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Introduction

The Advanced Structures and Composites Center at the University of Maine (UMaine)
performed live load testing and rating factor analysis for two bridges in Batchelders
Grant, Maine. The bridge load rating performed by consultants to the Maine Department
of Transportation (DOT) indicated that the girders are not sufficient for carrying the legal
loads for these bridges. Each bridge is built with four rolled steel girders (W36x170)
with a variable depth concrete deck. Live load testing was conducted on October 17 and
18, 2013 in collaboration with Maine DOT personnel to evaluate the performance of the
girder with potential gains expected due to unintended composite action.

Test Setup

Each girder was instrumented with strain gages at its nominal mid-span with offsets away
from diaphragms. Three of the four girders were also instrumented at the approximate
quarter points of the bridge. One interior girder was also instrumented near the abutment
to investigate end fixity. The Bridge Diagnostics Incorporated (BDI) Wireless Structural
Testing System (STS WiFi) (Equipment number AEWC 1069) was used to instrument
and collect the load position and strain data. A typical cross section can be seen in Figure
1 and Figure 2 where three gages are mounted on the bottom, near mid-height and near
the top of the steel member. Detailed locations can be seen in Figure 3 and Figure 4. The
skew on bridge 5507 was not measured and is not shown in Figure 4.

Bridge 5507 also has a flat concrete slab approach span that was instrumented but no
analysis was completed for this report. Two gages were placed at mid-span on the
underside of the slab and parallel to traffic as shown in Figure 5.
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Typical I-Beam Cross Section with 3 Gauge Configuration for Each Gauge Position
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Figure 1 - Typical cross section with 3 strain gages and nodes.

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




Advanced Structures and Composites Center Report 14-13-979 MDOT

Figure 2 - Cross-section view of interior girder.
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NOTE: EACH GAUGE POSITION CONSISTS OF THREE
GAUGES, AS SHOWN IN THE TYPICAL SECTION VIEW,
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Figure 3 - Instrumentation plan view for Bridge No. 5506.
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Figure 4 - Instrumentation plan view for Bridge No. 5507.
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Figure 5 - One of two gages with extension on approach slab.

Test Vehicles

Two loaded tandem rear axle dump trucks provided by the DOT were used as test
vehicles. Their total weights as measured by DOT scales and personnel were 57,600 1bs.
(Truck 01-248) and 55,050 lbs. (Truck 01-853). The wheel line and axle spacings were
measured on site for truck 01-248. Truck 01-248 was outfitted with the BDI Autoclicker
to measure load position. The wheel circumference was also measured for this truck to
be 10.90ft.
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Figure 6 - Axle weights and spacings for Truck 01-248.
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Testing

Seven tests were conducted at each bridge with either one or two test vehicles. Tests one,
two and three were conducted with one truck in three different lane positions across each
bridge. Test four used both trucks side-by-side traveling across the bridge as seen in
Figure 11. During tests five, six and seven the trucks were in series and chained together
as seen in Figure 12. At bridge 5507 the trucks traveled southerly during the test across
the main span then concrete slab approach span. The trucks traveled northerly on bridge
5506 during the test.

Truck 01-248 was used for all single truck tests and was outfitted with the AutoClicker.
This truck was also in the lead for tests 5, 6, and 7. During test 4 truck 01-248 was on the
left when facing in the direction of travel. Figure 7, Figure 8 and Figure 9 show the wheel
line alignment for each of the first 3 tests for a single truck as well as for tests 5, 6, and 7
with two trucks in series. Figure 10 shows the load lines for test 4.
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Figure 7 - Test 1 load configuration.
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Figure 8 - Test 2 load configuration.
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Figure 9 - Test 3 load configuration.
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Figure 10 - Cross section with wheel line locations during Test 4.
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Figure 12 - Trucks chained together for Tests 5, 6, and 7.

Results

Peak strain values and graphs are presented here for Test 4 where data was used for the
load rating analysis. Additional tables and graphs for all tests are included in Appendix
A and Appendix C. Strains for mid-height and top flange in calculations may be
negligibly different than those in Table 1 and Table 2. The values for those gages
corresponding to the peak tensile strain were used in the calculations, though overall peak
strains are reported in Table 1 and Table 2.
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Table 1- Peak Strain (microstrain) Values for Test 4 (Bridge 5506)

B3067 | B3057 | B3056 | B3060 | B3070 | B3072 | B3076 | B3061
Max | 0.29 5.09 1.60 2.83 50.13 115.08 | 38.66 1.10
Min | -24.52 | -19.83 -8.84 -6.17 0.00 0.02 -0.07 -32.74

B3069 | B3066 | B3055 | B3811 | B3062 |B3063 | B3068 | B3071
Max | 15.07 | 78.42 21.87 0.32 116.27 | 0.07 59.24 120.25
Min | -0.07 | -0.04 0.01 -40.32 | -0.16 -1490 |-0.21 -0.06

B3065 | B3059 | B3810 | B3058 | B3064 | B3075 | B3074 | B3073
Max | 74.54 | 74.26 6.40 0.01 1.30 101.27 | 35.34 0.01
Min |-0.02 |-0.17 -9.22 -54.19 | -26.15 |-0.17 -0.06 -36.68

Table 2- Peak Strain (microstrain) Values for Test 4 (Bridge 5507)

B3811 | B3070 | B3068 | B3066 | B3058 | B3059 | B3069 | B3064
Max | -0.01 | 119.46 | 46.35 0.10 80.63 82.14 24.84 -0.05
Min | -21.48 | -0.14 -0.30 -14.57 -0.50 -0.39 -0.62 -41.01

B3063 | B3810 | B3074 | B3061 | B3062 | B3071 | B3057 | B3056
Max | 0.20 108.68 | 46.81 1.85 12470 | 132.55 | 62.12 0.41
Min | -42.36 | -0.31 -0.38 -8.76 -0.08 -0.15 -0.08 -4.55

B3072 | B3073 | B3075 | B3076 | B3055 | B3067 | B3060 | B3065
Max | 167.89 | 161.02 | 45.11 9.31 45.34 119.71 47.07 0.13
Min | -32.53 | -46.33 -3.84 -39.32 -1.07 -0.22 -2.38 -26.87
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Truck Position vs. Strain for Node 4 Gauges
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Figure 13 - Selected plots for bridge 5506 Test 4 with peak strain.

