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Figure 1. Photo.  Simple pressure gages; devices that convert a measurement parameter into mechanical gage
 movement. These devices and can be considered the most basic of transducers, as they transfer one physical parameter to another mode.

Figure 2. Illustration. Location map for Pier EA-31 of the West Seattle bridge in the Seattle, Washington area.  The West Seattle bridge has an east / west alignment connecting West Seattle to the rest of Seattle and ultimately Interstate I-5. 
Figure 3. Illustration. Instrumentation general layout showing both the plan view and profile view of Pier EA-31,  Each of the gage types are denoted with markers in the legend the position of which can then be identified in the two views.

Figure 4. Graph. Tip load response of piles 1, 7, and 10 in Pier EA-31are shown indicating that a slightly higher load (105 tons) was observed toward the east side (pile 1) when compared to the average 94 ton / pile load.  Pile 7 located at the east/west midpoint registered close to the average load while pile 10 on the west end measured a lesser value (84 tons) commensurate with the eccentricity indicated by pile 1.  
Figure 5. Graph. The average strain change from each gage level in pile 1 of Pier EA-31 is shown over a twenty year period indicating that most of the change occurred in the middle gages denoted by levels 2, 3, 4, and 5.  Level 2 registered strain changes as much as -375 ue (-375 microstrain).  Levels 1 and 6, which represent the top and toe of the pile respectively, showed the least change in strain both barely exceeding -100 ue. The magnitude of strain is the important parameter;a positive or negative sign only indicates tension of compression, respectively. Also apparent, is that gage level 1 stopped functioning in the first half of the twelfth year.
Figure 6. Graph. The average strain change from each gage level in pile 7 of Pier EA-31 over a twenty year period indicates that most of the change occurred in the middle gages denoted by levels 2, 3, 4, and 5 wherein they ed around -200 ue  Level 1 showed significantly less change at near -100 ue whereas level 6 was only slightly less than the rest around -160 ue. Similar to pile 1, the level 1 gage pair stopped functioning after twelve years in service.

Figure 7. Graph. The average strain change from each gage level in pile 10 of Pier EA-31 over a twenty year period indicates that most of the change occurred in the middle gages denoted by levels 2, 3,  and 4 (ranging from -300 to -360 ue). Changes in gage level  5 where somewhat less capping at near -220 ue.  Levels 1 and 6 again show the least change in strain over time generally staying under -100 ue.  Gage level 1 stopped functioning shortly before 4 years of service, levels 4 and 6 made it to about thirteen years.  


Figure 8. Photo. The wireless data collection system used by Arms et al provided a weather proof enclosure for the transmitters and computerized data logger as well as a cellular modem and internal cooling.
Figure 9. Photo. The train crossing the bridge previously instrumented caused a strain event that could be captured by the wireless data collection system.
Figure 10. Photo. Bascule bridge on SR-401N, Port Canaveral, FL. The opened bridge as shown illustrates the difficulty in running wiring to a movable structure.  These movable bridges are typically built from steel which introduces high replacement and maintenance costs especially in marine environments.  Monitoring these structures to assess their health is one way of reducing costs of unnecessary intervention / inspection.  Where possible this type of bridge is now avoided often being replaced with a high level, fixed-span alternative design.






