NATIONAL TRANSPORTATION SAFETY BOARD
Office of Research and Engineering

Materials Laboratory Division

Washington, D.C. 20594

November 7, 2008

MATERIALS LABORATORY STUDY Report No. 08-118
A. ACCIDENT

Place : Minneapolis, Minnesota

Date : August 1, 2007

Vehicle . 1-35W Bridge

NTSB No. : HWYO07MHO024
Investigator : Mark Bagnard

B. TOPICS ADDRESSED

Calculation of the differential temperature on the east and west trusses as a result of
the position of the sun on the day of the accident.

C. DETAILS OF THE STUDY

Following the gusset plate failure and near collapse of the Grand River bridge (LAK-90-
2342 R) in Ohio on May 24, 1996, data were obtained from temperature sensors and strain
gages placed on the main trusses of that bridge. The instrumentation and the data are
described in a presentation attached as Appendix A. Temperature data were measured on
September 4-5, 1996, showing that the exposed faces of the trusses reached temperatures
above ambient as a result of solar heating. The Grand River bridge was aligned at
approximately 45 degrees from North, and the data showed that the Southeast truss heated
more quickly, reaching a peak temperature about 14 °F above ambient at about 1:30 pm, after
which it began to cool. The Northwest truss began to heat up later in the day and reached a
peak temperature about 11 °F above ambient at about 6 pm. The data from September 4,
1996 are shown in figure 1.
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Figure 1. Temperature data from Ohio bridge LAK-90-2342 R taken on September 4, 1996.

The orientation of the Grand River bridge at about 45 degrees from north was such that
the sun would have been aligned along the bridge at about 3:30 pm. When the ambient
temperature was subtracted from the temperature data from the two trusses, the temperature

profiles from the two trusses had more nearly symmetric shapes relative to the temperature at
3:30 pm, as shown in Figure 2.
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Figure 2. Temperature data from the two trusses after subtracting the ambient temperature.

The degree of symmetry is shown in Figure 3, where the temperature data from the
Northwest truss has been reordered from last to first, then shifted to align the reordered data
from the Northwest truss with the data from the Southeast truss at the time of 3:30 pm. It
would be expected that the peak for the Southeast truss would be somewhat higher, as the
sun did not begin to heat the Northwest truss until somewhat late in the day.



Report No. 08-118
Page No. 4

16 T T T T T T T T T T T T T T T
14 —
m —m— Southeast Truss
= 1L —A— Northewest Truss
Q (Reordered)
o]
€
< 10 -
€
o
8 8r
C
Qo
(<]
£ 6
0
Qo
-]
g 4r
]
o
5 2+
l_
0 -
1 1 1 1 1 l 1 1 1 1 1 l 1 1 1 1 1
6 12 18 24

Ohio Daylight Time

Figure 3. Temperature data from the two trusses after subtracting the ambient temperature,
reordering the data from the Northwest truss from last to first, and then realigning the data to
3:30 pm.

The 1-35W bridge was aligned at about 16 degrees from north, making it more nearly
directly north and south than the Grand River bridge. Sun position data from the United States
Naval Observatory shows that the sun would have been aligned with the bridge at about 2 pm
(Daylight time) on August 1, 2007. Assuming that the temperature profiles on the two 1-35W
trusses would have been more symmetric around the 2 pm time, the two sets of data in Figure
3 were averaged together. The result was then smoothed using a 3-point averaging filter, and
the peak difference from ambient rescaled to 14 °F. The time scale for the temperature
change was also expanded to account for the longer day on August 1 compared to September
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4 (14.5 hours versus 13 hours). The estimated temperature profiles for the two trusses are
shown in Figure 4.
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Figure 4. Estimated temperature deviation from ambient for the East and West trusses of the
[-35W bridge on August 1, 2007.