Truck Position vs. Strain for Node 4 Gauges

140
120
100}
80|

= —+— B3062

. ---© - B3071

s —x— B3057

i - O B3056

_20 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140

Truck Position (ft)

Figure 14 - Selected plots for bridge 5507 Test 4 with peak strains.
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Analysis of Strain Data

Calculations in Appendix B for the critical load case with two trucks on each structure
compare expected and measured response of an interior girder in flexure for each
structure. Salient results are summarized individually for each structure below, since
observed response for the two structures was different. The analysis focused on flexure of
interior girders, which gave the smallest rating HL-93 operating rating factor for both
structures.

Bridge 5506

The maximum measured flexural strain in the critical interior girder on Bridge No. 5506
was 116.3 pe. The measured strains indicated partial composite action in all girders, with
top flange negative strains as large as 34.3 pe. Further, observations made during the test
showed that the deck was originally cast on top of the girder top flange, and that there are
regions where there are significant gaps between the deck and the girders. The maximum
computed strain was 199 pe for the same loading. This computed strain reflects the
partial composite action observed in the field test as recommended by the AASHTO
Manual for Bridge Evaluation and the NCHRP Research Results Digest No. 234. Given
that the test trucks produced a load effect between 40% and 70% of the target HL-93
tandem plus lane (i.e. 0.4 < 7/W < 0.7 where T is the test vehicle load effect and W is the
rating vehicle load effect), the AASHTO Manual for Bridge Evaluation suggests an
increase in rating factor computed as below.

K=1+[fet)k, =142 _1)08-1.57
116.3

¢

The K of 1.57 reflects sources of structural capacity other than composite action such as
less-conservative load distribution than predicted by AASHTO, contributions from the
integral curbs, etc. Applying this value of K to the HL-93 operating level rating factor of
0.56 reported for an interior girder in the 2012 rating report issued by the Louis Berger
Group brings the minimum rating factor up to 0.88. While still less than one, this
represents a significant improvement in calculated capacity.

Bridge 5507

As with Bridge No. 5506, measured strains in Bridge No. 5507 were significantly less
than those predicted using the AASHTO Manual for Bridge Evaluation. However, unlike
Bridge No. 5506, strain data for all girders in Bridge No. 5507 indicated full composite
action, and the neutral axis location inferred from measured strains agreed very well with
the computed neutral axis location in all girders. In addition, field observation showed the
girders to be partially encased in the deck, which extends to the bottom of the top flange
of each girder. One other observation inferred from strains measured near a support is
that the girders exhibited partial rotational fixity at this support. While this partial fixity
tends to reduce the maximum positive moment and peak girder strain, it cannot be relied
upon at higher loads. Therefore, measured mid-span strains were increased by 26.8 e
based on strains measured near the support to remove the effect of partial rotational fixity
as detailed in the calculations in Appendix B.

Advanced Structures and Composites Center Telephone: 207-581-2123
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Given that 0.4 < 7/W < 0.7, and increasing measured strains to remove the effect of
partial fixity, the rating factor modifier K can be computed as below per the AASHTO
Manual for Bridge Evaluation:

K=t+|fect|k, =14 —22 _1)o8-129
£ 125+26.8

t

The AASHTO Manual for Bridge Evaluation recommends that composite action be
extrapolated to 1.33 W if composite action is to be relied upon in strength calculations.
Based on our analysis of shear flow at the interface between the girder top flange and
concrete deck, we do not believe that composite action can be relied upon at 1.33W.
However, given that the flange is partially embedded in the slab and the compression
flange is fully laterally braced at all load levels, the relatively stocky rolled girder will be
able to develop its full plastic moment capacity M,. Based on our review of the Louis
Berger Group load rating calculations, the RF of 0.70 for interior girder moment is
consistent with the section developing only its yield moment M,. If the section develops
M, the rating factor increases to 0.92. It is justifiable to increase this rating factor of 0.92
by 1.29, giving an HL-93 operating factor of 1.18 for interior girder flexure.

Conclusions

The strain measurements were consistent, and the results appear reliable. Measured
strains clearly indicated partial composite action between the girder and slab for Bridge
No. 5506 and full composite action for Bridge No. 5507.

Given that partial composite action was observed in Bridge No. 5506 and the flange is
not partially embedded, the interior girder HL-93 operating rating factor for flexure can
only be increased from 0.56 to 0.88 based on measured strains. However, the interior
girder moment rating factor for Bridge No. 5507 can be increased to 0.92 based on
analysis alone if the MaineDOT agrees that the girder will be able to develop its non-
composite plastic moment capacity given its partial embedment in the slab. The measured
strains indicate that other sources of structural stiffness and capacity may justify a further
increase in HL-93 operating rating factor to 1.18 for interior girder flexure in Bridge No.
5507.
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Appendix A - Summary Tables of Peak Strains for all Tests
Table 3 — Peak Strains for Test 1 Bridge 5507 (microstrain)

