exterior Ao i=hy—d,
Include Wearing Surface in Section Height hi=h+if 'ff;fws =015 k‘f S WS, 0\' =32/ n
L of | 1)
Depth to Centroid of Reinforcement - Interior di=h—y,,
Depth to Centroid of Reinforcement - Exterior d, = by — Ypare + Powrn
Moment Applied to Interor Girders from Diaphragm M p=if locy=*“Half> =0 ft. kip
I s
Pdmé el
| =%
elseif locy = “Third”
I I
Foaimer—
|
elseif loc, = “Quarter”
L L
Baine - —+ Pagne-—
|| £ time 7 diat*
I
; o oo , My !
Moment Applied to Exterior Girders from Diaphragm Mg, :=T =0 ft- kip
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Distribution Factors

Dictance B etween Centroids of Deck and Web

Area of Web

Moment of Inertia of Web

Modular Ratio - Deck and Web
Longitudinal Stiffness Parameter

Interior Moment Distribution Factor - 1 Lane

Interior Moment Distribution Factor - 2 Lane

Controling Interior Moment Distribution Factor

Roadway Width

Eccentricity of Design Lane From C.G. of Girders

Eccentricity of Exterior Girder From C.G. of Girders

Eccentricity of Each Girder

Lever Rule Distribution Factor - One Lane

Lever Rule Distribution Factor - Two Lanes

Exterior Moment Distribution Factor

FM-PR-08(07)

4 +d
o=t % 14875 in
2

Ai=dy b, =458 in"

wdl?

[=2"% _{3246.10") in*
12
ni=1
Ky=ne(I+Ae,")=(1.26-10%) in'
04 0.3 01
K
ng::O.OGJrl/ ) \l lfﬁ\‘ if 93\‘ =0.487
Viage) AL} (r.q] |
0.6 0.2 0.1
K,
=005l S 17 (5 R R
s \Z) [z
gm‘:max(gmhgnﬂ)
W, =lanewidth - Nlane
W
31::77—5_ft+emc=6ﬁ
8
Xni::(NG—l)'Ezll.?Sft
zy =X
g =X, — 5
Ty =X, =208
2 =1 (NG >3,X,,,—~3-8,0 f8)
wy =t (NG >4, Xy —4-8,0 f8)
I
Bybma el Lo TSR || L g
NG Ty +&p +Z3 +3y + 3y
G = (P> 0,1.2 -1, ,0) =0
X,erle,—5 ft
Byt 2 i s (015 ft) —0.434
Na

4 a2 2 &
By g @ +@y + o
G = (P gy > 0, By, 03 =0

12(S+d,—2f)
2.5

=0.536

Gy '=

d
ae:=07T+ ¢ —0.708
91 g%

G =G pn v 2o =0.443
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G = TOBE (G, ) = 0,443
025
sk i e 1% )
ew Correction Factor ¢y =025+ 3
|2z}
&:=if (shew =30 ° skew, 0 ")
15

