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SUMMARY

The construction of curved I-girder bridges generally requires detailed attention
to the steel erection plan as well as the deck placement sequence. There is limited
quantitative information available on the performance of large curved bridges under
construction. This study seeks to address this limitation through the study of a curved
ramp |l-girder bridge. The bridge under study is the last of several bridges needed to
complete the interchange between [-40 and Briley Parkway (TN SR155) in western

Nashville, TN.

The study consists of three parts. First, the bridge was instrumented and its
behavior during construction was monitored using vibrating wire strain gages,
clinometers, and a robotic total station. Through these technologies it was possible to
monitor changes in strain/stress, angle of rotation, and deflections throughout the girder
erection, installation of concrete formwork, and concrete placement. Second, a static
load test of the completed bridge was conducted using ten trucks loaded to a total
weight of 72 kips each, during which measurements of the stress/strain and deflections
were acquired. Finally, the collected data was compared to analytical results obtained
from a 3D finite element analysis (FEA) model to assess the correlation between
measurements and refined analytical predictions. The refined 3D FEA predictions are
used as a baseline for evaluation of various simplified analysis methods in a parallel
National Cooperative Highway Research Program project, NCHRP 12-79, Guidelines for
Analytical Methods and Construction Engineering of Curved and Skewed Steel Girder
Bridges. Overall, the comparisons show that the 3D FEA model provides a reasonable

approximation of the bridge’s behavior in terms of both stresses and deflections.

XViii



CHAPTER 1: PROJECT DESCRIPTION

1.1 Introduction

The design of curved I-girder bridges generally requires detailed attention to the
steel erection plan as well as the deck placement sequence. As noted in a 2008

progress report for NCHRP Project 12-79 (unpublished):

At larger span lengths, tighter curvatures and/or sharper skews, control of the
constructed geometry is a critical attribute of the engineering of steel deck-girder
bridges. Significantly curved and/or skewed bridges generally exhibit significant 3D
deflections and rotations. ..... Longer span bridges tend to be affected more substantially
by dead load effects, potentially resulting in more significant stability considerations
during construction. In curved and skewed structures, these effects are manifested
predominantly in the second-order amplification of the deflections and internal stresses.
During intermediate erection stages, it is important that the physical component stresses
(including any significant second-order effects) are limited such that there is no
significant onset of inelastic deformations and no component strength limits are
exceeded. ..... Control of the geometry during the placement of the deck is an essential

consideration in the construction of curved and skewed deck-girder bridges.

There is scant quantitative information on the performance of large curved bridges
under construction. The current NCHRP Project 12-79 is addressing this issue from the
analytical standpoint. This project intends to verify this analytical approach by obtaining
field data during the construction of a bridge with a tight curvature. The project consists

of:



¢ Instrumenting and monitoring girder stresses and deformations during construction of
a large, continuous curved bridge (Ramp B over 1-40, Nashville, TN).

o Comparing the results with those from analytical work in NCHRP 12-79 to assess the
ability of refined 3D FEA models to predict the behavior during different stages of
construction. (These models are then used as a baseline for evaluation of various
simplified methods of analysis in the NCHRP 12-79 research.)

o Providing a detailed set of data from a series of static load tests on the completed
bridge to calibrate simple and advanced models for completed curved I-girder

bridges.

1.2 Project Description

The bridge under study is the last of the several bridges needed to complete the
interchange between [-40 and Briley Parkway (TN SR155) in western Nashville, TN
(Figure 1). Briley Parkway is a four-lane, median-divided, access-controlled roadway
which serves as an additional northern loop around Nashville and provides direct access
to several of its tourist attractions, including Opryland. TDOT traffic counts estimate
42,000 vehicles use this interchange each day, in addition to the 100,000 vehicles that

travel this stretch of 1-40 daily.

Major improvements to this interchange began in the late 1990s, and concluded
with the opening of Ramp B, the bridge under study, in the summer of 2010. Ramp B
provides direct freeway-to-expressway movements between eastbound 1-40 and
northbound Briley Parkway (SR 155), eliminating the need for traffic to enter White

Bridge Road and its bridge over 1-40.



-

Nashville, TN

Hendersonill
”

Figure 1: Project Location

Phase Two of the I-40 interchange project was funded by the American Recovery
and Reinvestment Act (ARRA). The project was awarded to Bell & Associates
(Brentwood, TN) in June 2009. The project also includes the construction of three noise
barrier walls, the replacement of the White Bridge Road bridge over |-40, five retaining
walls, and the replacement of the pedestrian bridge located just west of the interchange.
The $32 million project was completed in late summer 2010, and employed nearly 350

workers at the height of its construction.

1.3 Ramp B

Ramp B is an eight-span, curved steel girder composite bridge with a total length

of 462.3m (1516’-9”). As shown in Figure 2, Ramp B is the exit from eastbound 1-40 to



northbound Briley Parkway. Ramp B first goes over exit Ramp G and White Bridge
Road, then turns sharply over 1-40 and Ramp E (Figure 3), before joining Ramp D at its

northern end.

Figure 2: Computer Generated View of Project



Figure 3: View (Looking West) of Ramp B during Load Testing

Ramp B was designed in accordance with AASHTO Standard Specifications for
Highway Bridges (2002) and the AASHTO Guide Specifications for Horizontally Curved
Steel Girder Highway Bridges (2003), including seismic provisions (Category A; Seismic
coefficient = 0.075g), as a single lane, 80 kph bridge. As the elevation in Figure 4
shows, Ramp B rises sharply from its beginning abutment at a slope of +3.342% to its
maximum height of about 5.8m above its horizontal chord at Bent 4, before dropping at -

3.551% to finish about 2.5m above its horizontal chord at Bent 7.
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with a cast-in-place concrete slab approximately
"), with a girder spacing of 2660mm (8-8”) as

Figure 4: Elevation of Ramp B
Ramp B is a composite I-girder bridge consisting of five steel plate girders of

210mm (8%4”) thick, and a total width of about 13210mm (43’-4”) on metal deck forms.

approximately 1800mm (70”) in height,
The roadway width is 12150mm (39’-9



shown in Figure 5. The minimum specified concrete strength is 21MPa (3 ksi), and all
reinforcement steel is Grade 400 (60 ksi) meeting A615M. Full composite action was
achieved by the use of 22.2mm (7/8”) diameter shear studs meeting AASHTO 169 and

ASTM A108 standards.

| 13210 mm
| ;
| 12150 mm |

: ———
— T L ) ' I

£ £
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S 3
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2

——=2660 mm——™

Figure 5: Typical Cross-Sectional Dimensions

The welded plate girders have webs consisting of 1727mm by 13 mm plates and
flanges ranging from 610mm by 27mm to 610mm by 83mm plates (webs are 67.5” by
¥2". and flanges ranging from 24” by 1” to 24” by 3'4”). All steel plates are 345MPa (50
ksi.) meeting AASHTO M270 and ASTM709 requirements. All welding is per AWS 1.5-
2002, The girders were cambered to offset dead load deflections and vertical curves.

Details of a typical girder are shown in Figure 6 and Figure 7.

Some key characteristics of this bridge are its relatively small radius of curvature,
which is as low as 136.85m (449’), and its high superelevations, which reach differences
of over 1 meter across the 13.2m deck (3.3ft. in 43.2 ft.). The girders were fabricated by
PDM Bridge, PLL at their Palatka (FL) facility and all tolerances were checked by TDOT
inspectors before they were shipped to the site. Figure 8 shows a typical detail of the

single-piece intermediate cross-frames employed for this bridge. Figure 9 shows a



partial view of the sweep of the top flange and camber profile for one of the girder field

sections. The full engineering drawings of the bridge are available in the electronic data

archive for NCHRP 12-79.
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Figure 6: Typical Plate Girder Details (Fabrication Drawing from PDM)
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1.4 Project Tasks
The project consisted of the following tasks:
Task 1: Instrumentation Plan: This task entailed the development of an instrumentation
plan to ensure that the sensors would provide the resolution and robustness necessary

for this field application. Details of this task are given in Chapter 2 and in Appendix A.

Task 2: Coordination with Fabricator and Construction Company: A series of meetings
and teleconferences were arranged with the fabricator (PDM), the contractor (Bell
Construction), and the erector (Powell Erectors) to coordinate efforts throughout the
project. The objectives of this task were two-fold: (a) minimizing impact of the
instrumentation during erection, and (b) coordinating installation of the instrumentation

between time of delivery of the girders to Nashville and their erection.

Task 3: Acquisition of Hardware: Because of the short time lag between the granting of
the contract and the beginning of erection (less than one month), most of the
instrumentation was acquired from a sole source, Applied Geomechanics Inc. The

system was turnkey, incorporating wireless technology as described in Chapter 2.

Task 4: Installation and Verification of Hardware: Initially the largest portion of the
instrumentation was to be done at the fabricator’s shop in Florida, prior to shipping of the
girders. Due to the very tight delivery schedule and the sequence of fabrication, this
turned out to be impossible and all instrumentation after the first week of the project took

place in Nashville, as described in Chapter 2.

Task 5: Data Acquisition at the Fabricator’s Yard. The original project contemplated a
number of tests on individual and pairs of girders to be conducted at the fabricator’s yard
to obtain baseline readings with the girders both in their cambered, no-load condition

and under simplified lifting situations. This data set was to be correlated to FE studies to

11



ensure that reasonable readings were obtained. Unfortunately, for the logistical reasons
described above, it was only possible to carry out this task for two of the first sets of five

girders. As a result, baselines for the data had to be back-calculated.

Task 6: Verification of Instrumentation at Site: The instrumentation was checked as the
girders arrived at the construction site to verify it was working well and to make any

necessary repairs possible before erection began.

Task 7: Erection and Construction Monitoring: As construction progressed, the
instruments were monitored and data acquired for a variety of erection and loading
conditions. Records were kept of the erection procedure, which sometimes differed
significantly from the original plans. This aspect of the project is described in Chapter 3
and Appendix E. The instrumentation tracked construction stresses through the end of
the casting of the slab. Some of the instrumentation was kept live for a period of several
months afterwards to assess long-term effects due to creep and shrinkage. The data

acquired during this period are described in Chapter 4 and in Appendices B and C.

Tasks 8: Proof Testing of the Bridge: Prior to the bridge opening to traffic, a static load
test of the bridge was conducted using trucks loaded with gravel. A large number of load
positions and combinations were used to assess the capabilities of different models to

predict live load distributions. These data are described in Chapter 5 and Appendix D.

Task 9: Correlation with Analytical Studies: The results of the field studies were
correlated with the results from advanced finite element analyses to determine the ability
of the different methods to predict the stresses and deflections. Comparisons between

analytical and measured stresses are given in Chapter 6.
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1.5 Report Organization

This report describes the instrumentation and data acquisition work on an eight-
span continuous, sharply curved steel girder bridge in Nashville, TN. The report is
divided into seven chapters and seven appendices. The first chapter presents a brief
description of the overall project. This is followed by chapters describing the
instrumentation procedures, the erection sequence, the experimental results for the
construction and live load testing phases, respectively, and the correlation of analysis
predictions with the measurements. The final chapter gives the main conclusions and
recommendations. Descriptions of the instrumentation, all the collected data, and the

original fabrication and erection plans are presented in the appendices.
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CHAPTER 2: INSTRUMENTATION OF THE GIRDERS

2.1 Introduction

The preliminary instrumentation plan was based on the best available information

at the time of the contract execution (December 15, 2009). As common in field

installations, this plan represented a compromise between maximizing the density of

instrumentation to obtain the best resolution of the data and minimizing both cost of the

equipment and installation time. A key requirement by the owner was that the

instrumentation work should not result in any additional construction costs or delays.

For the initial planning, the main constraints were that the GT team would have access

to the girders:

for only 72 hours for instrumenting at the Palatka (FL) PDM fabrication plant
before they were shipped each week,

for only a few minutes to conduct final checks at the construction site before they
were lifted from the trucks,

as soon as possible after the girders were installed and secured, but that access
would be subject to all construction site safety regulations as well as permission

of the erector.

In the end, several factors led to drastic changes to the instrumentation plan in the field.

The two main factors impacting the plan were:

The girders were being fabricated and finished in a just-in-time fashion by PDM;
the planned 72 hours of access to the girders at the Palatka plant were clearly
unfeasible from the first week. After the first two weeks, all instrumentation was
shifted to a storage site on 1-840 south of Nashville. In general the team had

access to the girders for less than 12 hours before they were shipped from this

14



storage facility to the site for erection. This meant that the team had to work
nights and in less than ideal conditions for robust instrumentation.

o The original erection scheme, as conveyed to the GT team (see Appendix E),
consisted of lifting two longitudinal girders simultaneously. This meant that in the
original instrumentation plan little or no splicing of cables would be needed and
that the placement of the junction boxes would be considerably simplified. In the
end, the girders were erected individually and in a sequence different from
originally proposed. The resulting primary problem was that extensive splicing of
cables was needed. As well known, any splicing of cables has the potential for
individual failure as well as errors in placement of the individual cables. The latter
was a particular concern in this project as 60-pin connectors were used, requiring

extreme care and patience in their fabrication.

These problems were not surprising, as any field instrumentation project will have
similar issues. In the end, the excellent cooperation between TDOT, Bell Construction
and its subcontractors, including Powell Erectors, meant that the project was completed

with minimal problems.

2.2 Gage Placement Design

The total number of instruments deployed (approximately 248) was the minimum
desirable so that a sufficient number of cross-sections along the bridge could be
instrumented. In the original experimental design 22 critical sections, each with 5 girders,
were considered as necessary to properly monitor the bridge during construction. At
each of these locations at least 8 strain sensors and 3 bidirectional tilt meters would be
needed on each girder to characterize the elastic distribution of strains if some measure
of the torsional and distorsional contributions were desirable (Figure 10). This total

number of sensors was far larger than possible both in terms of time and budget. In the

15



end, only 3 out of the 5 girder lines were instrumented, with a maximum of 6 strain
gages and 2 rotational devices used on each girder. The final number of sensors

represents less than 20% of the total desired.

F

Oop

B Vibrating wire

@ @ Clinometer
op

E

Figure 10: Desired instrumentation level for each girder

In the end, 214 vibrating wire strain gages and 34 clinometers were attached to
the bridge’s steel girders along 24 instrumentation lines. The instrumentation lines
consisted of sequential cross sections through the bridge along which the strain gages
and clinometers were installed. Figure 11 shows a plan view of the bridge with the spans
and instrumentation lines labeled. The configuration of the gages for each line of
instrumentation is shown in Figure 12 through Figure 17 where the small round symbols
numbered 1-6 indicate vibrating wire strain gages and the larger square symbols
numbered 7-8 indicate clinometers. The clinometers were moved as the construction

proceeded, as only 12 sensors of this type were available.

The numbers shown below the cross-section profiles in Figure 12 through Figure
17 indicate the girder (i.e., shipping piece) numbers. The bridge is five girders wide, and
the numbering begins at the inside of the curve for the first group of five shipping pieces,
proceeds to the outside of the curve, and then begins with the inside of the curve for the
next group of five shipping pieces. Each shipping piece is also assigned a letter, A-E,
and an additional number, 1-15. The letter designates the location of the shipping piece

within the bridge cross section, where A represents the girder line at the outermost curve

16



and E represents the girder line at the innermost curve. The final number represents the
sequence of the shipping piece along the length of the bridge, with 1 representing the
group of shipping pieces at the southern-most (starting) end of the bridge and 15
representing the group at the northern-most end of the bridge. All the spans contain two
shipping pieces except for span 8, which only contains one. For example, span 1
contains ten total shipping pieces, two for each of its five girder lines. The first group of
shipping pieces begins at 101E1 (referred to as girder 101, located at girder line E on
the inside of the curve) and ends at 105A1 (referred to as girder 105, located at girder
line A on the outside of the curve), while the second group of shipping pieces begins at
106E2 (referred to as girder 106, located at girder line E on the inside of the curve) and
ends at 110A2 (referred to as girder 110, located at girder line A at the outside of the

curve).

17
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2.3 Data Acquisition Systems

Two types of data acquisition systems were used. The first system was for the
sensors attached to the bridge, which consisted of vibrating wire strain gages (Geokon
Model 4000) and clinometers (Applied Geomechanics Model 904T). These sensors were
connected to multiplexer units (Applied Geomechanics Model 797) which were in turn
monitored by a datalogger (Campbell Scientific CR1000 Measurement and Control
Datalogger.). Datasheets for this equipment are included in Appendix A. This system

was powered by external solar cells that recharged internal batteries.

The other system consisted of a series of global displacement measurements

conducted with a robotic total station (Leica TCRP 1201).

2.3.1 Applied Geomechanics System

2.3.1.1 Geokon Model 4000 Vibrating Wire Strain Gage

The girder strains were measured using vibrating wire strain gages (Figure 18).
The vibrating wire gage uses a known length of steel wire that is tensioned between two
mounting blocks. The blocks are welded to the steel surface being studied, which in this
case is the steel girder, using an alignment jig (Figure 19). In turn, the gages are
attached to the mounting blocks with set screws. The measuring system works by
monitoring the change in vibration frequency of the wire as the mounting blocks move

relative to one another in response to strains in the base material.
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(a) View
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(b) Schematic
Figure 18: Vibrating Wire Strain Gage (Geokon, Inc.)

Vibrating wire sensors have numerous advantages over conventional electrical
resistance strain gages, primarily in terms of robustness, long-term stability, and
absence of zero shifts due to connection and disconnection of cables. Their main
disadvantage is that tracking of temperatures is necessary as temperature changes
result in elongation or contraction of the sensing wire. Vibrating wire gages are ideal for
monitoring small changes in strain under static loading, but are not suitable for

measurement of dynamic or rapidly changing strain.
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Figure 19: Jig used to ensure proper alignment of nuts for strain gage

Once the gage is securely attached to the girder, an initial reading is taken. If the
initial support conditions are known, the initial reading can be used to determine the true
zero reading, which is the nominal reading when the strain is zero. Readings are taken
at regular intervals as loads are applied to the structure. If the true zero reading is
known, these additional readings can be used to determine the absolute strain at that
location in the structure due to the particular loading. If the true zero reading is not
known, the subsequent readings can be used to determine the change in strain
associated with changes in loading. Based on the assumption of linear elastic behavior,
the strains (both absolute and relative) can be converted to stresses using Young’s

modulus of elasticity (E).

Each vibrating wire strain gage also contains an internal thermistor, or
temperature probe. This measurement is needed to eliminate the effects of changes in
ambient temperature. The thermistor gives a varying resistance output, which is

converted to a temperature reading.

2.3.1.2 Applied Geomechanics Model 904T Clinometer

The Applied Geomechanics 904T clinometers are biaxial gravity referenced tilt

meters (Figure 20). They are electrolytic tilt sensors comprised of a glass vial containing
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a conductive liquid and five platinum-clad electrodes. AC resistance is measured along
different paths through the sensor. As the sensor tilts, the liquid covers and uncovers the
electrodes, changing the resistance. The arrangement of the electrodes allows the
electronics to determine the direction and magnitude of rotation in two orthogonal
vertical planes (X and Y). A temperature sensor is also included in each clinometer pack.

The Model 904-TS used has a range of £25° with an accuracy of 0.01° (0.000175 rad.)