Gage Numbers 3811 3070 3068 3066 3058 3059 3069 3064
Max Strain 0.20 24.00 12.15 6.34 24.98 45.64 12.05 -3.27
Minimum Strain | -5.63 1.53 3.65 3.91 -2.58 -1.57 -1.77 | -30.80
Gage Numbers 3063 3810 3074 3061 3062 3071 3057 3056
Max Strain -1.84 84.54 41.32 2.41 57.05 | 100.20 | 47.92 -3.45
Minimum Strain | -18.77 0.40 4.99 -6.27 6.60 0.33 1.90 -11.34
Gage Numbers 3072 3073 3075 3076 3055 3067 3060 3065
Max Strain 8.32 15.82 28.67 4.71 21.45 72.14 37.82 -2.06
Minimum Strain | -1.61 -2.48 -0.78 | -26.95 2.28 -4.05 6.21 -19.68
Table 4 - Peak Strains for Test 2 Bridge 5507 (microstrain)
Gage Numbers 3811 3070 3068 3066 3058 3059 3069 3064
Max Strain 0.03 54.94 20.56 0.49 48.87 45.66 13.56 -0.02
Minimum Strain | -18.00 | -0.04 -0.04 -5.62 -0.31 -0.42 -0.40 | -23.07
Gage Numbers 3063 3810 3074 3061 3062 3071 3057 3056
Max Strain 0.14 43.08 18.74 0.07 72.36 55.86 26.14 0.53
Minimum Strain | -29.15 | -0.38 -0.08 -3.03 -0.10 -0.01 -0.04 -2.34
Gage Numbers 3072 3073 3075 3076 3055 3067 3060 3065
Max Strain 14.93 13.47 30.68 4.77 26.04 65.96 26.89 0.59
Minimum Strain | -1.27 -2.16 -2.08 -24.17 | -1.46 -0.04 -0.17 | -16.24
Table 5 - Peak Strains for Test 3 Bridge 5507 (microstrain)
Gage Numbers 3811 3070 3068 3066 3058 3059 3069 3064
Max Strain 0.07 93.90 | 36.66 0.13 54.86 33.88 10.76 0.11
Minimum Strain | -16.38 | -0.20 -0.14 | -12.02 | -0.60 -0.18 -0.27 | -14.58
Gage Numbers 3063 3810 3074 3061 3062 3071 3057 3056
Max Strain 0.18 16.14 6.37 0.08 77.97 | 23.73 11.14 0.07
Minimum Strain | -29.76 | -0.79 -1.21 -1.35 -0.21 -0.56 -1.08 -0.90
Gage Numbers 3072 3073 3075 3076 3055 3067 3060 3065
Max Strain 14.36 6.64 20.16 1.29 28.48 | 45.39 19.80 0.17
Minimum Strain -2.05 -2.54 0.03 -19.17 | -2.01 -0.68 -0.05 -5.20
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Table 6 - Peak Strains for Test 5 Bridge 5507 (microstrain)

Gage Numbers 3811 3070 3068 3066 3058 3059 3069 3064
Max Strain 0.18 31.27 11.82 0.76 32.76 60.54 15.42 0.53
Minimum Strain | -5.57 -1.53 -0.62 -2.93 -0.54 -0.38 -0.22 | -34.80
Gage Numbers 3063 3810 3074 3061 3062 3071 3057 3056
Max Strain 0.14 117.94 | 48.65 -0.03 66.27 | 123.46 | 57.30 0.02
Minimum Strain | -20.16 | -0.35 -0.61 -12.13 | -0.26 -0.25 -0.07 -5.77
Gage Numbers 3072 3073 3075 3076 3055 3067 3060 3065
Max Strain 6.95 14.30 43.70 3.86 24.88 93.16 36.18 -0.04
Minimum Strain | -2.79 -4.73 -1.04 | -33.67 | -0.18 -0.03 -1.43 | -18.82
Table 7 - Peak Strains for Test 6 Bridge 5507 (microstrain)
Gage Numbers | 3811 | 3070 3068 3066 3058 3059 3069 3064
Max Strain 0.02 76.28 28.48 0.64 57.98 58.71 14.93 0.66
Minimum Strain | -20.44 | -0.18 -0.19 -8.14 -0.36 -0.24 -0.37 -31.48
Gage Numbers | 3063 | 3810 3074 3061 3062 3071 3057 3056
Max Strain -0.01 | 63.11 27.56 0.86 87.97 75.30 36.02 1.21
Minimum Strain | -36.16 | -0.16 -0.06 -3.79 0.00 0.06 -0.69 -4.95
Gage Numbers | 3072 | 3073 3075 3076 3055 3067 3060 3065
Max Strain 15.06 | 13.35 42.41 6.02 30.58 76.71 29.89 0.24
Minimum Strain | -2.01 | -3.26 -2.33 -29.14 | -1.73 -0.03 -0.31 -18.58
Table 8 - Peak Strains for Test 7 Bridge 5507 (microstrain)
Gage Numbers | 3811 | 3070 3068 3066 3058 3059 3069 3064
Max Strain -0.02 | 118.79 | 46.38 -0.02 67.58 45.19 12.60 0.03
Minimum Strain | -20.11 | -0.69 0.04 -16.06 | -1.09 -0.50 -0.35 -23.76
Gage Numbers | 3063 | 3810 3074 3061 3062 3071 3057 3056
Max Strain 0.02 24.82 10.30 0.05 92.35 36.44 17.30 0.03
Minimum Strain | -38.14 | -1.64 -1.86 -1.84 -0.32 -1.76 -1.81 -1.44
Gage Numbers | 3072 | 3073 3075 3076 3055 3067 3060 3065
Max Strain 13.53 | 548 28.89 1.87 31.91 53.95 23.78 -0.01
Minimum Strain | -3.88 | -4.57 -1.51 -23.46 | -3.78 -1.43 -0.48 -6.37
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Evans Brook Bridge (No. 5506)
Table 9 - Peak Strains for Test 1 Bridge 5506 (microstrain)

Gage Numbers 3067 3057 3056 3060 3070 3072 3076 3061
Max Strain 0.02 2.56 1.12 1.62 35.22 44 .86 17.35 1.27
Minimum Strain | -16.17 | -16.84 -8.37 -4.23 -0.11 0.04 0.05 -5.96
Gage Numbers 3069 3066 3055 3811 3062 3063 3068 3071
Max Strain 9.20 30.86 10.23 0.30 75.93 0.44 54.09 107.11
Minimum Strain | -0.09 -0.11 -0.12 -12.18 0.05 -11.17 -0.16 0.03
Gage Numbers 3065 3059 3810 3058 3064 3075 3074 3073
Max Strain 49.99 68.91 9.13 1.75 1.77 14.58 5.90 0.12
Minimum Strain | -0.03 -0.09 -4.30 -43.70 | -13.32 -0.08 0.05 -2.56
Table 10 - Peak Strains for Test 2 Bridge 5506 (microstrain)
Gage Numbers | 3067 3057 3056 3060 3070 3072 3076 3061
Max Strain 1.12 3.70 1.31 1.56 27.49 59.54 22.31 8.52
Minimum Strain | -9.53 -11.74 | -5.03 -3.41 0.06 -0.08 0.00 -12.80
Gage Numbers | 3069 3066 3055 3811 3062 3063 3068 3071
Max Strain 7.70 43.25 13.57 2.05 59.74 1.01 27.03 52.74
Minimum Strain | 0.06 -0.03 -0.02 -22.28 | -0.02 -3.81 -0.06 -0.05
Gage Numbers | 3065 3059 3810 3058 3064 3075 3074 3073
Max Strain 38.73 |30.73 2.73 0.61 2.53 44.62 18.55 2.10
Minimum Strain | 0.01 -0.74 -5.85 -2297 | -11.25 |-047 0.00 -7.21
Table 11 - Peak Strains for Test 3 Bridge 5506 (microstrain)
Gage Numbers 3067 3057 3056 3060 3070 3072 3076 3061
Max Strain 0.07 2.09 0.90 1.17 19.35 71.96 26.00 3.33
Minimum Strain | -5.32 -8.64 -3.09 -1.92 -0.46 -0.17 -0.16 -18.55
Gage Numbers 3069 3066 3055 3811 3062 3063 3068 3071
Max Strain 5.31 50.29 14.96 0.42 4291 0.21 7.41 16.10
Minimum Strain | -0.79 -0.33 -0.15 -26.28 | -0.12 -3.71 -0.58 -0.57
Gage Numbers 3065 3059 3810 3058 3064 3075 3074 3073
Max Strain 24.56 7.63 1.81 0.17 0.20 83.05 30.26 1.12
Minimum Strain | -0.05 -0.20 -0.68 -4.49 -6.70 -0.22 0.04 -27.80