Figure 11. Illustration. Locations and types of sensors on bascule bridge. Several types of sensors where used as indicated by the five call-outs denoted by letters A through C: (A) strain gages placed on transverse beams, (B) accelerometers and tilt meters placed at the full cantilevered end of the lift bridge wherein the highest acceleration is likely to occur, (C) strain rosettes mounted on the web of main girders over the support, (D) strain rosettes mounted on the web throughout the rest of the girder, and (E) a wind monitoring station complete with on-line video imaging.
Figure 12. Photo. Fiber-reinforced polymers were used to repair the bridge superstructure as shown.  These fibers can be made of fiberglass or carbon and can be obtained in numerous weave configurations (bi-directional or uni-directional).  The emphasis for this type of repair material is reduced weight and installation cost although some materials are relatively expensive (especially carbon fibers). The thin layers add virtually no dimension to the structure and can be applied with little or no effect to the appearance. 
Figure 13. Photo. Some fiber-optic instrumentation was applied to the concrete surface prior to the FRP repair (shown) although the excellent bond of present day epoxies that are used to bond the FRP to the structure allows these sensors to be surface mounted to the FRP as well while still transferring the true strain to the sensors.    .
Figure 14. Photo. Some fiber-optic instrumentation was applied to the concrete surface prior to the FRP repair although the excellent bond of present day epoxies that are used to bond the FRP to the structure allows these sensors to be surface mounted to the FRP as well (shown) while still transferring the true strain to the sensors.    
Figure 15. Graph. The effect of various load types and magnitude are illustrated wherein: 5 microstrain was experienced when a minivan passed over the bridge at 25 mph, slightly less was registered when a SUV passed over at 40 mph, and a smaller car caused 3 ue when traveling 30 mph.  Perhaps more striking was the capability of the system to detect a man walking, running, and jumping.  This provides credibility to health monitoring systems using fiberoptic sensors.
Figure 16. Photo. Interstate instrumentation applications such as the East 12th Street bridge, Des Moines, IA (shown) are often difficult to retrofit with long lead wires from sensors to the data logger or collection system. The limited access to data loggers when left on site makes the use of wireless sensors and wireless communications a practical solution.
Figure 17. Photo. A dedicated host computer (shown) near the East 12th Street bridge site was necessary to receive the wireless data stream which could then be either archived or posted to show real-time activity.
Figure 18. Illustration. The locator map to the voided shaft testing site (shown) places it in Clearwater, FL close to Interstate I-275 in Pinellas County.
Figure 19. Photo. The reinforcement cage used for the demonstration voided shaft was nominally 8 ft in diameter which provided 6 inches of clear concrete cover.  The cage shown had 36 longitudinal bars with access tubes installed between every fourth bar.  Clear spacing between bars and access tubes where considered to provide adequate concrete flow during concreting.
Figure 20. Photo. The casing used to provide the “void” at the shaft center was equipped with centralizing struts welded to the inside of the casing.  The struts were welded at several locations along the length of the casing and provided support for a single access tube at the shaft center.
Figure 21. Photo. The centralize access tube shown in the supporting struts were additionally instrumented with thermocouple wires (orange) as part of the preparation for shaft construction.
Figure 22. Photo. Additional thermocouples were mounted to the exterior of the central casing attached to welded tabs at the desired locations.  The exterior of the casing as shown represented the inner most portion of the concrete that was to be placed around the casing. All thermocouple wiring was extended to the top of the casing for later installation to the data collection system. 
Figure 23. Photo. A drill rig used was used to install access tubes in the ground around the proposed location of the voided shaft which was to be constructed later.  These access tubes in the soil were installed at various distances from the edge of the proposed shaft location several weeks prior to shaft construction.
Figure 24. Photo. Excavation of the shaft as shown was conducted with a truck-back drill rig equipped with a 9 ft diameter auger and surface casing to support the upper soils.  Around the surface casing the access tubes previously installed were painted flourencent orange to minimize inadvertent disturbances.
Figure 25. Photo. Although the shaft was relatively short, the reinforcing cage was carefully picked from four points and two boom trucks to minimize lifting distortion.
Figure 26. Photo. When placing the reinforcing cage it was held as close to center as possible prior to lowering.  However, wheel spacers were installed that would aid in centering and providing the correct concrete cover.
Figure 27. Photo. The self-weight of the cage was supported by chains that maintain the correct cage elevation and prevent the bottom of the cage from resting on the soil thereby providing the minimum steel cover at the toe of the shaft.  Beams capable of support the cage weight were placed across the top of the surface casing to assure the chains were vertical.
Figure 28. Photo. The central casing shown with the centralized access tube was lifted from two opposing holes in the casing near the top.  As the casing is much stiffer than the cage previously lifted, the casing was lifted with only one boom truck.
Figure 29. Photo. The inner face of the voided shaft was formed by the central casing installed in the excavation after the cage as shown. The self-weight of the casing was sufficient to cut into the soil at the excavation bottom approximately 6 inches as indicated by the lengths premarked on the side of the casing.
Figure 30. Photo. In lieu of welded centralizing struts from the central casing to the surface casing, the contractor opted to secure the top of the central casing with a back-hoe bucket continually manned by an operator.  The base of the casing had already been secured by the self-weight cutting into the soil.
Figure 31. Photo. Two tremies were placed at roughly opposite sides of the annular region formed between the cage and the central casing.  This provide two sources of concrete supplied by two concrete trucks as shown.
Figure 32. Photo. To provide minimal disturbance to the freshly poured shaft, two boom trucks were used to extract the temporary surface casing. This provided a more concentric removal minimally affected by boom deflection while loaded.
Figure 33. Photo. The finished shaft is shown with access tubes and the reinforcing cage stickups surrounding the central casing. The centralized access tube can also be seen as well as a mounting pole for the data collection system..
Figure 34. Photo. The Campbell Scientific Inc.( CR1000 data logger shown is relatively small (approx 4” by 8”) and has screw terminal connections for instruments, power in and out as well as digital inputs and outputs. Communication between the data logger and the cellular modem was provided by the serial RS-232 port provided.
Figure 35. Photo. The AM25T 25-channel thermocouple multiplexer connects via screw terminals to the CR-1000.  Screw terminals line both the upper and lower edge as shown for connection to as many as 25 thermocouples.
Figure 36. Photo. The Raven100 CDMA AirLink cellular modem was connected to the CR-1000 using a null-modem serial interface cable (not shown). The face of the modem was equipped with 7 led indicators that provide information concerning the status of the power, available network service, signal strength available, communication activity, etc.  The device could be either configured for static or dynamic IP connections.
Figure 37. Photo. The PS-100 12V power supply came complete with a 7 amp-hour rechargeable battery.  It was capable of recharging the battery using AC or DC sources typical of land power or solar panel. An external deep cell battery (not shown) was also maintained by the PS-100 through screw terminals dedicated for that application.
Figure 38. Photo. An ENC12x14 environmental enclosure was selected to house the entire remote data collection system which contained the basic components: data logger, power supply/battery, cellular modem, and multiplexer.  
