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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 I-girder bridge. The bridge under study is the last of several bridges needed to 

complete the interchange between I-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. 
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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progress report for NCHRP Project 12-79 (unpublished): 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: 
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 Instrumenting and monitoring girder stresses and deformations during construction of 

a large, continuous curved bridge (Ramp B over I-40, Nashville, TN). 

 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.) 

 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 I-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 I-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 I-40 and 

northbound Briley Parkway (SR 155), eliminating the need for traffic to enter White 

Bridge Road and its bridge over I-40. 
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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 I-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 I-40 to 
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northbound Briley Parkway. Ramp B first goes over exit Ramp G and White Bridge 

Road, then turns sharply over I-40 and Ramp E (Figure 3), before joining Ramp D at its 

northern end. 

 

 

Figure 2: Computer Generated View of Project 
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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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 Figure 4: Elevation of Ramp B 

Ramp B is a composite I-girder bridge consisting of five steel plate girders of 

approximately 1800mm (70”) in height, with a cast-in-place concrete slab approximately 

210mm (8¼”) thick, and a total width of about 13210mm (43’-4”) on metal deck forms. 

The roadway width is 12150mm (39’-9”), with a girder spacing of 2660mm (8’-8”) as 
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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. 

 

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 

½”. and flanges ranging from 24” by 1” to 24” by 3¼”). 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 
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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.  

 

Figure 6: Typical Plate Girder Details (Fabrication Drawing from PDM) 
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Figure 7: Typical Plate Girder Details (Fabrication Drawing from PDM) 

 

Figure 8: Typical cross-frame, showing the drops in elevation between the girders 
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Figure 9: Shop drawing for girder 169B14 indicating sweep and camber profile of the girder 
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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 
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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 I-840 south of Nashville. In general the team had 

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

 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 
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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. 

 

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 
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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).  
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Figure 11: Plan View of Ramp B over I-40. 

Lines of instrumentation are 
labeled on the drawing as IL # 
and data collection boxes are 
shown as squares labeled B #. 
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Figure 12: Instrumentation Lines 1-4 
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Figure 13: Instrumentation Lines 5-8 
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Figure 14: Instrumentation Lines 9-12 
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Figure 15: Instrumentation Lines 13-16 
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Figure 16: Instrumentation Lines 17-20 
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Figure 17: Instrumentation Lines 21-24 
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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 

 

(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 ±25º with an accuracy of 0.01º (0.000175 rad.) 

 

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 



 
 

FFigure 25: Vie

Figu

w inside one o

re 26: Downlo

of the data ac
th

oading of data

34 

cquisition boxe
he radio transm

a remotely from

es shown the 
mitter 

m one of the d

 

CR1000, the p

 

data acquisitio

power supply

on boxes 

, and 



35 
 
 

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 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 

 The erection of the girders began on January 16, 2010 with span 1, starting with 

the outermost girder, girder 105A1.  

 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).  

 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.  



42 
 
 

 

Figure 34: Lifting of Girder 110A2 

 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 
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 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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 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 

 

Figure 47: Installation of cross-frames between Girders 117D4 and 116E4 



51 
 
 

Span 3 

 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.  

 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.  

 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 

 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 126E6, 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 136E8.  

 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 I-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 

 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.  

 

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 

 As with span 4, the traffic on I-40 was controlled during erection through the use 

of rolling road blocks.  

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

utilized.  

 The erection procedure was similar to that of the previous spans. 
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Span 6 

 Span 6 was erected on February 27-28, 2010, starting with the inside girder line 

(E) and ending with the outside girder line (A).  

 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 

Span 7 

 Span 7 was erected on March 6, 2010.  

 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.  

 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 162D13, 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.  

 

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 60: Shoring tower at span 7 after removal of cribbing 

 

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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 Girder 173C15 was spliced to girder 168C14 and the cross frames were attached 

between girders 173C15 and 174B15.  

 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. 

 

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  

 

Figure 66: Top view of strap detail showing metal deck forms screwed to light-gage angles 



67 
 
 

 

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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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 75ºF to 104ºF for the south top flange; for the same period, a nearby 

meteorological station reported temperatures ranging from 76º to 94ºF. 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. 

 

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. 

 

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. 

 

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. 
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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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Figure 84: Vertical deflection of girder 170A14 near connection to girder 175A15 due to live load 
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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 Systèmes 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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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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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.  

 

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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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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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.  

 

Figure 99: Comparison of stress in bottom flange of outside girder during loading C8 
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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. 