Advanced Structures and Composites Center

35 Flagstaff Rd
University of Maine
Orono, ME 04469
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Table 12 - Peak Strains for Test 5 Bridge 5506 (microstrain)

Gage Numbers 3067 | 3057 3056 3060 3070 3072 3076 3061
Max Strain 0.53 3.68 1.13 1.74 36.46 50.32 18.84 1.24
Minimum Strain | -19.34 | -18.42 | -10.74 | -4.70 -0.03 -0.11 -0.11 -9.48
Gage Numbers 3069 | 3066 3055 3811 3062 3063 3068 3071
Max Strain 9.56 34.18 10.83 0.48 81.17 1.08 54.87 111.05
Minimum Strain | 0.00 -0.12 0.01 -15.67 |-0.11 -12.72 1 -0.20 -0.08
Gage Numbers 3069 | 3066 3055 3811 3062 3063 3068 3071
Max Strain 9.56 34.18 10.83 0.48 81.17 1.08 54.87 111.05
Minimum Strain | 0.00 -0.12 0.01 -15.67 |-0.11 -12.72 1 -0.20 -0.08
Table 13 - Peak Strains for Test 6 Bridge 5506 (microstrain)
Gage Numbers 3067 | 3057 3056 3060 3070 3072 3076 3061
Max Strain 1.75 3.55 1.28 2.21 29.15 72.46 25.17 5.27
Minimum Strain | -11.23 | -14.38 | -6.28 -3.08 0.01 -0.11 -0.77 -20.26
Gage Numbers 3069 | 3066 3055 3811 3062 3063 3068 3071
Max Strain 7.84 48.50 15.48 0.96 65.73 0.23 28.88 57.86
Minimum Strain | 0.09 -0.17 -0.14 -24.25 | -0.04 -5.28 -0.15 -0.24
Gage Numbers 3065 | 3059 3810 3058 3064 3075 3074 3073
Max Strain 40.71 |29.32 2.50 0.34 0.25 60.71 23.51 0.12
Minimum Strain | 0.03 -0.13 -6.01 -27.97 |-13.43 |-0.08 -0.17 -15.82
Table 14 - Peak Strains for Test 7 Bridge 5506 (microstrain)

Gage Numbers 3067 | 3057 3056 3060 3070 3072 3076 3061
Max Strain 0.01 2.06 0.67 1.16 24.37 81.90 29.39 4.75
Minimum Strain | -7.17 | -10.24 | -3.82 -2.31 -0.11 -0.07 -0.01 -20.58
Gage Numbers 3069 | 3066 3055 3811 3062 3063 3068 3071
Max Strain 6.21 56.48 16.82 -0.08 52.56 -0.08 12.81 26.08
Minimum Strain | 0.03 -0.23 -0.12 -29.35 |-0.07 -3.47 -0.23 -0.27
Gage Numbers 3065 | 3059 3810 3058 3064 3075 3074 3073
Max Strain 31.22 | 12.65 2.45 0.04 0.10 90.80 31.06 0.94
Minimum Strain | -0.10 | -0.28 -0.62 -8.41 -8.23 -0.08 -0.15 -34.38

Advanced Structures and Composites Center

35 Flagstaff Rd
University of Maine
Orono, ME 04469
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Appendix B - Rating Factor and Test Data Analysis

Advanced Structures and Composites Center Telephone: 207-581-2123

35 Flagstaff Rd FAX: 207-581-2074
University of Maine composites@umit.maine.edu
Orono, ME 04469 www.composites.umaine.edu
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Girder Section Properties -- 5506, W36x170

exterior girder, slab = 9.17" at girder CL
interior girder, slab = 10.2" at girder CL.

4

Note: flange thicknesses increases slightly to give correct I for non-composite section
y_bar = 28.008 in from bottom e S F
Moment of Inertia = 22304 inM4 S=7/70614

if
- - . g 250
g (oo w1l roduted 2 gt j 280,

A% M%gmmf

ﬁvw\, wlarortd < frewns  tu inlent OV g ki §
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haunch =
modular | transf. Aroa b A2
onent width thickness ratio area y rea*y ar
S Slab 63.24 41.30 2612.1 548.3 66038.4
Top Bars 0.00 41.30 43900 (1)2 28.2 5
Top Flange 10 aaoo ' 22213 3880.0
Web 23.10 18.10 418.1 144 1250?;4
Bot. Flange 13.44 0.56 75 . 23299.0
113 3516.7 2772.4 .
Note: flange thicknesses increases slightly to give correct | for non-composite section
y_bar= 311 in from bottom
Moment of Inertia = 26071 in"4
Girder Section Properties -- 5506, W36x170
exterior girder, slab = 9.17" at girder CL
interior girder, slab = 10.2" at girder CL
haunch =
modular | transf.
component idt| * thickness ratio area y Area*y I_bar A*yr2
Slab 37.23 41.30 1537.7 322.8 6582.1
Top Bars 0.00 41.30 0.0 0.0 0.0
Top Flange 13.44 35.65 479.0 1.4 783.9
Web 23.10 18.10 418.1 22213 2266.5
Bot. Flange 13.44 0.56 7.5 1.4 10124.5
87 24424 2546.9 19757.0



