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Abstract: Goal Engineering recently completed installation and commissioning of a Structural Health Monitoring (SHM) system for the new 12th Street SE Bridge in Calgary, Alberta. The monitoring system configuration was designed in collaboration with CH2M and The City of Calgary to monitor strain and load transfer through grouted keyway joints between precast concrete bridge deck panels. The monitoring system consists of 40 electrical resistance strain gauges mounted on modified stainless-steel reinforcing dowels. A wireless, battery & solar powered SHM system was installed to monitor the instrumented dowels. Strain readings are recorded every 6 minutes, perpetually. Wireless transmitters are connected to the strain gauges and are discretely mounted below the concrete bridge deck within the steel box girders. An onsite datalogger receives data from the transmitters. The datalogger then sends packets of data through the wireless cellular network to an offsite data storage server. The server can be accessed via the internet from anywhere in the world. The data obtained from the system is used to analyze the behavior of the structure. This paper will review the strain gauge installation methodology and present data from the system. This project is an example of how SHM systems can be used to monitor load transfer through structural elements of new bridges.

1. INTRODUCTION
The new 12th Street SE bridge in Calgary is the first of its kind in Alberta. The bridge is a composite structure featuring three arched shaped steel box girders and a bonded concrete deck. The bridge consists of three spans, 50, 70 and 50 m in length and spanning the Bow River south of the Calgary Zoo. Figure 1 below shows a profile view of the bridge.
The defining characteristic of the bride is the concrete bridge deck, which comprises full-depth and full-width precast concrete panels. The panels, after being delivered to site were bonded together, and to the steel structure, with an Ultra High-Performance Concrete (Lafarge Ductal). The objective of this work, and the topic of this paper, is to understand the load transfer mechanism through the joints between the precast panels. 
This work is important as the structural design engineers have used Ultra High-Performance Concrete (UHPC) to transfer longitudinal forces in relatively short splice lengths (~200 mm). The results are useful as it will help structural engineers better understand the load transfer performance of the joints, contributing to the effective design of future bridges. 

It is understood this is the first time that full-depth, full-width precast deck panels have been used in a continuous vehicular bridge in Alberta. Traditionally, the continuity of the bridge with full-depth, full-width precast panels is provided by longitudinal post-tensioning.  This was not the preferred system for the Owner (The City of Calgary) due to concerns about future deck rehabilitations.  Therefore, the design relies on reinforcement splices for the continuity.
Monitoring load transfer through concrete elements is a difficult task. 40 strain gauges were attached to the reinforcing steel dowels and embedded in both the precast panels and within the UHPC grouted joints. While this was a meticulous process, it was made manageable using battery powered sensors, wireless communications and by premanufacturing steel dowels prior to installation. 
	[image: ]


Figure 1 – Profile view of the 12th Street SE Bridge.
1. SENSOR CONFIGURATION
Strain sensors were installed at a negative moment zone for the bridge deck, directly above a bridge pier. Sensors were attached to 20 reinforcing steel dowels, two (2) strain sensors per dowel. Figure 2 below provides a partial plan view of the bridge deck, showing the monitoring locations. 
Each of the dowels spans from within the precast concrete panels to the grouted joints along the top mat of reinforcing steel. Dowels were located opposite each other within the joint to establish a ‘series’ of strain sensors with a configuration of Panel-Joint-Joint-Panel. The result is an effective method of monitoring strain (and load) flow. Figure 3 provides a section of the typical joint showing the location of the dowels and the mounting location of the strain gauge sensors on the dowels. 
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Figure 2: Partial plan view of the 12th Street SE bridge deck showing the full width precast concrete panels, UHPC joints and the location of monitored reinforcement dowels.BACKER ROD

	ROUGHEN 
SURFACE
ROUGHEN 
SURFACE
2 – 15m SS


20
2-15M SS OR
4-10M SS
GROUTED KEYWAY
PRECAST PANEL
STRAIN GAUGE 
LOCATIONS



Figure 3: Typical section through joint between precast concrete panels and grouted joints showing typical locations of strain gauges on intersecting reinforcing steel dowels.
1. SHM SYSTEM INSTALLATION & DATA ACQUISITION
2. Strain Gauge Installation
The strain gauges used for this project were electrical resistance full Wheatstone bridge strain gauges. The stainless-steel dowels were prepared for the strain gauges by locally smoothing the bar deformations. The smoothing process was performed carefully to limit removal to the deformations and not affect the un-deformed cross-sectional area of the bar (see Figure 4).
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(a) View of typical stainless-steel reinforcing bars with deformations removed to allow for installation of strain gauges
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(b) View of typical strain gauge installed on the smooth sections of stainless steel bar with wire harness attached.