 

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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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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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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Figure 107: Wiring diagram for data acquisition system 
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Figure 108: Geokon vibrating wire strain gage 

(http://www.geokon.com/products/datasheets/4000.pdf) 
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Figure 109: Description of vibrating wire 

(http://www.geokon.com/products/datasheets/4000.pdf) 
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Figure 110: Vibrating wire specification 

 (http://www.geokon.com/products/manuals/4000_Strain_Gage.pdf) 
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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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Figure 112: Temperature correction for vibrating wire strain gages 

(http://www.geokon.com/products/manuals/4000_Strain_Gage.pdf) 
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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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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 

 

Figure 115: Stress in girder 104B1, instrumentation line 1 during construction of span 1 

 

Figure 116: Temperature in girder 104B1, instrumentation line 1 during construction of span 1 

 

 

Figure 117: Rotation in girder 104B1, 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 

 

Figure 119: Temperature in girder 105A1, instrumentation line 1 during construction of span 1 

 

Figure 120: Stress 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 

 

Figure 122: Rotation in girder 109B2, instrumentation line 3 during construction of span 1 

 

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 

 

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

 

Figure 126: Temperature in girder 110A2, instrumentation line 3 during construction of span 1 
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Construction of Span 2 

 

Figure 127: Stress in girder 101E1, instrumentation line 1 during construction of span 2 

 

Figure 128: Temperature in girder 101E1, instrumentation line 1 during construction of span 2 

 

Figure 129: Stress 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 

 

Figure 131: Rotation in girder 104B1, instrumentation line 1 during construction of span 2 

 

Figure 132: Stress 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 

 

Figure 134: Stress in girder 109B2, instrumentation line 2 during construction of span 2 

 

Figure 135: Temperature in girder 109B2, 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 

 

Figure 137: Temperature in girder 110A2, instrumentation line 2 during construction of span 2 

 

Figure 138: Stress 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 

 

Figure 140: Stress in girder 114B3, instrumentation line 4 during construction of span 2 

 

Figure 141: Temperature in 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 

 

Figure 143: Stress in girder 116E4, instrumentation line 5 during construction of span 2 

 

Figure 144: Temperature in girder 116E4, instrumentation line 5 during construction of span 2 
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Figure 145: Stress in girder 116E4, instrumentation line 6 during construction of span 2 

 

Figure 146: Temperature in girder 116E4, instrumentation line 6 during construction of span 2 

 

Figure 147: Stress 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 

 

Figure 149: Stress in girder 119B4, instrumentation line 6 during construction of span 2 

 

Figure 150: Temperature in girder 119B4, instrumentation line 6 during construction of span 2 
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Construction of Span 3 

 

Figure 151: Stress in girder 111E3, instrumentation line 4 during construction of span 3 

 

Figure 152: Temperature in girder 111E3, instrumentation line 4 during construction of span 3 

 

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 

 

Figure 155: Temperature in girder 116E4, instrumentation line 5 during construction of span 3 

 

Figure 156: Stress 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 

 

Figure 158: Stress in girder 145A9, instrumentation line 13 during construction of span 5 

 

Figure 159: Temperature in girder 145A9, instrumentation line 13 during construction of span 5 
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Figure 160: Stress in girder 150A10, instrumentation line 14 during construction of span 5 

 

Figure 161: Temperature in girder 150A10, instrumentation line 14 during construction of span 5 

 

Figure 162: Stress in girder 150A10, instrumentation line 15 during construction of span 5 

 

Figure 163: Temperature in girder 150A10, instrumentation line 15 during construction of span 5 
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Construction of Span 6 

 

Figure 164: Stress in girder 145A9, instrumentation line 13 during construction of span 6 

 

Figure 165: Temperature in girder 145A9, instrumentation line 13 during construction of span 6 

 

Figure 166: Stress 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 

 

Figure 168: Stress in girder 150A10, instrumentation line 15 during construction of span 6 

 

Figure 169: Temperature in girder 150A10, instrumentation line 15 during construction of span 6 
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Construction of Span 7 

 

Figure 170: Stress in girder 165A13, instrumentation line 19 during construction of span 7 

 

Figure 171: Temperature in girder 165A13, instrumentation line 19 during construction of span 7 

Construction of Span 8 

 

Figure 172: Stress 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 

 

Figure 174: Stress in girder 160A12, instrumentation line 17 during construction of span 8 

 

Figure 175: Temperature in girder 160A12, instrumentation line 17 during construction of span 8 

 

Figure 176: Stress 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 

 

Figure 178: Stress in girder 170A14, instrumentation line 20 during construction of span 8 

 

Figure 179: Temperature in girder 170A14, instrumentation line 20 during construction of span 8 

 

Figure 180: Stress in girder 170A14, instrumentation line 21 during construction of span 8 
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Figure 181: Temperature in girder 170A14, instrumentation line 21 during construction of span 8 

 

Figure 182: Stress in girder 170A14, instrumentation line 22 during construction of span 8 

 

Figure 183: Temperature in girder 170A14, instrumentation line 22 during construction of span 8 

 

Figure 184: Stress 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 

 

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 

 

Figure 187: Stress in girder 161E13, instrumentation line 19 during concrete placement 1 

 

Figure 188: Temperature in girder 161E13, instrumentation line 19 during concrete placement 1 

 

Figure 189: Stress in girder 171E15, instrumentation line 2319 during concrete placement 1 
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Figure 190: Temperature in girder 171E15, instrumentation line 23 during concrete placement 1 

 

Figure 191: Stress in girder 171E15, instrumentation line 24 during concrete placement 1 

 

Figure 192: Temperature in girder 171E15, instrumentation line 24 during concrete placement 1 
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Figure 193: Displacement in girders 171E15-175A15 near connection to 166E14-170A14 during 
concrete placement 1 

 

Figure 194: Displacement in girders 171E15-175A15 at mid span during concrete placement 1 

 