Bl S s Aif bubble

lectrode

4
P -
Electro
Tube with
Electrolytic
Solution

Figure 20: Clinometer in enclosure and working principle

Each clinometer is calibrated individually and a scale factor is determined by the
manufacturer. It is also possible to measure and remove the bias, which is defined as
the difference between the true angle and the angle reported by the clinometer when it is
level. The bias is a constant value that is different for each clinometer, and is subtracted
from the reported angle to obtain the true angle. It was determined that because the
girders were not level or at a known angle when the clinometers were installed, it would
not be possible to determine the absolute angle of the girder even with the bias
corrected. For that reason, the bias was left in place and the data were used to

determine changes in angle during different construction stages.
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2.3.1.3 Applied Geomechanics Model 797 Multiplexer Unit

The Applied Geomechanics Multiplexer Unit allows simultaneous measurements
of up to ten biaxial tilt meters and 32 vibrating wire strain gages. The unit routes power
to the gages and clinometers and sequentially multiplexes their signals into common
input terminals that are routed to the datalogger. The multiplexer is rated for

temperatures ranging from -25° to +50°C.

2.3.1.4 Campbell Scientific CR1000 Measurement and Control System

The Campbell Scientific CR1000 Measurement and Control System can measure
any sensor with an electrical response, making it ideal for the vibrating wire strain gages.
The data are stored in the unit's 4MB memory until it can be transferred to an external
storage device such as a notebook computer via a wireless system. A benefit of the
CR1000 system is that when data are transferred to an external device, the files are
copied rather than moved. This allows multiple users to have access to the system
without compromising data or needing to coordinate data collection activities. If the
system runs out of memory the oldest data files are overwritten first, minimizing the
likelihood of overwriting data before they have been copied to an external storage

device.

2.3.2. Leica TCRP 1201+ Robotic Total Station

The Leica TCRP 1201+ is a quick, easy to use total station with a range of over
1000 meters. The total station can be set up and operated by one person, and requires
less than five seconds to collect a measurement. The total station was used in
conjunction with reflective targets placed at key points on the bridge girders. Figure 21
shows the total station and some of its support equipment, including a reference target,

power supplies, and carrying cases.
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Figure 21: Leica total station and support equipment

2.4 Field Instrumentation of Girders

2.4.1 Gage Attachment Procedure

The steel girders were fabricated at a large fabrication plant owned by PDM
Bridge, LLC in Palatka, Florida. The initial plan called for instrumentation of the girders to
take place at the fabrication plant prior to their arrival on site, but due to fabrication
delays this could only be done for the first span, consisting of girders 101E1-110A2. For
most of these girders, manual readings of the strain gages were taken at the plant and

the locations of the supports were recorded; thus true zero readings could be found.

For the rest of the girders, the instrumentation was installed in Nashville,
Tennessee shortly before erection of the girders. In this case, installation of the gages
occurred while the girder was on the delivery truck. The locations of the supports,
including wood blocking and clamps from the crane, were measured and a manual
reading was taken before the girder was lifted. Girders 115A3 and 120A4 were on the

instrumentation plan but arrived at the site immediately prior to erection and could not be
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instrumented. For similar scheduling reasons, there were no manual readings taken for

girders 125A5, 130A6, 135A7, or 140A8 before they were erected.

The location of each strain gage was measured with a ruler and triangle and
marked with chalk. The nuts were welded to the girder first, and then the strain gage was
inserted and secured in place. A jig, shown in Figure 19, was used to ensure that the

nuts were welded onto the girder at the proper spacing and alignment.

Support brackets for the clinometers were similarly located and welded onto the
girders. Figure 22 shows a girder after welding of the nuts and bracket is complete but
before installation of the sensors. As shown in the figure, strain gages are installed
toward the top and bottom of the web and the clinometer is located at the center of the
web. Figure 23 shows a girder with the instruments installed. Cables were secured to the
girder to prevent them from catching on anything during construction and to minimize
visibility of the instrumentation from the ground. This was initially done using duct tape,
but after the erection of the first span, a switch was made to adhesive backed plastic

clips and zip ties.
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Figure 22: Nuts for two strain gages and support bracket for clinometer have been welded to the
girder and are ready for installation of the instrumentation

Figure 23: Girder with one strain gage and one clinometer installed
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2.4.2 Data Acquisition Boxes

The data acquisition boxes were first mounted to a wooden frame, which was
then attached to the girder. Typically each wooden frame held three boxes, one housing
the datalogger and two housing the multiplexers for a set of clinometers and vibrating
wire strain gages, respectively. A schematic of the boxes and their interconnections is
shown in Appendix A, and a photo of an installed set of boxes is shown in Figure 24. On
girders holding one of these sets of boxes, the gages could be connected and readings
taken immediately upon installation, allowing for data collection during the erection of the
girder. For all other girders, the connection back to the data acquisition boxes had to be
made after erection with the use of a scissors lift or aerial platform. Once this connection
was made, the data was collected via wireless transmission from the boxes. Figure 25 is
a view inside of one of the data acquisition boxes, showing the CR1000, a power supply,
and a radio transmitter. Figure 26 shows the downloading of data from one of the boxes

to a notebook personal computer.

Figure 24: Data Acquisition Boxes
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Figure 25: View inside one of the data acquisition boxes shown the CR1000, the power supply, and
the radio transmitter

b

Figure 26: Downloading of data remotely from one of the data acquisition boxes
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2.4.3 Electrical Power

Electrical power for the data acquisition boxes was provided from batteries
recharged from four solar panels positioned at the site. Figure 27 shows a solar panel
mounted at Bent No. 2. The total station also utilized rechargeable batteries which could

either be charged from a standard wall socket or from a small diesel generator.

Figure 27: Installation of solar panels at Bent No. 2

2.4.4 Target Placement

Reflective targets were attached to the girders in spans 7 and 8 in order to take
measurements with the total station, as shown in Figure 28. These were placed while
the girders were on still on the truck when possible, and after girder erection otherwise.
The targets were magnetic, so no adhesive was needed to attach them, but a silicone
sealant was applied around the edges of each target to help prevent weather damage.
Figure 29 shows the layout of the targets. Figure 30 shows an operator taking an initial

reading of a reference target before taking measurements of the bridge.
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Figure 29: Layout of targets used for robotic total station measurements of spans 7 and 8.
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Figure 30: Initial reading of reference target taken to orient the total station
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CHAPTER 3: CONSTRUCTION OF THE BRIDGE

3.1 Introduction

This chapter describes the construction phases through which data were

acquired.

3.2 Erection and Construction Procedure and Sequencing

3.2.1 Steel Erection

The erection procedure called for the use of a 175-ton crane, a 150-ton lattice
boom crane, and a 40-ton crane. The two larger cranes were to be used for lifting the
girders, with the use of spreader beams, while the 40-ton crane was to be used to hold a
girder in place to stabilize it until the cross frames could be attached to secure it to the

adjacent girder.

The order of girder erection for each span was driven by the site constraints and
the corresponding location of the cranes. Some changes to the original erection

procedure were made during construction, and are noted below.

Overview of Erection Procedure

Erection activities started at Abutment No. 1 on the southwest end of the bridge
on Saturday, January 16. Using cranes, spreader beams, round slings, Crosby Clamp-
Co. Model NS-25 25 ton capacity beam clamps, and other rigging, all the girder field
sections were positioned and spliced in the air. The crane placement was as shown in
Figure 31, from the preliminary proposal by Powell Construction, with the exception of a
few deviations as described in the following sections. This figure also labels the various
bents along the length of the bridge as well as the inside and outside girder designations

throughout the bridge, as explained above. The cranes used on the project included a
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KRUPP KMK 5175 175 Ton Hydraulic Crane, a P&H 9150 150 Ton (Lattice Boom) Truck

Crane, and a Grove TMS 300B 40 Ton Hydraulic Crane.

The erection proceeded each day during the weekends, and involved installing
two field sections for each span on each of the girder lines, with the second field section
cantilevering over the next bridge pier. A holding crane was used for release of the lifting
cranes until two girder lines were placed and connected by cross-frames. However,
generally after two girder lines were connected by cross-frames, no holding cranes were

used.

All of the fasteners were installed at the splices and at the cross-frame
connections during the assembly of the structure. Full tensioning of the bolts followed in
the subsequent days after the erection of the steel for each span, and prior to the
erection of the next span. The cross-frames were installed between girder lines by flying
them in with a smaller crane. After the first girder line was erected, generally the cross-
frames were installed one-by-one from the starting end of the bridge after each field

section was spliced to the previous field section.

Span 1

e The erection of the girders began on January 16, 2010 with span 1, starting with
the outermost girder, girder 105A1.

o Girder 105A1 was lifted by the 175-ton crane, as shown in Figure 32, and placed
on the abutment at the start of the bridge. After this, it was held in place by the
175-ton crane and the 40-ton crane (see Figure 33).

e At this stage it was realized that the 40-ton crane did not have sufficient capacity

to boom out to the required positions, and was replaced by a larger truck crane.
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Figure 31: Site plan showing crane location
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Figure 32: Lifting of Girder 105A1

Figure 33: Holding of Girder 105A1 by the 175-ton and 40-ton cranes

Girder 110A2 was then hoisted using the 150-ton boom crane with a 40 foot long

spreader beam, as shown in Figure 34.
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Figure 34: Lifting of Girder 110A2

e The splice between girders 105A1 and 110A2 was bolted. Figure 35 is a photo of

Girders 105A1 and 110A2 at this stage of the erection.

Figure 35: Girders 105A1 and 110A2 located on supports, spliced together, and held by cranes

42



Cribbing was placed under girder 105A1, as shown in Figure 36, allowing the
175-ton crane to be released to lift girder 104B1. Note that the cribbing was not

indicated in the erection plan.

Figure 36: Cribbing under Girder 105A1

After girder 104B1 was hoisted into position at the abutment, the cross frames
between 105A1 and 104B1 were installed. Figure 37 shows the first three girders
erected with the first cross frame in place between girders 104B1 and 105A1.
Figure 38 shows all of the cross-frames installed between these field sections.
The cross-frames were generally installed one-by-one in progression from the

starting end of the field sections.
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Figure 37: One Cross Frame Attached Between Girders 104B1 and 105A1

At this time the crane holding girder 105A1 was released and relocated to girder
104B1. The 150-ton lattice boom crane was cut loose from girder 110A2 and

used to hoist girder 109B2, shown in Figure 39.

Figure 38: All Cross-Frames Attached Between Girders 104B1 and 105A1.
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Figure 39: Lifting of Girder 109B2

The splice between girders 104B1 and 109B2 was made, as shown in Figure 40,
and the cross frames between girders 109B2 and 110A2 were then connected.

This completed the erection operations on January 16.

Figure 40: Workers Splicing Girders 109B2 and 110B1
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e Girders 103C1 and 108C2 were erected in a similar manner but without the use
of the holding crane (see Figure 41 and Figure 42). (The erector determined that
the holding crane was unnecessary after the cross frames had been installed

between the first two girder lines.)

Figure 41: Placement of Girder 108C2

Figure 42: View showing two cranes holding the third girder line while making the splice between
103C1 and 108C2
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On January 18, 2010 girders 102D1, 107D2, 101E1, and 106E2 were installed in
that order in a similar manner to those erected the previous day.
During the weekend of February 27-28, data collection box 2 was removed from

span1, girder 110A2 so that it could be installed on span 7.

Span 2

The second span was constructed on January 23, 2010, using similar procedures
to span 1.

The only notable difference in the erection of span 2 is that the spreader beams
used during construction of the first span were replaced with lifting straps. The
lifting straps were used for the remainder of construction for all spans.

Starting with the outside girder line, girder 115A3 was lifted and spliced to girder
110A2.

Girder 120A4 was then lifted and spliced to girder 115A3, as shown in Figure 43.
A separate 175-ton holding crane was attached to girder 115A3 so that the 150-
ton lattice boom crane could be released to lift girder 114B3, as shown in Figure

44,
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Figure 43: Positioning of girder 120A4 in Preparation for Splicing to Girder 115A3

Girder 114B3 and 119B4 were then erected using the same steps. Figure 45
shows the use of a come-along between girders 120A4 and 119B4 during the
installation of the cross-frames. The remaining three girder lines were then
installed to complete span 2. Figure 46 shows the installation of the bearing line
cross-frame between girders 119B4 and 118C4. Figure 47 shows the installation
of cross-frames between Girders 117D4 and 116E4. The bearing line cross-
frames were installed as multiple pieces, whereas the intermediate cross-frames

each were a single piece.
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Figure 44: 150-ton Lattice Boom Lifting Crane Being Released from Girder 115A3

Figure 45: Use of a come-along between girders 120A4 and 119B4 near Bent 1
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Figure 46: Installation of bearing line cross-frame between girders 119B4 and 118C4 at Bent 1
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Figure 47: Installation of cross-frames between Girders 117D4 and 116E4
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Span 3

e The erection of the third span was delayed due to snow conditions in Nashville.
The girders were originally supposed to be erected on January 30-31, 2010 but
did not get erected until February 6-7.

o The erection plans called for this span to be completed in the opposite order of
the first two, that is, from the inside span to the outside span. This was changed
on site and the construction took place in the same order as the previous two.

o Erection began with girder 125A5, hoisted by the 175-ton crane, which was

spliced to girder 120A4 as shown in Figure 48.

Figure 48: Positioning of Girder 125A5

e Girder 130A6 was then hoisted over bent 3 by the 150-ton lattice boom crane,

shown in Figure 49, and spliced to girder 125A5.
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A holding crane was placed on girder 125A5, allowing the lifting crane to be
released to hoist girder 124B5, as shown in Figure 50. Figure 51 shows the
positioning of girder 124B5.

Girder 124B5 was then spliced to girder 119B4 and the cross frames were
installed between girders 124B5 and 125A5, after which girder 129B6 was lifted.
Once girder 129B6 had been spliced to girder 124B5 and the cross frames
attached between girders 129B6 and 130A6, the erection continued without the
use of a holding crane as with the previous two spans.

The span was completed with the erection of girders 123C5, 128C6, 122D5,

127D6, 121E5, and 126E86, in that order.

Figure 49: Positioning of Girder 130A6
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Figure 50: View showing girder 125A5 being stabilized by a holding crane and the lifting crane
released to pick girder 124B5

Figure 51: Positioning of Girder 124B5
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Span 4

Span four was erected on February 13-14, 2010, beginning with the inside girder
line (E) and ending with the outside girder line (A). This opposite sequence of
erecting the girders was necessary due to site constraints on the crane
placement. Figure 52 shows the position of the 175-ton crane on the south
shoulder of Interstate 40 just prior to the start of the erection of Span 4.

The traffic was controlled on Interstate 40 during this erection stage using rolling
road blocks.

The original plan called for the use of a shoring tower for this span, but one was
not used.

Erection started on February 13 with the girders on the inside of the horizontal
curve, 131E7 and 136E8, with girder 136E8 sitting over top of bent 3. Figure 53
shows the lifting of girder 131E7 and Figure 54 shows the splicing of girders
131E7 and 136ES8.

Each of the girders was lifted by a single crane, which held the girders in place
while they were being spliced.

A holding crane was attached to girder 131E7 to allow the lifting crane to be
utilized for the lifting of girder 132D7.

Cross frames were then erected between girders 131E7 and 132D7.

Girder 137D8 was installed in a similar manner, followed by the cross frames
between girders 136E8 and 137D8.

Girders 133C7, 138C8, 134B7, 139B8, 135A7, and 140A8 were erected in the

same manner, but without the use of holding cranes.
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Figure 52: View of the175-ton lifting crane located on the south side of 1-40 just prior to the lifting of
girder 131E7 (Photo taken from the Robertson Ave. bridge)
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Figure 53: Lifting of Girder 131E7

Figure 54: Splicing of Girders 131E7 and 136E8
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Span 5
e Span 5 was erected on February 20-21 2010, starting with the outside girder line
(A) and ending with the inside girder line (E). Figure 55 shows a view of the

erection with girder 150A10 being spliced to girder 145A9.

201002320 08:38:38

Figure 55: View of Span 5 with girders 145A9 and 150A10 up, with the lifting cranes still engaged,
and with the holding crane attached to 145A9

o As with span 4, the traffic on I-40 was controlled during erection through the use
of rolling road blocks.

o Also as with span 4, the plans called for use of a shoring tower, but none was
utilized.

e The erection procedure was similar to that of the previous spans.
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Span 6
e Span 6 was erected on February 27-28, 2010, starting with the inside girder line
(E) and ending with the outside girder line (A).
e This span was completed in the same manner as the previous spans, starting
with girders 151E11 and 156E12, as shown in Figure 56, and continuing the
span with 152D11, 157D12, 153C11, 158C12, 154B11, 159B12, 155A11, and

160A12.

Figure 56: Connection of Girder 156E12 to Girder 151E11

Span7
e Span 7 was erected on March 6, 2010.
e Due to the relatively long cantilever of the girders over Bent 6 during the erection,
a shoring tower was erected just north of Urbandale Avenue.
e Erection began with the inside line (E) and continued until the outside line (A)

was installed.
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Girders 161E13 and 166E14 were erected first, and their splices made.

A 40-ton holding crane was used for girder 161E13 during the lifting of girder
162D13.

Girder 162D13 was aligned and spliced to 157D12, and the cross frames
between girders 161E13 and 162D13 were installed. Figure 57 shows the state
of construction after the erection of girder 162D 13, with girder 166E14 resting on
the shoring tower.

Girder 167D14 was lifted into position next and spliced to girder 162D13, as

shown in Figure 58.
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Figure 57: View of Shoring Tower after Placement of Girder 162D13
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Figure 58: Lifting of Girder 167D14

The cross frames between 167D14 and 166E14 were then installed.

From this point forward, none of the girders were in physical contact with the
shoring tower.

Span 7 was completed with the installation of girders 163C13, 168C14, 164B13,
169B14, 165A13, and 170A14 erected in the same manner.

Cribbing was placed between the top of the shoring tower and the bottom of the
girders to help restrain the cantilever span from oscillating during the subsequent

week due to potential wind gusts, as shown in Figure 59.
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Figure 59: Cribbing Placed Between Top of Shoring Tower and Bottom of Girders

Span 8

The girder erection was completed with span 8 on March 13-14, 2010. The
cribbing on the shoring tower from span 7 was removed and the shoring tower
was dismantled before erection of span 8 began, as shown in Figure 60.

The girders were erected from the outside girder line (A) to the inside girder line
(E).

Girder 175A15 was hoisted first and spliced to girder 170A14. At this time it was
apparent that the girder was exhibiting twisting deformation as it approached the
support at bent 7, as shown in Figure 61. A come along, shown in Figure 62, was

used to restrain this twisting until the remaining girders were installed.
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Figure 61: Twisting in Girder 175A15
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Figure 62: View of come along on girder 175A15

The lifting crane was then released from girder 175A15 and girder 174B15 was
hoisted, spliced to girder 169B14, and set on the support at bent 7. Once the
process of attaching the cross frames between girders 174B15 and 175A15 had
started, it was noticed that a connection plate was missing from one of the
girders, as shown in Figure 63. Therefore, one of the cross frames could not be
fully connected.

The lifting crane was then released from girder 174B15, and used to hoist girder

173C15.
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o Girder 173C15 was spliced to girder 168C14 and the cross frames were attached
between girders 173C15 and 174B15.

e Girders 172D15 and 171E15 were erected in the same manner.