Figure 39. Photo. The entire system can be seen containing the basic components discussed.  The null modem cable (white) is shown connected to the CR-1000 (top).  The cellular modem (gold) is shown on the right while the multiplexer is near the bottom of the enclosure.  Thermocouple wires were fed through the bottom of the enclosure and directly to the multiplexer.  A putty-type sealant was used to keep out moisture; a desicant pack was also enclosed to absorb trapped moisture once the enclosure was closed.
Figure 40. Photo. The remote monitoring system enclosure for the voided shaft is shown mounted to the pole provided along with a wide band cellular antenna (top) and a solar panel trained on the predominant direction of the sun for that location.  The thermocouple wiring can be seen (brownish-orange) running into the bottom of the enclosure.
Figure 41. Graph. The battery voltage of thermal monitoring system was continually monitored and is shown from the time of construction to October 8, 2007. Almost immediately after construction the battery voltage is shown to drastically drop.  This was due to a continuous connection between the cellular modem and the host server. Below 11 V, the system is programmed to hibernate and protect the collected data until power can be restored.  The following trend (after charging) shows a much slower voltage decay but indicated that the solar panel was insufficient in size/capacity to maintain the system power demand.
Figure 42. Graph. The battery voltage of thermal monitoring system from the time of construction to the end of minitoring December 14, 2007 shows three separate occasions where the system voltage  was critically low and five occasions where a site visit was required to recharged the system over the 3 month period. Times where the rate of voltage decay is less can be attributed to highly solar days and vice versa.
Figure 43. Graph. The data from all thermocouples within the voided shaft are shown for the entire monitoring period.  The peak temperature measured was  138 F.  Elevated soil temperatures continued to be present even after 3 months.  The daily temperature flunctuations are shown as light blue.
Figure 44. Graph. The daily average thermocouple data for all locations within the shaft and surround soil are annotated with a cross-section view of the shaft. The distances away from the shaft edge are denoted in terms of the diameter (D).  Therein, the 1/4D, 1/2D, 1D, and 2D temperature traces represent 2.25ft, 4.5ft, 9ft, and 18ft, respectively.
Figure 45. Illustration. The sub-structural health monitoring site at the I-35W bridge over the Mississippi River is shown at the base of Pier 2 in the southbound direction.  This pier was one of the last to be constructed making the timeline workable for instrumentation given the fast paced construction schedule.
Figure 46. Chart. The schedule and overlap of the I-35W bridge project phases includes instrumentation the construction of the shafts, footing construction, the column instrumentation and construction, and the subsequent superstructure construction.  This is generally in reference to Pier 2 and includes the final long-term health monitoring program that was to continue long after construction was completed.
Figure 47. Photo. The I-35W  shaft reinforcement cages for pier two were fabricated along side the excavation site.  Pier 2 southbound and northbound cages were fabricated in the same area shown.
Figure 48. Illustration. The shaft instrumentation plan is shown having four gage levels on two drilled shafts.  These were shafts 1 and 2 in the southbound footing only.
Figure 49. Photo. The instrumentation wire bundles were gathered together and run up opposite sides of the cage as shown.  Each gage level contained four different locations roughly 90 degrees apart from each other.  The gages are shown tied to the cage between the main bars.
Figure 50. Photo. The shaft reinforcing cages for the I-35W bridge used 20 main bars and incorporated 6 access tubes for subsequent cross-hole sonic logging.  Permanent casing was also used as shown.
Figure 51. Photo. The reinforcement cages for the I-35W Pier 2 bridge shafts (south side of river) were fabricated on-site (left-center) and hoisted by a crane for insertion into the excavation adjacent the river bank (right).
Figure 52. Photo. Conduits were placed on the ground at the base of the footing location prior to concreting that protected the instrumentation wiring running from shafts to DAS boxes located on the nearby covered fence.  Note that only shaft 1 (left) and shaft 2(right) were instrumented. Spacer blocks are shown on which the lowest level of footing reinforcement was to be placed.  The main reinforcing bars from the shafts were left un-cut to extend well into the footing.
Figure 53. Photo. The lower layer of pier footing reinforcement for I-35W bridge is shown and was placed such that the drilled shaft reinforcement could extend through into the core of the footing.  The depth of the footing can be seen by the form work height (4.8m or 14ft).
Figure 54. Photo. The upper layer of pier footing reinforcement for I-35W bridge was supported by steel beams attached to the drilled shaft reinforcement.  Cooling tubes can also be seen running through the footing along with the footing reinforcement.
Figure 55. Photo. The same data collection system used in the Clearwater case study was used for I-35W bridge shafts to monitor the thermocouples in the shafts and subsequently the footing.  Note the components of the system as mounted to the covered fence: data logger, modem, power supply, multiplexer, and desiccant.
Figure 56. Photo. A large 35 W solar cell panel was selected for the I-35W bridge monitoring system based on the unsatisfactory performance of its smaller predecessor in Clearwater.  This unit was markedly larger in part dictated by the lower anticipated solar energy in the Minneapolis area.  Positioning of the panel was along the edges of the construction site on the adjacent fence line to avoid interference with construction activities.
Figure 57. Photo. The CC640 on-site camera was mounted with a perspective that enabled the remote overseers to identify construction activities that corresponded to observed data trends.  This relative close perspective worked well until the footing and column construction became too large to capture new activities.
Figure 58. Photo. A sample camera shot from the close-up on-ste camera adjacent Pier 2 shows the limits of the camera perspective.  All images were stamped with time and date again for correlation to data events registered simultaneously by strain gages.
Figure 59. Graph. The data logger battery voltage from I-35W monitoring system was similarly monitored to assure to breaks in the power.  Unlike the Clearwater test site, the Minneapolis site was not easily assessable and great care was taken to assure adequate power continuity prior to leaving the site.  At no time did the power fall to an unsafe level.  The fluctuations shown are in direct result of the solar activity on site.
Figure 60. Illustration. Important to the prediction of internal temperature of curing concrete is the concrete mix design.  The mix design used for drilled shafts on I-35W bridge was an SCC mix and was adjusted to minimize unwanted mass concrete effects..
Figure 61. Graph. The I-35W pier 2 shaft 1 temperature measurements showed a peak temperature of 52.2 (˚C (125.96 (F) (at the core near the surface) and a minimum temperature at that elevation of 32.2 (˚FC (89.96 (F) (in the cage) at the same time.  This translated into a peak differential temperature of 20 (C (36 (F).
Figure 62. Graph. The I-35W pier 2 shaft 2 temperature measurements showed a peak temperature of 43.3 (˚FC (109.94 (F) (at the core near the surface) and a minimum temperature at that elevation of 29.4 (˚C (84.92 (F) (in the cage) at the same time.  This translated into a peak differential temperature of 13.9 (C (25 (F).
Figure 63. Graph. Temperature measurements from gage level thermistors of shaft 1 of pier 2 are plotted over the time period of shaft construction, footing construction, and footing curing.  No data was collected during the lead wire conduit placement as all gages were disconnected over this time period.  Interestingly, the heat of curing concrete placed for the footing can be seen affecting the temperature in the upper most elevation of the shaft.  It is clear that the concrete temperature in the upper most gage level (S1-GL-1) is significantly higher when compared to shaft 2 (S2-GL-1).  Even S1-GL-2 is somewhat higher which suggests a slight change in the mix design.   
Figure 64. Graph. Temperature measurements from gage level thermistors of shaft 2 of pier 2 are plotted over the time period of shaft construction, footing construction, and footing curing.  No data was collected during the lead wire conduit placement as all gages were disconnected over this time period.  Once again, the heat of curing concrete placed for the footing can be seen affecting the temperature in the upper most gage level of the shaft.


