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EXECUTIVE SUMMARY

EVALUATION OF EFFECTS OF FIRE ON THE
1-465 MAINLINE BRIDGES—VOLUME I

On October 22, 2009, in Indianapolis, Indiana, a semi tanker
carrying liquefied propane lost control on the underpass from 1-69
southbound to 1-465 eastbound, crashing beneath the eastbound
and westbound bridges carrying mainline 1-465 traffic. The semi
rolled, causing the tractor to catch fire and the propane tanker to
explode. As a result of the fire, the steel superstructure was
subjected to extreme temperatures; however, the duration of
exposure and magnitude of these temperatures was not accurately
established. Thus, testing was performed to identify and document
any short-term or long-term effects that the fire may have had on
the steel superstructure. Three primary tasks were performed as
part of the study:

1. Quantify the effects of the fire on the properties of the
structural steel.

2. Quantify the effects of the fire on the properties of the high
strength (HS) bolts.

3.  Quantify the effects of the fire on the overall behavior of the
bridge.

Immediately after the accident, samples of the structural steel
and HS bolts were removed and sent to independent testing
laboratories. These results were used to establish any short-term
effects the fire had on the structure. To capture any long-term
effects, field testing was performed for a period of approximately
four months. Weldable resistance strain gages were placed at key
locations in an attempt to understand both the response of the
bridge to load and to develop the stress-range histograms at
critical details. Both controlled load tests, using test trucks of
known weight and geometry, and long-term monitoring of
random traffic were performed as part of the study.

The remaining fatigue life of the instrumented details was
estimated using stress-range histograms from the long-term
monitoring data. Since all the stress ranges measured were below
the CAFL (constant amplitude fatigue limit) for all monitored
details, infinite fatigue life is expected at all of the monitored
locations.
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1. INTRODUCTION
1.1 Bridge Description

Built in 1968, Bridge 1-465-125-2377 JBSB (east-
bound) and Bridge 1-465-125-2377 BNBL (westbound)
are located in the northeast corner of Indianapolis, IN.
Both bridges are four span continuous composite steel
girder structures which carry mainline I-465 over the
ramp from I-69 southbound to 1-465 eastbound. The
steel girders are rolled shapes and utilize welded cover
plates as needed. Bridge 1-465-125-2377 JBSB (east-
bound) carries three lanes of mainline 1-465 traffic as
well as an exit lane. In total, the eastbound bridge is
199’-0" long made up two 44'-0” end spans and two 55’-
6” middle spans. Due to the exit lane, the width varies
from 70’-0" to 78’-0" west to east. Bridge 1-465-125-
2377 BNBL (westbound) is similar, but not identical, as
it carries three lanes of mainline I-465 and no exit lane.
The westbound structure is 210’-0” long made up of two
44'-0" end spans and two 61'-0” middle spans and has a
constant width of 67’-5". In 1992 the decks of both
bridges were substantially reconstructed. The west-
bound bridge had a 24’-2" widening obtaining the
constant width of 67’-5". This widening resulted in a
width of 24’-0" for the right lane. The wider right lane
accommodates the traffic merging onto I[-465 west-
bound from the Binford Blvd./I-69 on-ramp. Figure 1.1
shows an aerial view of both east and westbound
bridges over the south ramp from Interstate 69.

1.2. Objective

On October 22, 2009 a tanker truck carrying
liquefied propane lost control and crashed beneath
both 1-465 bridges. The propane tanker was punctured
during the crash, resulting in an explosion and fire. As a
result of the fire, the steel superstructure was subjected
to extreme temperatures; however, the duration of
exposure and magnitude of these temperatures was
not accurately established. Hence, the amount and
extent of damage, if any, was unknown. To identify and
document any short-term and long-term negative effects
the fire may have had on the bridge a study was
undertaken with the following three tasks described.

Figure 1.1 View of east and westbound bridges over the
south ramp from 1-69 (Microsoft 2010).