Girder Section Properties -- 5506, W36x170

exterior girder, slab = 9.17" at girder CL
interior girder, slab = 10.2" at girder CL

haunch =
w~ modular | transf.
component width thickness ratio area y Area*y |_bar A*yr2
Slab 42.78 39.65 1696.4 169.7 5768.2
Top Bars 0.00 39.65 0.0 0.0 0.0

Top Flange 13.44 35.65 479.0 1.4 776.8
Web 23.10 18.10 418.1 2221.3 2282.4
Bot. Flange 13.44 0.56 7.5 1.4 10150.0
93 2601.0 2393.9 18977.5

Note: flange thicknesses increases slightly to give correct | for non-composite section

y_bar= 28.042 in from bottom
Moment of Inertia = 21371 in"4
e
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Mockular Fistin e AASHTU 4.6.2.2.4.2
G disl. betepon dock and beam &,
Longituding $ifness Paranwter Ky AASHTO 4.6.2.2.141
Longtisdingl Silness Constant Tor Boment 057 Toble 4.8.2.2.1.2
Lowiptuttinad 818 iy Gpz Table 4.6.2.2.12
w1 for Blognents
Longtudingl & Ll 111 Table 4.8.2.2.1-2
LA s for Ehear)

L sepection for i TR Table 4.6.2.3.3c4
Shgw Corraction ot Momens o8y Table 4.6.2.2.2¢+1
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Company
Designer .
Job Number :

§TO0C

Nov 13, 2013
11:02 PM
Checked By:___

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point  Distributed Area (Me... Surface (...
Joint Coordinates and Temperatures
Label X [ft] Y ift] Z [ft] Temp [F] Detach From Diap...
1 N1 0 0 0 0
2 N2 67 0 0 0 1
Envelope Joint Reactions
Joint X [K] Ic Y [K] lc Z K] ic MX [k-ft] Ic MY [k-ft] Ic MZ [k-ft] ic
1 N1 max 0 1 50.906 1 0 1 0 1 0 1 0 1
2 min 0 1 V] 1 0 1 ¢] 1 0 1 0 1
3 N2 max 0 1 50.906 1 0 1 0 1 0 1 0 1
4 min 0 1 0 1 0] 1 0 1 0 1 0 1
5 Totals: max 0] 1 57.55 1 0 1
8 min 8] 1 15.85 1 g 1
Load Combination Design
Description ASIF CcD ABIF Service _Hot Rolled Cold Formed Wood Concrete Footings
1] Yes Yes | Yes | Yes Yes |
Load Combinations
: Description Solve PDelta SRSS BLC Fac..BLCFac.BLCFac..BLCFac..BLC Fac. . BL.CFac. . BLCFac .BICFac..
1 | Yes M1 1 R Lo
Moving Loads
Tag Pattern Increment.. Both Ways 1st Joi..2nd Jo... 3rd Joint 4th ... 5th ...6th ... 7th ...8th ... 9th ... 10th...
L1 [ M1 [ TESTDUMPTRUCK | 1 [ Yes | N1 [ N2 | [ R N
Moving Load Pafterns
Pattern Label Load Direction Distance
K (ft)
TESTDUMPTRUCK -15.95 Y 0
-20.65 Y 16
-20.95 Y 4.667
Member Primary Data
} Label ‘ IJoint _ JJoint  KJoint Rotate(deg) Section/Shape Type _ Design List Material _Design Rules
L1 1 M1 | N1 | N2 | 1 HR1A | Beam |Wide Flange| A36 Gr.36 ] Typical |
Envelope Member Section Forces
Member  Sec Axiallk] lc y Shearlk] Ic z Shearlk] lc Torquelk... Ic_y-y Mom... lc z-z Mom lc
1 M1 1 _[max 0 1.50.906 | 1 0 1 0 1 0 1 0 1
2 min 0 1 0 1 0 1 0 1 8] 1 4] 1
3 2 |max 0 1. 4747 |1 0 1 0 1 0 1 0 1
4 min 0 1 -834 1 (6] 1 0 1 0 1 1-167.383 1
5 3 |max 0 1144.893 | 1 0 1 0 1 0 1 0 1
RISA-3D Version 6.0.3 [C:\RISAlntitled.r3d] Page 1
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Company Nov 13, 2013
Designer 11:02 P
Job Number : Checked By:

Envelope Member Section Forces (Continued)

Member  Sec Axiallkl __Ic v Shearlkl Ic _z Shear[k] lc Torquefk... lc_y-y Mom... lc_z-z Mom... lc
6 min 0 1. -2.701 |1 4] 1 4] 1 0 1 -316.613 1
7 4 |max 0 1141.457 | 1 0 1 0 1 0 1 0 1
8 min 0 1. -4564 1 0 1 0 1 0 1 442 508 1
9 5 max 4] 113888 1 0 1 0 1 0 1 0 1
10 min 0 1. -7.047 1 0 1 0 1 4] 1 -548.416 1
11 6 |max 0 1135444 | 1 0 1 0 1 0 1 0 1
12 min 0 1.:--8891 1 4] 1 6] 1 6] 1..-633.83 1
13 7 |max 0 1132868 | 1 0 1 0 1 0 ] 0 1
14 min 0 1.-11.394 1 0 1 0] 1 0] 1. -696.3 1
15 8 |max 0 1129432 |1 0 1 0 1 0 1 0 1
16 min 0 1..-14.829 1 0 1 0 1 0 1 -741.353 1
17 9 |max 0 1126.855 | 1 0 1 0 1 0 1 0 1
18 min 0 1 1-17.406 | 1 0 1 0 1 0 1 -773.281 1
19 10 |max 0 1123419 |1 0 1 0 1 0 1 0 1
20 min 0 1.1-20.842 1 0 1 ¢] 1 0 1.-787.288 1
21 11 |max 0 1.120.842 | 1 0 1 0 1 0 1 0 1
22 min 0 11-23.419 1 0 1 0 1 0 1 -787.288 1
23 12 |max 0 1117.406 1 0 1 0 1 0 1 0 1
24 min 4] 1..-26.855 1 0 1 0 1 0 1 -773.281 1
25 13 [max 0 1.14.829 1 0 1 0 1 0 1 0 1
26 min 4] 11-29.432 1 0 1 4] 1 0 1 -741.353 1
27 14 max 0 1111394 1 0 1 0 1 0 1 0 1
28 min ¢] 1.-32.868 | 1 0 1 0 1 0 11-696.3 1
29 15 |max 0 1 891 |1 0 1 0 1 0 1 0 1
30 min 0 1..-35444 | 1 6] 1 0 1 0 1.-633.83 1
3 16 |max 0 11.7.047 i1 0 1 0 1 0 1 0 1
32 min o 1. -3888 ' 1 4] 1 (¥ i 0 1 -548.418 1
33 17_|max 0 114564 |1 0 1 0 1 0 1 0 1
34 min 0 1 -41.457 1 0 1 0] 1 0 1 _1-442.506 1
35 18 |max 0 112701 11 0 1 0 1 0 1 0 1
36 min 4] 1 1-44.883 1 0 1 0 1 0 1 1-316.613 1
37 19 |max 0] 1 834 11 0 1 0 1 0 1 0 1
38 min 0 1.-47.47 1 0 1 0 1 0 1 -167.393 1
39 20 jmax 0 1 0 1 0 1 0 1 0 1 0 1
40 min 0 1 .-50.908 | 1 0 1 0 1 4] 1 0 1
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Company
Designer