Figure 195: Displacement of inside girder during concrete placement 1 
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Concrete Placement Stage 2 

 

Figure 196: Temperature in girder 104B1, instrumentation line 1 during concrete placement 2 

 

Figure 197: Stress in girder 101E1, instrumentation line 1 during concrete placement 2 

 

Figure 198: Temperature in girder 101E1, instrumentation line 1 during concrete placement 2 
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Figure 199: Stress in girder 104B1, instrumentation line 1 during concrete placement 2 

 

Figure 200: Temperature in girder 104B1, instrumentation line 1 during concrete placement 2 

 

Figure 201: Stress 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 

 

Figure 203: Stress in girder 114B3, instrumentation line 4 during concrete placement 2 

 

Figure 204: Temperature in girder 114B3, instrumentation line 4 during concrete placement 2 
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Concrete Placement Stage 3 

 

Figure 205: Stress in girder 167D14, instrumentation line 22 during concrete placement 3 

 

Figure 206: Temperature in girder 167D14, instrumentation line 22 during concrete placement 3 

 

Figure 207: Stress in girder 170A14, instrumentation line 22 during concrete placement 3 



156 
 
 

 

Figure 208: Temperature in girder 170A14, instrumentation line 22 during concrete placement 3 

 

Figure 209: Displacement in girders 171E15-175A15 at connection to girders 166E14-170A14 during 
concrete placement 3 

 

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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Stress During Live Load Test 

 

Figure 211: Stress in girder 101E1, instrumentation line 1 during live load test 

 

Figure 212: Stress in girder 104B1, instrumentation line 1 during live load test 

 

Figure 213: Stress in girder 106E2, instrumentation line 2 during live load test 

 

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 

 

Figure 216: Stress in girder 114B3, instrumentation line 4 during live load test 

 

Figure 217: Stress in girder 116E4, instrumentation line 6 during live load test 

 

Figure 218: Stress in girder 119B4, instrumentation line 5 during live load test 
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Figure 219: Stress in girder 119B4, instrumentation line 6 during live load test 

 

Figure 220: Stress in girder 125A5, instrumentation line 7 during live load test 

 

Figure 221: Stress in girder 125A5, instrumentation line 8 during live load test 

 

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 

 

Figure 224: Stress in girder 135A7, instrumentation line 11 during live load test 

 

Figure 225: Stress in girder 140A8, instrumentation line 12 during live load test 

 

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 

 

Figure 228: Stress in girder 155A11, instrumentation line 16 during live load test 

 

Figure 229: Stress in girder 160A12, instrumentation line 17 during live load test 

 

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 

 

Figure 232: Stress in girder 165A13, instrumentation line 19 during live load test 

 

Figure 233: Stress in girder 167D14, instrumentation line 20 during live load test 

 

Figure 234: Stress in girder 170A14, instrumentation line 20 during live load test 
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Figure 235: Stress in girder 171E15, instrumentation line 23 during live load test 

 

Figure 236: Stress in girder 171E15, instrumentation line 24 during live load test 

 

Figure 237: Stress in girder 175A15, instrumentation line 23 during live load test 

 

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

 

Figure 239: Displacement of target 1 during live load test 

 

Figure 240: Displacement of target 2 during live load test 

 

Figure 241: Displacement of target 3 during live load test 
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Figure 242: Displacement of target 4 during live load test 

 

Figure 243: Displacement of target 5 during live load test 

 

Figure 244: Displacement of target 2111 during live load test 
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Figure 245: Displacement of target 2121 during live load test 

 

Figure 246: Displacement of target 2141 during live load test 

 

Figure 247: Displacement of target 2211 during live load test 
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Figure 248: Displacement of target 2221 during live load test 

 

Figure 249: Displacement of target 2241 during live load test 

 

Figure 250: Displacement of target 2231 during live load test 
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Figure 251: Displacement of target 2321 during live load test 

 

Figure 252: Displacement of target 2411 during live load test 

 

Figure 253: Displacement of target 2421 during live load test 



170 
 
 

 

Figure 254: Displacement of target 2441 during live load test 

 

Figure 255: Displacement of target 2511 during live load test 

 

Figure 256: Displacement of target 2521 during live load test 
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Figure 257: Displacement of target 2541 during live load test 

 

Figure 258: Displacement of target 2551 during live load test 

 

Figure 259: Displacement of target 2561 during live load test 
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Figure 260: Displacement of target 2611 during live load test 

 

Figure 261: Displacement of target 2621 during live load test 

 

Figure 262: Displacement of target 2641 during live load test 
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Figure 263: Displacement of target 2651 during live load test 

 

Figure 264: Displacement of target 2661 during live load test 

 

Figure 265: Displacement span 2 during live load test 
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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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Dennis Howell
Phone: (615) 351-5176
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KRUPP KMK 5175 175 Ton Hydraulic
P&H 9150 Truck Crane 150 Ton Conventional
Grove TMS 30OB 40 Ton Hydraulic

To unload and erect one lot of girders, splices and cross frames.General Scope:

Sequence of Erection;

Using appropriale capacity cranes, lifting beams, rigging, and Crosby ClampCo. Model NS-25
25{on capacity beam clamps, we shall start erection activities at Abutment No. I on the west end
of the bridge. Crane placement will be per drawing W20gg25-m3. Girders shall be set in place
using the two larger cranes and the 40-ton crane shall provide girder slabilization so that field
splices may be connected and erection cross braces installed. nolt up and tensioning of bolts
shall follow consecutivelv.