Figure 63: View of the cross frame with missing connection plate

3.2.2 Concrete Deck Formwork and Placement

Placement of the metal decking began on March 20, 2010. Decking was attached to
girders using a common light-gage strap detail, permitting adjustment of the deck
elevations relative to the top-of-steel of the girders along the spans. As observed in prior
research (Helwig, 1994), the attachment of the metal decking to the girders with this type
of detail nullifies any significant bracing of the top flange of the girders by the metal
decking. Placement of the metal decking was completed in mid- to late April. Setting of

the overhang brackets began on the weekend of March 27-28 and continued through
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May. The deck reinforcing steel was placed after the installation of the metal decking
was finished, and was completed in mid June. Details of the straps and angles used to
attach the decking are shown in Figure 64 through Figure 68. Figure 69 shows the top of
the bridge with a large amount of decking in place but before any reinforcing had been
placed. Figure 70 shows the overhang brackets supporting the formwork beyond the
outside girder. Figure 71 shows a portion of the bridge with all of the reinforcing in place

and the screed set up in preparation for concrete placement.
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Figure 64: Light gage metal strap attached to the top flange of fascia girder
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Figure 65: Light-gage metal strap attached to longitudinal light-gage angles on opposite side of
fascia girder
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Figure 66: Top view of strap detail showing metal deck forms screwed to light-gage angles
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Figure 67: View of attachment to light-gage angles from below

Figure 68: Strap, light-gage angles at flange tips, deck support angle welded to light-gage angles at
flange tips, and screw fastening of metal deck forms to support angle
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Figure 69: Metal decking partially installed

Figure 70: Concrete formwork supported by overhang brackets
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Figure 71: Reinforcing and screed in place, awaiting concrete

The initial plan called for concrete to be placed on spans 1 and 8 first, and
continue from each end until the two placements met in the middle. This plan was
changed in mid-June at the request of the contractor. The revised deck placement
sequence started with the positive moment regions of spans 6-8 for the first section. The
second section consisted of the positive moment regions of spans 1-3. The third stage
consisted of the negative moment regions of spans 1-3, and the fourth stage was the
negative moment regions of spans 6-8. The final stage included all of spans 4 and 5.
The concrete placement for each stage was scheduled to begin between 2:00 a.m. and
3:00 a.m. in order to complete the work before the hottest part of the day, as shown in

Figure 72.
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Figure 72: Concrete placement during coolest part of the day

The first stage of the concrete deck placement started around 3:00 a.m. on July
6, 2010. All of the concrete for the positive moment regions of spans 8, 7, and 6 were
placed in that order on July 6. Robotic total station measurements were taken of the
targets on spans 7 and 8 every half hour during that time. A final change to the schedule
combined the third, fourth, and fifth stages into one pour. On July 8, 2010, the concrete
was placed on the positive moment sections of spans 1, 2, and 3. After the last of the
positive moment regions had cured for a full week, all of the negative moment regions
were placed on July 15, 2012. Total station measurements of the bridge were taken

throughout this placement. The work was completed by 10:00 a.m.
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CHAPTER 4: FIELD MEASUREMENTS DURING CONSTRUCTION OF THE

BRIDGE

This chapter explains typical results acquired during the bridge construction. The

complete data set is shown in Appendices B and C.

4.1 Construction Stresses

The system was set up to record strain readings at varying intervals throughout
the construction process. While a girder was being erected, the boxes were typically
programmed to take readings every five or every ten minutes. It should be noted that it
was difficult for the vibrating wire gages to stabilize during some of these operations as
the gages are sensitive to traveling waves from impact and crane lifting. During intervals

where no construction was taking place readings were taken once every hour.

Readings recorded from the vibrating wire strain gages were returned as
resonance frequencies. This frequency was converted to a microstrain value using a
formula supplied by the manufacturer. Because linear elastic behavior could be
assumed for the bridge, it was possible to convert the microstrain readings to stress
readings through multiplication of the strain by Young’s modulus of elasticity (29,000

ksi). Figure 73 shows a sample calculation for a single data point.

There were several times when the solar panels were unable to function due to
low temperatures or snow. This caused the batteries to drain and power to the data
acquisition boxes to be cut off. Data during those time periods were lost, and several of

the batteries needed to be replaced as a result.
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Girder 106E2, Instrumentation Line 3, on 9/10/2010 at 15:09
Output 1 := 963.0057 Output 2 := 3204.334

1

Gage Temp := » — 2732 = 23446

(1.4051 10 T+ 236910 4-]11(Output_2) +1.019-10 7-1n(Output_2)3)

Gage_jue = (Output_1 — Wejpiiiar)-4-062-0.96 + (Gage_Temp — Tempypyiiq))-12 = 733.764

Gage Stress := Gage &- -29000ksi = 21.279 ksi

1-106

Figure 73: Sample calculation of stress and temperature

4.1.1 Data Collection Adjustments

Because of equipment shortages and other construction constraints, some
changes to the data acquisition system occurred during the project. Box 2 originally read
data from gages on girders 105A1, 110A2, 115A3, and 120A4. This box was
disconnected on February 20, 2010, more than halfway through the steel erection, and
moved to the other end of the bridge. It was reinstalled on span 7 on the morning of
March 7, at which point it was reading data from gages on girders 165A13 and 170A14.

Once girder 175A15 had been erected it was also connected to box 2.

Box 6 was taking erroneous temperature readings throughout the entire testing
period. The data from this box, which included girders 161E13, 167D14, and 171E15,
were corrected by replacing the temperature data with that from two other boxes. The
temperature readings were replaced by those from gages experiencing similar sun and

wind exposure in order to come as close as possible to the actual temperature.
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4.1.2 Change in Stress Due to Temperature

There was a clear correlation between temperature and stress. Figure 74 shows
graphs of both stress and temperature from girder 170A14 over a 36 hour period in June
2010. These data were taken at a time when all of the girders had been erected, and
most of the concrete formwork was in place. No concrete had been placed on the bridge
at that time. The only significant changes in the loading to the bridge during that time
were due to temperature fluctuations. The maximum temperature fluctuations measured
ranged from about 75°F to 104°F for the south top flange; for the same period, a nearby
meteorological station reported temperatures ranging from 76° to 94°F. Spot checking of
this type indicated that most thermistors were working properly and that reliable

temperature corrections could be made to the data.

The data from Figure 74 also indicate that appreciable changes in stress
occurred due to these temperature changes. These stresses are produced by the
inherent restraints at the support locations as well as by the variations in the
temperatures throughout the structure. The magnitude of these changes varied, with the
south top flange undergoing a total change of about 5.5 ksi from about 6AM to 5PM.
This magnitude can be considered a typical result except for situations where very large

changes in air temperature occurred.

In Figure 75, two periods with significant changes are observed. The first period
(6AM to 3PM on 3/13/2010) coincides with the removal of the shoring tower from Span 7
(about 6-7AM), initial lifting of girders 175 (about 10-11AM) and 174 (about 3-5PM) and
subsequent bolting of the cross frames. After this, the strains remain almost constant
through the night. The second period (about 6AM to 2PM on 3/14/2010) represents the

erection of the rest of span 8. As the temperatures at midnight on 3/13 and 3/15 are
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roughly the same, the vertical shift in the stresses (about 1.5 ksi for the South top flange)

can be considered to be the result of the erection process.
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Figure 74: Change in stress and temperature over 36 hours
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Figure 75: Change in stress of girder 165 during construction of span 8
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4.1.4 Change in Stress During Concrete Placement

Strain readings were taken throughout the concrete placement process. Of
particular interest were spans 1 and 8. Unfortunately, an error occurred with Box 2 and it
did not record any strain or clinometer data from June 24 to July 14, 2010. This includes
the first three out of five days of concrete placement. Figure 76 shows the temperature

and change in stress in girder 155 during the first round of concrete placement.
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Figure 76: Change in stress and temperature in girder 155 during stage 1 of the concrete deck
placement
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4.2 Vertical Displacements During Construction

Vertical displacements were measured using the total station. The total station
was set up on the sidewalk on the west side of Urbandale Avenue on the south side of
the bridge, and the location of the total station was permanently marked on the ground to
ensure proper alignment of all measurements. From that location up to 22 targets were
visible, with the exact number depending on the location of construction equipment and
the movement of the bridge relative to formwork. For readings taken at night time a high

powered flashlight was needed in order for the total station operator to locate the targets.

4.2.1 Vertical Displacements Due to Changes in Temperature

A forty-eight hour long experiment was conducted on June 10-12, 2010 during
which readings were taken with the robotic total station at regular intervals. Readings
were taken every half hour during the day and every hour at night when the assistance
of a flashlight was necessary to see the targets. The primary purpose of this experiment
was to determine the temperature effects on the bridge by recording the displacements
of the targets. At this time, all of the girders were erected, the metal decking was all in
place, and the construction crew was in the process of installing the rebar in preparation
for the concrete placement. Movement of the girders was evident during this test. One
target on the web of the outside girder was visible through the total station at some
points during the day, and as the bridge expanded it would slowly move to where it was

covered by some of the formwork.

Figure 77 shows selected data from the June readings. All targets included in this

example are located on the bottom flange of the girders.
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Figure 77: Vertical deflection due to change in temperature

4.2.2 Vertical Displacements During Concrete Placement

Figure 78 shows the vertical deflection of the girders during the placement of the

first section of concrete, which was on span 8. It should be noted that the target which
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was directly over the pier at bent 6, labeled 170 near 165, did not deflect any significant

amount, as expected.

==@==165 at midspan
== 170 near 165
=== 170 at midspan
=== 170 near 175
=ie=175 near 170
===175 at midspan

7/6/2010 15:00

7/6/201012:00

7/6/2010 9:00
Time

7/6/20106:00

Vertical Deflection of Exterior Girders During First Concrete Placement

7/6/20103:00

(seyour) uonaeyeq

Figure 78: Vertical deflection of exterior girders during first concrete placement
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CHAPTER 5: FIELD MEASUREMENTS DURING LIVE LOAD TESTING OF

THE BRIDGE

5.1 Introduction

After construction was completed, but before the bridge was opened to traffic, a
live load test was conducted. This was completed using ten dump trucks. The trucks
were loaded with gravel to a weight of approximately 72 kips each. The trucks were
weighed in the morning before the test and again afterward. The locations and

magnitudes of the forces applied by the trucks are shown in Figure 79.

19.45946 kip 13.62162 kip 19.45946 kip
19.45946 kip

Figure 79: Force distribution of truck used during live load testing

Four loading conditions were devised with the objective of achieving the
maximum major-axis moments and deflections using two lines of five trucks each, with

each of the individual lines placed in the center of a given span. Each loading condition
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was to be repeated for each span of the bridge. The loading conditions are identified by
a letter, indicating the configuration of the trucks, and a number, indicating the span. For
example, load C3 refers to loading condition C centered on span 3. Due to time
constraints, truck configuration A was eliminated from the plan the morning of the live

load test.

Targets for the robotic total station were already in place on spans 7 and 8 from
measurements taken during construction. It was deemed beneficial to have deflection
measurements taken at both ends of the bridge, however, so additional targets were
installed on span 1 before the start of the test. The truck locations were measured on the
bridge using a 100 foot tape measure. The locations were marked using twine and spray
paint. For each loading condition, the trucks were driven into place one at a time, and
then stopped. The trucks were not moved until the robotic total station team had
measured all of the targets, and the data acquisition boxes had collected at least two
readings. Before the start of the test the data acquisition boxes were reprogrammed to

collect data every 3 minutes.

5.1.1 Loading Condition B

For loading condition B, one line of trucks was placed as close as possible to the
outside curve of the bridge. The second line of trucks was located approximately at the

mid-width of the bridge cross section, as shown in Figure 80.

5.1.2 Loading Condition C

For loading condition C, one line of trucks was placed as close as possible to the
inside curve of the bridge. The second line of trucks was located approximately at the

mid-width of the bridge cross-section, as shown in Figure 81.

82



5.1.3 Loading Condition D

For loading condition D, one line of trucks was placed as close to the inside
curve of the bridge as possible. The second line of trucks was placed on the next span

as close as possible to the outside curve of the bridge, as shown in Figure 82.
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Figure 80: Truck positioning for load case B
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Figure 81: Truck positioning for load case C
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Figure 82: Truck positioning for load case D
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5.2 Live Load Test

The Leica total station was placed at span 8 in the position it had been in for the
construction readings. A second total station was rented and set up near span 1. The
plan was to start the test with span 1 and move on to span 2 once all three truck
configurations had been done. This was based on the assumption of two working total
stations, one at each end of the bridge. It was discovered shortly before the start of the
test that the total station near span 1 was incompatible with the targets being used.
Rather than move the Leica total station, which was already in place at span 8, it was
decided to start the test with span 4. The total station was used to take a set of readings

before the start of the test to get a zero reading for the bridge deflections.

The test began with loading B4 at 7:30 a.m. Because the center of the bridge
was out of range of both total stations, the trucks only needed to stay in place long
enough for the computer to collect two readings from the strain gages. Each loading
condition took between ten and twenty minutes, including aligning the trucks and
collecting data. Beginning with loading C5 total station measurements were incorporated
into the procedure, which had very little impact on the overall time needed for each

configuration.

It began raining around 11:15 a.m., while the trucks were in configuration B8.
The test needed to be stopped temporarily until the rain stopped in order to avoid
damaging the total station. The trucks were removed from the bridge during the break.

Testing resumed in configuration B8 at 12:45.

After testing was completed for span 8, the trucks were moved off of the bridge
and the total station took an additional set of zero readings. The total station was then

moved to span 1, where a new set of zero readings was taken.
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The live load test began again with loading B1 at 2:09 p.m. Due to the rain delay,
configuration D was eliminated from the plan for spans 1-3, as was loading condition C
on span 3. Testing concluded at 3:00 p.m., at which time the trucks were moved off of
the bridge and a final set of zero readings was taken. The trucks were weighed again

before they were unloaded.

5.3 Live Load Stresses

Figure 83 shows the live load stresses in girder 170A14 throughout the live load
test. The load cases have been labeled on the graph. Only two readings are highlighted

for each load case, though most of the loadings were in place for longer than that.

5.4 Live Load Displacements

Figure 84 shows the vertical deflection in girder 170A14 due to the live load. The
trucks were removed from the bridge between loadings D7 and B8 so that the zero

reading could be taken.
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Figure 83: Stress in girder 170A14 during live load test
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CHAPTER 6: COMPARISON OF PREDICTED VS. MEASURED BRIDGE

RESPONSES

This chapter first describes the finite element model and analysis of the bridge.
The following sections then compare the stresses and deflections predicted by the FEA
model with the measurements taken by the strain gages and robotic total station during

the construction of girder 170A14 and during several stages of the live load test.

6.1 Finite Element Analysis Model
The 3D FEA test simulations were conducted using ABAQUS 6.10 software

(Dassault Systemes 2010) and included all of the important nominal behavioral
characteristics of the curved steel composite I-girder bridge. Figure 85 shows an
example 3D FEA representation of a portion of an I-girder bridge for elastic geometrically
linear (linear elastic) or geometrically nonlinear (second-order elastic) analysis solutions
(courtesy of Dr. Cagri Ozgur). All of the bridge components were modeled at their
nominal physical geometric locations using their nominal physical dimensions, with the

exception that the webs are modeled between the centerlines of the flanges.

The webs are modeled using 12 S4R elements through their depth. The number
of elements along the girder length is selected such that each shell element has an
aspect ratio close to one. The S4R element is a 4-node quadrilateral displacement-
based shell element with reduced integration and a large-strain formulation. Five
integration points for the webs of the steel I-girders are used through the thickness of the

shell elements.

The flanges of the girders, and the transverse stiffeners (bearing stiffeners,
intermediate transverse stiffeners, and cross-frame connection plates) are modeled

using the B31 element, which is a two-node beam element compatible with the S4R
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shell elements. Cross-frame diagonals are modeled with T31 truss elements while the
top and bottom chords are represented by B31 beam elements to maintain the stability
of the cross-frames in the direction normal to their plane (since the middle joint of the
inverted V-type cross-frames depends on the bending stiffness of the top chord for

stability of the chord).

Top chord
. (B31)

Top flange lateral
bracing (T31)

(831) T

Top flange
(B31) e

Diagonals_..-~<.. |

(T31)

" Longitudinal stiffeners
(831)

Bottom flange ...~

(B31) Section transition

Girder webs
(S4R)

Bottom chord
(B31)

Figure 85: Simulation model

The cross-frame elements are connected to girder webs at the intersection of the
centerline of the cross-frame member and the girder web. Longitudinal stiffeners are
modeled by using the B31 element. If the elevation of the longitudinal stiffener does not
coincide with the web nodes, the “linear” multi-point constraint is used to introduce a new
node to define these elements. Lastly, if a flange-level lateral bracing system is used,
these members are modeled with T31 truss elements. These truss elements, which

represent the flange lateral bracing members, are connected to the girder flanges at the
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web-flange juncture, which is typically the designed work point used in practice. For the

elastic analyses the modulus of elasticity of the steel is taken as 29000 ksi.

Bearings are modeled as a point vertical support at the web-flange juncture since
beam elements are used to model the flanges (the beam element kinematics enforces a
linearly varying displacement across the width of the flange). The girder model is
generally free to rotate about the point support location, and horizontal displacement
constraints representing guided bearings are placed at the point support location. The
substructure is modeled as a rigid support, including any temporary towers for

construction.

6.2 Erection of Girder 170A14
Girder 170A14 was erected on March 7, 2010 from approximately 11:30am to

12:00pm. Data acquisition Box 2, which had been removed from girder 110A2 on
February 27, was reinstalled on girder 170A14 prior to lifting. This allowed the gages to
be connected and initial readings to be taken before the girder was lifted into place. The
strain gages were programmed to take readings every three minutes during the lifting
and connection of the girder. Once the girder was fully connected, the programming was

adjusted to take readings every hour.

6.2.1 Lifting

The first set of plots show a comparison of the predicted and measured stresses
at four locations on the girder cross section during the lifting stage (shown in Figure 86

and Figure 87).
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Figure 86: Girder 170A14 being lifted

Figure 87: Girder 170A14 being lifted
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Figure 88 shows the four locations on a typical girder cross section. The points
used for the comparison were point A, the tip of the top flange located at the outside
radius of curvature of the girder, point B, the tip of the top flange located at the inside
radius of curvature, point C, the tip of the bottom flange located at the outside radius of
curvature, and point D, the tip of the bottom flange located at the inside radius of
curvature. The strain gages were placed at three cross sections of girder 170A14: 1L20,
IL21, and IL22 (shown in Figure 11). The data from the strain gages were extrapolated
from the strain gage locations to the tips of the flange assuming a linear strain

distribution.

Figure 88: Comparison locations on girder cross section

Figure 89 compares amount of stress in the bottom flange of girder 170A14
predicted by the FEA model (solid lines) with the beam being held by the crane near
locations 0.855 and 0.895 and the stresses derived from the strain gage outputs. The y-
axis refers to the difference between the stress in the girder in the resting position on the

delivery truck and the stress experienced while being lifted by the crane. The crane
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moved the girder continuously from the truck to the connection location, so it was not
possible to isolate a single reading from the strain gages. Instead, all of the readings for
a particular gage between 11:30am and 12:00pm have been plotted in a single vertical
line. The difference between the minimum and maximum measured values for point D
correlate well with the change in stress predicted by the FEA model, showing the same
sign and magnitudes within 0.75 ksi of the expected values. The corresponding
relationship for point C is less clear. The sign of the measured stress is not the same as
for the FEA model for two of the instrumentation locations and the magnitude differs by

as much as 1.5ksi

Stress in Bottom Flange of Girder 170A14 During Lifting

N

Stress (ksi)

0.84 0.85 0.86 0.87 0.88 0.89 0.90 0.91
Normalized Bridge Length

—FEA results for point C FEA results for point D

® Strain gage measurements for point C ¢ Strain gage measurements for point D

Figure 89: Stress in bottom flange of girder 170A14 during lifting

Figure 90 shows similar information for the top flange of the girder. With the
exception of the center instrumentation line for the bottom flange, the maximum

measured stresses are within 0.25ksi of the predicted values.
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Stress in Top Flange of Girder 170A14 During Lifting

Stress (ksi)

L o2 o4

ol B s
-1

0.84 0.85 0.86 0.87 0.88 0.89 0.90 0.91
Normalized Bridge Length

—FEA results for point A FEA results for point B

® Strain gage measurements for point A ¢ Strain gage measurements for point B

Figure 90: Stress in top flange of girder 170A14 during lifting

6.2.2 Before Connection of Cross Frames

The next set of comparisons is for the condition that occurred after girder 170A14
was lifted and connected to girder 165A13, but before the cross frames were attached to
connect it to girder 169B14. Strain readings were taken every three minutes from
12:15pm to 1:00pm. Figure 91 shows the comparison of stresses in the bottom flange
and Figure 92 shows the comparison of stresses for the top flange. For the bottom
flange, the measured stresses are larger than the predicted stresses for point D at both
IL20 and IL21. At IL22, the FEA model predicts larger stresses than were measured for
point C and smaller stresses than were measured for point D. For the top flange, the
signs of the stress for IL20 and IL22 is reversed from what was predicted and the
magnitude is 4-6 ksi higher than expected for IL22. Overall, the correlation between the
expected and actual stress is worse for the girders before connecting the cross frames

than it is during lifting. Two important points need to be made with respect to these
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results. First, the actual magnitudes are relatively small (about 5% of yield). Second, the
holding cranes were still in place on girders 165A13 and 170A14 until after the cross
frames had been connected. The presence of the cranes introduces additional
redundancy into the system and makes it more complicated to accurately determine the
load distribution in the bridge. The FEA model assumed that the girders were held at an

ideal elevation by the cranes and perfect alignment between girders 165A13 and

170A14 at the splice.