Figure 4: View of typical stainless-steel bar with deformations removed to allow for installation of strain gauges.
At all locations, redundant strain gauges were installed to build robustness into the monitoring system. It was expected that some damage may occur to the fragile strain gauges during the fabrication of the precast panels, transportation to site and site works to complete joint grouting (see Figure 5).  
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Figure 5: View of completed dowel fitted with 2 primary strain gauges and 2 redundant strain gauges.
2. Reinforcing Dowel Installation
Once laboratory assembly of dowels was complete, the dowels were installed into the precast panels at the precast manufacturing plant. Dowels were installed through the precast panels forms, which positioned the first bar strain gauges in the precast concrete and the second within the joint. Lead wires for the strain gauges ran back to an electrical junction box, sealed to the formwork for field access and connection. The section of dowel extending into the joint was marked with red paint to warn workers to be careful handling the panel around that dowel. 
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	Figure 6: View of prepared dowel installed within the forms of the precast concrete panel. Form represents future location of joint cast with UHPC.
	Figure 7: View of reinforcing steel within the precast concrete panel prior to casting concrete. Wire connection and electrical junction box sealed to the base of the precast form.



2. Strain Gauge Calibration & Correction 
2. Lateral Contraction (Poisson’s Ratio) 
The selected strain gauge is in a full Wheatstone bridge configuration, strain readings are measured in the longitudinal and the perpendicular (transverse) direction. This is a standard configuration and is designed to account for temperature effects. For large structural elements or for elements subject to flexural stresses, lateral contraction is a negligible issue. However, as the reinforcing steel dowels are slender, the contraction of the dowel diameter is significant when the dowel is subjected to axial loads and needs to be corrected. 
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Figure 8 – Depiction of typical full Wheatstone bridge strain gauge configuration (image courtesy of Omega Engineering). Note the four quadrants of the strain gauge measuring longitudinal and transverse strain.
For a full Wheatstone bridge strain gauge configuration, to account for temperature affects, the output strain measurement is calculated by subtracting the transverse strain reading from the longitudinal strain reading, shown here as output strain:
 [1] out = 0.5(Long - Tran)
Using Poisson’s Ratio for stainless steel (Wilson 2005), it can be shown that:
[2] Tran / Long = - 0.29,                      Tran = - 0.29 * Long
Combining equation [1] and [2], it can be shown that the output strain measurement is skewed.
[3] out = 0.5(Long + 0.29 Long) = 0.645 Long
Therefore, to obtain the true longitudinal strain, the output needs the following correction:
[4] Long = 1/ 0.645 out = 1.55 out
Where, out Strain output reading, Long Longitudinal Strain reading, Tran Transvers Strain reading 
To confirm the correction factor, a sample steel reinforcement dowel was instrumented with a strain gauge and four trials of load tensile testing were completed. The load (calculated stress) and strain measurement 
readings were used to estimate the Modulus of Elasticity (MoE) of the stainless-steel. The results of the tensile testing trials are summarized in Table 1 & Figure 9 below.




Table 1: Summary of load trials on sample reinforcing steel bar. 
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Figure 9: View of stress-strain curves from sample reinforcing steel bar test trials (after correction), with equation of slope for Trail #4 shown.
The slope of the stress-strain curve shows the MoE for trial #4 is 203.6 GPa. The average calculated MoE for all trials was 204.5 GPa. This compares reasonably well with the reported range of 190 - 210 GPa (Ashby 2016). This result provides confirmation that the strain gauge (with the applied correction factor) is accurately measuring the true longitudinal strain within the reinforcing steel.