Pase 1 of4
175
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ERECTION PROCEDTIRE:

The following procedure shall commence by using two large cranes as aforementioned making
the splices in the air at the bent elevations. The cranes slail be set up for the heaviest lift at a
lifting radius of 45' for the l5o-ton crane and 50' for the l75ton crane- please see crane
placement drawings and charts attached.

SPAN I:

Girder l05Al shall be the first piece hoisted into place by the 175{on crane located on northwest
sideofRampwithgirder l lo/2hoistedwiththel5Gton".o"alsoonnorrhwestsideofRamp
making the splice, see drawing 00209925{03- The 4}ton crane will then be rigged to stabilizc
the girder assembly permitting the two larger cranes to be cut loose to start the next girder line,
Girder Line 2.

The I75-ton crane shall hoist girder l04B I wirh the I50-ton hoisring girder 10982 hto place
over Bent No.l and making the splice between the girders. Using a-fJrklift, erectjon cross braces
shall then be insalled to offer stability to Girder Lines I and 2 over Bent No.l. 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 I 75-ton crane shall hoist girder l03C t and the I 5Gton 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 disengiged in order to start the erection of
Girder Lines 4 and 5. Girder l02D I along with girder tOznz snul be the next girders erected in
the same manner. Girders lOlEl and 106E2 shail comptete Span I in like manner.

SPAN 2:

Using the same procedures as in Span 1, Girder Line I with the cranes reiocated north of Ramp B
as indicated by drawing shall be set with girders I l5A3 and 120A4 erectcd over Bent IA. Girder
Line 2 shall be set next with girders I l4B3 and I l9B4 erected over Benr lA with erection
procedures as in Span l. Girder Lines 3, 4, and 5 shall be similarly erected in order with girders
1 l3C3 - ll8C4, ll2D3 - lllD4,and I llE3 with I l6E4 being the lasr of Span 2.

SPAN 3:

Span 3 over Briley Parkway shall be the next span to be erected starting with Girder Line 5.
Girder 12185 shall be hoisted with the 150-ton crane located in Ieft 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 l.
Girder Line 4 shall be erecM next with girders l22DS and l 27D6 with splices and erection cross
braces installed. Girder Lines 3, 2, and I shall be similarly erected likewise and in order with
girders 123C5 - 12sC6, 12485 - 129P,6, and 1254.5 - 13bA6 being the last girder of Span 3.

SPAN4:

Ths cranes .shall be positioned with the 175-ton crane being on the south side of I-40, a jacent to
east bound lane, and the 150-ton crane on the north side, a-djacent 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.

Page? of 4
176



12/18/?009

Girder Line 5 of Span 4 shall start with I 3 1E7 and 136E8 over bent 3 and shall be srabilized with
the shoring tower and Bent 3. Girder Line 4 shalt be next with girders 131ZDT and l37Dg
installing field splices and erection cross braces. Girder Lines 3, 2, and I shall be similarly
erected and in order with girders 133C7 - I 38C8, 13487 - I 3988, and I 35A7 - 140Ag being the
last of Span 4.

SPAN 5:

Traffic control shall be similar to Span 3 over east bound lane of I40. The 175-ton crane shall be
relocatedtothewestsideof Bent4onthesouthsideof RampE. The lsGtoncraneshallbe
relocated to the right of the west bound lane west of Ramp S. e Z0o-ton capacity shoring tower
shall be installed adjacent to the west bound lane of the interstate under Girder Line No. l.

Girder Line I shall be continued over the shoring tower with girder 14549 from a truck on
emergency lane of I-40 west bound, hoisted by the l5Gton crane and stabilized on the tower with
the 175{on crane hoisting grrder 150A10 from its position at Bent 4 offa truck on Ramp E. The
40-ton crane shall belsqed to this girder line so that the two larger cranes may be disengaged
and commence with Girder Line 4. The 150{on crane shall hoisi girder 144B9 with the l75-ron
crane hoisting girder l49B l0 with splices made and erection cross braces installe<j. Girder Lines
3,2, and 1 shall be erected, spticed, and erection cross braces instailed in a like manner with
girders 143c9 - l48clo, t42D9 - l47Dl0, and l4lE9 - l46El0 complering Span 5.

SPAN 6:

The | 75-ton crane shall be relocaled to the north side of Ramp E east of Ramp B with the 150-ton
crane on the north side ofBent 5.

Staning with Girder Line 5, girder 15lEl 1 shall be hoisted with the 175-ron crane and girder
156B12 with the 150-ton crane, using similar prucedures as in Span I with field splices and
erection cross braces installed. Girder Line 4 shall be next with girders l52Dl I and l57Dl2
spliced and erection cross braces installed. Girder Lines 3, z, ani t shall be erected as previous
and in that order. Girders l53cll - 158C12, l54Bll - l59B12, and l55All - lff iAlishall 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 middte of the span with
150+on crane relocatedjust south of Bent 6.