Effects of Fire on Properties of Structural Steel

If steel is exposed to temperatures exceeding
approximately 1,100°F (600°C) for extended periods,
or if the steel is sprayed with cold water by firefighters
while at elevated temperatures the potential exists to
alter the metallurgy of the steel. In the absence of any
visual damage such as the distortion of the steel, the
most common concerns are: (1) decreases in toughness
of the steel; and (2) increases in the strength of steel due
to uncontrolled quenching. Neither of which would be
desirable.

Effects of Fire on Properties of High Strength Bolts
High strength (HS) bolts are also susceptible to
damage if exposed to temperatures of about 750°F
(450°C) for extended periods. The bolts used in the I-
465 bridges are high strength ASTM A325 bolts. Since
A325 bolts obtain their increased strength through a
heat treatment process, they are generally more
susceptible to fire than other constructional steels.

Effects of Fire on the Overall Behavior of the Bridge

If large differences in thermal strains developed
between the steel and concrete, the composite action
may be reduced or compromised. Should composite
action be lost or reduced, then the load distribution
among the girders will not be as originally designed. In
addition, the live load stresses would also increase.

It is also noted that due to the damage to the west
pier on the eastbound structure (Bent #3), the bearing
of the exterior girder (Beam #12) on the north side of
the bridge fell out (see Figure 1.2). As a result, the span
length of this girder was significantly increased.
Although the bearing was replaced when the pier was
repaired, the amount of dead load that was put back
into the exterior girder is unknown. Thus, the propor-
tion of live load carried by this girder may not be as

0 B - e ™ st
Bearing that fell out
.+ ‘o duringthe crash -

Figure 1.2 Bearing that fell out during the crash (Beam #12;
Bent #3) — Eastbound Bridge.
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originally assumed in design if the repaired bearing is
not operating as originally built.

Cores were taken from several girders in regions of high
stress range in order to obtain steel samples for CVN
specimens. At these regions, the condition at the cored
hole could be classified as an AASHTO Category D
fatigue detail (CAFL = 7.0 ksi). Since the original fatigue
detail category at these locations was most likely Category
B (CAFL = 16.0 ksi), the fatigue resistance of the detail
has been significantly reduced. However, this reduction in
fatigue category may not be significant if the actual in-
service live load stress ranges are low. In the absence of
field measured stress ranges, the effect of the cored holes
on the fatigue performance of the bridge is unknown.

Samples of the structural steel and HS bolts were
removed from the bridge and sent to independent
testing facilities shortly after the crash. All field
instrumentation and monitoring was conducted over
the period between December 2009 and May 2010 by
the Research Team from the Bowen Laboratory at
Purdue University, West Lafayette, IN.

2. SAMPLES TAKEN FOR LABORATORY
TESTING

Immediately following the fire, steel samples were
removed from both bridges for metallurgical investiga-
tion to determine if the extreme temperature exposure
had any negative effects on the steel properties. Steel
samples were cored from the web and cover plate of
the girders to create Charpy V-Notch (CVN) impact
specimens and perform hardness testing. Figure 2.1 is
a photograph of cores removed from Beam #11
(Westbound Bridge). Additionally, bolts were removed
from the web and flange splices at selected locations for
specific tests: proof load, wedge tension and hardness.
These tests were used to determine if the material
properties of the fasteners were degraded due to
uncontrolled heating and cooling, such as may have

=

x4 g
Core B—removed A va
fromthe web A /

o

& , <

/

Core A-removed
from bottom cover

plate flange

Figure 2.1 Cores removed from the web and bottom cover
plate (Beam #11) — Westbound Bridge.

occurred during the fire. All metallurgical testing
occurred in the days immediately following the accident.

2.1 Hardness Tests

2.1.1 Hardness Test Background

A total of fourteen (14) cores were removed from the
girders of both bridges: seven (7) from the web and
seven (7) from the bottom cover plate. Six (6) of the
fourteen (14) cores removed were taken from an area of
the westbound bridge least exposed to the explosion
and fire: three (3) from the web and three (3) from the
bottom flange cover plate. These six (6) specimens were
used as control samples for the CVN and hardness
tests. The remaining eight (8) specimens were taken
from both bridges from exposed areas to explosion and
fire. Drawings located in Appendix A specify the exact
locations for all cores removed.