Figure 65. Graph.  As seen on the plot of the temperature over time, the TC in the extreme center of the footing recorded a maximum temperature of approximately 60 (C (140 (˚ F), while the TC at the center bottom of the footing only reached a temperature of approximately 32.2 (C (90 (F). The same concrete mix was used throughout the pier footing, so it should all have been roughly the same temperature; however, the ambient temperature, which ranged from 4.4 (C (40 (F) down to -23.3 (C (-10 (F), caused the temperatures to drop drastically closer to the outside edges of the footing.

Figure 66. Illustration. The details of a vibrating wire “sister bar” strain gage shown indicate two distinct features: the vibrating wire system and the thermistor.  The vibrating wire system plucks the taught wire using a electromagnetic pulse and then “listens” to hear the frequency produced by the wire. As the tension in the wire is affected by temperature, the frequency must then be corrected for temperature induced strain using the measured change in resistance of the encapsulated thermistor.  
Figure 67. Photo. Two different types of sister bar-mounted strain gages were used: vibrating wire (shown with the blue lead wire) and resistance or bounded foil gages (not shown).  Vibrating wire gages are purported to have a longer life span but are slow responding (slowly occuring events); whereas resistance gages can be used for both slow and fast events.
Figure 68. Photo. Two different types of sister bar-mounted strain gages were used: vibrating wire (shown with the blue lead wire) and resistance or bounded foil gages (shown with the green lead wire). For this application both types of gages were bonded to the same sister bar for convenience.  Cage wiring provided sufficient slack so that potential racking of the cage during lifting would not stress the connection to the gages.