Girder Line -5 with girders 16lEl3 and l66El4 shall be erected and bear on Benr 6, spliced and
stabilized, as in Span I' Girder Line 4 with girders I62Dl3 and l67Dl4 shall be erected, spliced,
and erection cross braces installed. GirderLines 3,2, and I with girders 163C13-16sC14,
1648l3-169814, and 165413-170A14, respectively, shall be erected, spliced and erecrion cross
braces installed, cornpletihg 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 sarne side of Ramp B.
Botl cranes shail be involved in making dual lifu on this last span.
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The fint girder to be erected sball be on Girder Line I with girder l75Al5 spliced and stabilized
as in previous spans with girder l74B l5 erected, spliced, and erection cross braces installed.
Girder Lines 3,4, wrd 5 shall be erected in that order with girders l73cl5, lZZDls, and l7lEl5.
The erection splices and cross braces shall be installed with each line until Span g is completed.

Detail crews shall work following behind the erection crew completing the spans and tensioning
the bolts as they move toward Bent No.7. At this stage or * r"quir"O,-"ither shoring towers or
erection hardware shall be removed from the bridge to permit other trades to follow up with tbeir
work activities.

Please see Drawings Nos. m209925-Nl and 002 for rigging configuratiors, 00209925-
003 for crane location plan, and}O209925-004 for optional temporary plate girder
bracing.

David Horton
Project Manager
Powell Construction Company

Robert W. Bailey, P.E.
Powell Construction Company
TN#: I11917

' .At
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EEAM
CLAMPS

Crosby Clarnp-Co Beam Clamps provide an efficient method for
handling wide flange.beam_sectibni and plate girders. when rifting
these beam clampg gnp the beam at three point-s, and when propuri}

balanced and safely guided, the beam can be handled e.'"ti if ih" '
clamp is slightly off center lengthwise.

. Capacities: 5 Toru to 35 Tors
. Eliminates the need {or slings, chokers, and spreader bars-
' When applied to load. the tongs autorn^atically open and slide under the flarge of the beam.
' c-enter-Plate and grippurg tongs work together - the heavier the bea-uu the greater the ciarnping

Prrssure.
' Model "NS" clamps have a recessed base to acceptstuds welded to the beam surface
' Individually Proof rested to 2 times the working toad Limit with certification.
. Finish - Red Paint
. AII sizes are RFID EQUIPPED.

NOTE: Control the beam at all times. Beams should be gripped as near the center as possibl". S..,UUin!tir,o ut ulJEdIil
be used to control excessive twisting or swinging ana to guiae the beam to its proper place. rach liftirig situation may have a
specific demand wNch should be addrexed before lifting.

BeamClamps

Maximm Proof Load is 2 times ihe Workhs Load Lfunit.

l-a'*;;l Ns tc"** I
I 

sruds 
J BASE I *' I

Copyight @ 2008 The Crosby Group, Inc.
AU Rights Resemed

F{ r3.50 3.q)
F-15 t7 { .@

NS-r5 | /.o0 .50 o.il 4-50 4.@ 2.vl
F-?f 2.25 5.s0

N$25 22 .75 7.75 75 5.50 4.00
F-35 27.50 6.00

NS.35 .75 9.O0 850 6.00 4-S
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-ved

BOLT TYPE
ANCHOR

SHACKLES

gE

BE
r : -a i . l

au|N
G2t30 5.2130

EoU Type ArdrdudLr wirh rhh
h€Ed boll - nut with cotbr pi^ lv{e€tsdE
perfm rqdmrrs oI fcdcral
SFcifiolion Rt{'?lD T}lpc lv,{'
Ga&,t Oru 3, ewt fd tl6 p@i-
siw aquircd o{fu cintr<tor. Fbr
additiml inlomtba w prgt 391. .

. C,apacities 1 /3 thru 1S0 metric rons.

. Working Load Limit permanently show6 on every shackle

. ForEed - Quenched and Tempercd, with alloy pins.

. Hot Drp galvanized or Self Coiored.
. Fatigue rated (1/3t -550.
. Shackles25tand largerare RIID EeUIppED.

BOLTTYPE
CHAIN

SHACKLES

and temperature requiiemenh. I-fro;ta;rly;d;o;UvEioiu.t" .or otf.,.,
crruc r periorrrunce reguirements including fatigu6 life. imDact
prDpeft€s and material traceabiliry, not adilressid by ASME 830.26.
Sha*les 55 mgtric bns and smallJr can be furnishedproof tested with
certificatFs to desigrured srandards, such as ABt DFJV,ll;;ds, o, o[rerceruncaEon when requested at time of order.