2.1.2 Hardness Test Results

The original design drawings indicated the steel girders
were made from ASTM A36 steel. Based on the current
ASTM specifications the ultimate strength (F,) of A36
steel is permitted to be between 58 ksi and 80 ksi. To
establish if the fire had any impact on the ultimate strength
(F,) of the steel, hardness tests were performed to verify
that the material still fell within acceptable limits. Testing
was done using an Instron automated testing machine and
Rockwell Hardness Scale ‘B’ (HRB). From the hardness
data, estimates of the ultimate strength (F,) of the steel
were made according to ASTM A370. Hardness tests
results along with the estimated ultimate strength (F,)
values are summarized in Table 2.1.

2.1.3 Hardness Test Conclusions

The hardness test data along with the estimates of
ultimate strength were submitted to INDOT in a report
letter dated October 30, 2009 (see Appendix C). As
discussed in that report, two primary observations were
made from the hardness data presented:

1. The estimated ultimate strength (F,) of the steel is well
within the limits of the ASTM specification.

2. There is no statistical difference between the control data set
and the data obtained from samples that were exposed to fire.

Based on these results from the hardness testing, it is
the opinion of the Purdue Research Team that the fire
did not have any effect on the ultimate strength (F,) of
the structural steel in the bridge.

2.2 Charpy V-Notch Impact Tests (CVN)

2.2.1 Core Removal and Background Information

The same steel cores removed by INDOT from
locations in the web and bottom cover plate on the east

2 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/12



TABLE 2.1
Hardness Test Data and Estimates of Ultimate Strength

ROCKWELL B (HRB)

SPECIMEN AS LAB WEB OR EB OR WB ESTIMATED
TYPE MARKED ID CP* BRIDGE/SPAN TEST 1  TEST 2 TEST 3 AVG Fy(KSI)
1 AA WEB WB/D 67.5 66.5 70.0 68.0 59.0
2 BB CP WB/D 65.5 66.5 72.7 68.2 59.0
3 CC WEB WB/D 66.7 71.5 75.0 71.1 62.0
CONTROL 4 DD CP WB/D X 70.5 71.5 71.0 62.0
5 EE WEB WB/D X 70.7 73.5 72.1 63.0
6 FF CP WB/D 74.5 84.5 80.5 79.8 72.0
AVG CONTROL DATA 71.7 63.0
A A CP WB/B 73.5 68.5 76.5 72.8 64.0
B B WEB WB/B X 65.0 68.5 66.8 58.0
C C CpP EB/B 78.5 75.0 80.0 77.8 69.0
EXPOSED TO D D CP EB/B 80.0 80.0 79.5 79.8 72.0
FIRE E E WEB EB/B X 66.5 70.0 68.3 59.0
F F WEB EB/B 71.5 73.0 69.0 71.2 62.0
G G CP EB/B 75.5 78.5 80.0 78.0 69.0
H H WEB EB/B 70.0 71.5 74.0 71.8 63.0
AVG EXPOSED DATA 73.3 64.0

X — Denotes invalid data; CP — cover plate.

and westbound bridges for the hardness tests were used
to make CVN specimens. Specimen preparation and
testing was performed by Steel Dynamics on October
23, 2009 at no cost to INDOT or the project. Also, Mr.
Scott Newbolds with INDOT witnessed the CVN
specimen preparation and testing. Test results were
then submitted to the Purdue Research Team for review
and interpretation.

Prior to discussing any results it is important to
mention a few things about the CVN requirements
from the period these bridges were built. Since these
bridges were built in late 1960’s, the AASHO Bridge
Design Specifications and INDOT Bridge Design
Manual did not specify any minimum CVN require-
ments. Thus, it would not necessarily be appropriate to
compare these bridge steels to the modern specifications
and requirements. The current AASHTO Bridge
Design Specification requires 15 ft-lbs @ 40F for
specimens oriented in the longitudinal direction (i.e.,
Zone II, Non-fracture critical).

One other important thing to note is that it is well
known in the steel community that the mechanical
properties (CVN, yield strength, etc.) of steel plates and
rolled beams vary with the rolling direction. Data
obtained from specimens in the longitudinal direction
(direction of rolling and, in this case, the direction of
traffic) will be higher than those obtained in the
transverse direction from the same plates or beam.
Hence, data obtained from specimens in the transverse
direction will be conservative, estimating the lower
bound of the actual material properties, including CVN.