Stress in Bottom Flange of Girder 170A14 Before Cross
Frame Connection
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Figure 91: Comparison of stress in bottom flange of girder 170A14 before cross frames
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Stress in Top Flange of Girder 170A14 Before Cross
Frame Connection
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Figure 92: Comparison of stress in top flange of girder 170A14 before cross frames

6.2.3 After Connection of Cross Frames

The final set of comparisons for girder 170A14 contains the stress comparison
for the time after the cross frames have been installed to fully connect it to girder
169B14. Strain readings were taken every hour from 6pm to 12am. Figure 93 shows the
stress comparison for the bottom flange, and Figure 94 shows the stress comparison for
the top flange. Here, again, large local differences can be seen between the predicted
and measured stresses for the top and bottom flanges. It is likely that fit-up forces from
the cross frames installed close to IL20 and IL22 factored into the discrepancy. The fit-
up forces can be influenced by several factors including temperature differences

throughout the structure.
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Stress in Bottom Flange of Girder 170A14 After Cross
Frame Connection
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Figure 93: Comparison of Stress in Bottom Flange of Girder 170A14 after cross frames

Stressin Top Flange of Girder 170A14 After Cross Frame
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Figure 94: Comparison of Stress in Top Flange of Girder 170A14 After Cross Frames

6.3 Live Load

Stresses and deflections were compared for three of the live load stages. Each
figure has the position along the bridge as the x-axis with the stress or displacement

along the y-axis. Stresses are measured as a change in stress from an unloaded
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condition on the day of the live load test to the specified load case. Several iterations of
the FEA model were used for the comparisons, including one model without the
parapets included and the trucks in their designated configuration, one model with the
parapets included and the trucks in their designated configuration, and one model with
the parapets included and the trucks two feet away from their designated location. The
bridge was modeled with and without parapets because while the parapets were in place
during the live load test, it was unknown whether or not they had reached their full
strength and to what degree they would contribute to the stiffness of the bridge. The
change in truck position was to account for potential error in aligning the trucks on the
bridge during the test. On the day of the live load test, there were large fluctuations in
temperature in Nashville. The morning started off cold and rainy, with temperatures in
the mid sixties. The sun came out in the afternoon, and temperatures rose to the mid

seventies.

6.3.1 Loading Condition B8

The first loading condition that was chosen for the comparison is B8, in which the
trucks were arranged in two lines on the eighth and final span of the bridge. (Figure 80)
One line of trucks was placed along the centerline of the span, while the other was as
close to the outside curve as possible. Several FEA models were developed for this
stage. The comparisons shown below were generated using a model that included the

parapets.

6.3.1.1 Stress Comparisons

Figure 95 shows a comparison between the measured and predicted stresses in
the outside girder (Line A) over the length of the bridge during loading B8. For the

portion of the bridge nearest the applied load, the measured stresses are somewhat
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smaller than the predicted stresses. At distances farther from the applied loads, the

predicted and actual stresses are coincident.

Stress in Bottom Flange of Outside Girder During Loading B8
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Figure 95: Comparison of Stress in Bottom Flange of Outside Girder During Loading Condition B8

Figure 96 shows a comparison between the predicted and measured stresses on
the inside girder (Line E) for loading B8. As shown in the graph, most of the gages are
reading values that are indistinguishable from the predicted values. The gages located in
the near vicinity to the applied loading are experiencing a measured stress that is
greater in magnitude than the value predicted by the FEA model by about 1.5ksi. This
may indicate that the parapets had not yet reached their full strength and were not fully
contributing to the stiffness. However, with only two data points near the loading for
each point being monitored, it is difficult to discern the stress distribution for the inside

girder.
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Stress in Bottom Flange of Inside Girder During Loading B8
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Figure 96: Comparison of stress in bottom flange of inside girder during loading condition B8

6.3.1.2 Displacement Comparisons

Figure 97 shows a comparison between the predicted and measured values for
the vertical displacement in the inside girder during loading condition B8. Three lines are
included for the predicted values generated using the FEA models. One model includes
the trucks in their target locations without the inclusion of the parapets, one includes the
trucks in their target locations with the inclusion of the parapets, and one includes the
trucks moved two feet from their target location with the inclusion of the parapets. The
most extreme behavior was predicted by the model without the inclusion of parapets and
the least extreme behavior was predicted by the model with the trucks moved two feet
from their target location. As the graph indicates, the measured values were closest to
behavior of the models with parapets with the exception for the two targets that were
closest to the location of the loading. Those targets deflected farther than would be
expected with the parapets included, but were within the expected range if the parapets

are neglected.
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Displacement of Outside Girder During Loading B8
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Figure 97: Comparison of deflection in outside girder during loading condition B8

Figure 98 shows a similar comparison for the inside girder during loading
condition B8. As shown in the graph, some of the deflections are about twice as great as
the highest deflection predicted by any of the three FEA models for that location.
However, the differences are small if one looks at their magnitudes and compares the
vertical scales in Figure 97 and Figure 98. The other points taken by the robotic total
station experienced vertical deflections similar to those predicted by the FEA model

without parapets.
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Displacement of Inside Girder During Loading B8
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Figure 98: Comparison of deflection in inside girder during loading condition B8

6.3.2 Loading Condition C8

The next set of comparisons were done for loading condition C8, in which the
trucks were placed on span 8 with one line as close to the inside curve of the bridge as

possible and the second line of trucks centered on the bridge. (Figure 81)

6.3.2.1 Stress Comparisons

Two sets of zero readings were utilized for the measured stresses in these
comparisons. The first zero readings were taken very early in the morning before the
start of the live load test. The second zero readings were taken when the trucks were
removed from the bridge during the lunch break. The comparisons below were
generated using the second zeroing point as this was considered more representative of
the bridge at a steady-state temperature. Even using the more accurate zeroing point,
there was a difference in temperature of about 1-2° Fahrenheit between the zero reading

and loading C8, which may have produced additional thermally induced stresses.

Figure 99 shows a stress comparison for the bottom flange of the outside girder

during loading C8. The curve for the measured stresses fits the shape of analytical curve
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very well, but the measured values are all slightly higher than predicted for most of the

length of the bridge. This is likely due in part to the thermally induced stresses referred

to in the above.

Figure 100 shows a stress comparison for the inside girder during loading C8.
The measured stresses do not seem to have a consistent relation to the predicted
values for this loading condition, though the sparse distribution of the strain gages on

this girder again makes it more difficult to make a comparison.

Stress in Bottom Flange of Outside Girder During Loading C8
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Figure 99: Comparison of stress in bottom flange of outside girder during loading C8
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Stress in Bottom Flange of Inside Girder During Loading C8
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Figure 100: Comparison of stress in bottom flange of inside girder during loading C8

6.3.2.2 Displacement Comparisons

Figure 101 shows the predicted and measured vertical displacement of the
bottom flange of the outside girder during loading condition C8. The measured values fit

the shape of the analytical curve very closely, though the magnitudes are slightly higher.

Displacement of Outside Girder During Loading C8
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Figure 101: Comparison of deflections in bottom flange of outside girder during loading C8
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Figure 102 shows a similar comparison for the inside girder. The measured
values for this girder are slightly lower for the upward deflections and somewhat larger in

magnitude for the downward displacements.

Displacement of Inside Girder During Loading C8
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Figure 102: Comparison of deflections in bottom flange of inside girder during loading C8

6.3.3 Loading Condition D7

The final set of live load comparisons were generated for loading condition D7, in
which one line of trucks was placed on span seven as close to the inside curve of the
bridge as possible. The second line of trucks was placed on span eight as close to the

outside curve of the bridge as possible. (Figure 82)

6.3.3.1 Stress Comparisons

The measured stress values were calculated using two different zeroing points,
in the same way that they were calculated for loading condition C8. The comparisons

shown below use the second set of zero readings.
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Figure 103 shows the stress comparison for the bottom flange of the outside

girder during loading D7. The measured stresses fit the shape of the predicted curve

reasonably well, though the magnitudes of the measured stresses are lower.

Stress (ksi)
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Figure 103: Comparison of stress in bottom flange of outside girder during loading D7

Figure 104 shows the stress comparison for the bottom flange of the inside girder

during loading D7. The sparse distribution of strain gages on the inside girder again

make it difficult to compare the predicted and measured stress values.
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Stress in Bottom Flange of Inside Girder During Loading D7
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Figure 104: Comparison of stress in bottom flange of inside girder during loading D7

6.3.3.2 Displacement Comparisons

Figure 105 and Figure 106 show the comparison of the predicted and measured
vertical displacement of the outside and inside girder respectively. On both graphs the
measured displacements are very close to the predicted values, but slightly higher in
magnitude. The FEA model included parapets for these comparisons, which may

contribute to the discrepancy.
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Displacement of Outside Girder During Loading D7
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Figure 105: Comparison of deflections in bottom flange of outside girder during loading D7
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Figure 106: Comparison of deflections in bottom flange of inside girder during loading D7
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CHAPTER 7: CONCLUSIONS

This report outlines the changes in stresses and displacements during the
construction of Ramp B -- a highly curved steel I-girder bridge. The results reported
include the stresses and deflections measured during several stages of construction, the
stresses and deflections measured during a static live load test and a comparison
between the measured data and the predicted values generated using a 3D finite

element model.

7.1 Measured Responses during Construction

A wealth of high quality data were obtained during the construction process.
Ideally, the girders would have been instrumented before being brought to the
construction site and the erection would have been done in pairs of girders, like the
original plan called for. This would have involved many fewer cable splices and would
have allowed the strain gages to collect data for more of the girders during the lifting
process. However, the trends in the data that were collected from adjacent girders are
clear and consistent with the analytical models. Comparing the stress curves and the
temperature curves for a particular set of data made it very evident when a change in
stress was due to temperature loadings and when it was due to construction loadings.
The thermal stresses were caused by axial expansion of the girders which was
restrained by the fixed piers. This resulted in corresponding changes in stress for all
measured points on the girder cross section. The construction loadings, on the other

hand, induced bending and torsional stresses.

The same comparisons could be made for the vertical deflection measured in a
total station target and the temperature data pulled from the nearest strain gage. The
vertical deflections were clearly influenced by temperature, in that the targets tended to

move upward as the temperature increased, and downward as the temperature
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decreased. It is difficult to distinguish thermally induced deflections when there are
additional load changes on the bridge, however, because the deflections due to changes
in temperature are much smaller than those induced by the construction loads. For
example, during the 48 hour deflection test a change in temperature of 20°F resulted in
about 0.5in. of displacement. A similar temperature change was experienced during the
concrete placement, but the deflections were 4-6 in (primarily due to the addition of

concrete weight).

7.2 Measured Responses during Live Load Test

The live load test initially included thirty-two loading conditions, but due to time
and equipment constraints only nineteen were collected. The stress plots generated
from the live load test show the changes in loading very clearly, and the change in stress
between the zero loading condition and each load case is a useful measure when
comparing to expected values. The total station was used to generate vertical deflection

data for each target.

7.3 Comparison of Predicted Vs. Measured Bridge Responses

When comparing the stresses measured during the erection of girder 170A14 to
the values predicted by the FEA model, values correlated reasonably well in some cases
and not very well in others. During lifting, the changes in loading occurred gradually
once the girder was removed from the truck, and the difference between the maximum
measured and predicted stresses was typically less than 1ksi. Modeling the system for
the lifting stage was fairly straight forward as the girder was essentially simply
supported. Once girder 170A14 had been spliced to girder 165A13, however, the system
was indeterminate. The measured stresses were typically several times higher than
expected. Some of the factors that may have caused the differences were slight

misalignment of girder 170A14 at the connection to girder 165A13, the restraint of the
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holding cranes, and thermal stresses induced by temperature differences throughout all

the bridge components.

When comparing the stresses during the static live load test, there was a good
correlation between the measured and predicted stresses in the outside girder. The
measured stresses followed the shape of the predicted curve very closely. In all three
loadings, the measured stress was slightly lower than the predicted stress for the portion
of the bridge being loaded. For the inside girder the correlation between the measured
and predicted stress values is poor. However, the number of data points is not sufficient

to understand the discrepancy.

The measured deflections fit well with the predicted deflected shape for all three
loadings. The measured deflections were typically somewhat larger than the predicted
values. The largest discrepancy occurred on the inside girder during loading C8, where

the actual deflection was 0.5 in. (17%) higher than expected.
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APPENDIX A: INSTRUMENTATION

Appendix A includes additional information regarding the strain gages,

clinometers, and data acquisition system.
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Model 4000

Applications

The Model 4000 Vibrating
Wire Strain Gage is designed
primarily for long-term strain
measurements of steel
structures including...

& Tunnel linings

o« Excavation bracing
o Arches :

o Struts

@ Sheet piling

o Piles

o Bridges

\

o The Model 4050 with a 12 inch active
gage length.

1

kon

Arc Weldable Strain Gage

® Model 4000 Vibrating Wire Strain Gage.

Operating Principle

The Model 4000 basically consists of a length of steel
wire tensioned between two mounting blocks that are
arc welded to the surface of a structural steel member.
Deformation of the structure under load produces relative
movement between the two mounting blocks causing a
change in the wire tension and a corresponding change
In its frequency of vibration.

The resonant frequency is measured by plucking the
wire using an electromagnetic coil connected through

a signal cable to a readout box, which also measures
the frequency and displays the strain in the wire directly
in microstrain.

The Model 4000 can also be used on other materials
such as wood, rock or concrete. Standard mounting
blocks can be epoxy bonded to the surface or special
concrete mounting blocks can be used in which short
rebar studs are grouted into boreholes.

The Model 4050 is a modified version of the Model 4000
designed for measuring strains over a longer base length.

Advantages & Limitations

The Model 4000 is the most popular vibrating wire strain
gage in the world on account of its elegant, robust
design combined with all the usual advantages of
vibrating wire technology, i.e. long-term stability, high
resistance to water intrusion and lightning damage and
the ability to be used with long signal cables.

The electronic coil can be detached from the rest of the
gage at any time without disturbing the gage reading
This provides a degree of flexibility in the event of cable
damage. Gages and coils are re-usable.

Temperature effects are automatically compensated

for when the gages are welded to steel. The thermistor
permits real thermal induced strain to be distinguished
from load induced strains.

The gage is not suitable for dynamic applications,
although auto-resonant versions can follow low frequen-
cy (less than 100 Hz) oscillations.

Figure 108: Geokon vibrating wire strain gage

(http://lwww.geokon.com/products/datasheets/4000.pdf)
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« A spacer bar and welding jig (Model 4000-8)
can be used during strain gage instailation.

» Concrete mounting blocks (optional).

3

—»| 2Zmm
(0.866in)
f 165 mm (6.5 in)

.

1—————— 150 mm (5875 in) ————-l

« Dimensions of the Model 4000.

« Cover plate (optional).

» Geokon Model GK-403 Readout Box for use
with the Mode! 4000 and 4050 Strain Gages.

= lllustration shows the Model 4000 attached to concrete via grouted concrete mounting blocks.

System Components

The vibrating wire is protected inside a stainless steel
tube with ‘0’ ring seals at both ends for complete water-
proofing. The electronic coil clips over the center of the
tube and a thermistor is encapsulated with the coil to

~ permit the measurement of temperature.

The Model 4000-8 spacer bar and welding jig is used
to correctly space the mounting blocks during welding.
Cover plates (Model 4000-6) can be used to protect the
gage from accidental damage.

Readout is accomplished using the Geokon Model
GK-401, GK-403 or GK-404 Readout Boxes or the
Micro-10 Datalogger.

Technical Specifications

Standard Range 3000 pe 3000 p=

Resolution 1.0 pe 1.0 pe

Accuracy' +01%10+0.5% FS.  +0.1% 10+0.5% FS.
Nonlinearity <05%FS. <05%FS.
Temperature Range -20°C 10 +80°C ~20°C 10 +80°C
Active Gage Length? 150 mm {5875 in.) 300 mm (12 in )

"+0.1% S, with indvidual calibration, +0.5% F.S. with standard batch calibration.
*Qither lengths availabie on request.

kon

Geokon, Incorporated
48 Spencer Street
Lebanon, NH 03766
USA

® ]+603 «448 « 1562
B 1+603 <448+ 3216
= geokon@geokon.com
= www.geokon.com

Lt

=t

The Werld Loader in Vibiating Wire Technalogy™

Geokon maintains an ongoing policy of design review and reserves
the nght to amend products and specifications without notice.

2007 Geaton, lncarpavated Al Mights flesemvad | Doc e £ 0707

Figure 109: Description of vibrating wire
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APPENDIX A - SPECIFICATIONS

Range (FS), (nominal):
Resolution:

Accuracy ':

Zero Stability:
Linearity:
Thermal Coefficient:

Dimensions (gage):

(Length x Diameter)

Dimensions (coil):

Frequency Range:
Coil Resistance:

Temperature Range:

Notes:

! Using curve fitting techniques, (second order polynomial).

Model 4000
3000 pe
1.0 pe

Batch Calibration...+/- 0.5% FS

Individual Calibration....+/- 0.1%
FS

0.02% FS/yr
+/-0.5% FS
12.2 pe/°C

6.125 x 0.750"
155 x 19 mm

0.875 x 0.875"
22 x 22 mm

450 - 1250 Hz
180 ©2

-20to +80° C

A.2 Thermistor (see Appendix C also)

Range: -80 to +150° C

Accuracy: +0.5°C

Model 4050
3000 pe
1.0 pe

Batch Calibration...+/- 0.5% FS

Individual Calibration....+/- 0.1%
FS

0.02% FS/yr
+/-0.5% FS
12.2 pe/°C

12.625" x 0.750”
645 x 19 mm

Internal

1400 — 3200 Hz
50Q

-20 to +80° C

Figure 110: Vibrating wire specification

(http://www.geokon.com/products/manuals/4000_Strain_Gage.pdf)
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APPENDIX B - THEORY OF OPERATION

A vibrating wire attached to the surface of a deforming body will deform in a like manner.
The deformations alter the tension of the wire and hence also its natural frequency of
vibration (resonance). The relationship between frequency (period) and deformation (strain)
is described as follows;

1. The fundamental frequency (resonant frequency) of vibration of a wire is related to its
tension, length and mass by the equation:

faset |E

2L, Vm

Where;
L,, 1s the length of the wire in inches.
F is the wire tension in pounds.
- m 1s the mass of the wire per unit length (pounds, sec.?/in.2).

2. Note that:

Where;
W is the weight of L, inches of wire (pounds).
g is the acceleration of gravity (386 in./sec.?).

3. and:

W =palL
Where;
p is the wire material density (0.283 1b./in.3).

a is the cross sectional area of the wire (in.2).