2. Thermal Contraction 
Thermal contraction was not corrected for as the strain gauges feature a full Wheatstone bridge which are self temperature correcting (Hewlett Packard 1981). As such, longitudinal thermal elongation is equivalent to the tangential elongation and correction is not required. 
2. Data Acquisition
The data acquisition and processing system, manufactured by Resensys LLC, was selected for this application for its wireless communication capabilities. Strain sensors are connected to battery powered wireless transmitters located on the soffit of the concrete bridge deck, within the bridge girders. Data is collected every 6 minutes perpetually and transmitted to an on-site battery and solar powered datalogger. Here, data is collected and transmitted through a cellular network to an offsite database for storage and analysis. Wireless communication provided time and cost savings during installation by avoiding the need to rough in extensive cabled connections. This was critical in allowing the system installation to keep pace with construction.
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a) General view of wireless transmitters within the steel box girders attached to underside of precast concrete deck panels
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b) Close view of wireless transmitters connections to pre-installed wire harness contained in the junction boxes as shown in Figure 7.


Figure 10 - View within 12th Street SE Bridge box girder showing wireless strain gauge transmitters.
1. RESULTS
The monitoring system was commissioned in June 2017 and the UHPC joints were cast August 20th, 2017. Figures 11 & 12 below shows strain data retrieved from reinforcing steel dowels ‘N’ and ‘K’ (see Figure 1) from August 14th to August 27th, 2017 and from September 7th to September 21st, 2017. The purple and dark blue plots (“East D09 N Panel” and “East D08 S Panel”) represent the data from the panel sensors located opposite each other across the joint, while the red and green (“East D08 S Joint” and “East D09 N Joint”) represent data from strain sensors from within the UHPC joint. The light blue plot represents ambient temperature recorded from the Calgary Airport (data courtesy of Environment Canada). It is noted that each of the transmitter components of the data acquisition system feature a temperature sensor, however as these are located below the deck of the concrete, in the steel box girders, they are not necessarily representative of the ambient conditions of the bridge structure. 


Figure 11: Plot of strain data from reinforcing steel dowels ‘N’ and ‘K’, August 14th to August 27th, 2017.

Figure 12: Plot of strain data from reinforcing steel dowels ‘N’ and ‘K’, September 7th to September 21st, 2017.
3. [bookmark: _GoBack]Observations & Discussion from Figures 11 & 12
1. Near the mid-point of the plot on Figure 11, a clear change is noted in the data. This change likely represents the casting and setting of the UHPC. Once sufficient strength is gained by the UHPC, it is expected the structure begins to behave as a composite element and load is transferred through the precast panels.
2. Following August 20th, the amplitude of the strain measurement of all gauges increases and a cyclic pattern is observed.
3. The peaks of the strain readings (tension loading) appear to correspond to the lowest ambient temperatures and the valleys (compression loading) correspond to the highest ambient temperatures. It is noted that the zero mark of the readings is arbitrary and does not necessarily correspond to compression load, and rather could also indicate a reduction in tensile load. 
4. The magnitude of the strain readings (both negative and positive) in the UHPC joint is greater than within the precast concrete panels. This may be due to the differences in strength and MoE between the conventional concrete and the UHPC and/or differences in proximity of the strain sensors to the cold joint separating the precast concrete and UHPC (see Figure 3). 
· Quality control testing completed during construction indicate the specified compressive strength of the precast concrete is 45 MPa, with some test results exceeding 60 MPa (at 28 days). The MoE can be estimated from compressive strength (Neville 1996) and is estimated to be ~33 GPa.
· The UHPC has a tested compressive strength of 175 MPa and a measured MoE of ~54 GPa (Ahlborn et al. 2011) when in air cured conditions.
5. The magnitudes of the strain readings within the joint are similar for both reinforcing steel dowels.
6. The magnitudes of the strain readings within the adjacent precast panels are similar. This may suggest load is effectively transferred from one precast panel to the next.