Clgs!;r3rodgcb oreet or exceed al.l requirements of \esz

f]$^-81:?1 d!di{8 identittcati"'}'d;firt, d;isn factor, prmf road
ano t€mPerarure requremenh. Imrrortantlv, Crosbvirodurf< met ar|,er

Shackles 85 metnc tons and larger can be provided as follows,
. Non D6hu.tive Tested-
. Serialized Pinand Bow
. Material CertiJication (Chemical) Certification must be

c-2rs0 s-2150
Eolt Typ. Ctuin shrdles. Ihin hq hcad
bolt - nut wi{r ottu pi& Mc{rs d*
ps{mG Equi|uab of Federel
Spcificatim RR{tIt DTypt fVB, Gndc
4 fl-- 3, a..pt br tte prcvlriw

r€quested at time of order.
look 6or the Red Pino. . . the mark oI gu.ruine Crosby quality.
Iyp" 4p1rryy91 ""d 

certification in acco'rdance with .dBS'ZO06 Srvpe Approval ana *mri."ti"il" ".;;;il #"f#iffitd,""r v"*"r mfmffiT # ro,Rirles 1:f-17-Z and ARS Guide fo. C"riin-.itio" 
"f-dr,"" 

--

\?ynetu @ 2M8Thz Crosby Group, Inc
AU Righr Ruerued

al6 t3t | 0t94&l .06 38 -'2r -aa l9 .56 1.4 | t9 I .06 .06lt4 l ! .3t t_13 25 .74 -61 I -8{ .065/16 3/4 10 ts46a z. .34 1-n 3l 84 75 06va : ot9470 .33 .66 4a 1.41 .38 t.03 .9I z4s 78
7176 1-1n t01 9471 .49 75 -50 t60 t_16 t_o€ 291 2.03 .06il2 | 0t 0472 | 01 9481 7A 8l .64 r .88 .50 r.3l t .19 3.28 ?31 .50 . t35la
314

3-lt4 tOl9,t9O r 01 9506
06

r.06 .77 2.38 t-69 1.50 4.t9 294 .69 l3 .06
1019524 2.72 125 .49 2-81 .75 2.OO 1.81 4.97 .81 .E 0,6i l8 6-1t2 1 019533 1019542 3.96 1.44 1,02 3.31 2.24 209 s.6at 4.03 97 06I a.u2 l01 955 I 10t9560 5,66 1.6S t .15 1a< t-0c 2.Rq 6.56 1.06 .25'1-1/A LlD 1 0r957! ro I 958a 4.27 t .2sl

r.6'r
r.53r
.66 |
r.o4 |
t .@l
.80I

42s I r .13 I
4,69 | 1.29 |
s: fr:45.7s I r.s3l
7.m l r .8{ l
7.75 12.06l
rq.50 | 2.71 |
3.oolT1, I

2.s1 l2.6el
3]tl3ool
3.63F.Til
3.08 13631
9.0o l{.rsl
5,75 14.8r I
iis Tssgl'
tcsT6€df

f.qil
T251
@1o.0o I
12.u1
r3.68 |
ri-eoI
al.50 I

t -1t4 t019597 r 01 960{ I l -71 1,E
6.38

€JE-
s.8o I
ro.J3
ni{l

'462l

25
.A

25

"5-
.25
=-

.06
r.3t8 t3-1t2 I or96t3 l0r 9622 -06
1.112 )J ror9631 0t9640 t9-m

l31.3t4 v5J I 0t 0659 t01s l33,Sl}
35 l0r96z I 019686 522l

2-r12 55 r 0 t9695 98-?S
t3

3 18s .25
3.rn I | 120t 25

t 338.@ 5.50 I Li l I LUU I o.(x)19-ml5.EE 8.@ {,5€ ,25 .25

NOTE:MaximmProof Lsdis2.0ti-"f 
-rh.W"EE eli"rjt Mirri^ffi

Ifl'*mHi"o&girlTf;iflg,Hgr-i,"ii i;i.ti.'l-al'!r?;ral1""-aiii";;iilii"#;:b";"g" 7+'-- -'- .
T rmsned n Anchorstyl€ only and fumished with Round Head Bolts with welded handles.

Otl
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150 ton Lattice Boom Truclr Crane

:;:r.:i'H

ew
vE

r:.- -

e Travels under 100,000 lbs. - llrt
counlenveighl and outrlgger rlrlpdown.

r Torque Converter Transmlsslon In upper.

. Longesl Boom in Class - 330'maxlmum
boom and Jlb.

4

r Shori Lever Conlrols for operalor comlort _
powered by fufl { low hydraullcs.

r Planetary Power Load Lowerlng.

r  Super-Ouiet  Modular Cab.

r Seated-in-sleel crane gearlng.
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APPENDIX F: ORIGINAL PLATE GIRDER PRODUCTION SCHEDULE 

Appendix F contains the tracking spreadsheet for the plate girder production. 

  



Date 28-Dec-2009

PLATE GIRDER PRODUCTION TRACKER 4O9O74A
PLATE GIRDER TRACKER 4O9O74A

GIRDER

I
F
oz
IJJ
J

o
c
o

o

-a!
to
oc,
aDo
<F
- ( ,6E
O lrJ

o
C'
o
.9
o

103C1 0 108.s6 19.78 16Jan-10
108C2 113.33 26.30 l6Jan-10

10481 , 108.82 22.21 1 6.Jan-1 0
10982 o 114.45 29.92 16Jan-10
105A1 , 109.09 25.56 16Jan-10
11042 ' 115.57 30.35 16Jan-10
101E1 r 108.04 18.88 17Jan-10
106E2 o 111.07 23.38. l7Jan-10
102D'l " 108.30 19.20 1 7-Jan-1 0
107D2, 112.20 24.05 17Jan-10