2.2.2 Core Test Results: Web Cores

The CVN specimens obtained from the web core
samples were oriented in the longitudinal direction.

Thus, the notch was oriented transverse to the long-
itudinal axis of the beam and parallel with the surface
of the web. Figure 2.2 is a diagram showing the
orientation of the web core samples.

A total of seven (7) web samples were tested. Four (4)
samples were from regions exposed to fire and three (3)
samples were from a region of the bridge nominally
protected from the fire near the embankment. All
measured data were well above modern AASHTO
requirements for Zone II non-fracture critical applica-
tions as specified in ASTM A709. As stated above, the
modern specification requires 15 ft-lbs @ 40F. For
comparison, the Jowest value measured from the
samples removed was 94 ft-1bs. The data obtained are
summarized in Table 2.2.

2.2.3 Core Test Results: Bottom Flange Cover Plate Cores

The CVN specimens obtained from the cores
removed from the bottom flange cover plate were
oriented in the transverse direction; thus, the notch was
oriented parallel to the longitudinal axis of the beam.
Normally, the specimens would have been oriented
longitudinally, as required by the AASHTO Spe-
cifications. However, in the hours immediately follow-
ing the fire and in the urgency to obtain data, the
samples were mislabeled and the CVN specimens
oriented transversely. As previously stated, these data
provide a conservative lower-bound estimate of the
longitudinal mechanical properties. Figure 2.3 is a
diagram showing the orientation of the bottom flange
cover plate core samples.

Like the web, seven (7) cover plate samples were
tested: four (4) from the region exposed to fire and
three (3) from the region nominally protected from the
fire. The data obtained are tabulated in Table 2.3.
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Figure 2.2 CVN specimen obtained from the web core sample.

From Table 2.3 it can be observed that both sets
of data contain results that are below the modern
AASHTO Zone II non-fracture critical requirements
for the longitudinal direction. However, these data were
obtained from specimens oriented transversely and
lower energy values would thus be expected. The
longitudinal CVN impact energy values will be
substantially greater than the transverse values mea-
sured. It should be noted that no specifications, modern
or older, have ever had any transverse CVN require-
ments specified. Although the data are somewhat lower

TABLE 2.2
CVN Data for the Web Core Samples

15 set - Control Samples CVN (ft-1bs)

1 139
3 104
5 142

2" set - Samples from Regions CVN (ft-bs)

Exposed to Fire

157
168
133
94

T Tmmw

than presently specified, they are considered acceptable
since the CVN values would be significantly greater had
the specimen been oriented longitudinally.

2.2.4 Core Sample Conclusions

Based on the measured data and the orientation of
the specimens, it is the opinion of the Purdue Research
Team that the CVN impact energy data are adequate
for this bridge. It is also the opinion of the Research
Team that the longitudinal CVN impact energies will
be substantially greater than the transverse values
obtained from the bottom flange cover plate cores.

2.3 Bolt Tests

2.3.1 Bolt Removal and Background Information

A total of eight (8) bolts and eight (8) nuts were
removed from various web and flange splices for
hardness, proof load, and wedge tension testing. In all
the locations where bolts and nuts were removed for
testing new galvanized fasteners were installed. Two (2)
bolts and two (2) nuts were removed from the
westbound bridge (Beam #11) and the remaining
samples were taken from the eastbound bridge

4 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/12
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Figure 2.3 CVN specimen obtained from the cover plate core sample.

(Beams #12, 14 and 15). Drawings of the exact splice
locations where the bolts and nuts were removed can be
found in Appendix A.

All bolts removed are %4” diameter ASTM A325 HS
bolts with ASTM A563 Grade C nuts. These bolts
obtain their strength from a heat treatment procedure
known as the quenching and tempering process (Q/T).
Materials that obtain their properties (i.e. strength)
through the Q/T process are more susceptible to

TABLE 2.3
CVN Data for the Cover Plate Core Samples

1 set - Control Samples CVN (ft-bs)

2 11
4 40
6 19
2" set - Samples from Regions CVN (ft-bs)
Exposed to Fire
A 21
C 12
D 16
G 8
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degradation due to uncontrolled heating and cooling,
such as may have occurred during the fire.