1. CONCLUSIONS
There is much work to be completed for this monitoring project which could include seasonal strain monitoring and live-load testing. However, in this first portion of the project, some conclusions can be drawn from this work and include:
1. A wireless based structural health monitoring system has been shown to be an effective tool for monitoring loads on a bridge structure. 
2. Electrical resistance strain gauges have been shown to be capable of measuring reinforcing steel strain in situ. 
3. Full Wheatstone bridge strain gauges mounted on reinforcing steel require a correction factor to account for the transverse strain deformation.
4. The designed UHPC joint detail for the 12th Street bridge appears to sufficiently transfer thermal expansion and contraction forces, as shown in the short term of monitoring.
5. Further monitoring is required to measure and observe long-term load transfer between reinforcing steel dowels.
6. Areas for further work include monitoring load transfer while the structure is subject to live service loads.
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Strain (µs)

Temperature (°C)


East D08 Spanel	42985.6369376273	42985.666092719897	42985.707770960602	42985.749437627303	42985.791092719897	42985.832759386598	42985.874437627303	42985.916092719897	42985.957770960602	42985.999426053197	42986.041092719897	42986.082759386598	42986.124426064802	42986.166092731502	42986.207747812499	42986.2494144792	42986.291081157397	42986.332736249999	42986.374414490703	42986.416081157397	42986.457747812499	42986.499402916699	42986.541081145799	42986.582747812499	42986.624402916699	42986.666069583298	42986.7077246759	42986.749402777801	42986.791057997703	42986.832736238401	42986.874391331003	42986.916069583298	42986.957724664397	42986.999402916699	42987.041058009301	42987.0827246759	42987.124391342601	42987.166058009301	42987.207713101903	42987.249391331003	42987.291046435203	42987.332713101903	42987.374379768502	42987.416046435203	42987.457701516199	42987.499379756897	42987.541034838003	42987.582701516199	42987.624368171302	42987.666046412	42987.707701504602	42987.749356620399	42987.791034849499	42987.832689953699	42987.874356620399	42987.916023275502	42987.957689953699	42987.999368194403	42988.041034849499	42988.082689930598	42988.1243681829	42988.166023275502	42988.207689942101	42988.249356608801	42988.291011689798	42988.332689953699	42988.374345034703	42988.416011713001	42988.457678368097	42988.499345034703	42988.541011701403	42988.582678368097	42988.624345034703	42988.666000127298	42988.707678368097	42988.749333472202	42988.791000127298	42988.832666793998	42988.874333460597	42988.916000138903	42988.957666805603	42988.999333472202	42989.041000138903	42989.082655231497	42989.124321898104	42989.165988553199	42989.207643645801	42989.2493218866	42989.290976990698	42989.332655231497	42989.374310324099	42989.415976990698	42989.457632071797	42989.499298750001	42989.540965416702	42989.582643645801	42989.624298738403	42989.665976967597	42989.707643645801	42989.749310312502	42989.790965416702	42989.832632071797	42989.874298738403	42989.915953830998	42989.957620509304	42989.999298738403	42990.040953830998	42990.082632071797	42990.124275601898	42990.165953842603	42990.207620509304	42990.249287164399	42990.290953842603	42990.332608935198	42990.3742755903	42990.416046423597	42990.457713090298	42990.499379756897	42990.541034849499	42990.582701527797	42990.6243681829	42990.666046423597	42990.707701516199	42990.749368194403	42990.791034849499	42990.832701516199	42990.874356620399	42990.916034849499	42990.957689953699	42990.999356608801	42991.041034861097	