4. Combining equations 1, 2 and 3 gives:

I
f=—1 |Fe

2L, Ypa

5. Note that the tension (F) can be expressed in terms of strain, e.g.:
F=¢ Ea

Where;

g,, 1s the wire strain (in./in.).

E is the Young's Modulus of the wire (30 x 106 Psi).

Figure 111: Theory of operation for vibrating wire strain gages

(from http://www.geokon.com/products/manuals/4000_Strain_Gage.pdf)
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APPENDIX E - MEASUREMENT OF, AND CORRECTION FOR,
TEMPERATURE EFFECTS

If the ends of the structural member were free to expand or contract without restraint then
strain changes would take place without any change in stress. And in these situations the
strain gage would indeed show no change in reading. Conversely, if the ends of a steel
structural member were restrained by some semi-rigid medium, then any increase in
temperature of the structural member would result in a build-up of compressive strain in the
member. (Even though the actual strain would be tensile!) The magnitude of this
temperature-induced compressive stress increase would be measured accurately by the strain
gage. (Because, while the member is restrained from expansion, the vibrating wire is not
restrained and the expansion of the wire would cause a reduction in wire tension and a
resulting decrease in the vibrational frequency. This would be indicated by a decrease in
strain reading on the readout box, corresponding to an apparent increase in compressive
stress, which is, mirabile dictu, exactly equal to the temperature-induced increase in
compressive stress in the member.)

The temperature-induced stresses can be separated from the load-induced stresses by
reading both the strain and temperature of the strain gages at frequent intervals over a period
of time in which the external loading from construction activity can be assumed to be
constant. When these strain changes are plotted against the corresponding temperature
changes, the resulting graph shows a straight-line relationship the slope of which yields a
factor K. This factor can be used to calculate the temperature-induced stress

O thermal = KT (Tl-To)E .............................................. El

Which if desired can be subtracted from the observed apparent stress change

o PRRERL # 2 —— E2
to give that part of the stress change due to construction activity loads only

O load = [(R]-Ro)B— KT (TI-T())]E ..................................... E3
Note that the correction factor, K, may change with time and with construction activity due
to the fact that the rigidity of the restraint may change. It would then be a good idea to repeat
the above procedure in order to calculate a new temperature correction factor.
If, for whatever reason, the actual strain of the steel member is required, that is, the change of
unit length that would be measured by, say, a dial gage attached to the surface, this is given
by the equation

HE acruat =(R1-Ro)B + (T1-To)x CFy i B4

Where CF, represents the coefficient of expansion of steel = +12.2 microstrain/°C.

Figure 112: Temperature correction for vibrating wire strain gages

(http://www.geokon.com/products/manuals/4000_Strain_Gage.pdf)
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Model 904-T Clinometer Pak

The Clinometer Pak is a low-cost, analog
output, biaxial clinometer for a wide variety of

test and measurement applications. A liquid-
filled electrolytic transducer comprises the
sensing element. The transducer is excited and
read by stable, low-noise electronics.

Dual-Axis Clinometer Pak

The clinometer is housed in a weatherproof
NEMA 4X (IP65) enclosure and provides
analog voltage signals for X tilt, Y tilt and
temperature. Each “Clinometer Pak” comes
standard with a 10 ft (3m) cable. Cable lengths
to 1650 ft (500 m) are available.

Dimensions in inches (mm)

WIRECOLOR FUNCTION

Red
Black
Green
Blue
Yellow
White

APPLIED
GEOMECHANICS

Power

Power Ground
XTilt

YTilt
Temperature
Signal Ground

Model 904 Clinometer

1+415-364-3200 ® Geomechanics.com

Figure 113: Description of Applied Geomechanics Model 904-T clinometer

(http://www.carboceramics.com/attachments/files/201/904_Clinometer_Pak.pdf)
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ANGULAR RANGE
SCALE FACTOR
RESOLUTION
REPEATABILITY
HYSTERESIS

LINEARITY

TIME CONSTANT, T
TILTOUTPUT
TEMPERATURE OUTPUT
OUTPUT IMPEDANCE
NATURAL FREQUENCY
TEMPERATURE COEF.
POWER REQUIREMENTS
ENVIRONMENTAL
ENCLOSURE & MOUNTING
CABLE

WEIGHT

_— (#X) MOUNTING HOLES

'Y
\

MODEL 904-TH MODEL 904-TS MODEL 904-TW
HIGH-GAINVERSION STANDARD VERSION WIDE-ANGLE VERSION
+10 degrees +25 degrees +50 degrees
4%/ volt typical 10%f volt typica 25°/ volt typical
0.005 degree of angle 0,01 deqree of angle 002 degree of angle
0.01 degree 0.02 degree 0.04 degree

0.0 degree

< 0.02 degree

< 0.04 degree

1% of full spantypical 2.5% of full span typical 7.5% of full span typical (1.2% of half span)

001 degree

% of full span typical
0.1°C/mV, £0.75°C accuracy; 0°C = 0 mV (bipolar output version), 0°C = 2.5V (0-5 V output version)
270 Ohms
10 Hz; available with viscous sensor to damp vibrations
Span: +0.03%/ oC, Zera: +10 arc sec/ ol typical
+8 to +24 YO {bipolar output version) or +10.5 to +26.5 VDC (0-5 V output version) @ 7 mA, 250 mV ripple max., reverse polarity protected
10to +70 degrees Coperating and storage, 100% humidity
Painted, NEMA 4X (IP65) aluminum box, 120 80 60 mm. Four 4.4 mm dia. mounting holes

10t (3 m) multiconductor cable with PYC jacket and tinned ends, greater lengths on request

11h (04 kg)

Model A904-| | |-

Dimensions in inches (mm)

Wiscously damped
Non-damped

276 (7)
2.354 (9) - Bipalar (+-2.5V)
[ L Unipolar (0-5 ¥)

s
4213 (107) —— |

4724 (120)

) Y i A Temperature sensor
T 0173 (4.4) El7 T [ﬂwal perature sensor
'/E': ¥ 1 1 High gain (+--10 degrees)
g = Standard gain (- degrees)
—s & e [—— L Wide angle (+- 50
2o
I ‘ | USEFUL ACCESSORIES:
7 ) 0-5YUP -5 valt outp
VISCDAMP
_Jf 1575 (40) | .787 (20) P/N 70369
BOX HT. LB HT. P/N 62204 {connector) for tilimeter cable

P/N 62202  6-sodeetin-line plug (mates to PAN 62204)

Model 904 Clinometer Pak

APPLIED GEOMECHANICS
140 Chestnut St.

San Francisco CA, 94111

T: 1+415-364-3200

F: 1+415-861-1448
Geomechanics.com

A CARBC Company

SECTION A-A
Model 870  Readoutmodule (requires purchase of P/N 62204)
RMS225 Digital multimeter display unit (used with Model 870)
81439 Whounting bracket for verlical surfaces
84051 Mounting plate for horizontal surfices

APPLIED
GEOMECHANICS

©2011 Applied Geomechanics, Inc. All Rights Reserved. 02.11/A

Figure 114: Description of Applied Geomechanics Model 904-T clinometer

(http://www.carboceramics.com/attachments/files/201/904_Clinometer_Pak.pdf)
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APPENDIX B: CONSTRUCTION DATA

Appendix B contains data collected in the field during the steel erection stages.
This includes stress, displacement, and rotation data.
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Construction of Span 1

Stress in Girder 104B1 Instrumentation Line 1 During Construction of Span 1
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Figure 115: Stress in girder 104B1, instrumentation line 1 during construction of span 1

Temp. in Girder 104B1 Instrumentation Line 1 During Construction of Span 1
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Figure 116: Temperature in girder 104B1, instrumentation line 1 during construction of span 1

Angle of Girder 104B1, Instrumentation Line 1 During Construction of Span 1
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Figure 117: Rotation in girder 104B1, instrumentation line 1 during construction of span 1
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Stressin Girder 105A1 Instrumentation Line 1 During Construction of Span 1
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Figure 118: Stress in girder 105A1, instrumentation line 1 during construction of span 1
Temp. in Girder 105A1 Instrumentation Line 1 During Construction of Span 1
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Figure 119: Temperature in girder 105A1, instrumentation line 1 during construction of span 1

Stress in Girder 109B2 Instrumentation Line 2 During Construction of Span 1

Stress (ksi)

—&—Top Web North

H A N o N B

-10
1/17/20106:00 1/17/201012:00 1/17/201018:00 1/18/20100:00 1/18/20106:00 1/18/201012:00 1/18/201018:00 1/15/20100:00
Time

Figure 120: Stress in girder 109B2, instrumentation line 2 during construction of span 1
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Temp. in Girder 109B2 Instrumentation Line 2 During Construction of Span 1
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Figure 121: Temperature in girder 109B2, instrumentation line 2 during construction of span 1

Angle of Girder 109B2 Instrumentation Line 3 During Construction of Span 1
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Figure 122: Rotation in girder 109B2, instrumentation line 3 during construction of span 1
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=@i—Top Web North

—#—Bottom Web North

Stress (ksi)

AN O N B o ®

== Bottom Flange North

== Bottom Flange South

—o—Top Flange South

-6
1/17/20106:00 1/17/201012:00 1/17/201018:00 1/18/20100:00 1/18/20106:00 1/18/201012:00 1/18/201018:00 1/19/20100:00
Time

Figure 123: Stress in girder 110A2, instrumentation line 2 during construction of span 1
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Figure 124: Temperature in girder 110A2, instrumentation line 2 during construction of span 1

-10

Stress (ksi)

-15
-20
-25

1/17/20106:00 1/17/201012:00 1/17/201018:00 1/18/20100:00 1/18/20106:00 1/18/201012:001/18/201018:00 1/19/20100:00

30
75
70
65
60
55
50
45
40
35
230
g17/2

mperature (degrees Fahrenheit)

Stressin Girder 110A2 Instrumentation Line 3 During Construction of Span 1

=

Time

=fi—Top Web North
=—#—Bottom Web North
=== Bottom Flange North
== Bottom Flange South
—&—Top Flange South

Figure 125: Stress in girder 110A2, instrumentation line 3 during construction of span 1

Temp. in Girder 110A2 Instrumentation Line 3 During Construction of Span 1
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Figure 126: Temperature in girder 110A2, instrumentation line 3 during construction of span 1
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Construction of Span 2

Stress in Girder 101E1 Instrumentation Line 1 During Construction of Span 2
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Figure 127: Stress in girder 101E1, instrumentation line 1 during construction of span 2
Temp. in Girder 101E1 Instrumentation Line 1 During Construction of Span 2
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Figure 128: Temperature in girder 101E1, instrumentation line 1 during construction of span 2
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Figure 129: Stress in girder 104B1, instrumentation line 1 during construction of span 2
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Temp. in Girder 104B1 Instrumentation Line 1 During Construction of Span 2
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Figure 130: Temperature in girder 104B1, instrumentation line 1 during construction of span 2
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Figure 131: Rotation in girder 104B1, instrumentation line 1 during construction of span 2
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Figure 132: Stress in girder 105A1, instrumentation line 1 during construction of span 2
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Temp. in Girder 105A1 Instrumentation Line 1 During Construction of Span 2
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Figure 133: Temperature in girder 105A1, instrumentation line 1 during construction of span 2
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Figure 134: Stress in girder 109B2, instrumentation line 2 during construction of span 2
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Figure 135: Temperature in girder 109B2, instrumentation line 2 during construction of span 2
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Stressin Girder 110A2 Instrumentation Line 2 During Construction of Span 2
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Figure 136: Stress in girder 110A2, instrumentation line 2 during construction of span 2
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Figure 137: Temperature in girder 110A2, instrumentation line 2 during construction of span 2

Stress in Girder 110A2 Instrumentation Line 3 During Construction of Span 2
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Figure 138: Stress in girder 110A2, instrumentation line 3 during construction of span 2
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Temp. in Girder 110A2 Instrumentation Line 3 During Construction of Span 2
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Figure 139: Temperature in girder 110A2, instrumentation line 3 during construction of span 2

Stress in Girder 114B3 Instrumentation Line 4 During Construction of Span 2
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Figure 140: Stress in girder 114B3, instrumentation line 4 during construction of span 2
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Figure 141: Temperature in girder 114B3, instrumentation line 4 during construction of span 2
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Angle of Girder 114B3 Instrumentation Line 4 During Construction of Span 2
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Figure 142: Rotation in girder 114B3, instrumentation line 4 during construction of span 2
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Figure 143: Stress in girder 116E4, instrumentation line 5 during construction of span 2
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Figure 144: Temperature in girder 116E4, instrumentation line 5 during construction of span 2
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Stress in Girder 116E4 Instrumentation Line 6 During Construction of Span 2
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Figure 145: Stress in girder 116E4, instrumentation line 6 during construction of span 2
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Figure 146: Temperature in girder 116E4, instrumentation line 6 during construction of span 2
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Figure 147: Stress in girder 119B4, instrumentation line 5 during construction of span 2
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Temp. in Girder 119B4 Instrumentation Line 5 During Construction of Span 2
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Figure 148: Temperature in girder 119B4, instrumentation line 5 during construction of span 2
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Figure 149: Stress in girder 119B4, instrumentation line 6 during construction of span 2
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Figure 150: Temperature in girder 119B4, instrumentation line 6 during construction of span 2
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Construction of Span 3

Stress in Girder 111E3 Instrumentation Line 4 During Construction of Span 3
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Figure 151: Stress in girder 111E3, instrumentation line 4 during construction of span 3
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Figure 152: Temperature in girder 111E3, instrumentation line 4 during construction of span 3
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Figure 153: Rotation in girder 111E3, instrumentation line 4 during construction of span 3
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Figure 154: Stress in girder 116E4, instrumentation line 5 during construction of span 3
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Figure 155: Temperature in girder 116E4, instrumentation line 5 during construction of span 3

Stress in Girder 116E4 Instrumentation Line 6 During Construction of Span 3
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Figure 156: Stress in girder 116E4, instrumentation line 6 during construction of span 3
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Temp. in Girder 116E4 Instrumentation Line 6 During Construction of Span 3
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Figure 157: Temperature in girder 116E4, instrumentation line 6 during construction of span 3

Construction of Span 5

Stress in Girder 145A9 Instrumentation Line 13 During Construction of Span 5
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Figure 158: Stress in girder 145A9, instrumentation line 13 during construction of span 5
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Figure 159: Temperature in girder 145A9, instrumentation line 13 during construction of span 5
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Stress in Girder 150A10 Instrumentation Line 14 During Construction of Span 5
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Figure 160: Stress in girder 150A10, instrumentation line 14 during construction of span 5
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Figure 161: Temperature in girder 150A10, instrumentation line 14 during construction of span 5

Stress in Girder 150A10 Instrumentation Line 15 During Construction of Span 5
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Figure 162: Stress in girder 150A10, instrumentation line 15 during construction of span 5
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Figure 163: Temperature in girder 150A10, instrumentation line 15 during construction of span 5
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Construction of Span 6

Stress in Girder 145A9 Instrumentation Line 13 During Construction of Span 6
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Figure 164: Stress in girder 145A9, instrumentation line 13 during construction of span 6
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Figure 165: Temperature in girder 145A9, instrumentation line 13 during construction of span 6
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Figure 166: Stress in girder 150A10, instrumentation line 14 during construction of span 6
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Temp. in Girder 150A10 Instrumentation Line 14 During Construction of Span 6
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Figure 167: Temperature in girder 150A10, instrumentation line 14 during construction of span 6

Stress in Girder 150A10 Instrumentation Line 15 During Construction of Span 6
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Figure 168: Stress in girder 150A10, instrumentation line 15 during construction of span 6
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Figure 169: Temperature in girder 150A10, instrumentation line 15 during construction of span 6
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Construction of Span 7

Stress in Girder 165A13 Instrumentation Line 19 During Construction of Span 7
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Figure 170: Stress in girder 165A13, instrumentation line 19 during construction of span 7
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Figure 171: Temperature in girder 165A13, instrumentation line 19 during construction of span 7

Construction of Span 8

Stress in Girder 155A11 Instrumentation Line 16 During Construction of Span 8
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Figure 172: Stress in girder 155A11, instrumentation line 16 during construction of span 8
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Temp. in Girder 155A11 Instrumentation Line 16 During Construction of Span 8
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Figure 173: Temperature in girder 155A11, instrumentation line 16 during construction of span 8

Stress in Girder 160A12 Instrumentation Line 17 During Construction of Span 8
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Figure 174: Stress in girder 160A12, instrumentation line 17 during construction of span 8
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Figure 175: Temperature in girder 160A12, instrumentation line 17 during construction of span 8

Stress in Girder 160A12 Instrumentation Line 18 During Construction of Span 8
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Figure 176: Stress in girder 160A12, instrumentation line 18 during construction of span 8
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Temp. in Girder 160A12 Instrumentation Line 18 During Construction of Span 8
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Figure 177: Temperature in girder 160A12, instrumentation line 18 during construction of span 8

Stress in Girder 170A14 Instrumentation Line 20 During Construction of Span 8
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Figure 178: Stress in girder 170A14, instrumentation line 20 during construction of span 8
Temp. in Girder 170A14 Instrumentation Line 20 During Construction of Span 8
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Figure 179: Temperature in girder 170A14, instrumentation line 20 during construction of span 8

Stress in Girder 170A14 Instrumentation Line 21 During Construction of Span 8
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Figure 180: Stress in girder 170A14, instrumentation line 21 during construction of span 8
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igure 181: Temperature in girder 170A14, instrumentation line 21 during construction of span 8

Stress in Girder 170A14 Instrumentation Line 22 During Construction of Span 8
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Figure 182: Stress in girder 170A14, instrumentation line 22 during construction of span 8
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Figure 183: Temperature in girder 170A14, instrumentation line 22 during construction of span 8
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Figure 184: Stress in girder 175A15, instrumentation line 24 during construction of span 8
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Temp. in Girder 175A15 Instrumentation Line 24 During Construction of Span 8
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Figure 185: Temperature in girder 175A15, instrumentation line 24 during construction of span 8
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Figure 186: Rotation in girder 175A15, instrumentation line 24 during construction of span 8
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APPENDIX C: CONCRETE PLACEMENT DATA

Appendix C contains data collected in the field during the concrete placement

stages. This includes stress, rotation, and displacement data.
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Concrete Placement Stage 1

Stress in Girder 161E13 Instrumentation Line 19 During Concrete Placement 1
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Figure 187: Stress in girder 161E13, instrumentation line 19 during concrete placement 1
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Figure 188: Temperature in girder 161E13, instrumentation line 19 during concrete placement 1

Stress of Girder 171E15 Instrumentation Line 23 During Concrete Placement 1
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Figure 189: Stress in girder 171E15, instrumentation line 2319 during concrete placement 1
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Temp. of Girder 171E15 Instrumentation Line 23 During Concrete Placement 1
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Figure 190: Temperature in girder 171E15, instrumentation line 23 during concrete placement 1

Stress of Girder 171E15 Instrumentation Line 24 During Concrete Placement 1
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Figure 191: Stress in girder 171E15, instrumentation line 24 during concrete placement 1
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Figure 192: Temperature in girder 171E15, instrumentation line 24 during concrete placement 1
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Vert. Displacement of Girders 171E15-175A15 at Connection to 166E14-170A14
During Concrete Placement 1
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Figure 193: Displacement in girders 171E15-175A15 near connection to 166E14-170A14 during
concrete placement 1
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Figure 194: Displacement in girders 171E15-175A15 at mid span during concrete placement 1

Vertical Displacement of Inside Girder During Concrete Placement 1
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Figure 195: Displacement of inside girder during concrete placement 1
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Concrete Placement Stage 2

Temp. in Girder 104B1 Instrumentation Line 1 During Concrete Placement 2
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Figure 196: Temperature in girder 104B1, instrumentation line 1 during concrete placement 2
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Figure 197: Stress in girder 101E1, instrumentation line 1 during concrete placement 2
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Figure 198: Temperature in girder 101E1, instrumentation line 1 during concrete placement 2
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Stress in Girder 104B1 Instrumentation Line 1 During Concrete Placement 2
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Figure 199: Stress in girder 104B1, instrumentation line 1 during concrete placement 2
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Figure 200: Temperature in girder 104B1, instrumentation line 1 during concrete placement 2
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Figure 201: Stress in girder 111E3, instrumentation line 4 during concrete placement 2
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Temp. in Girder 111E3 Instrumentation Line 4 During Concrete Placement 2
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Figure 202: Temperature in girder 111E13, instrumentation line 4 during concrete placement 2
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Figure 203: Stress in girder 114B3, instrumentation line 4 during concrete placement 2
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Figure 204: Temperature in girder 114B3, instrumentation line 4 during concrete placement 2
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Concrete Placement Stage 3

Stress in Girder 167D14 Instrumentation Line 22 During Concrete Placement 3
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Figure 205: Stress in girder 167D14, instrumentation line 22 during concrete placement 3

Temp. in Girder 167D14 Instrumentation Line 22 During Concrete Placement 3
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Figure 206: Temperature in girder 167D14, instrumentation line 22 during concrete placement 3

Stress in Girder 170A14 Instrumentation Line 22 During Concrete Placement 3
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Figure 207: Stress in girder 170A14, instrumentation line 22 during concrete placement 3
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Temp. in Girder 170A14 Instrumentation Line 22 During Concrete Placement 3
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Figure 208: Temperature in girder 170A14, instrumentation line 22 during concrete placement 3

Vert. Displacement of Girders 171E15-175A15 at Connection to 166E14-
170A14 During Concrete Placement 3
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Figure 209: Displacement in girders 171E15-175A15 at connection to girders 166E14-170A14 during
concrete placement 3

Vert. Displacement of Girders 171E15-175A15 at Mid Span During Concrete

Placement 3
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Figure 210: Displacement in girders 171E15-175A15 at mid span during concrete placement 3
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APPENDIX D: LIVE LOAD DATA

Appendix D contains data collected in the field during the live load test. This
includes stress, rotation, and displacement data. Table 1 lists the start time of each load

case in chronological order.