Job Number :

Nov 14, 2013
3:37 PM
Checked By:

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point  Distributed Area (Me... Surface (...
Joint Coordinates and Temperatures
Label X [ft] Y [ft] Z[ft] Temp [F] Detach From Diap...
1 N1 0 0 0 0
2 N2 68 0 0 0 |
Envelope Joint Reactions
Joint X K] Ic Y {k} lc Z k] lc  MX[k-f] lc MY[k-ft] lc MZ[k-ft] I
1 N1 max 0 1 51.003 1 0 1 0 1 0 1 0 1
2 min (¢] 1 0 1 0 1 0 1 0 1 0 1
3 N2 max 0 1 51.003 1 0 1 0 1 0 1 0 1
4 min 4] 1 6] 1 0 1 0 1 0] 1 0 1
5 Totals: max 0 1 57.55 1 0 1
8 min 0 1 15.95 1 0 1
Load Combination Design
Description ASIF CcD ABIF Service  Hot Rolled Cold Formed Wood Concrete Footings
L1 Yes Yes | Yes Yes Yes |
Load Combinations
’ Description Solve PDelta SRSS BLC Fac...‘BLC Fac..BLCFac..BLC Fac..BLC Fac.. BLCFac..BLCFac..BLCFac...
L1 ] Yes | [M1[ 1] N N o
Moving Loads
Tag Pattern Increment.. Both Ways 1st Joi..2nd Jo... 3rd Joint 4th ...5th ...6th ...7th ...8th ...9th ... 10th...
[1 [ M1 | TESTDUMPTRUCK | 1 Yes | N1 | N2 | N N A I
Moving Load Patterns
Pattern Label Load Direction Distance
(k) (ft)
TESTDUMPTRUCK -15.95 Y 0
-20.65 Y 16
-20.95 Y 4.667
Member Primary Data
Label | Joint J Joint K Joint _Rotate(deg) Section/Shape  Type Design List Material _Design Rules
R Y [ T N2 1 HR1A [ Beam |Wide Flange| A36 Gr.36| Typical
Envelope Member Section Forces
Member _ Sec Axiallk] _Ic_y Shearlk] Ic z Shearlk] lc Torquelk... Ic y-yMom... lc z-z Mom... Ic
1 M1 1 |max 0 1151003 1 0 1 0 1 0 1 0 1
2 min 0 1 e 1 (8] 1 (4] 1 0 1 0 1
3 2 |max 0 1147618 | 1 0 1 0 1 0 1 0 1
4 min 0 1 -822 1 0 1 0 1 0 1170422 1
5 3 _[max 0 1145.079 1 0 1 0 1 0 1 0 1
RISA-3D Version 6.0.3 [C:\..\..\Desktop\5507 Data Analysis\beam moving load model.r3d] Page 1
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Envelope Member Section Forces (Continued)

Member __ Sec Axiallk] _Ic vy Shearlk] lc z Shearlk] Ic Torquelk... Ic y-y Mom... lc z-z Mom... lc

<] min| -0 1...-2661 1 ¢ 1 {¢] 1 0 1 -322.671 1

7 4 |max 0 1141694 1 0 1 4] 1 0 1 0 1

8 il 0 1..-6108 1 0 i 0 1 0 1 -448.285 1

9 5 |max 0 1.139.155 | 1 0 1 0 1 0 1 0 1

10 min 0 11-6.944 1 0 1 0 1 0 1 -560.531 1

11 6 |max 0 1135769 | 1 0 1 0 1 0 1 0 _ 1

12 min 0 1.1-8.391 11 0 1 0 1 0 1 -643.462 1

13 7 max 0 1132384 | 1 0 1 0 1 0 1 0 1

14 min 0 1-11.226 1 1 0 1 0 1 0 1 -710.634 1

15 8 [max 0 1129845 | 1 0 1 0 1 0 1 0 | 1

18 min 0 1 -14611.1 0 1 [¢) 1 c 1 1-754.585 1

17 9 imax 0 112646 1 0 1 0 1 0 ] 0 1

18 min 0 1117145 1 0 1 0 1 0 1 -788.692 1

19 10 _|max 0 1123921 11 0 1 0 1 0 11 0 1

20 min 0 1.1-20.536 | 1 0 1 0 1 0 1 -800.277| 1
21 11 _|max 0 1120536 | 1 0 1 0 1 0 1 0 1

22 min ¢ 1.1-23.921 1 0 1 0 1 0 1 -800.277 1
23 12 |max 0 1101715 1 1 0 1 0 1 0 1 0 1

24 min 0 1 -2646 1 1 6] 1 0 1 0 1 -788.692 1
25 13_|max 0 1114611 | 1 0 1 0 1 0 1 0 1