42991.082689953699	42991.124356620399	42991.166011724497	42991.2076783796	42991.249345046301	42991.291022731501	42991.3326783796	42991.374345046301	42991.416011713001	42991.457678391198	42991.4993334838	42991.541011724497	42991.582678391198	42991.6243334838	42991.666000150501	42991.707666817099	42991.749333472202	42991.791000138903	42991.832666817099	42991.874333495398	42991.915988576402	42991.957655243103	42991.999321909701	42992.040988576402	42992.082655243103	42992.124310347201	42992.165977002303	42992.207655254599	42992.249310347201	42992.290977013901	42992.332643668997	42992.374310335603	42992.415977002303	42992.457632094898	42992.499298761599	42992.540965428198	42992.582643668997	42992.624310335603	42992.665965428198	42992.707643668997	42992.749298761599	42992.790965416702	42992.832632094898	42992.874298750001	42992.915953854201	42992.9576205208	42992.999298761599	42993.040953854201	42993.0826205208	42993.124275613402	42993.165953854201	42993.207608946803	42993.2492871875	42993.290953865697	42993.3326205208	42993.374275624999	42993.415942280102	42993.457608946803	42993.499275613402	42993.540942280102	42993.582608946803	42993.6242640278	42993.665930706004	42993.707597372697	42993.749275601898	42993.790942280102	42993.832597372697	42993.874264039398	42993.915930694398	42993.957585798598	42993.999264039398	42994.040919143503	42994.082585798598	42994.124252476897	42994.165919143503	42994.208280243103	42994.2499469213	42994.291613576403	42994.333268668997	42994.374946898097	42994.416601990699	42994.458268657399	42994.4999353241	42994.541602002297	42994.583268668997	42994.624934213003	42994.666601990699	42994.708257083301	42994.749923750001	42994.791601990699	42994.833257083301	42994.874923738404	42994.916578830998	42994.958257083301	42994.999912175903	42995.041590428198	42995.083257094899	42995.124912187501	42995.166578854201	42995.2082455208	42995.249912187501	42995.291567280103	42995.333245463	42995.374900601899	42995.416578842603	42995.4582339236	42995.499900601899	42995.541567268498	42995.583233935198	42995.624900578703	42995.666567268498	42995.708222303198	42995.749900601899	42995.791555682903	42995.833210752302	42995.8748890278	42995.916555705997	42995.9582223611	42995.9998890278	42996.041544131898	42996.083210787001	42996.124877453702	42996.166544131898	42996.208210787001	42996.249877453702	42996.291544131898	42996.333199212997	42996.374865879603	42996.416532546296	42996.458210787001	42996.499854305599	42996.541532546296	42996.583199212997	42996.624854305599	42996.666520972198	42996.708187638898	42996.749854305599	42996.791520960702	42996.833187638898	42996.8748427315	42996.916520972198	42996.9581760648	42996.9998427315	42997.041509398201	42997.083176076398	42997.124842743098	42997.166509409697	42997.208176076398	42997.2498427315	42997.291497835598	42997.333164479198	42997.374831157402	42997.416497812497	42997.458164479198	42997.499831157402	42997.541497824102	42997.583164479198	42997.624819583303	42997.666486238399	42997.708152905099	42997.749819583303	42997.791486249997	42997.833152916697	42997.874808020802	42997.916486249997	42997.958152916697	42997.999819583303	42998.041474687503	42998.083141354196	42998.124808009299	42998.166463101901	42998.208141354196	42998.249796435201	42998.291474687503	42998.3331297685	42998.374808009299	42998.416463113397	42998.4581297685	42998.499796435201	42998.541463113397	42998.5831297685	42998.624784861102	42998.6664515394	42998.708118205999	42998.7497848727	42998.791439965302	42998.833106631901	42998.874773298601	42998.916439976798	42998.958118205999	42998.999773298601	42999.041439965302	42999.083106631901	42999.124773310199	42999.166439965302	