Table 1: Start times of live load cases

Time Loading
7:33 B4
7:51 C4
8:03 D4
8:12 B5
8:45 C5
8:57 D5
9:12 B6
9:33 C6
9:45 D6
10:00 B7
10:21 C7
10:45 D7
12:45 B8
13:21 C8
14:09 B1
14:21 B2
14:30 B3
14:45 C1
14:54 C2
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Stressin Girder 101E1, Instrumentation Line 1 During Live Load Test
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Figure 211: Stress in girder 101E1, instrumentation line 1 during live load test
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Figure 212: Stress in girder 104B1, instrumentation line 1 during live load test
Stressin Girder 106E2, Instrumentation Line 2 During Live Load Test
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Figure 213: Stress in girder 106E2, instrumentation line 2 during live load test
Stress in Girder 109B2, Instrumentation Line 3 During Live Load Test
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Figure 214: Stress in girder 109B2, instrumentation line 3 during live load test
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Figure 215: Stress in girder 111E3, instrumentation line 4 during live load test
Stress in Girder 114B3, Instrumentation Line 4 During Live Load Test
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Figure 216: Stress in girder 114B3, instrumentation line 4 during live load test
Stressin Girder 116E4, Instrumentation Line 6 During Live Load Test
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Figure 217: Stress in girder 116E4, instrumentation line 6 during live load test
Stress in Girder 119B4, Instrumentation Line 5 During Live Load Test
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Figure 218: Stress in girder 119B4, instrumentation line 5 during live load test

159



Stress{ksi)

Stress {ksi)

Stress (ksi)

Stress {ksi)

Stress in Girder 119B4, Instrumentation Line 6 During Live Load Test

——Top Flange
North

—— Bottom Web
North

—— Bottom
Flange North

——Bottom Web North
—— Bottom Flange North
—— Bottom Flange South

——Top Flange South

—+—Top Web North
—— Bottom Web North
—— Bottom Flange North
——Bottom Flange South

——Top Flange South

——Top Web North
—— Bottom Web North
—— Bottom Flange North

——Bottom Flange South

150
100 e
50 |
9 Nt Bald] 1A (WA F T TV Ll WY LAY T | Ul Bt w*:“x:f;-”’w 7
-50
5:30 6:30 7:30 8:30 9:30 10:30 11:30 12:30 13:30 14:30 1530
Time
Figure 219: Stress in girder 119B4, instrumentation line 6 during live load test
Stressin Girder 125A5, Instrumentation Line 7 During Live Load Test
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Figure 220: Stress in girder 125A5, instrumentation line 7 during live load test
Stressin Girder 125A5, Instrumentation Line 8 During Live Load Test
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Figure 221: Stress in girder 125A5, instrumentation line 8 during live load test
Stressin Girder 125A5, Instrumentation Line 9 During Live Load Test
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Figure 222: Stress in girder 125A5, instrumentation line 9 during live load test
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Figure 223: Stress in girder 130A6, instrumentation line 10 during live load test
Stress in Girder 135A7, Instrumentation Line 11 During Live Load Test
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Figure 224: Stress in girder 135A7, instrumentation line 11 during live load test
Stressin Girder 140A8, Instrumentation Line 12 During Live Load Test
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Figure 225: Stress in girder 140A8, instrumentation line 12 during live load test
Stressin Girder 145A9, Instrumentation Line 13 During Live Load Test
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Figure 226: Stress in girder 145A9, instrumentation line 13 during live load test
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Figure 227: Stress in girder 150A10, instrumentation line 15 during live load test
Stressin Girder 155A11, Instrumentation Line 16 During Live Load Test
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Figure 228: Stress in girder 155A11, instrumentation line 16 during live load test
Stressin Girder 160A12, Instrumentation Line 17 During Live Load Test
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Figure 229: Stress in girder 160A12, instrumentation line 17 during live load test
Stressin Girder 160A12, Instrumentation Line 18 During Live Load Test
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Figure 230: Stress in girder 160A12, instrumentation line 18 during live load test
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Figure 231: Stress in girder 161E13, instrumentation line 19 during live load test
Stressin Girder 165A13, Instrumentation Line 19 During Live Load Test
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Figure 232: Stress in girder 165A13, instrumentation line 19 during live load test
Stressin Girder 167D14, Instrumentation Line 20 During Live Load Test
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Figure 233: Stress in girder 167D14, instrumentation line 20 during live load test
Stressin Girder 170A14, Instrumentation Line 20 During Live Load Test
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Figure 234: Stress in girder 170A14, instrumentation line 20 during live load test

163



Stress{ksi)

Stress (ksi)

Stress (ksi)

Stress {ksi)

Stressin Girder 171E15, Instrumentation Line 23 During Live Load Test
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Figure 235: Stress in girder 171E15, instrumentation line 23 during live load test
Stressin Girder 171E15, Instrumentation Line 24 During Live Load Test
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Figure 236: Stress in girder 171E15, instrumentation line 24 during live load test
Stressin Girder 175A15, Instrumentation Line 23 During Live Load Test
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Figure 237: Stress in girder 175A15, instrumentation line 23 during live load test
Stressin Girder 175A15, Instrumentation Line 24 During Live Load Test
8
; Freic
4 ] l —— Bottom Web North
é PRRMER F% , V- —— Bottom Flange South
-2 %J —— Bottom Flange North
e ——Top Flange South
5:30 6:30 7:30 8:30 9:30 10:30 11:30 12:30 13:30 14:30 15:30

Figure 238: Stress in girder 175A15, instrumentation line 24 during live load test
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Displacement During Live Load Test

Vertical Displacement of Target 1 During Live Load Test
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Figure 239: Displacement of target 1 during live load test

Vertical Displacement of Target 2 During Live Load Test
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Figure 240: Displacement of target 2 during live load test

Vertical Displacement of Target 3 During Live Load Test
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Figure 241: Displacement of target 3 during live load test
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Vertical Displacement of Target 4 During Live Load Test
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Figure 242: Displacement of target 4 during live load test

Vertical Displacement of Target 5 During Live Load Test
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Figure 243: Displacement of target 5 during live load test

Vertical Displacement of Target 2111 During Live Load Test
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Figure 244: Displacement of target 2111 during live load test
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Vertical Displacement of Target 2121 During Live Load Test
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Figure 245: Displacement of target 2121 during live load test
Vertical Displacement of Girder 2141 During Live Load Test
1
':1, 05 P ﬁ"“ o
=
z 0 & pe
: i /
§ 0.5
= Nt
-1.5
9/10/201010:00 9/10/201011:00 9/10/201012:00 9/10/201013:00 9/10/2010 14:00 9/10/2010 15:00 9/10/2010 16:00
Time
Figure 246: Displacement of target 2141 during live load test
Vertical Displacement of Target 2211 During Live Load Test
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Figure 247: Displacement of target 2211 during live load test
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Vertical Displacement of Target 2221 During Live Load Test
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Figure 248: Displacement of target 2221 during live load test
Vertical Displacement of Target 2241 During Live Load Test
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Figure 249: Displacement of target 2241 during live load test
Vertical Displacement of Target 2311 During Live Load Test
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Figure 250: Displacement of target 2231 during live load test
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Vertical Displacement of Target 2321 During Live Load Test
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Figure 251: Displacement of target 2321 during live load test
Vertical Displacement of Target 2411 During Live Load Test
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Figure 252: Displacement of target 2411 during live load test

Vertical Displacement of Target 2421 During Live Load Test
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Figure 253: Displacement of target 2421 during live load test
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Vertical Displacement of Target 2441 During Live Load Test
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Figure 254: Displacement of target 2441 during live load test
Vertical Displacement of Target 2511 During Live Load Test
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Figure 255: Displacement of target 2511 during live load test
Vertical Displacement of Target 2521 During Live Load Test
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Figure 256: Displacement of target 2521 during live load test
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Figure 257: Displacement of target 2541 during live load test

Vertical Displacement of Target 2551 During Live Load Test
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Figure 258: Displacement of target 2551 during live load test
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e /

~_ 7~

~

9/10/2010 11:00 9/10/201012:00 9/10/201013:00 9/10/2010 14:00 9/10/201015:00 9/10/2010 16:00

Time

Figure 259: Displacement of target 2561 during live load test
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Vertical Displacement of Target 2611 During Live Load Test
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Figure 260: Displacement of target 2611 during live load test
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9/10/201016:00

1 A

‘lt—\ /\

£ g -— o

g —— " i ™

£ »
-2

g ™4 \ /

S

a -3

= \/

3, 4
-5

9/10/201010:00 9/10/2010 11:00 9/10/201012:00 9/10/201013:00 9/10/2010 14:00 9/10/201015:00

[

Time
Figure 261: Displacement of target 2621 during live load test

Vertical Displacement of Target 2641 During Live Load Test

9/10/201016:00

Y
n

o
o

4’
|

Displacement (inches)
' "\) g )‘_. ' -
w N e

35
-4

9/10/201010:00

9/10/201011:00 9/10/201012:00 9/10/201013:00 9/10/2010 14:00 9/10/2010 15:00

Time

Figure 262: Displacement of target 2641 during live load test
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Vertical Displacement of Target 2651 During Live Load Test
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Figure 263: Displacement of target 2651 during live load test

Vertical Displacement of Target 2661 During Live Load Test
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Figure 264: Displacement of target 2661 during live load test

Vertical Displacement in Span 2 During Live Load Test

3 B2 = Lﬁ
" —
1

= 0

£

S -1

: 4

]

£ -3

3

54

3

a-5
N
7S
-8

Time

Figure 265: Displacement span 2 during live load test

173

9/10/201016:00

=—#—Target 1
—l—-Target 2
——Target 3
—==—Target 4

=fe=Target 5



APPENDIX E: ORIGINAL ERECTION PLAN

Appendix E contains the original steel erection plans provided by Powell
Construction Company, Inc., changes to which have been noted in section 3.2.1.
Included in the erection plans are rigging configurations, crane locations for each span,
and more detailed information regarding the capacities and limitations of the cranes

used during erection.
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12/18/2009

Powell Construction Company, Inc.
Robertson Road Erection Plan

Project Name:

Job #:
Jobsite Address:

Controlling Contractor:
Project Manager:

Project Superintendent:

Structural Steel Fabricator:
Contact:

PCC Personnel Assigned
Division Manager:
Division Superintendent:
Project Manager:

Project Foreman:

CNH635

00209925
Davidson County, TN

Bell & Associates, Nashville, TN

Jeremy Mitchell

Phone: (615) 373-4343 - Mobile: (615) 405-8857
Dennis Howell

Phone: (615) 351-5176

Fax: (615) 866-9245

PDM Bridge, LLC, Palatkia, FL
Jerry Martin
Phone: (386) 328-4683 Ext. 4006

Butler Hudgins

Phone: (865) 546-0245 — Mobile: (423) 202-8356
Mike Trent

Phone: (865) 546-0245 ~ Mobile: (865) 389-0416
David Horton

Phone: (423) 282-0111 - Mobile: (423) 647-1740
Harold West

Mobile: (865) 389-2467

Qualified and Competent Persons Assigned to Project:

Cranes Selected for Project:

General Scope:

Sequence of Erection:

TBD - Qualified Rigger and Competent Person
TBD - Qualified Crane Operators
Certified Welders-See attached list

See attached charts.

KRUPP KMK 5175 175 Ton Hydraulic

P&H 9150 Truck Crane 150 Ton Conventional
Grove TMS 300B 40 Ton Hydraulic

To unload and erect one ot of girders, splices and cross frames.

Using appropriate capacity cranes, lifting beams, rigging, and Crosby Clamp-Co. Model NS-25
25-ton capacity beam clamps, we shall start erection activities at Abutment No. | on the west end
of the bridge. Crane placement will be per drawing 00209925-003. Girders shall be set in place
using the two larger cranes and the 40-ton crane shall provide girder stabilization so that field
splices may be connected and erection cross braces installed. Bolt up and tensioning of bolts

shall follow consecutively.
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ERECTION PROCEDURE:

The foliowing procedure shall commence by using two large cranes as aforementioned making
the splices in the air at the bent elevations. The cranes shall be set up for the heaviest lift at a
lifting radius of 45* for the 150-ton crane and 50’ for the 175-ton crane. Please see crane
placement drawings and charts attached.

SPAN 1:

Girder 105A1 shall be the first piece hoisted into place by the 175-ton crane located on northwest
side of Ramp with girder 110A2 hoisted with the 150-ton crane also on northwest side of Ramp
making the splice, see drawing 00209925-003. The 40-ton crane will then be rigged to stabilize
the girder assembly permitting the two larger cranes to be cut loose to start the next girder line,
Girder Line 2,

The 175-ton crane shall hoist girder 104B1 with the 150-ton hoisting girder 109B2 into place
over Bent No.1 and making the splice between the girders. Using a forklift, erection cross braces
shall then be installed to offer stability to Girder Lines 1 and 2 over Bent No.1. Erection bolts
and pins shall then be installed, permitting the cranes to be disengaged and free to start Girder
Line 3.

Starting Girder Line 3, the 175-ton crane shall hoist girder 103C1 and the 150-ton crane shall
hoist girder 108C2 with the 40-ton crane or forklift hoisting erection cross braces with erection
bolts and pins installed, permitting the cranes to be disengaged in order to start the erection of
Girder Lines 4 and 5. Girder 102D1 along with girder 107D2 shall be the next girders erected in
the same manner. Girders 101E1 and 106E2 shall complete Span 1 in like manner.

SPAN 2:

Using the same procedures as in Span 1, Girder Line 1 with the cranes relocated north of Ramp B
as indicated by drawing shall be set with girders 115A3 and 120A4 erected over Bent 1A. Girder
Line 2 shall be set next with girders 114B3 and 119B4 erected over Bent | A with erection
procedures as in Span 1. Girder Lines 3, 4, and 5 shall be similarly erected in order with girders
113C3 - 118C4, 112D3 - 117D4, and 111E3 with 116E4 being the Iast of Span 2.

SPAN 3;

Span 3 over Briley Parkway shall be the next span to be erected starting with Girder Line 5.
Girder 121ES shall be hoisted with the 150-ton crane located in left two lanes of Robertson Rd.
and the 175-ton crane located east of Briley Parkway shall hoist girder 126E6 over Bent No.2.
Then Girder Line 5 of Span 3 shall be stabilized and spliced with procedures similar to Span 1.
Girder Line 4 shall be erected next with girders 122D5 and 127D6 with splices and erection cross
braces installed. Girder Lines 3, 2, and | shall be similarly erected likewise and in order with
girders 123C5 — 128C6, 124B5 — 129B6, and 125A5 — 130A6 being the last girder of Span 3.

SPAN 4:

The cranes shall be positioned with the 175-ton crane being on the south side of 1-40, adjacent to
east bound lane, and the 150-ton crane on the north side, adjacent to west bound lane. A 200-ton
capacity shoring tower shall be installed on the south side of the interstate along Girder Line 5.
Traffic shall be controlled during erection with rolling road blocks.

20f4 :
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Girder Line S of Span 4 shall start with 131E7 and 136ES over bent 3 and shalt be stabilized with
the shoring tower and Bent 3. Girder Line 4 shall be next with girders 132D7 and 137D8
installing field splices and erection cross braces. Girder Lines 3, 2, and 1 shall be similarly
erected and in order with girders 133C7 - 138C8, 134B7 — 139B8, and 135A7 — 140A8 being the
last of Span 4.

SPAN 5:

Traffic control shall be similar to Span 3 over east bound lane of 1-40. The 175-ton crane shall be
relocated to the west side of Bent 4 on the south side of Ramp E. The 150-ton crane shall be
relocated to the right of the west bound lane west of Ramp B. A 200-ton capacity shoring tower
shall be installed adjacent to the west bound lane of the interstate under Girder Line No. 1.

Girder Line 1 shall be continued over the shoring tower with girder 145A9 from a truck on
emergency lane of 1-40 west bound, hoisted by the 150-ton crane and stabilized on the tower with
the 175-ton crane hoisting girder 150A 10 from its position at Bent 4 off a truck on Ramp E. The
40-ton crane shall be rigged to this girder line so that the two larger cranes may be disengaged
and commence with Gicder Line 4. The 150-ton crane shall hoist girder 144B9 with the 175-ton
crane hoisting girder 149B10 with splices made and erection cross braces installed. Girder Lines
3,2, and | shall be erected, spliced, and erection cross braces installed in a like manner with
girders 143C9 — 148C10, 142D9 - 147D 10, and 141E9 - 146E10 completing Span 5.

SPAN 6:

The 175-ton crane shall be relocated to the north side of Ramp E east of Ramp B with the 150-ton
crane on the north side of Bent 5.

Starting with Girder Line 5, girder 151E11 shall be hoisted with the 175-ton crane and girder
156E12 with the 150-ton crane, using similar procedures as in Span 1 with field splices and.
erection cross braces installed. Girder Line 4 shall be next with girders 152D11 and 157D12
spliced and erection cross braces instalied. Girder Lines 3, 2, and 1 shall be erected as previous
and in that order. Girders 153C11 ~ [58C12, 154B11 — 159812, and 155A11 — 160A 12 shall be
erected, spliced, and erection cross braces installed completing Span 6 over Bent 5.

SPAN 7:

The 175-ton crane shall be relocated to the north of Bent 5 and near the middle of the span with
150-ton crane relocated just south of Bent 6.