Figure 69. Photo. The columns cast onto the footing where constructed in three steps, the lower most phase is shown being formed.  The black plastic at the base of the column covers the footing providing a thermal insulation to avoid unwanted differential temperature induced stresses.  The first level of the columns for each column totalled 200 cubic yards of concrete.
Figure 70. Photo. The midlevel of the columns were cast in preconstructed forms that were set in place and supported as shown.  Connections for the rebar to the upper level can be seen coming out of the interior column of Pier 2 (southbound).
Figure 71. Photo. The reinforcement extended from the mid-section of the column is shown from the top view with the uppermost formwork in place (black).  Multiple levels of transverse steel were installed in both directions.
Figure 72. Photo. At the bottom of the upper most portion of the column where the column is smallest (mid-height), dual mode strain gages were installed at each of the four corners as shown.  Recall the green and blue wires represented the resistive and vibrating wire type gages, respectively.
Figure 73. Photo. The lead wires from each set of corner gages was carefully routed around the perimeter of the reinforcing cage as shown to a prescribed exit point where a conduit has been previously positioned.
Figure 74. Photo. All wires from the mid level gages were routed through the conduit provided to the base of the column where the data loggers were temporarily mounted.  In addition to the mid level gages, gages from the base of the column which had been installed (not discussed in this document) were incorporated into the wire bundle and pulled through the conduit at once.
Figure 75. Photo. The additional column gages made it necessary to add multiplexers to accommodate more gages than originally planned.  The enclosure shown does not contain a data logger but rather two multiplexers (middle and bottom) and one two channel vibrating wire spectral analyzer (top).  Information obtained from the spectral analyzer was then sent to the data logger already in place for vibrating wire measurements.