Figure 2.4, Figure 2.5, and Figure 2.6 are photo-
graphs of the replaced HS bolts and nuts on both
bridges.

Figure 2.4 Bolts and nuts removed from Splice #2 — Beams
#14 & #15 — Eastbound Bridge.



Figure 2.5 Bolts and nuts removed from Splice #1 — Beam
#12 — Eastbound Bridge.

2.3.2 Bolt Test Results: Proof Load and Wedge Tension
Test

All fasteners were tested as a courtesy to INDOT by
NUCOR Steel in Indiana. Dr. Victor Hong of INDOT
Research witnessed the tests. The bolt test results are
summarized in Table 2.4 and Table 2.5. The tests
revealed that only one (1) bolt (Bolt #7) did not pass
the proof load test requirements per ASTM A325. It
should be noted that Bolt #8 failed the first proof load
test but passed the second test with a 3% increased
proof load. All other bolts passed the proof load tests.

ASTM F606 describes the proof load test proce-
dures. The test consists of maintaining a load specified
by ASTM A325 over a ten (10) second period without
causing permanent elongation of the bolt. In the event
that the bolt shows deformation outside the allowable
limits of + 0.0005 inches (note: this range is only given
for possible measurement error); a second test is allowed
by ASTM F606. However, the second test has a 3%

s o 8 5

| Beam #11

Figure 2.6 Bolts and nuts removed from Splice #1 — Beam
#11 — Westbound Bridge.

increased proof load. It is also worth mentioning that
the proof load test is an indicator of axial elongation
and not load carrying capacity in tension.

All bolts passed the wedge tension test. The wedge
tension test consists of testing the bolt in tension to
fracture using a wedge under the head of the bolt. To
meet the requirements of this test, the bolt must support
a load prior to fracture not less than the minimum
tensile strength specified in ASTM A325 for the
applicable bolt size, grade, and thread series. In this
case, the minimum load that the bolt must support
prior fracture is 40,100 Ibs. ASTM F606 describes the
wedge tension test procedures. The wedge used under
the head of the bolt must meet certain criteria described
in ASTM F606 that depend on the bolt size being
tested. Figure 2.7 shows the wedge test details.

2.3.3 Bolt Test Results: Hardness Test

The hardness test results are tabulated in Table 2.5.
According to ASTM A325, to pass the hardness test all
the bolts needed Rockwell Hardness C (HRC) values
between 25 and 34. None of the bolts exceeded the
maximum hardness limit of 34 HRC given in ASTM
A325. However, Bolts #7 and #8 did not meet the
minimum hardness requirement of 25 HRC specified in
ASTM A325. These two bolts had average hardness
values of 22 HRC and 23 HRC respectively.

2.3.4 Nut Test Results: Hardness Test

Hardness testing was also performed on all eight (8)
nuts removed (see Table 2.6). The hardness require-
ments for grade C nuts per ASTM AS563 have a rather
broad range and are set between 78 HRB and 38 HRC.
Since all results from the hardness tests were given in
Rockwell C scale, these values must be converted to
Rockwell B scale for comparison to the minimum
acceptable value. The minimum hardness value
obtained on Rockwell scale C was 4 HRC which
corresponds on the Rockwell B scale to a hardness
value of 84 HRB. This value is greater than the
minimum requirement of 78 HRB and is therefore
satisfactory. None of the nuts exceeded the maximum
hardness limit of 38 HRC. Therefore, all the nuts had
hardness values within the acceptable range given in
ASTM A563.