The temperature data from the weather station on the University of Minnesota campus
was interpolated to half-hour increments and smoothed with a 3-point averaging filter. Figure 5
shows the result of adding the data from Figure 4 to the ambient temperature from the
University.
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Figure 5. Ambient temperature data plus estimated temperatures in the East and West trusses
of the 1-35W bridge on August 1, 2007.

All of the data shown in the figures are tabulated below. The results provide an

estimate that at 6 pm on August 1, 2007, the east truss was about 1.5 °F above ambient and
the west truss was 11.5 °F above ambient.

Carl R. Schultheisz
Materials Research Engineer



Table 1. Temperature data from LAK-90-2342 R

Ambient Southeast Northwest
Time temperature (°F) truss (°F) truss (°F)
10.0 75 75 70
10.5 76 80 73
11.0 77 83 75
115 78 86 77
12.0 78 89 78
12.5 79 90 79
13.0 80 91 81
135 80 94 82
14.0 81 94 83
14.5 81 90 83
15.0 81 89 84
155 80 88 84
16.0 79 86 84
16.5 79 85 84
17.0 79 83 86
17.5 78 82 87
18.0 77 81 88
18.5 76 80 87
19.0 75 78 85
19.5 74 77 80
20.0 73 74 76
20.5 71 73 74
21.0 69 72 73
21.5 68 70 70
22.0 67 69 69
22.5 67 68 68
23.0 66 67 67
23.5 66 66 66
24.0 66 66 66




Table 2. Temperature difference from ambient for LAK-90-2342 R
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Table 3. Temperature deviations from ambient as
constructed for the East and West trusses
of the 1-35W bridge on August 1, 2007.

Time East truss (°F) West truss (°F)
6.5 0

7.0 0.62

7.5 1.87

8.0 3.12

8.5 4.47 0
9.0 6.37 0.03
9.5 8.99 0.73
10.0 11.44 1.43
10.5 13.12 2.13
11.0 13.84 2.84
11.5 13.78 3.35
12.0 12.89 3.81
12.5 11.26 4.44
13.0 9.48 5.27
13.5 8.06 6.38
14.0 7.31 7.31
14.5 6.38 8.06
15.0 5.27 9.48
15.5 4.44 11.26
16.0 3.81 12.89
16.5 3.35 13.78
17.0 2.84 13.84
17.5 2.13 13.12
18.0 1.43 11.44
18.5 0.73 8.99
19.0 0.03 6.37
19.5 0 4.47
20.0 3.12
20.5 1.87
21.0 0.62
21.5 0
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Table 4. Ambient temperature data and calculated
differential temperatures for the two trusses
for the 1-35W bridge on August 1, 2007

Ambient
Time temperature (°F) | East truss (°F) | West truss (°F)
6.0 73.57
6.5 74.02 74.02
7.0 75.81 76.43
7.5 78.22 80.09
8.0 79.62 82.74
8.5 80.44 84.91 80.44
9.0 81.01 87.38 81.04
9.5 82.64 91.64 83.37
10.0 83.63 95.08 85.07
10.5 85.08 98.21 87.22
11.0 86.36 100.2 89.19
115 87.5 101.28 90.85
12.0 88.66 101.55 92.47
12.5 89.6 100.86 94.04
13.0 90.73 100.2 96
13.5 91.01 99.07 97.39
14.0 91.24 98.56 98.56
14.5 91.67 98.05 99.73
15.0 91.86 97.13 101.34
155 92.32 96.76 103.58
16.0 92.49 96.31 105.38
16.5 92.5 95.85 106.28
17.0 92.11 94.95 105.95
17.5 91.84 93.98 104.96
18.0 91.74 93.17 103.18
18.5 90.44 91.17 99.44
19.0 88.66 88.69 95.03
19.5 87.05 87.05 91.52
20.0 85.61 88.74
20.5 84.08 85.96
21.0 81.55 82.18
21.5 79.79 79.79
22.0 78.96

Page No. 10
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Appendix A
Presentation showing the instrumentation and data from the Grand River bridge
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