26 min 0 1129845 1 0 1 0 i 0 1 -754.585 1
27 14 |max 0 1111.226 1 0 1 0 1 0 1 0 1

28 min 0. 1 1-32.384 1 0 1 4] 1 0 1 -710.634 1
29 15 Imax 0 1198391 11 0 1 0 1 0 1 0 1

30 min 0 1-35.769 1 ¢ 1 0 1 0 1:-643.462 1

31 16 |max 0 116944 |1 0 1 0 1 0 1 0 1

32 min 4} 1.1-39.155 | 1 g 1 0 1 [¢] 1 -560.531 1

33 17 imax 0 115108 11 0 1 0 1 0 1 0 1

34 min 6] 141694 1 0 1 0 1 (6] 1 -448.285 1

35 18 |max 0 112661 |1 0 1 0 1 0] 1 0 1

36 min 0 1.-45.079 1 0 1 0 1 (4] 1 -322.671 1
37 19 [max 0 1 822 1 0 1 0 1 0 1.0 1

38 min 0 1 1-47.618 | 1 0 1 g 1 (4] 1 -170.422 1

39 20 max 0 1 0 1 4] 1 0 1 0 1 0 1
40 min 4] 1.:-51.003 1 0 1 6] 1 0 1 0 1

RISA-3D Version 6.0.3 [C:\...\...\Desktop\5507 Data Analysis\beam moving load model.r3d)] Page 2
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Advanced Structures and Composites Center Report 14-13-979 MDOT

Appendix C - Strain Plots
Evans Brook Bridge (No. 5506)

Truck Position vs. Strain for Plot 1 Gauges
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Truck Position (ft)

Figure 15 - Strain plots for Node 1 gages during Test 1 (beginning of test cut off).

Truck Position vs. Strain for Plot 2 Gauges
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Figure 16 - Strain plots for Node 2 gages during Test 1 (beginning of test cut off).

Advanced Structures and Composites Center Telephone: 207-581-2123
35 Flagstaff Rd FAX: 207-581-2074
University of Maine composites@umit.maine.edu
Orono, ME 04469 www.composites.umaine.edu
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Truck Position vs. Strain for Plot 3 Gauges
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Figure 17 - Strain plots for Node 3 gages during Test 1 (beginning of test cut off).

Truck Position vs. Strain for Plot 4 Gauges
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Figure 18 - Strain plots for Node 4 gages during Test 1 (beginning of test cut off).

Advanced Structures and Composites Center Telephone: 207-581-2123
35 Flagstaff Rd FAX: 207-581-2074
University of Maine composites@umit.maine.edu
Orono, ME 04469 www.composites.umaine.edu
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Truck Position vs. Strain for Plot 5 Gauges
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Figure 19 - Strain plots for Node 5 gages during Test 1 (beginning of test cut off).

Truck Position vs. Strain for Plot 6 Gauges
15 -

= ——— B3064
2 o B3075
s —«— B3074
b s 75— B3073

r r

0 20 40 60 80 100 120

Truck Position (ft)

Figure 20 - Strain plots for Node 6 gages during Test 1 (beginning of test cut off).

Advanced Structures and Composites Center Telephone: 207-581-2123
35 Flagstaff Rd FAX: 207-581-2074
University of Maine composites@umit.maine.edu
Orono, ME 04469 www.composites.umaine.edu
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Truck Position vs. Strain for Node 1 Gauges
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Figure 21 - Strain plots for Node 1 gages during Test 2

Truck Position vs. Strain for Node 2 Gauges
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Figure 22 - Strain plots for Node 2 gages during Test 2.
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35 Flagstaff Rd FAX: 207-581-2074
University of Maine composites@umit.maine.edu
Orono, ME 04469 www.composites.umaine.edu

52



Advanced Structures and Composites Center Report 14-13-979 MDOT

Truck Position vs. Strain for Node 3 Gauges
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Figure 23 - Strain plots for Node 3 gages during Test 2.

Truck Position vs. Strain for Node 4 Gauges
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Figure 24 - Strain plots for Node 4 gages during Test 2.
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Truck Position vs. Strain for Node 5 Gauges
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Figure 25 - Strain plots for Node 5 gages during Test 2.

Truck Position vs. Strain for Node 6 Gauges

50 ..
g Q
401 .
g
/ ®
30 , \
0)
= —— B3064
S o B3075
® —x— B3074
e 2 N =— B3073

0 20 40 60 80 100
Truck Position (ft)

Figure 26 - Strain plots for Node 6 gages during Test 2.
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Truck Position vs. Strain for Plot 1 Gauges
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Figure 27 - Strain plots for Node 1 gages during Test 3.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 28 - Strain plots for Node 2 gages during Test 3.
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Truck Position vs. Strain for Plot 3 Gauges

60 -

= —+— B3069
= —o— B3066
s —«— B3055
77 S pa o B3811

r r

0 20 40 60 80 100
Truck Position (ft)

Figure 29 - Strain plots for Node 3 gages during Test 3.

Truck Position vs. Strain for Plot 4 Gauges
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Figure 30 - Strain plots for Node 4 gages during Test 3.

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

56



Advanced Structures and Composites Center Report 14-13-979 MDOT

Truck Position vs. Strain for Plot 5 Gauges
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Figure 31 - Strain plots for Node 5 gages during Test 3.

Truck Position vs. Strain for Plot 6 Gauges
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Figure 32 - Strain plots for Node 6 gages during Test 3.
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Truck Position vs. Strain for Node 1 Gauges
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Figure 33 - Strain plots for Node 1 gages during Test 4.

Truck Position vs. Strain for Node 2 Gauges
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Figure 34 - Strain plots for Node 2 gages during Test 4.

Advanced Structures and Composites Center

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

www.composites.umaine.edu

58



Advanced Structures and Composites Center Report 14-13-979 MDOT

Truck Position vs. Strain for Node 3 Gauges
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Figure 35 - Strain plots for Node 3 gages during Test 4.

Truck Position vs. Strain for Node 4 Gauges
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Figure 36 - Strain plots for Node 4 gages during Test 4.
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Truck Position vs. Strain for Node 5 Gauges
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Figure 37 - Strain plots for Node 5 gages during Test 4.