2.3.5 Fastener Conclusions

Considering there was no physical damage/evidence
of fire on the bolts (i.e. no heat or damaged paint), all
the bolts passed the wedge tension test, and all the bolts
passed the proof load test (with the exception of Bolt
#7), it is the opinion of the Purdue Research Team that
there was no fire damage to the bolts. Bolts #7 and #8
do not meet the current specifications; however, it is not
unreasonable for some bolts to be slightly out of the
tolerance given the vintage of the bolts. ASTM F1470
provides guidelines regarding fastener sampling for
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TABLE 2.4
Bolts - Proof Load and Wedge Tension Test Results

Proof Load Test Proof Load Test (2) 29,350 Wedge tension test
Bolt Label Location (1) 28,400 1b Ib = Test (1) + 3% 40,100 Ib to pass
1 BNBL - Beam #11-Flange Splice PASS N/A 50,660 1b PASS
5 BNBL - Beam #11 - Web Splice PASS N/A 49,540 1b PASS
2 JBSB - Beam #15 - Flange Splice PASS N/A 48,220 1b PASS
6 JBSB - Beam #15 - Web Splice PASS N/A 49,750 1b PASS
3 JBSB - Beam #14 - Flange Splice PASS N/A 50,800 1b PASS
8 JBSB - Beam #14 - Web Splice FAIL PASS 44,720 1b PASS
4 JBSB - Beam #12 - Flange Splice PASS N/A 52,030 1b PASS
7 JBSB - Beam #12 - Web Splice FAIL FAIL 42,640 1b PASS

NotE: All the bolts tested were ¥2” HS ASTM A325.

TABLE 2.5
Bolts - Hardness Test Results

Hardness Test

Bolt Label Location #1 #2 #3 #4 Average
1 BNBL - Beam #11 - Flange Splice 27.9 27.2 29.9 30.3 28.825 PASS
5 BNBL - Beam #11 - Web Splice 25.7 26.6 25.6 24.6 25.625 PASS
2 JBSB - Beam #15 - Flange Splice 21.9 28.9 27.4 24.4 25.65 PASS
6 JBSB - Beam #15 - Web Splice 28.4 31.5 293 29.7 29.725 PASS
3 JBSB - Beam #14 - Flange Splice 29.8 30.2 31.2 31 30.55 PASS
8 JBSB - Beam #14 - Web Splice 24.7 23.1 22.1 22.6 23.125 FAIL
4 JBSB - Beam #12 - Flange Splice 28.9 31.5 31.6 27 29.75 PASS
7 JBSB - Beam #12 - Web Splice 23 21.8 21.9 21.9 22.15 FAIL
I — Where:
w i /R/

d= diameter of bolt or screw

R = radius or chamfer

T = reference thickness of wedge at thin
side of hole equals one half diameter
of bolt or screw

W = wedge angle

T J/‘ W///% ‘ % ¢ = clearance of hole

ey

_—

f—d—
fo—d4C —
Figure 2.7 Wedge tension test details.
TABLE 2.6
Nuts - Hardness Test Results
Hardness Test - HRC
Nut Label Location Reading 1 Reading 2 Strength Test
1 BNBL - Beam #11 - Flange Splice 124 12.2
5 BNBL - Beam #11 - Web Splice 4.1 4.5
2 JBSB - Beam #15 - Flange Splice 15.7 14.4
6 JBSB - Beam #15 - Web Splice 14.6 14 Could not perform the strength
3 JBSB - Beam #14 - Flange Splice 15.5 8.8 test (threads were damaged)
8 JBSB - Beam #14 - Web Splice 14.6 12.8
4 JBSB - Beam #12 - Flange Splice 14.1 15.6
7 JBSB - Beam #12 - Web Splice 11.3 11
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specified mechanical properties and performance
inspection in the manufacturing process. For example,
for a lot size of 35,000 fasteners according to ASTM
F1470, four (4) randomly selected fasteners should be
tested for hardness (approximately 0.012% fasteners
tested from the considered lot) and three (3) randomly
selected fasteners should be tested for proof load and
tensile strength (approximately 0.009% fasteners tested
from the considered lot). If any of the samples fails the
test, the entire lot is rejected.

Additionally, hardness test results of the nuts also
suggest the fire did not have any negative effect on the
integrity of the nuts.