Girder Line 5 with girders 161E13 and 166E14 shall be erected and bear on Bent 6. spliced and
stabilized, as in Span 1. Girder Line 4 with girders 162D13 and 167D 14 shall be erected, spliced,
and erection cross braces installed. Girder Lines 3, 2, and 1 with girders 163C13-168C14,
164B13-169B14, and 165A13-170A14, respectively, shall be erected, spliced and erection cross
braces installed, completing Span 7.

SPAN 8
The 150-ton crane shall be relocated to the north side of Urbandale Avenue and on the west side

of Ramp G with the 175-ton crane just north of the 150-ton crane on the same side of Ramp B.
Both cranes shall be involved in making dual lifts on this last span.
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The first girder to be erected shall be on Girder Line 1 with girder 175A15 spliced and stabilized
as in previous spans with girder 174B15 erected, spliced, and erection cross braces installed.
f Girder Lines 3, 4, and 5 shall be erected in that order with girders 173C15, 172DI5, and 171E15.
‘1 The erection splices and cross braces shall be installed with each line until Span 8 is completed.

! Detail crews shall work following behind the erection crew completing the spans and tensioning
P the bolts as they move toward Bent No.7. At this stage or as required, either shoring towers or
erection hardware shall be removed from the bridge to permit other trades to follow up with their
work activities.

Please see Drawings Nos. 00209925-001 and 002 for rigging configurations, 00209925-
003 for crane location plan, and 00209925-004 for optional temporary plate girder
bracing.

David Horton
Project Manager
Powell Construction Company

Wiy,

B ,
Robert W. Bailey, P.E. ‘ 2 72*% mn ?-\.q"_,-'%%\\\\
Powell Construction Company “70R TEW S
- /// v
TN#: 111917 D
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Crosby Clamp-Co Beam Clamps

BEAM Crosby Clamp-Co Beam Clamps provide an efficient method for
CLAMPS handling wide flange beam sections and plate girders. When lifting,
these beam clamps grip the beam at three points, and when properly
balanced and safely guided, the beam can be handled even if the
clamp is slightly off center lengthwise.
* Capacities: 5 Tons to 35 Tons
* Eliminates the need for slings, chokers, and spreader bars.
* When applied to load, the tongs automatically open and slide under the flange of the beam.
» Center plate and gripping tongs work together - the heavier the beam, the greater the clamping
ressure. .
. f/tode] “NS" clamps have a recessed base to accept studs welded to the beam surface. .
* Individually Proof Tested to 2 times the Working Load Limit with certification.
* Finish - Red Paint
¢ All sizes are RFID EQUIPPED.

NOTE: Control the beam at ali times. Beams should be gripped as near the center as possible. Snubbing lines at each end must
be used to control excessive twisting or swinging, and to guide the beam to its proper place. Each lifting situation may have a
specific demand which should be addressed before lifting.

S

N
§ MIN.

™

Beam Clamps

F5 2732000 5 4-10 5-1 70.0 9.50 ] 26.00 | 12.00 | 2000 | 2550 | 1600 | 75 | 4.00 | 1.00

F-15 | 2732008 15 7-37 5-2 153 | 15.50 | 3400 | 17.00 | 27.00 | 3450 | 25.00 | 7.00 | 17.00 | 2.00

—= [ NS-15 | 2732018 {15) 7-17 5-2 (353) | 1550 | 3400 | 17.00 | 27.00 | 34.50 | 25.00 | 7.00 | 17.00 | 2.00
F-26 [ 2732027 25 16-24 1-3 290 23.00 | 48.00 | 22.25 | 36.00 | 53.00 | 37.25 | 16.00 | 24.00 | 3.00

2732036 16-24 1-3 290 23.00 | 48.00 | 2225 | 36.00 | 53.00 | 3725 | 16.00 | 24.00 | 3.00

2732045 35 16 - 36 1.63-4 519 30,00 | 64.00 | 27.50 | 48.00 | 58.00 | 53.00 | 16.00 | 36.00 | 4.00

[ NS-35 | 2732054 35 | 16-36 1.63-4 519 30.00 § 64.00 | 27.50 | 48.00 | 58.00 | 5300 | 16.00 | 36.00 | 4.00

* Maximum Proof Load is2 times the Working Load Limit.

c
N P:L__. . —— __L-_:z
!
i TF] Cut out for NS Cut out for
ST studs BASE siuds F-5 13.50 - ~ - 3.00 -
l F-15 17.00 - - - - 4.00 -
¥ NS-15 17.00 50 6.50 4.50 75 4.00 2.50
" F 2255 : - . y 550 .
« c e | NSZ5 2225 | 75 ] 795 650 | 75 | 55 | 4.00
F-35 27.50 - - . - 8.00 -
.f NS-35 27.50 75 9.00 8.50 .75 6.00 4.50
? £ model Base
t
Copyright © 2008 The Crosby Group, Inc. 387
All Righis Reserved
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ved

9 Lood Tiald FiligueTited

BOLT TYPE * Capacities 1/3 thru 150 metric tons.

* Working Load Limit permanently shown on every shackle,
ANCHOR * Forged — Quenched and Tempered, with alloy pins.

SHACKLES * Hot Dip galvanized or Self Colored.

« Fatigue rated (1/3t - 551).

* Shackles 25t and larger are RFID EQUIPPED.

* Crosby products meet or exceed all requirements of
ASMEY IF3026 including identification, ductility, design factor, proof load
and temperature requirements. Importantly, Crosby products meet other
critical performance requirements including fatigue life, impact
properties and materiaf traceability, not addressed by ASME B30.26.

+ Shackles 55 metric tons and smaller can be furnished proof tested with
certificates to designated standards, such as ABS, DNV, Lloyds, or other
certification when requested at time of order.

sions required of the contractor. For ~ * Look for the Red Pin®. . . the mark of genuine Crosby quality.

17.7, and ABS Guide for Certification of Cranes.

BOLT TYPE
CHAIN
SHACKLES

Bhackies

G-2150 S-2150

G-2130 5-2130 ¢ Shackles 85 metric tons and larger can be provided as follows. ) .
Bolt Type Anchor shackles with thin « Non Destructive Tested Bolt Type Chain shackles. Thin hex head
head bolt - nut with cotter pin. Meets the » Serialized Pin and Bow bolt - nut with cotier pin. Meets the
perlonmance requirenents e * Material Certification (Chemical) Certification must be St RRCZTID Type Tve, conde
Grade A, Class 3, excep for those provi- requested at time of order. 4, Class 3, except for thase provisions

ired of the contractors. For

required
additional information, see page 391. ¢ ﬁ)e Aplproval and certification in accordance with ABS 2006 Steel Vessel additional information, see page 391.
Rules 1-1-

Copyright © 2008 The Crosby Group, Inc.
Al Rights Reserved
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N 316 1133 1019464 - 06 138 ) 251 88 [.19] 60 | 56 147] 98 | 19 .06 | .06
I [ i7a 172 1619466 - A 147 (311138251 78 | 61 | 184 | 128) 251 06 | 06
c 5/16 374 1019468 - 22 | 53|.38f122| 31| 84 | 75209 147| 37| 06 05
H /8 1 1019470 - B33 |.66f . a4]1447.385.03].97 249|176 | 38 .13 ¢ .06
7116 112 [ 1019479 - A9 |76 ] .5071 189 44| 116 [1.06] 201 | 208 | 44 | .13 | 06
8 12 2 1010472 [ 1019481 79 | .81 | 64 | 1.68 | 50 | 1.31 [1.19] 3.28 | 231 | 50| 13 |08
N 58 314 | 1019490 /1019506] 168 |1.06] .77 | 2.38 | 63| 169 | 1.50] 4.19 | 294 | 691 13 06
34 434 110155151 1019524] 2.72 [126] 69 | 281 | 751200 | 1.61] 4.97 | 3.50 | .81 | 25 3
D 7/8 6:12  |1019533]1019542( 395 |144]7.02] 3.31 | 88 | 2.28 |2.09] 583 | 403 ] 97 | 25 T 08
i B:12 1019551 10195601 666 |1.66]7.15] 3.75 [1.00] 2.69 |2.38] 6.56 ] 469 |1.06] 25 | 06
1178 9172 [1019579)1019588| 8.27 |1.81[1.25| 425 |1.13] 2.91 |2.69| 747 | 5.16 |1.55| 25 .06
-1/4 12 1019597 | 1010604 [ 11.71 [2.63[1.40] 4.69 | 1.29] 3.25 [3.00] 8.25 | 5.75 |1.38] 25 06
1-3/8° 13-1/2 | 1019613]1019622| 1583 |2.25)1.53] 5.25 | 1.42] 3.63 | 3.91] 9.6 ] 6.8 |1.50] 35 KK
1-172 37 1019631 [ 1018640 19.00 [2.36]1.66] 5.75 | 1.53] 3.88 [3.63) 10.00] 6.88 | 1.62] 25 | 13
~>[ 1-3/4 125) 1016658 [ 1019668 | 3391y [28812.04] 7.00 | 1.64] 5.00 [4.19]12.34] 8.80 [2.25| 25 13
; H as 1019677 | 1010686 | 52 32512301 7.75 }2.08] 5.75 [4.81[13.68]10.15|2.40] .25 [ .13
2172 55 1019695 11019702/ 98.25 {4.13]2.80]10.50]2.71] 7.25 | 5.69]17.00]12.75|3.13] 35 T 25
G-2130 S-2130 3 185 [1019711 - 154.00 15.0013.30113.00]3.12] 7.88 |6.50{21.50{ 14.6213.62] 55 | 25
312 t120¢ [101973% - 265.00 15.25]3.76[14.63]3.62] 5.00 [6.00| 2488 17.02]4.38| 25 | 5
4 t150% [ 1019757 - 338.0¢ [5.50]4.26] 14.504.00] 10.00{9.00]25.68] 18.00[4.56| 25 | 25
M
K 1/4 1?2 1019768 . A3 1.47] 31 1257162]91 159 .97 | .58 .25] 06 ] .06
516 34 1016770 . 23 {.53].381.31].75]1.07] 191 1.156]{1.82{.31| .06 | .08
1 G ¢ 8 1 lo1g772] < 33 [ .66] 44| 38 92128231142 (217 38 .13 .08
7116 1172 1019774] - 49 [.75] .50 | 44 [1.06]1.48] 267 | 1.63] 251 | 44| .13 | .06
B ’ 172 2 1019775 11019784| 75" | 81 | 64| 50 {1.16]1.66] 303 | 181 | 2.60 | 501 .33 1 0c
58 3174 1019793} 1619800 147 [1.06{ .77 | .63 |1.50|2.04] 3.76 | 202 | 3.56 | 63 | 13 06
N L V4 4-3/4 1019819 [ 1019628] 252 [125] .89 | .75 |1.61]2.40] 453 | 2.75 | 415 | 81| 25 .06 |
] 778 6-1/2 1015897 [1019846 | 385 |1.44[7.02/ 88 [2.10]2.86] 5.93 | 3.20 | 4.82 | 57 | .25 [ 06
P— 1 B-172 1019858 [ 1019864 | 555 _|[1.68]1.15(1.00{2.38]3.24| 594 | 3.69 | 539 ]1.00] 25 | 05 |
0 14/8 9-172 10196731 1019682 7.60 |1.81[1.25§1.13|268]3.61] 6.78 | 4.07 | 5.90 [1.95] .25 | 05
1-1/4 12 1019691 11019908 | 10.81 [2.03[1.40]1.25[3.00]3.07] 7.50 | 453 | 6.66 |1.38] 25 | G
1-3/8 13-172 1019917 [ 1019926 13.75 [225/1.53]1.36|0.91]4.43] 828 | 5.01 | 7.21 [1.50] 25 .13
1-172 17 1019935 11019944 1B.50 |2.35]1.66]1.50|3.62]4.87| 9.05 1 5.98 | 7.73 |1.62] 25 {13
1-3/4 25 10199531 1019962 3140 |2.88]2.04 | 1.75]4.19]582|10.97] 6.38 | 5.93 |2.12| 25 13
2 35 1019971 11019980 | 46.75 |325(2.30}2.10|5.00]6.82 | 12.74] 7.25 |10.47{2.36] 251 13
2172 55 1819999 1020004 | 85.00 |4.12|2.80]2,635.68|8.07]14.85] 9.3 {13.68] 263] 25 | 25
3 | 185 1020013 - 124.25 |5.00}3.25{3.00{6.50[8.56|16.67 [ 11.00] 15.13| 350] .25 | 25
M " NOTE: Maximum Proof Load is 2.0 times the Working Load Limit. Minimum Ultimate Strength is § times the
. Working Load Limit, For Werking Load Limit reduction due to side loading applications, see page 74. N
G-2150 S-2150 t Individually Proof Tested with certification.

} Furnished in Anchor style only and furnished with Round Head Bolts with welded handles.

67




40 TON Capacity

RANGE DIAGRAM

1\
\

P S

4‘..

e . s s I

18

140

[{+]

-

¥

HOOK ELEVATION IN #
~
[-]
NS

1"

-
°©

»
-

“
«

BREN

4t € im

L

28

244

10—

1

ENENERREEE,

RS

120" (15070671

CE-829-002882 Rev. 3

H
90 ¥3 20 835 W9 73 7O 43 &0 33 $0 40 40 I3 20 23 20 1% 10 .
OPERATING RADIUS FROM AXIE OF AOTATION IN FEET A

WEIGHT REDUCTION FOR LOAD HANDLING DEVICES

1[o)

tERECTED - 7,2
tYEREGTED - 1,73 1bs.
tReduction of main boom capscities.
t tReduction of 32-11: Ex{. cagatitias.

ROOK 8LOCK
40°Tun, 3 Shesve . 640 1bs. |
15 Tbln, t S_Mtvz‘ “ .;J,IS,I:! :
wifiary Boom ] kL 5.
S igache s 1501bs.
¥ i daohs - Ball . 30044
1D Ton Headache:Bsll. .  SOU.tps.

NOTE: Al Load Handling
Devices and Boom Attachments.
are Considerad Part of ihs Lidwg
and Sulilgbie Allowasrices MUST
BE MADBE tor Thiir Comiinea
Walgnts, :
WRights are for Grove furnished
squipment.

Whan lifting. over swingaway and/ar
lib combinafion, dedlict totst wilght
of afl 1933 han 3

over maii boonr nose Slrecty from
swingaway orjib capacity,

XI5 OF AOTATION

NOTES FOR LIFTING CAPAC!

1. 0a not exceed 3ny rated lifting ca,
Rated 1fting cipacities are based on
tuspended loads with tha machine |
and standing an a Hirm SAPPOTting
Ratings  with autrigesrs drs base
outriggers being  axtendes 1o
maximum position and tiras raised ¢
crane weight befare extending (he bg
llﬂing 1oads. .

2. Practical working loads oy each par
job shai  be astablished by 2)..,
depending  on  operating  eonditio
incfudé: (he supportiag surtice, win.
other factors atfecling stabdilty, haza
surroundings, awperience of pers,
handling of load, eff. Nq 1ttempt m,
@ade to move 3 faxd horirontsity o
round in any ditestion.

3. Operating radivs it tha horjzonta gis
fiom ths ixih of rotatlon Dof6LE lgagi
the centerline of the vevticsl haist 1
tackie w;t: 493#‘35:&4.

4. “On Ruybber” Y (¥ permittad) ge
on prooer tire lminﬂm. am'eny‘
condition. *“On RubBBEr” losds ma.
transported at 2 oiakimum velilcte spe

LS mu/hr (& Km/h) on: 2 fiemi ano
suriace under contlitiorns spuiciiied.

3. Jibs may Ba uwd. for Miting: crine 1
only. Jib capacifies ate basad on siryc
strengthr of jib- or m1in boom and on
boom angis.

§. Qperdtion is not intandea or AppErove:
any conditions outilds of those i
hereon. Hangiing qf personnet trom
boom is  mot authorized except
sguipment furnish§d and Instalied by G
Manutacturing Comaany.

7. Fdr ciamshell oF contrete bucket opera
waight of bucket and |odd must not ex
ad Hiting.CXpacitiyn

R. Powaer-telesConing bosm seclions rus
extended squatly a8 afl tifes, |
cantilever booms can creste a tip
condition when In extendéd and low
position.

9. The maximum . 10ad which may
talascoped Is limited: by nydraulic press
boom angle, baom:lubricatian; €tc. it is
Rentts of raind 1TONg crsaeTaoas withi

imits of rata Ung Cxpacity chart.

10. With  certsin.  Bepm an he

combinations, maximum
be obtsimable wilh ftingard

V1. With cortain 508 id-Toad

1

nol be poisible, ratiooar safety s
affected tﬁ(ﬁig#mn.

12, Keep load handdng. devices a minimurr
52 inchas (Y0 < Bilow. boom heaa w
toweting or extendihpboain, .

13. 1t actuat boom WAQIN and/or radius
batwean values (itkd, uie H{ing capa:
for ths next longar ratén fougth anc

radius.

14. All load handling devices and be
atfachments are considered part.of the &
and sitabld Ilnvancar must be made
their tombdined wailjnts.