Truck Position vs. Strain for Node 6 Gauges
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Figure 38 - Strain plots for Node 6 gages during Test 4.
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Truck Position vs. Strain for Plot 1 Gauges
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Figure 39 - Strain plots for Node 1 gages during Test 5.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 40 - Strain plots for Node 2 gages during Test 5.
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Figure 41 - Strain plots for Node 3 gages during Test 5.

Truck Position vs. Strain for Plot 4 Gauges
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Figure 42 - Strain plots for Node 4 gages during Test 5.
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Figure 43 - Strain plots for Node 5 gages during Test 5.

Truck Position vs. Strain for Plot 6 Gauges
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Figure 44 - Strain plots for Node 6 gages during Test 5.
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Figure 45 - Strain plots for Node 1 gages during Test 6.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 46 - Strain plots for Node 2 gages during Test 6.
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Figure 47 - Strain plots for Node 3 gages during Test 6.

Truck Position vs. Strain for Plot 4 Gauges
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Figure 48 - Strain plots for Node 4 gages during Test 6.
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Figure 49 - Strain plots for Node 5 gages during Test 6.

Truck Position vs. Strain for Plot 6 Gauges
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Figure 50 - Strain plots for Node 6 gages during Test 6.
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Figure 51 - Strain plots for Node 1 gages during Test 7.
Truck Position vs. Strain for Plot 2 Gauges
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Figure 52 - Strain plots for Node 2 gages during Test 7.
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Figure 53 - Strain plots for Node 3 gages during Test 7.

Truck Position vs. Strain for Plot 4 Gauges
60 -

= — 1 B3062
2 — o B3063
£ — < B3068
I D L N 7 B3071

0 20 40 60 80 100 120
Truck Position (ft)

Figure 54 - Strain plots for Node 4 gages during Test 7.
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Figure 55 - Strain plots for Node 5 gages during Test 7.
Truck Position vs. Strain for Plot 6 Gauges
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Figure 56 - Strain plots for Node 6 gages during Test 7.
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Truck Position vs. Strain for Node 1 Gauges
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Figure 57 - Strain plots for Node 1 gages during Test 2.

Truck Position vs. Strain for Node 2 Gauges
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Figure 58 - Strain plots for Node 2 gages during Test 2.
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Figure 59 - Strain plots for Node 3 gages during Test 2.

Truck Position vs. Strain for Node 4 Gauges
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Figure 60 - Strain plots for Node 4 gages during Test 2.
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Figure 61 - Strain plots for Node 5 gages during Test 2.

Truck Position vs. Strain for Node 6 Gauges

70 -
60 |- 10 ]
50 - /
/Q
L o]
40 o
’w; 30 L —+— B3055
= \ o— B3067
.g 2 ® —x— B3060
2 4 7 B3065
10
-10 - /
ﬁ
-20 r r r r r c
0 20 40 60 80 100 120
Truck Position (ft)
Figure 62 - Strain plots for Node 6 gages during Test 2.
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Figure 63 - Strain plots for Node 1 gages during Test 3

Truck Position vs. Strain for Node 2 Gauges
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Figure 64 - Strain plots for Node 2 gages during Test 3.
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Figure 65 - Strain plots for Node 3 gages during Test 3.

Truck Position vs. Strain for Node 4 Gauges

- — - B3062
e o B3071
£ — « B3057
2 N 5 B3056

-10 r

r r

0 20 40 60 80 100 120

Truck Position (ft)

Figure 66 - Strain plots for Node 4 gages during Test 3.
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Figure 67 - Strain plots for Node 5 gages during Test 3.

Truck Position vs. Strain for Node 6 Gauges
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Figure 68 - Strain plots for Node 6 gages during Test 3.
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Figure 69 - Strain plots for Node 1 gages during Test 4.

Truck Position vs. Strain for Node 2 Gauges
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Figure 70 - Strain plots for Node 2 gages during Test 4.
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Figure 71 - Strain plots for Node 3 gages during Test 4.

Truck Position vs. Strain for Node 4 Gauges
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Figure 72 - Strain plots for Node 4 gages during Test 4.
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Figure 73 - Strain plots for Node 5 gages during Test 4.

Truck Position vs. Strain for Node 6 Gauges
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Figure 74 - Strain plots for Node 6 gages during Test 4.
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Figure 75 - Strain plots for Node 1 gages during Test 5.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 76 - Strain plots for Node 2 gages during Test 5.
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Truck Position vs. Strain for Plot 3 Gauges
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Figure 77 - Strain plots for Node 3 gages during Test 5.
Truck Position vs. Strain for Plot 4 Gauges
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Figure 78 - Strain plots for Node 4 gages during Test 5.
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Truck Position vs. Strain for Plot 5 Gauges
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Figure 79 - Strain plots for Node 5 gages during Test 5.

Truck Position vs. Strain for Plot 6 Gauges
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Figure 80 - Strain plots for Node 6 gages during Test 5.
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Figure 81 - Strain plots for Node 1 gages during Test 6.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 82 - Strain plots for Node 2 gages during Test 6.
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Figure 83 - Strain plots for Node 3 gages during Test 6.
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Figure 84 - Strain plots for Node 4 gages during Test 6.
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Truck Position vs. Strain for Plot 5 Gauges
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Figure 85 - Strain plots for Node 5 gages during Test 6.
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Figure 86 - Strain plots for Node 6 gages during Test 6.
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Truck Position vs. Strain for Plot 1 Gauges
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Figure 87 - Strain plots for Node 1 gages during Test 7.

Truck Position vs. Strain for Plot 2 Gauges
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Figure 88 - Strain plots for Node 2 gages during Test 7.
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Figure 89 - Strain plots for Node 3 gages during Test 7.

Truck Position vs. Strain for Plot 4 Gauges

100 -
80 -
60 -
o —+— B3062
2 —o— B3071
- 40f
s —x— B3057
2 A i N N I o B3056
20
o) o1 33 ) o) o) () o e o 3 B
-20 r r r r
0 50 100 150 200
Truck Position (ft)
Figure 90 - Strain plots for Node 4 gages during Test 7.
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Figure 91 - Strain plots for Node 5 gages during Test 7.
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Figure 92 - Strain plots for Node 6 gages during Test 7.
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