42999.2080950694	42999.2497617361	42999.291428391203	42999.333106631901	42999.3747617361	42999.416428402801	42999.4580950694	42999.4997617361	42999.541416828702	42999.583095057897	42999.624750150499	-42	-42	-39	-31.5	-22.5	-18	-15	-12	-10.5	-9	-9	-7.5	-7.5	-4.5	-4.5	-3	-3	-1.5	-3	-7.5	-13.5	-24	-34.5	-36	-36	-34.5	-28.5	-28.5	-22.5	-16.5	-13.5	-12	-9	-6	-4.5	-1.5	0	0	3	1.5	6	10.5	16.5	12	3	-19.5	-24	-18	-21	-18	-13.5	-10.5	-7.5	-7.5	-3	0	0	0	-1.5	0	0	0	0	-1.5	0	-1.5	-4.5	-7.5	-12	-28.5	-43.5	-57	-63	-63	-55.5	-40.5	-27	-16.5	-10.5	-7.5	-6	-3	-1.5	-1.5	-1.5	0	3	6	12	9	4.5	-3	-7.5	-12	-21	-27	-34.5	-36	-27	-24	-13.5	-6	-1.5	0	1.5	1.5	0	0	0	1.5	3	6	9	19.5	22.5	6	-9	-25.5	-31.5	-40.5	-49.5	-48	-37.5	-30	-27	-18	-12	-9	-6	-1.5	0	4.5	4.5	4.5	4.5	6	7.5	6	9	7.5	7.5	6	4.5	3	4.5	1.5	0	1.5	4.5	4.5	6	9	12	12	15	15	16.5	18	19.5	19.5	19.5	19.5	15	12	12	1.5	-9	-15	-12	-27	-15	-3	4.5	13.5	16.5	16.5	19.5	18	19.5	21	21	19.5	21	21	21	15	13.5	10.5	1.5	-3	3	-3	-4.5	-7.5	-6	1.5	10.5	18	21	24	27	30	30	31.5	31.5	34.5	34.5	37.5	45	66	63	54	42	15	-7.5	-21	-28.5	-30	-21	-7.5	3	7.5	10.5	12	13.5	16.5	18	19.5	19.5	21	22.5	24	34.5	57	55.5	46.5	36	10.5	-12	-25.5	-31.5	-33	-22.5	-15	-6	0	3	7.5	9	10.5	12	13.5	12	10.5	13.5	13.5	16.5	16.5	15	13.5	6	-1.5	-4.5	-16.5	-19.5	-12	-6	-3	3	3	3	1.5	0	1.5	1.5	3	7.5	10.5	15	18	28.5	57	57	46.5	33	6	-13.5	-31.5	-33	-36	-36	-24	-13.5	-6	-1.5	0	3	7.5	12	13.5	15	16.5	18	18	18	19.5	13.5	9	4.5	1.5	1.5	-1.5	-4.5	-1.5	0	6	13.5	15	16.5	18	21	22.5	24	22.5	24	22.5	24	25.5	25.5	25.5	24	21	19.5	16.5	10.5	4.5	4.5	East D08 SJoint	42985.636942118101	42985.670263888896	42985.711942129601	42985.749430821801	42985.795263888896	42985.836930555597	42985.882763888898	42985.916097094901	42985.957763888902	42986.003597511597	42986.0452641667	42986.091085648201	42986.124419236097	42986.166085937497	42986.216085648201	42986.249407280098	42986.291085532401	42986.336907928198	42986.374407685202	42986.420241145803	42986.461907673598	42986.507740740701	42986.541073877299	42986.582740740698	42986.645229305599	42986.666062650504	42986.707729606504	42986.749395960702	42986.7910625	42986.8368956829	42986.8785625116	42986.920229027797	42986.961895844899	42987.003562523103	42987.045229166702	42987.091050925897	42987.1243842361	42987.166063067103	42987.207717881902	42987.249384699098	42987.307717592601	42987.332718171303	42987.378550925903	42987.420206296301	42987.457706435198	42987.499372685197	42987.541039768497	42987.586872685199	42987.624372685197	42987.666039641197	42987.7118611111	42987.753528321802	42987.795205740702	42987.832694710603	42987.874361249997	42987.920194583297	42987.957694444398	42987.999372916704	42988.041027777799	42988.091027777802	42988.124361111099	42988.170183148097	42988.211849537001	42988.261849536997	42988.291015844901	42988.3368495139	42988.382682870397	42988.420183159702	42988.461837962997	42988.499349803198	42988.541016400501	42988.582671296303	42988.628504768501	42988.670171168997	42988.707671701399	42988.774338101903	42988.795171296297	42988.832671226897	42988.878504861103	42988.920160000001	42988.961826944404	42988.999326388897	42989.040993356502	42989.086826388899	42989.124326921301	42989.165993055598	42989.207648437499	42989.257648148101	42989.290970162001	42989.340981481502	42989.374314027802	42989.420136631903	42989.465969907404	42989.4993032407	42989.540970185197	42989.582648113399	42989.628470034702	42989.670136562498	42989.707636574101	42989.757636574097	42989.790969907401	42989.836803229198	42989.878458900501	42989.915958611098	42989.965958333298	42989.999291944398	42990.0409585417	42990.095125	42990.1284467593	42990.1701248264	42990.207613414401	42990.2617916667	