Cgr=1—c;+ (tan(8)) =0.072

.gf:m

G =, Cg=0.611
Gmg = Gme Tg=0.431

Interior DF Exterior DF
g, ="0.611 G ="10.431
L oading
Interior Girder Dead Load =Y+ by d, = 0,488 P
erior Girder Dead Loa Wyinder = Tre Byt &y = 0. F
kip
Deck Dead Load W ' =VRor Srd, =0.422 ~ 2
kip
Curb Dead Load W =2 Yrot Pyt Uapp =0.45 fT
Wenrh kip
Dead Load from Nonstructural Components Wy t= + = 0102 2
NG It
Total Structural Dead Load on Interior Girders D = tgipgay + Wasen + W =1.011 ’;;f
ol e kip
Exterior Girder Dead Load Wordere '=YRE * D * A =004 f_t
. ksp
Exterior Deck Dead Load W i = VRO Oy v A =0.271 F
Total Structural Dead Load on Exterior Girders DC =W g + Waepee + Wy = 0773 i}ﬁ
]
Wearing Surface Dead Load on Interior Girders At T (ws + wsg} »5=0.203 ’;Lf
‘Wearing Surface Dead Load on Exterior Girders DW=y, v (ws+ wsg)+ 5, =0.188 I;Lp
i1
2 P
i DO L
Dead Load Moments MDG::&-;.Md Mpo,i=—"2 +M,,
g8 3
2 2
DW. 1 DW,+ L
Mpw ::—8 Mpy,t=
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Mpz=146.111 ft.kip Mpop,=111.665 ft.-kip
Mpyy=42.375 ft . kip My, =27.208 ft-kip
Live Load Moment - Truck Load My =32 hip- [ ‘Z g [20 ;“p ; [%—14 ft} =332 ft. kip
Live Load Moment - Tandem Mimdem =25 Kip- £+ akig, [£74 _ﬂ] =375 fi-kip
4 2 2
7 2
Live Load Moment - Lane M;,,.=0.64 ]}Lfvi,: 02.48 ft- kip
8
Total HL-93 Live Load Mg =My .+ (1+ IM) - max (Mg, My pgem)
My, =591.23 ft-kip
Nominal Resistance [1.100]
r [ 1676
Depth Whitney Stress Block - Interior a=A— ¥ = | 2234 én
085-f-8 |q576]
l1117]
[ 400.265]
——— | 580503
Nominal Moment Resistance - Tnterior M, =F A, rd 71\1 =| 742.202 | ft- kip
! | 580.503 |
Interior Nominal Moment Capacity el
M opacity = T0AX {Mn> =742.202 fit-kip
[1.305]
7 |2.175 |
Depth Whitney Stress Block - Exterior [ :=A51073’I= | 2.608 | in
085+ -8, ! 3175 !
|1.506
[896.15 |
7 a—\l* | §22.742 |
Nominal Moment Resistance - Exterior Mu=Fyr Ay de 771} =| 733.311 | (ft- kip)
2/ le2a.maal
|396.15 |

Exterior Nominal Moment Capacity

A =max (M) =755.311 ft kip

copacitys -
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Rating Factors
ST S N M T |
Interior Moment Rating Factor RFfmmmtzqé %5 @e* Meapeiry =Yoo Mpc —vow Mow
Yz Mrpe 8,
v M e M M
Exterior Moment Rating Factor RFEIimwtz(b Pe Be Meapucitys = Vnc Mooe =Yow Mpws
YoMz G
Interior Exterior
B pepor="0.887 EFgpterior=1.414
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Rating Factor Improvements
Concrete Compressive Strength - Larger is More Congervative Fl.=5 kat
y O 8 pod
Concrte Elastic Modulus E =1820 kai- = (4.07' 10 ) kai
]
Interior Girders
Maximum Recorded Strain Ept=80.85-10 -
Maximum Applied Moment per Lane Mg, =478.1 fi- bip
Uncracked Section Modulus 5 e 1=6065 in
Cracked Section Modulus
8., :=1991 in’
Section Behavior Hehavior:=“Unecracked”
Section Modulugz Effective for Behavior &, =if (Behavior =“Uncracked”, 8,,,., 8.}
ATy
Calculated Strain oMM Iy ig.p07
S,-E,
Test Benefit Factor k=5 —1=0.589
b
: : - M _
Ratio of Applied to HL-93 Moment Tapi=—— = =0.808
My
Test Understanding Factor ky=if {ry;>0.7,0.5,0)=0.5
Rating Tmprovement Factor k=1+4k, - ky=1.204
Improved Rating Factor RErned =B iy - k= 1.148
Exterior Girders
Maximum Recorded Strain Ep=47.36+ 10 =
Maximum Applied Moment per Tane Mg, =478.1 fi- kip
Uncracked Section Modulus S e 1=6088 in’
Cracked Section Modulus S, =1457 n
Section Behavior Hehavior:="“Uncracked”
Section Modulus Effective for Behavior 8, =if (Behavior =“Uncracked”, 8,,., 8.}
nve . 2
Calculated Strain M g 086,107
13 i (=]
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Test Benefit Factor ka::ifl:l.l()S
£r

. ; Myt

Ratio of Applied to HL-93 Moment Ty i=———— =0.808
LL

Test Understanding Factor k=i {rgy>0.7,0.5,03=0.5
Rating Tmprovement Factor ki=1+k,-k,=1554
Improved Rating Factor B pprovedint = BE Bryerior» £=2.187
Improved Rating Factors
Interior Exterior
RFIm;Dmved =1.148 RFIm;D'rc'uedE:zt =2.197

Figure 105: Bridge 3848 calculations
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