113C3 1 18.01 20.00 23Jan-10
1 18C4 99.64 25.97 23Jan-10
114B3 119.12 21.70 23Jan-10
1 1984 100.77 27.35 23.Jan-l 0
115A3 120.21 24.63 23Jan-10

'12044 101.94 29.71 23-Jan-1 0
111E3 '115.84 19.41 24Jan-10
116E4 97.31 23.23 24Jan-10
112D3 1 16.93 19.81 24-Jan-1Q
117D4 98.48 24.64 24Jan-10

121E5 114.98 19.23 30Jan-10
126E6 97.83 21.01 30Jan-10
122D5 116.35 20.60 30Jan-10
127D6 99.01 21.64 30Jan-10

'123C5 117.7',1 20.83 30Jan-10
128C6 100.19 26.13 30Jan-10
12485 119.12 21.07 31Jan-10
129B6 101.34 27.46 31Jan-10
125A5 120.48 26.06 31Jan-10
130A6 102.s0 26.8s 31Jan-10

'l

2

16

17

31

32

46

47

61

62

a

I

4

9

5

10

1

6

2

3 13

4 '.tB

18 14

19,19

33 15

34 20

48 '.t1

49 16

63 12

64 17

521

626

20 22

21 27

3s 23

36 28

50 24

51 29

55 25

55 30
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PLATE GIRDER PRODUCTION TRACKER 4O9O74A
PLATE GIRDER TRACKER 4O9O74A

GIRDER

I
F
oz
u.l

o
o

g
.o
to
oc
oo
1E
6E
O r.u

o
(l

o
.g
aD

131E7 125.73 21.16 6-Feb-1(

136E8 31.76 6.9s 6-Feb-10

132D7 127.21 21.70 6-Feb-10

137D8 32.14 7.'12 6-Feb-10

133C7 128.70 22.93 6-Feb-10

138C8 32.52 7.20 6-Feb-1 0

13487 130.20 23.18 7-Feb-1C

13988 32.90 7.27 7-Feb-10

135A7 131.72 26.99 7-Feb-10

140A8 33.27 10.04 7-Feb-10

143C9 104.05 18.08 13-Feb-10

148C10 94.54 18.81 13-Feb- l0

14489 105.25 18.34 1 3-Feb-1 0

149810 95.66 19.04 13-Feb-1C

145A9 106.46 18.86 1 3-Feb-1 [

150A10 96.75 22.9s 13-Feb- l (

141E9 101.60 '17.41 14-Feb-10

146E10 92.34 18.01 14-Feb-10

142D9 102.83 '17.87 14-Feb-10

147D'10 93.44 18,61 14-Feb-10

151E',,1 81.39 13.48 20-Feb-1 0

156E12 89.95 16.65 20-Feb-1C

152D11 82.38 13.80 20-Feb-10

'157D12 91.00 17.19 20-Feb-10

153C11 83.34 13.96 20-Feb-10

1s8C12 94.16 17.39 20-Feb-10

'154811 84.30 14.32 21-Feb-10

159812 93.17 17.60 21-Feb-10

155A11 85.29 15.18 21 -Feb-l 0

160A12 94.24 17.80 21 -Feb-l 0

731

836

22 32

23 37

37 33

38 38

52 34

53 39

67 35

68 40

943

10 48

24 44

25 49

39 45

40 '50

54 41

55 46

69 42

70 47

12 56

26 52

27 57

41 53

42 58

56 54

57 59

71 55

72 60

11
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PLATE GIRDER PRODUCTION TRACKER 4O9O74A
PLATE GIRDER TRACKER 4O9O74A

GIRDER

-Foz
lrJ
J

at

o
F

o
- ( !
to
6c,
oo
<F

6E
ouJ

o
(!
o
.9
o

161E13 65.05 10.76 25-Feb-10

166E14 116.95 24.63 25-Feb-'10

162D13 65.86 11.01 25-Feb-10

167D14 118.27 25.30 25-Feb-10

163C13 66.61 11.13 25-Feb-10

168C14 119.64 25.61 25-Feb-l 0

164813 67.37 12.17 26-Feb-1(

169814 120.97 28.00 26-Feb-1(

165A13 68.15 12.22 26-Feb-1 0

170A.14 122.32 33.93 26-Feb-10

171E15 118.72 20.05 27-Feb-10

172D15 119.85 20.50 27-Feb-'lC,

173C15 120.96 22.57 27-Feb-10

174815 '122.09 25.96 27-Feb-10

17sA15 123.24 34.42 27-Feb-10

13 61

14 66

28 62

29 67

43 63

44 68

58 54

59 69

73 65

74 70

15 7',1

30 72

45 73

60 74

75 75
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Date

PLATE GIRDER

Cpr rrt @ p/* 6,,/3e " lt,p
36a 43t c6t5

28-Dec-2009

PRODUCTION TRACKER 4OgO7 4A

1

17

31

JZ

46

47

61

8

4

q

5

10

1

6

2

7

3 13

4 18

'18 ,14

19 19

33 15

34 20

48 11

49 16

63 12

64 17

521

626

20 22

21 27

35 23

36 2E

50 24

51 29

6s 25

66 30

?LATE GtRpER TRACKER 4O9O74A

GIRDER

I
F
ozr.u
J

o
o

F

o
- t !:o

oc
60
<F

5E
o[J

o
(s
o
.s
@

103C1 108.56 19.78 16-Jan-10
1 08C2 113.33 26.30 16-Jan-1 (
10481 108.82 22.21 1 6-Jan-1 0
1 0982 114.45 29.92 1 6-Jan-l 0
105A1 109.09 25.56 16-Jan-10
110A2 115.57 30.35 16-Jan-10
101E1 108.04 18.88 17Jan-10
1 06E2 111.07 23.38 1 7-Jan-10
102D1 108.30 19.20 7-Jan-10
107D2 112.20 24.05 117-Jan-10