42990.295113425898	42990.332613425897	42990.374268518499	42990.432706018502	42990.474372685203	42990.499384259303	42990.541039629599	42990.5827066782	42990.632706018499	42990.670206435199	42990.707706018497	42990.749361354203	42990.795194317099	42990.836872662003	42990.882694444401	42990.916038761599	42990.966027777802	42990.999360937501	42991.0410283565	42991.082682870401	42991.124350104197	42991.178516203698	42991.211849537001	42991.253516504599	42991.291016064803	42991.332682870401	42991.382682870397	42991.420171597201	42991.457682858803	42991.503503715299	42991.545172523103	42991.591004629598	42991.624337986097	42991.670171296297	42991.7201712963	42991.749338414404	42991.795171134298	42991.8368268634	42991.8826597222	42991.915992905102	42991.957648611096	42991.999326388897	42992.045148611098	42992.086826215302	42992.132648148101	42992.165981631901	42992.211815451403	42992.253481817097	42992.295148148201	42992.345148148102	42992.378469583302	42992.420148773097	42992.461803240702	42992.507636574097	42992.5618032407	42992.582636574101	42992.624303229197	42992.670136990702	42992.707636574101	42992.749292314802	42992.799303391199	42992.840958333298	42992.878458344901	42992.9201252778	42992.957625486102	42992.999291990702	42993.053458483802	42993.082613286999	42993.124280416698	42993.1742800926	42993.215946759301	42993.249280092597	42993.295102326403	42993.332613587998	42993.374279919	42993.424268518502	42993.457601851798	42993.499269004598	42993.540935185199	42993.586769143498	42993.6284347685	42993.670101851902	42993.707590277802	42993.753435185201	42993.803435185197	42993.8367564699	42993.878435960702	42993.924268518502	42993.957590104197	42993.999257569398	42994.040912349497	42994.086768379602	42994.132590277797	42994.165923449102	42994.212451678199	42994.254118032397	42994.295773148202	42994.337440277799	42994.374939965302	42994.420773298603	42994.458273599499	42994.499939618101	42994.545773148202	42994.587440277799	42994.629105266198	42994.670763055597	42994.708261724503	42994.758261574098	42994.791594895803	42994.833261574102	42994.874917025503	42994.9249166667	42994.962428692103	42994.999916979199	42995.045749849502	42995.083250000003	42995.129083645799	42995.170749999997	42995.208250474498	42995.2540717593	42995.2957388426	42995.3374054167	42995.3790716898	42995.420738425899	42995.4582271412	42995.499904907403	42995.549905092601	42995.583238402804	42995.6332384259	42995.666560451398	42995.708226851901	42995.766560185199	42995.795715706001	42995.837381770798	42995.879060185202	42995.9165601852	42995.962382256897	42996.004048611103	42996.049881944396	42996.083204131901	42996.129048900497	42996.170715277804	42996.212370567097	42996.249882187498	42996.291537500001	42996.333204004601	42996.383203703699	42996.416537037003	42996.466525463002	42996.504025601898	42996.541525312503	42996.583192580998	42996.6290257523	42996.670692129599	42996.708192338003	42996.749858796298	42996.791525462999	42996.833180555601	42996.8790140278	42996.916513553202	42996.958181180598	42996.999846851897	42997.0415138889	42997.083168981502	42997.124847372703	42997.170680868097	42997.212347523098	42997.2540026157	42997.291502314802	42997.333157870402	42997.378991145801	42997.420657291703	42997.462336053199	42997.503990740697	42997.545657407398	42997.583168981502	42997.637324074101	42997.666490740703	42997.712324351902	42997.753990925899	42997.7956459259	42997.8373125	42997.878979178196	42997.9206478009	42997.970657407401	42998.003978865701	42998.049812500001	42998.099812499997	42998.124812511604	42998.1664675926	42998.212301851898	42998.253967592602	42998.291467928197	42998.337300266197	42998.383134259297	