Figure 76. Photo. The construction load monitoring systems with both types of gages (VW- blue, RT-green) were installed temporarily on a nearby fence to minimize construction-induced damage that might occur if mounted on the footing.  
Figure 77. Graph. Shaft construction loads were monitored continuously along with photo documentation to discern various construction events.  The load of the footing concrete, although simultaneously supported by the shafts and the ground surface, can clearly be seen to have induced load into the shafts.  
Figure 78. Photo. Photo documentation of the construction of Pier 2 (southbound) was provided via the on-site camera trained on the project. Two pump trucks (booms shown) were used to place the 1445 cubic yards of concrete.  The even in turn was captured by the measured strains in the shafts. Temperature measurements of the footing were also cross-checked with the timeline of the recorded images.
Figure 79. Photo. Upon completion of the footing concreting and sufficient curing, the first level of the column was cast as shown.  This formwork as well as the reinforcing steel can be seen above the plastic-wrapped footing. Camera images like these again were used to correlate the observed changes in strain.
Figure 80. Photo. The previously assembled  and reusable column formwork (second level) can be seen as it was placed on the interior column of Pier 2 southbound. The forms were heavy enough to be seen on strain records associated with that time.
Figure 81. Photo. The previously assembled  and reusable column formwork (second level) can be seen as it was placed on the exterior column of Pier 2 southbound. The forms were heavy enough to be seen on strain records associated with that time..
Figure 82. Photo. Once the formwork of the Pier 2 columns overtook the camera view window, a new perspective for the CC640 field camera was located atop an adjacent University of Minnesota building.  The new view provided construction sequencing timestamps for the remainder of the project.
Figure 83. Graph. The system 1 battery voltage was monitored over time along with the other instrumentation.  Daily solar energy fluctuations can be seen for the first two months; after which the system was connected to an A/C power source which caused the observed stabilization of power.
Figure 84. Graph. Like system 1, the system 2 battery voltage was also monitored throughout the duration of the project. The power source for system 2 was a hybrid of both solar and A/C along with a deep cell storage battery.  The baseline voltage under this configuration remained above 13.6 as shown.
Figure 85. Graph. Both system 2 and system 3 used the hybrid power scheme.  However, it is clear that smaller fluctuations in voltage were observed in system 3 when compared to the shown system 2 and 3 voltage.  
Figure 86. Illustration. The main page of St. Anthony Falls bridge health monitoring Web site provided several houver points on which page visitors could click to access data, pictures, or video of archived information.
Figure 87. Illustration. By clicking on the Pier 2 columns on the main page visitors were navigated to the instrumentation layout page as shown. This page in turn had numerous houver points that would direct visitors to the up-to-date data collected from those gages.
Figure 88. Graph. By clicking on the interior column of the instrumentation layout page, the visitor was navigated to the strain data for that column as shown. Each graph was partitioned by date with vertical lines and by camera view with a single horizontal line that bisected the graph into two equal reqions.  The upper and lower regions broken into days represented by houver points that would direct the visitor to a photo graph from one of two camera views and a picture taken of progress on that day.  When clicking on the upper half of the graph the southern camera perspective was viewed; by clicking on the lower half of the graph the western camera perspective was viewed.
Figure 89. Graph. By clicking on the exterior column of the instrumentation layout page, the visitor was navigated to the strain data for that column as shown. Each graph was partitioned by date with vertical lines and by camera view with a single horizontal line that bisected the graph into two equal reqions.  The upper and lower regions broken into days represented by houver points that would direct the visitor to a photo graph from one of two camera views and a picture taken of progress on that day.  When clicking on the upper half of the graph the southern camera perspective was viewed; by clicking on the lower half of the graph the western camera perspective was viewed.
Figure 90. Graph. By clicking on shaft 2 of the instrumentation layout page, the visitor was navigated to the strain data for that shaft as shown. Each graph was partitioned by date with vertical lines and by camera view with a single horizontal line that bisected the graph into two equal reqions.  The upper and lower regions broken into days represented by houver points that would direct the visitor to a photo graph from one of two camera views and a picture taken of progress on that day.  When clicking on the upper half of the graph the southern camera perspective was viewed; by clicking on the lower half of the graph the western camera perspective was viewed.
Figure 91. Graph. By clicking on shaft 1 of the instrumentation layout page, the visitor was navigated to the strain data for that shaft as shown. Each graph was partitioned by date with vertical lines and by camera view with a single horizontal line that bisected the graph into two equal reqions.  The upper and lower regions broken into days represented by houver points that would direct the visitor to a photo graph from one of two camera views and a picture taken of progress on that day.  When clicking on the upper half of the graph the southern camera perspective was viewed; by clicking on the lower half of the graph the western camera perspective was viewed.
Figure 92. Graph. The strains in shaft 1 were converted to load and shown as a function of time as shown.  This when incorporated with the photo documentation, milestones could be superimposed to better understand the data meaning.
Figure 93. Graph. The strains in shaft 2 were converted to load and shown as a function of time as shown.  This when incorporated with the photo documentation, milestones could be superimposed to better understand the data meaning.