113C3 1 18.01 20.00 23-Jan-1 0
118C4 99.64 25.97 23Jan-10
114B3 119.12 21.70 23-Jan-1 0
1 1984 100.77 27.35 23-Jan-1(
115A3 120.21 24.63 23Jan-1C
120A4 101.94 29.71 23-Jan-1 0
11 1E3 1 15.84 19.41 244an-10
116E4 97.31 23.23 24-Jan-10
112D3 1 16.93 19.81 24-Jan-10
117D4 98.48 24.64 24-Jan-10

121E5 114.98 19.23 30-Jan-1 0
1 26E6 97.83 21.0'1 30Jan-10
122D5 116.35 20.60 30-Jan-1 0
127D6 99.01 21.64 30-Jan-10
123C5 "t17.71 20.83 30-Jan-10
1 28C6 100.19 26.13 30-Jan-10
1249.5 119.12 21.07 31 

-Jan-1 
(

12986 101.34 27.46 31-Jan.10
125A5 120.48 26.06 31Jan-10
130A6 102.50 26.85 31-Jan-10
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PLATE GTRDER pl_o^D_u_gTtoN TRACKER 4Oe074A

731

836

22 32

23 37

37 33

38 38

52 34

53 39

67 35

68 40

a1

36

32

?LATE GTRDER TRACKER 40so74a

GIRDER

r
F
(9
z
LIJ
J

u,
o

F

o
--o:o
oc
oo
<E
-oEE
clr !

o
(E
o

E
U'131E7 125.73 21.16 6-Feb-l 0

1 36E8 31.76 6.95 6-Feb-1 0
132D7 127.21 21.70 6-Feb.1
1 37D8 32.14 7.12 6-Feb-l 0
133C7 128.70 22.93 6-Feb-l 0
138C8 32.52 7.20 6-Feb-1 0
13487 130.20 z3 1E 7-Feb-l C
13988 32.90 7.27 7-Feb-1 0
135A7 131.72 .26.99

7-Feb-lC
40A8 33.27 10.04 7-Feb-1 0

43C9 104.05 18.08 1 3-Feb-1 0
48C10 94.54 18.81 1 3-Feb-1 0
4489 105.25 18.34 1 3-Feb-1 (
49810 95.66 19.04 I 3-Feb-1 0
45A9 106.46 18.86 1 3-Feb-1 0
50A10 96.75 22.95 13.Feb-10
41 E9 101.60 17.41 14-Feb-1 0
46E10 92.34 18.01 14-Feb-1C
42D9 102.83 17.87 1 -Feb-10

147D10 93.44 18.6f 14-Feb-1 0

151E11 81.39 13.48 20-Feb-1(
156E12 89.95 16.65 20.Feb-1 0
152D11 82.38 13.80 20-Feb-1 0157D12 91.00 17.19 20-Feb-1 0
153C11 83.34 13.96 20.Feb-1 0
158C12 94.16 17.39 20-Feb-1 (
154811 84.30 14.32 21-Feb-10
159812 93.17 17.60 21 -Feb-l 0155411 85.29 15.18 21 -Feb-1 t160A12 94.24 17.80 21-Feb- i0

943

10 48

24 44

25 49

39 45

40 50

54 41

55 46

69 42

70 47

11 s1

12 s6

26 52

27 57

41 53

42 58

56 54

57 59

71 55

72 O0
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PLATE GIRDER PRODUCTION TRACKER 4O9O74A
PLATE GIRDER TRACKER 4OgO74A

GIRDER

I
F
oz
lrJ
J

o
o

F

o
_.(E

3o
oc
oo
<E
-o
otr
OUJ

o
G
o
.s
@

161E13 65.05 10.76 25-Feb-1 C
1 66El 4 116.95 24.63 25-Feb-10
162D13 65.86 11.01 25-Feb-'t 0
167D14 118.27 25.30 25.Feb-f (
163C13 66.61 11.13 25-Feb-1 0
168C14 1 19.64 25.61 2S-Feb-1 0
164813 67.37 12.17 26-Feb-1 0
169814 120.97 28.00 26-Feb-1 0
165413 68.15 12.22 26-Feb-1 0
170A14 122.32 33.93 26-Feb-l 0

171E15 118.72 20.05 27-Feb-10
172D15 119.85 20.50 27-Feb-10
173C15 120.96 22.57 27-Feb-10
174815 122.09 25.96 27-Feb-10
175415 123.24 34.42 27-Feb-10

13 61

14 65

28 62

29 67

43 63

44 68

58 64

59 69

73 65

74 70

15 71

30 72

45 73

60 74

75 75
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