3. INSTRUMENTATION PLAN AND DATA
AQUISITION

On December 16 and 17, 2009 long-term monitoring
instrumentation was installed by the Purdue Research
Team on the I-465 bridges. Instrumentation was
primarily focused on the eastbound structure with
limited instrumentation on the westbound bridge. The
primary intent of the monitoring was to capture live
load stress ranges in predetermined areas of interest.
These areas included the location of maximum moment
as well as the locations where core samples were
removed for metallurgical testing. Using the live load
stress ranges it could be determined if or to what extent
the composite action was compromised. Additionally,
the stress ranges were used to evaluate the fatigue
performance of the structure; specifically, in those areas
where cores were removed and subsequently reduced
the fatigue resistance.

Two types of tests were performed over the four
month monitoring period: controlled truck load testing
and in-service long-term monitoring. Identical instru-
mentation plans were used for both of these tests. As-
built instrumentation drawings that contain the specific
location of all strain gages can be found in Appendix A.

A total of eighteen (18) uniaxial resistance-type strain
gages were installed on the two bridges: seventeen (17)
strain gages on the eastbound structure and only one
(1) strain gage on the westbound structure. Seven beam
lines of the eastbound bridge had strain gages installed
on the top and bottom flange near midspan, totaling
fourteen (14) gages. The remaining four (4) strain gages
were placed near three (3) core holes in the bottom
flange cover plate of both bridges. Figure 3.1 shows the
fourteen (14) strain gages installed at midspan of the
eastbound bridge.

3.1 Strain Gages

Strain gages were installed to capture the local
response of particular details, for example where core
samples were removed from the bottom flange cover
plate of the girders. Strain gages were also used to
establish the global response of the bridge as a system.
The particular strain gages installed on the steel
girders of the 1-465 bridges were produced by Vishay

Eastbound Bridge

& o

Westbound Bridge
e .

Figure 3.1 General view of strain gage locations.

Micro-Measurements model LWK-06-W250B-350 with
an active grid length of 0.25 inches. These are uniaxial
weldable resistance-type strain gages and were selected
to be used at this site for their easy installation
techniques in the field. Additionally, the selected strain
gages have proven to produce accurate strain measure-
ments over long periods of time (anywhere from
months to years). Other notable specifications for this
particular strain gage type include that they are
temperature-compensated for use on structural steel
and have a resistance of 350 ohms. An excitation
voltage of 10 volts was used for the strain gages.

The strain gages come pre-bonded to a metal strip by
the manufacturer. To attach them to the bridge in the
field, multiple pinprick sized resistance spot welds are
used as shown in Figure 3.2. The spot welds pose no
concern with respect to fatigue. To prepare the surface
for installation the metal is simply ground smooth and
cleaned with degreaser. The final step in the installation
process involves covering the strain gage with a proven
multi-layer weatherproofing system to protect it against
the extreme outdoor conditions. Figure 3.3 shows the

Figure 3.2 Weldable strain gage.
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Figure 3.3 Strain gage in final installed condition.

final condition of the strain gage after installation and
sealing.

3.2 Data Acquisition System

A data logger, cellular modem and antenna were
installed to collect and transmit data. A battery back-up
was provided should there be a loss of power on-site.
Additional equipment including battery chargers, mar-
ine batteries, a charge controller, and power inverter
were also required at the site for monitoring. What
follows is a brief description of notable equipment used
as part of the monitoring system. Also, Figure 3.4 is a
photograph of the complete data acquisition system.

A Campbell Scientific CR9000X data logger was used
for data collection for the duration of testing. The
CR9000X is a high-speed, multi-channel, 16-bit system
configured with digital and analog filters to assure noise-
free signals. Other notable features of the CR9000X
include its ease of programming, ability to develop stress-
range histograms using the rainflow cycle counting
method, and capability for live data viewing.

The cellular modem used onsite was an 882-EVDO
CDMA Data Modem and IP Router, manufactured
by CalAmp/LandCell. The 882-EVDO Cellular Data
Modem is an external 3G cellular broadband router
with integrated DHCP server, port forwarding and port
mapping capabilities providing wireless data connectiv-
ity through public cellular networks.

The high-speed cellular modem installed serves
several purposes. The first of which is to retrieve data
remotely. Data is initially collected locally and stored
onsite. Then using specialized software installed on a
server residing at Purdue University the data are
automatically downloaded at a predefined interval.
Secondly, the cellular modem makes it possible to view
live data in real time allowing the Research Team to
verify the monitoring system 