Figure 94. Graph. As the precast concrete box segments were applied to the superstructure, column loads increased as shown.  This process began in late May, 2008 and concluded in mid July. The predicted load effect on the column using lever rule and the span and segment lengths are shown to be less than the actual load measured. This can be explained given that span 1 was partially supported by falsework.  The applied cantilevered load caused relaxation of the falsework support to load once carried by the false work slowing and progressively was transferred to the column which is shown to be higher than load caused by the new segments alone. 

Figure 95. Graph. The strains measured in the interior column of Pier 2 southbound are shown from the time of casting to the final concrete box segment was placed.  A significant amount of strain was induced in bending of the column from jacking the final segments apart to prepare for the closure pour.  This is shown initially as an increased compression on the southern face (net tension on the north face) of the column during the pour followed by a reversal during the final post tensioning of the bridge.  The final post tensioning caused a reduction in span length and an associated bending in the column as shown by the increased compression on the north face (decreased compression on the southface).
Figure 96. Graph. The strains measured in the exterior column of Pier 2 southbound are shown from the time of casting to the final concrete box segment was placed.  A significant amount of strain was induced in bending of the column from jacking the final segments apart to prepare for the closure pour.  This is shown initially as an increased compression on the southern face (net tension on the north face) of the column during the pour followed by a reversal during the final post tensioning of the bridge.  The final post tensioning caused a reduction in span length and an associated bending in the column as shown by the increased compression on the north face (decreased compression on the southface).



Figure 97. Photo. The temporary DAS systems was removed from the fence line and reconnected, reconfigured, and reattached in second temporary location while the vault for a permanent DAS was constructed.  The systems shown could be reconfigured remotely or via an on-site wired connection.  With wireless laptop systems being cost effective and readily available, remote reconfiguring was used although also on site.   This final configuration for the temporary DAS was setup to monitor live load testing.
Figure 98. Photo. Live load testing involved 8 50 kip trucks (400 kip total load) staged at predetermined locations along the bridge length.  Two types of tests were conducted denoted as static or dynamic testing.  Static testing as shown involved lining up the trucks in various configurations while the dynamic tests involved the trucks moving across the bridge also in varied configurations.
Figure 99. Graph. The data from the 10-hour truck tests (positive compression) are shown for both the interior and exterior columns. All measurements reflect the change in strain from a time shortly before the truck tests commenced.  Temperature effects can be seen due to the thermal shortening of the bridge over the duration of the tests.
Figure 100. Graph. The data shows the strain induced in the column during one round of static truck tests.  Although these tests were considered to be “static” at approximately 19:00 the data clearly shows the trucks driving across the bridge from south to north to setup for the test at the first designated position. Recalling that positive denoted compression in this case, the cooling of the main span can be seen as increased tension on the south faces of the columns and compression on the north faces.
Figure 101. Graph. The data shows the strain converted to load in shaft 1 during one round of static truck tests.  Although these tests were considered to be “static” at approximately 19:00 the data clearly shows the trucks driving across the bridge from south to north to setup for the test at the first designated position. Recalling that positive denoted compression in this case, the cooling of the main span can be seen as increased tension in the shaft which was on the south edge of the footing.  Although the effect the load decreases with depth, even the lowest toe level gage registers the presence of the trucks during the load cycle.