15. Qperation @f this. equigment in excess
ra{ing charis or disregara ol the instruct
i» hazardous and voids the warranty
manufacturer’s dability,

Divieron of Kidse. Inc

GROVE MANUFACTURING COMPANY
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~  RATED LIFTING

ON OUTRIGGERS FULLY EXTENDED - OVER SIDE

Radius Main Boom Langth in Feet
in Power Planed. Fi Retracled
Feet "2

10" 180,000 68,0051 &4.055 60,600
{69) (71.5) 74.5) 8.5}

o Nota ¢
165) J(em) - 'm-sr_, 08) | o6y (77.5) Lﬁl
(sa.s 3. | (67.5). £) 45} | 788
20 i I8, 500 x3 .700] 3T, 28,700
48.5) ish) Jiop | 815 1 00) | g2 (735] | (75)

@ 1: 8 - & ; =1 4 ;
(35.5) | (44) 2) 73) 1151.5) | (g8 S78) [1895) | 02 |y 7758 {

04 |1 43). | (s0) (555) | (595 {(6235) fie5.8 68) | (745) 75.5)
1S AT TS Y RS BT L ERE T 11 6] ST,
(31.5) | (s; 4y 54 7.5) | {61 5 15} {73
J : AL TTATO] T i - 12,2003 .76
135 an A15) | (47.5) | (s28 1.156.3) | (60) 535} { 705y (75 5
(18) 1(32.5) { ey A7) | 51.8) | (s 65.5) 1673 73)
] ‘ '

: | [ o @3 ,” ) « | 515) 21 ";a_m.f o1
- ‘J | A l(zzs)i ) Luss) | s '_qu;?_,

e P

0%0]" 0] 4 ST TH
24) 3 1) 58 .5) 1§ €
3 - 3428 0ee 4, 70T
3 235 35 52) | 555 | 63.5)
7 2, o EE
11.9) 1 (27.5) | (a8 52.5 15
75 1308 3

35 | any- (su,;o
205 |37 | s
41 , (a75)

[ i )

A&-229-006311 ¢ 0021370

1T

‘ j 1550
:

|

I

I

T

NOTE:Boom Angles arw in degress

[

I

I

’I
L[

- 5

NOTES FoR op :

1. Capacities 2PPeIring above the boid line are’baced on structura) strangih anag Hpping ’
tipping joads as detarminag by test.in accordance with SAE T ommendea Practice. !
2. Do not skcerd any fited losd when Mitting-regardiess of wnﬂl_nr’ l!'};rb‘;lﬂu OnstPune,

- Boom angis'iy 1he {ntiuged angle Batwean horizontal ans sna
. For béﬂm lanothe save 2. = 20

18

&



ACITY | ; | |
Be JM FULL HYBRAUUC_
NED)
ING
0-114

ITIES IN POUNDS -

ON OUTRIGGERS FULLY EXTENDED - OVER REAR

Miin Boom Length in Fert werblal " 3270 I3
Power Pinned Fly Ret acted f'.’n‘: 5’.’“..? |‘o’¢“¢f
44 SO 13 62 68 | 7¢ 81 104 113 136
; 64,000 60,000 ECN
| (69 .msy (74:5) |(76.5 Soe s Nerer? | Narmees
2 65.000'62 .500°1 57,500 {34,000 {31.000 49.000 .
(68) {71.51 1{78)  |(78) {77.5)

65}
00 | §5.000: 156000 | 46,500 | 43,500 41,900 [ 40,000 | 38,600
67.5} ((79.5) [(73) 174.5) _1(76.5) l(77.5)
47,006 43,000 [ 39,500 [ 36,500 | 34.500 32.200 [31,4q0-130,000 [ 2¢.703
(605 l(sa (87.5) (70 {72) 1{73.5) {176y
33,300 (31,0001 30,600 | 28,100 26,500 [ 25,360 [ 24.200 | 23.100 20.000 [17.500
481 _1152) [1575) |161.5) {(65) 167.5) J69.5) 172y (77 215

lZS 200 25.200 25,200 (25,200 [ 23.500 122,100 [ 21,000 | 20.000 19,000°[17,750 | 15,400

{31} 4 30 (3550 1(59.5) {62.5) 1(65.5} [{68) (28.5) [{rs 5}

[1920119.340.T18.340 112,700 | 17,706 T16-500 16,000 [15600 [ 13.700 | 9,600
1 {31.5) {82 {43) 3 (57.%} {61) {64.5) 171.5) {73y {77.5)
15,190 15.190115,19'0 15.190 [ 15,190 14,400 [13,600 ti,100]12200 6.7?6]
{13.5) {32} [(4%.5) {47.5} {52.5) 6.5 60 68.5) j{7o.s 75.%
I!Z.JIO lZ.JIO! 12,310 {12,310 | T- .10 418,700 11.300 [ 108 7.906
(18] 1(32.5) [eary {raz S| 56) 16551 {(67.5) }i73y
10,000 {10,000 10,000 {10,000 U 3,930 9410 7,050
9 ' 3

6.650 | 6.650 7,600 7,248 €300
133.5)_J(41) Miss.5) {ysa s {86)

(20.5) [(33) _[r40.5) ] 1
I ! a.uol A.1801 3.930] &84 [ g,ri0 8230 | 6.350
(22.5) {¢33 {40) (46.5) J(s9 (61.5] [[6s.5)
‘r‘ 5,650
[24)

5,280 | 5230{ 5.2801 6.800 6,300 | 5.200
(3} 25) _14135) ks (55.5) _[(63.5}
B 4,140 [ 4140 3, 5,640 4,750

{1.5) 1{27.5) {(aa, ] {61.5}
3,320 | 5,000 4910 | 4,350
7] (44) [49) [53.3)

[

[ ]

[ ]

[ ] il

‘ ‘ 060 | 4,690 4,050
[

)

|

[40} (48) 56)
L 3,290 3 3,700

3%)  liany 3.5
2,730 2,830 § 3.388
23.5) |37 50.5)
2210 23301 T

(22.5) 1132) [(a7.5;
1,680} 1,350 [ 2.470
{10.5) [(26.5) {(aa.s,;
14701 2,080
(13} lang

' ] 1,700

e SRR

"‘1-—'-*-0—-_
w
&
-

AG-829-0063094 & 0021370

!
L[]

COM angies are in. deyrees.

GEKsS
' retled upon &3 a' capacity {imitation. Capacities do not exceed B5% of
Hity.tett-coda - SAE J-765,

llgy.
lbyd:room angls oAly-in the column ha3ded by 104 ¢t. boom, For boom 187




-

* Travels under 100,000 Ibs. — fast
counterweight and outrigger stripdown.

* Torque Converter Transmission In upper.

* { ongest Boom in Class — 330’ maximum
boom and jib. :

188

Sl YA
POYS 2 4]
¢2,3)

Short Lever Controls for operator comiort —
powered by full flow hydraulics.

Planetary Power Load Lowering.
Super-Quiet Modular Cab.

Sealed-in-steel crane gearing.
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> T Ratings L
LIFT CRANE sERyicE ‘

‘ m
heavy duty y1p (257 - -

Outriggers extendeq and sg,
Pounds '

Boom Load [Boom
ength | Radiys Angle

160

DEDUCTION Fa

*OM RATED Boom LOADS wHEy &
19,800 LIFTING OVER BOOM pojNT WITH JI1B ATTACHED
17,600 ' :

3 ~ e P e -
Do not attempt to jit more than rated 1054 at load radjys shown, or Jift Where na radius ar tana . -
listed, ag crane may tip or collapsa. ) .

Do not attempt 1o it ma.n ..

190



owell Construction
Company

KRUPP KMK 5175
175 TON CAPACITY
ALL TERRAIN CRANE

Johnson City Knoxville Nashville
(423) 282-0111 (423) 546-0245 (615) 256-9600
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Working range

g 33/108 &t

43/ 161 1t

160 170 180 190
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100

130 140 150

10 120
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Main Boom
Lifting Capacities in 1000 Ibs

43-161 H 340° Counterweight 99,2“l Ibs
Rodius Mm-leng'h Radius
ft 4 43 L7473 2k 87 ft 1026h 1318 14601 161 # fi
10 350,0 266,0 1550 194,0 155,0 110,0 10
15, 780 . 2320 155,0 196,0 155,0 110,0 80,0 15
20 226,0 189,0 1440 164,0 1450 10,0 80,0 81,0 460 20
25 1850 159,0 124,0 41,0 127.0 110,0 20,0 61,0 45,0 25
30 1370 136,0 108,0 1230 1m0 160,0 80,0 61,0 45,0 )
a5 96,0 108,0 97,0 89,0 76,0 59,0 46,0 s
D 85,8 96,0 86,0 78,0 70,0 550 44,0 20
45 . 778 81,0 77.0 70,0 64,0 52,0 46,0 45
50 76 63,0 63,0 58,0 49 15,0 50
55 62,0 58,0 57,0 530 46, 43,2 55
69 50,0 51,0 490 436 404 &0
65 424 440 450 a4 37,8 65
70 70 382 44 39,2 35.8 70
75 32,2 33,2 78 36,8 338 75
80 29,0 33,6 344 346 80
85 » 254 30,0 308 30,0 5
9 21,0 26,8 7.4 28,4 °0
95 2348 24,8 26,4 95
100- : 214 22,2 24,0 100
05 06 20,0 26 105
T 18,6 18,6 19,6 10
HS 17,6 14,2 17,8 115
126 168 144 14,0 120
125 130 144 125
130 1.4 13,2 130
135 ngs 135
148 . 10,6 140
145 96 145
_ 113 0 0 0 WO G 100 W6 O KO 0 100 0 N0
w0 0 50 0 E 0 10 o 100 00 109 w0 12 S ITEREG
an o ] [} 0 0 0 o 54 ()} 0 196 50 160 75 0 1 cy
"0 0 0 60 o D We 50 i 7S W0 T4 °
Counterweight 66,' * lbs
Rodivs Hoonm-length Radivs
i S 436 57 1 728 87 f 102 13% 46 # ik ft
10 a0 2640 1585,8 52 1) 1550 1100 : 10
15 G0 B8O 1550 G 1550 HoS- 830 . 5
.3 F 188.0 1777/ T PY sy na;o 830 610 4.0 2
25 HEe LT S X JAZG. 1276 19,0 sa8 Y 460 25.
o 18350 32,6 1680 177 1 SR EY 73 008 - sAe 41,0 48,0 30
35 ' s s*G w20 8.0 po ¥ 8 599 440 35
4 IS Y 76,8 760 Y} 550 460 40
45 67,0 &N 2.0 63,0 645 52,0 44,0 45
50 580 510 540 57.0° 84 46,0 50
55 S ) a0 424 436 a8 16,0 43,2 55
@ B4 "V N %0
&5 ' R n,0 156 358 7,8 85
70 252 26,8 Hno 26 338 70
75 2z 25,2 286 80 296 75
8o 34 264 - 26,2 80
85 222 7% e 23,2 85
17 21,0 24 88 204 90
95 AL b4 18,2 95
100. 192 144 16,0 100
105 74 . RE 14,2 105
O 156 FLE: 12,6 110
ﬂﬁ. 2 2.4 1,0 115
fivais - RE
T25 &8
1 . 5,6

: " el e
M H 28" 2" x 26" 10" x 177 9" £ 90° over rear ‘
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APPENDIX F: ORIGINAL PLATE GIRDER PRODUCTION SCHEDULE

Appendix F contains the tracking spreadsheet for the plate girder production.
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Date 28-Dec-2009

PLATE GIRDER PRODUCTION TRACKER 409074A
PLATE GIRDER TRACKER 409074A

8
o [\]
= 35 | 3
2 2 =% 2
[+
GIRDER 4 e @ o &
1 3 [103C1 ¢| 108.56 19.78 |16-Jan-10
2 s (108C2 -] 113.33 26.30 |16-Jan-10
%® 4 (104B1 ¢| 108.82 22.21 [16-Jan-10
17 9 [109B2 ¢ | 114.45 29,92 [16-Jan-10
31 s [1056A1 ¢ | 109.09 25.56 | 16-Jan-10
32 10 [110A2 | 115.57 30.35 | 16-Jan-10
a4 1 |101E1~ 108.04 18.88 |17-Jan-10
a7 ¢ |106E2 ° | 111.07 23.38- | 17-Jan-10
61 2 (102D1 < | 108.30 19.20 |17-Jan-10
62 7 (107D2 112.20 24,05 [17-Jan-10

3 13 |[113C3 118.01 20.00 | 23-Jan-10
4 18 {118C4 99.64 25.97 |23-Jan-10
18 14 [114B3 119.12 21.70 | 23-Jan-10
19 19 (119B4 100.77 27.35 |23-Jan-10
33 15 [115A3 120.21 24.63 |23-Jan-10
3a 20 ([120A4 101.94 29.71 |23-Jan-10
a8 1 (1M1E3 115.84 19.41 | 24-Jan-10
a9 16 |116E4 97.31 23,23 | 24-Jan-10
63 12 |112D3 116.93 19.81 | 24-Jan-10
sa 17 {117D4 98.48 24.64 | 24-Jan-10

5 21 [121E5 114,98 | .19.23 | 30-Jan-10
6 26 |126E6 97.83 21.01 | 30-Jan-10
20 22 [122D5 116.35 20.60 | 30-Jan-10
21 27 [127D6 99.01 21.64 | 30-Jan-10
35 23 {123C5 117.71 20.83 | 30-Jan-10
36 28 {128C6 100.19 26.13 | 30-Jan-10
50 24 [124B5 119.12 21.07 | 31-Jan-10
51 29 (129B6 101.34 27.46 | 31-Jan-10
65 25 [125A5 120.48 26.06 | 31-Jan-10
66 30 [130A6 102.50 26.85 |31-Jan-10
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PLATE GIRDER PRODUCTION TRACKER 409074A
PLATE GIRDER TRACKER 409074A

LENGTH
Tons
ell Assoc
rection Date
Ship Date

GIRDER
7 31 [131E7 125.73 21.16 | 6-Feb-10
s 36 |136E8 31.76 6.95 6-Feb-10
22 32 |132D7 127.21 21.70 | 6-Feb-10
23 37 [137D8 32.14 712 6-Feb-10
37 33 |133C7 128.70 22.93 | 6-Feb-10
33 35 [138C8 32.52 7.20 6-Feb-10
52 34 [134B7 130.20 23.18 | 7-Feb-10
53 39 |139B8 32.90 7.27 7-Feb-10
67 35 [135A7 131.72 26.99 | 7-Feb-10
68 40 [140A8 33.27 10.04 | 7-Feb-10

B
E

s 43 [143C9 104.05 18.08 |13-Feb-10
10 48 |148C10 94.54 18.81 |13-Feb-10
24 a4 [144B9 105.25 18.34 | 13-Feb-10
25 49 |{149B10 95.66 19.04 | 13-Feb-10
39 45 |145A9 106.46 18.86 |13-Feb-10
40 50 |150A10 96.75 22.95 | 13-Feb-10
sa 41 (141E9 101.60 17.41 |14-Feb-10
ss 46 [146E10 92.34 18.01 | 14-Feb-10
o 42 {142D9 102.83 17.87 |[14-Feb-10
70 a7 {147D10 93.44 18.61 |14-Feb-10

1 51 [151E11 81.39 13.48 | 20-Feb-10
12 56 [156E12 89.95 16.65 | 20-Feb-10
26 52 [152D11 82.38 13.80 |20-Feb-10
27 s7 (157D12 91.00 17.19 | 20-Feb-10
41 53 {153C11 83.34 13.96 |20-Feb-10
42 s8 |158C12 94.16 17.39 |20-Feb-10
s6 54 |154B11 84.30 14.32 | 21-Feb-10
57 59 (159B12 93.17 17.60 |21-Feb-10
71 s5 {155A11 85.29 15.18 |21-Feb-10
72 0 |160A12 94.24 17.80 |21-Feb-10
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PLATE GIRDER PRODUCTION TRACKER 409074A
PLATE GIRDER TRACKER 409074A

5
80 Q
z 55 | &
o ® - a
& 5 | 38 | £
1™
GIRDER ) [ m w 0

13 &1 |161E13 65.05 10.76 | 25-Feb-10
14 o6 |166E14 116.95 24.63 | 25-Feb-10
28 62 |162D13 65.86 11.01 | 25-Feb-10
29 o7 |167D14 118.27 25.30 |25-Feb-10
a3 63 |163C13 66.61 11.13 | 25-Feb-10
4 68 |168C14 119.64 25.61 |25-Feb-10
s3 64 |164B13 67.37 12.17 | 26-Feb-10
59 69 |169B14 120.97 28.00 | 26-Feb-10
73 65 |165A13 68.15 12.22 | 26-Feb-10
74 710 |170A14 122.32 33.93 [26-Feb-10

15 71 {17T1E15 118.72 20.05 |[27-Feb-10
30 72 |172D15 119.85 20.50 |27-Feb-10
4 713 |173C15 120.96 22.57 |27-Feb-10
0 74 |174B15 122.09 25.96 |27-Feb-10
75 75 |175A15 123.24 34.42 | 27-Feb-10
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Date 28-Dec-2009

PLATE GIRDER PRODUCTION TRACKER 409074A
PLATE GIRDER TRACKER 409074A

LENGTH
Tons
ell Assoc
rection Date
Ship Date

GIRDER
3 |103C1 108.56 19.78 |[16-Jan-10
8 [108C2 113.33 26.30 |16-Jan-10
16 4 [104B1 108.82 22.21 | 16-Jan-10
9
5

B
E

10982 114.45 29.92 | 16-Jan-10
105A1 109.09 25.56 | 16-Jan-10
32 10 [110A2 115.57 30.35 |16-Jan-10
1 (101E1 108.04 | 18.88 [17-Jan-10
47 & |[106E2 111.07 23.38 [17-Jan-10
2
7

102D1 108.30 | 19.20 [17-san-10
107D2 112.20 | 24.05 |17-Jan-10

3 13 (113C3 118.01 20.00 | 23-Jan-10
4 18 (118C4 99.64 25.97 | 23.Jan-10
18 14 (114B3 119.12 21.70 | 23-Jan-10
19 19 {119B4 100.77 27.35 | 23-Jan-10
33" 15 {115A3 120.21 24.63 | 23-Jan-10
34 20 [120A4 101.94 29.71 | 23-Jan-10
48 11 [111E3 115.84 19.41 | 24-yan-10
49 16 [116E4 97.31 23.23 | 24-Jan-10
63 12 |112D3 116.93 19.81 | 24-Jan-10
64 17 [117D4 98.48 24.64 | 24-Jan-10

5 21 [121E5 114.98 19.23 | 30-Jan-10
6 26 |[126E6 97.83 | 21.01 [30-yan-10
20 22 (122D5 116.35 20.60 | 30-Jan-10
21 27 |[127D6 99.01 21.64 | 30-Jan-10
35 23 |[123C5 117.71 20.83 | 30-Jan-10
36 28 |128C6 100.19 26.13 | 30-Jan-10
50 24 (124B5 119.12 21.07 | 31-Jan-10
51 29 (129B6 101.34 27.46 | 31.Jan-10
65 25 [125A5 120.48 26.06 | 31-Jan-10
66 30 (130A6 102.50 26.85 |31-Jan-10
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PLATE GIRDER PRODUCTION TRACKER 409074A
PLATE GIRDER TRACKER 409074A

LENGTH
Tons
ell Assoc
rection Date
Ship Date

GIRDER
7 31 [131E7 125.73 21.16 | 6-Feb-10
8 36 (136ES8 31.76 6.95 6-Feb-10
22 32 |132D7 127.21 21.70 | 6-Feb-10
23 37 |137D8 32.14 7.12 6-Feb-10
37 33 (133C7 128.70 22.93 | 6-Feb-10
38 38 |[138C8 32.52 7.20 6-Feb-10
52 34 {134B7 130.20 23.18 | 7-Feb-10
53 39 (13988 32.90 7.27 7-Feb-10
67 35 [135A7 131.72 |- 26.99 7-Feb-10
68 40 [140A8 33.27 10.04 | 7.Feb-10

B
E

5 a3 [143C9 104.05 18.08 | 13-Feb-10
10 48 [148C10 94.54 18.81 |13-Feb-10
24 a4 (144B9 105.25 18.34 {13-Feb-10
25 49 |149B10 95.66 19.04 | 13-Feb-10
39 45 [145A9 106.46 18.86 |13-Feb-10
40 s0 {150A10 96.75 22,95 |13-Feb-10
54 a1 [141E9 101.60 | 17.41 [14-Feb-10
55 45 ([146E10 92.34 18.01 |14-Feb-10
69 42 (142D9 102.83 17.87 |14-Feb-10
70 47 {147D10 93.44 18.61 [14-Feb-10

1 5 [151E11 81.39 13.48 | 20-Feb-10
12 56 [166E12 89.95 16.65 |20-Feb-10
26 52 [152D11 82.38 13.80 | 20-Feb-10
27 57 (167D12 91.00 17.19 | 20-Feb-10
41 53 [153C11 83.34 13.96 | 20.Feb-10
42 58 [158C12 94.16 17.39 | 20-Feb-10
56 54 (154B11 84.30 14.32 | 21.Feb-10
57 59 [1569B12 93.17 17.60 | 21-Feb-10
71 55 (165A11 85.29 16.18 | 21-Feb-10
72 60 |160A12 94.24 17.80 | 21-Feb-10
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[ }]
=
e Q Q
I 0w c ©
’6 2 0 (o]
L
z 5 | 58 | 2
£
GIRDER J [ 0 w w0

13 &1 [161E13 65.05 10.76 | 25-Feb-10
14 66 |166E14 116.95 24.63 | 25-Feb-10
28 62 |[162D13 65.86 11.01 | 25-Feb-10
29 67 (167D14 118.27 25.30 | 25-Feb-10
43 63 [163C13 66.61 11.13 | 25-Feb-10
4 68 |168C14 119.64 25.61 | 25-Feb-10
58 64 |164B13 67.37 12.17 | 26-Feb-10
59 69 [169B14 120.97 28.00 | 26-Feb-10
73 5 (165A13 68.15 | 12.22 |26-Feb-10
74 70 (170A14 122.32 33.93 | 26-Feb-10

15 71 (171E15 118.72 20.05 |27-Feb-10
30 72 [172D15 119.85 20.50 | 27-Feb-10
45 73 [173C15 120.96 22.57 |27-Feb-10
60 74 [174B15 122.09 25.96 |27-Feb-10
75 75 {(175A156 123.24 34.42 | 27-Feb-10
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