 
Figure 102. Graph. The data shows the strain converted to load in shaft 2 during one round of static truck tests.  Although these tests were considered to be “static” at approximately 19:00 the data clearly shows the trucks driving across the bridge from south to north to setup for the test at the first designated position. Recalling that positive denoted compression in this case, the cooling of the main span can be seen as increased tension in the shaft which was on the south edge of the footing.  Although the effect the load decreases with depth, even the lowest toe level gage registers the presence of the trucks during the load cycle.
Figure 103. Graph. The data shown represent the final days of monitoring the interior column with the temporary DAS beginning with the static truck test and concluding the day the bridge was opened for use.  Over this timeframe the daily thermal cycles can clearly be seen wherein the strain in the bridge slightly lags the measured air temperature. The time of the static and dynamic tests are denoted along with the strain response.
Figure 104. Graph. The data shown represent the final days of monitoring the exterior column with the temporary DAS beginning with the static truck test and concluding the day the bridge was opened for use.  Over this timeframe the daily thermal cycles can clearly be seen wherein the strain in the bridge slightly lags the measured air temperature. The time of the static and dynamic tests are denoted along with the strain response.
Figure 105. Graph. The data shown represent the final days of monitoring shaft 1 with the temporary DAS beginning with the static truck test and concluding the day the bridge was opened for use.  Over this timeframe the daily thermal cycles can clearly be seen wherein the strain in the bridge slightly lags the measured air temperature. The time of the static and dynamic tests are denoted along with the strain response.
Figure 106. Graph. The data shown represent the final days of monitoring shaft 2 with the temporary DAS beginning with the static truck test and concluding the day the bridge was opened for use.  Over this timeframe the daily thermal cycles can clearly be seen wherein the strain in the bridge slightly lags the measured air temperature. The time of the static and dynamic tests are denoted along with the strain response.
Figure 107. Graph. The data shown indicate the sensitivity of the DAS and the load effects all the way to the toe of the shaft.  Over this timeframe the daily thermal cycles, the static test, and the dynamic test can clearly be seen. 

Figure 108. Graph. The strain in each column during one cycle of tests are shown as the truck proceeded from Pier 3 toward Pier 2. The combined load from both columns (red) indicated a close correlation with the know weight of the trucks.  While aligning the trucks over Pier 2 the trucks were positioned from interior to exterior which induced some torsion in the box girder / deck system which is shown as a reduction (slight uplift) on the exterior column (green) and an increased load on the interior column (blue).
�The purpose of the 508 captions section is to provide a description of the figures found within a document to those who do not have the ability to see them. When preparing 508 captions, authors should include information such as shape, size, color, configuration, alignment, size, etc. We would prefer if you would provide the text for the figure captions. Because we are not content experts on the material found within the report, we are not the optimal source for creating accurate captions. Ideally, it would be more helpful for you to create the captions which we will then edit during the next iteration of edits. We can then provide comments and feedback if additional description is needed for the captions. We have updated the figure titles that you provided us to match those found within the report. As a result, just the captions need to be written for each figure.


�It is suggested to replace “gage” with the more recognizable spelling of the word, "gauge." According to Merriam-Webster’s online dictionary, gage is defined as a token of defiance. On the other hand, gauge is defined as an instrument for or a means of measuring of testing. It is assumed that the second definition (for gauge) is accurate for this report. As a result, it may be best to make the change. Based upon your feedback, we will make the change globally throughout the report and 508 captions.
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