42998.416456006897	42998.458123136603	42998.499789351903	42998.5414675926	42998.583123124998	42998.628956469896	42998.670622685197	42998.712289664298	42998.758122685198	42998.795611574104	42998.833111562497	42998.874777650497	42998.9247777778	42998.958111435197	42998.999778252299	42999.062277777797	42999.091432870402	42999.128932870401	42999.174766203701	42999.208099536998	42999.249766851899	42999.295599536999	42999.337266377297	42999.378932847198	42999.428932870404	42999.466433043999	42999.508099537001	42999.541421296301	42999.583087963001	42999.628909722203	-106.5	-97.5	-72	-46.5	-7.5	4.5	13.5	18	19.5	19.5	19.5	19.5	21	22.5	25.5	21	21	19.5	7.5	-15	-39	-72	-91.5	-93	-73.5	-72	-55.5	-46.5	-22.5	-4.5	4.5	10.5	16.5	21	27	30	33	37.5	39	39	49.5	55.5	72	49.5	13.5	-52.5	-52.5	-25.5	-42	-19.5	1.5	7.5	25.5	27	39	46.5	45	40.5	39	39	39	39	31.5	27	25.5	16.5	0	-15	-39	-78	-124.5	-156	-168	-160.5	-132	-39	-19.5	6	21	30	34.5	39	36	37.5	37.5	42	49.5	55.5	76.5	57	36	6	-16.5	-40.5	-63	-85.5	-97.5	-81	-55.5	-27	1.5	28.5	37.5	40.5	42	40.5	37.5	33	31.5	33	39	45	57	85.5	90	0	-52.5	-66	-96	-118.5	-132	-120	-85.5	-63	-55.5	-25.5	-19.5	-13.5	-9	0	1.5	4.5	6	4.5	4.5	4.5	3	4.5	4.5	1.5	3	-4.5	-12	-13.5	-13.5	-25.5	-24	-21	-13.5	-9	-6	-3	3	6	10.5	13.5	13.5	15	16.5	19.5	19.5	9	-3	-3	-15	-49.5	-69	-85.5	-76.5	-105	-67.5	-19.5	6	22.5	28.5	25.5	31.5	25.5	30	27	28.5	24	25.5	30	25.5	-4.5	-6	-27	-48	-55.5	-39	-55.5	-57	-57	-52.5	-18	13.5	25.5	37.5	48	51	55.5	58.5	60	58.5	60	63	64.5	93	160.5	150	114	66	-16.5	-76.5	-108	-123	-120	-90	-39	-15	9	12	16.5	18	22.5	27	25.5	27	31.5	37.5	40.5	73.5	151.5	142.5	105	57	-22.5	-84	-108	-126	-123	-90	-46.5	-24	-6	4.5	13.5	16.5	21	22.5	19.5	16.5	12	16.5	19.5	28.5	21	6	0	-33	-43.5	-45	-85.5	-84	-55.5	-37.5	-16.5	-3	-3	-7.5	-12	-18	-19.5	-21	-15	-3	7.5	18	27	58.5	157.5	156	102	39	-34.5	-91.5	-124.5	-133.5	-135	-132	-81	-46.5	-27	-15	-9	-1.5	7.5	15	21	24	24	24	24	27	16.5	-7.5	-19.5	-33	-36	-42	-52.5	-54	-30	-31.5	-7.5	7.5	15	16.5	19.5	22.5	30	27	25.5	22.5	21	24	27	25.5	19.5	10.5	1.5	-6	-25.5	-39	-54	-48	East D09 NJoint	42985.636937615702	42985.666092708299	42985.707770949099	42985.749437627303	42985.791092708299	42985.832759375	42985.874437615697	42985.916092708299	42985.957770949099	42985.999426041701	42986.041092708299	42986.082759375	42986.124426053197	42986.166092708299	42986.207747800901	42986.249414467602	42986.291081134303	42986.332736226897	42986.3744144792	42986.416081145799	42986.457747800901	42986.499402893503	42986.541081134303	42986.582747800901	42986.624402893503	42986.666069571802	42986.707724652799	42986.749402881898	42986.791057986098	42986.832736111101	42986.874391319398	42986.916069560197	42986.957724652799	42986.999402893503	42987.041057997703	42987.082724664397	42987.124391331003	42987.166057997703	42987.207713090298	42987.249391319398	42987.291046412	42987.332713090298	42987.374379756897	42987.416046423597	42987.457701504602	42987.499379745401	42987.541034838003	42987.582701504602	42987.624368171302	42987.666046400504	42987.707701504602	42987.749356597204	42987.791034849499	42987.832689930598	42987.874356597204	42987.916023263897	42987.957689930598	42987.9993681829	42988.041034838003	42988.082689919	42988.124368171302	42988.166023263897	42988.207689930598	42988.249356585598	42988.2910116782	42988.332689942101	42988.374345023098	42988.416011701403	42988.457678356499	42988.499345023098	42988.541011689798	42988.582678356499	42988.624345011602	42988.666000104196	42988.707678344901	42988.749333449101	42988.7910001157	42988.8326667824	42988.874333449101	42988.9160001157	42988.957666793998	42988.999333460597	42989.041000127298	42989.0826552199	42989.1243218866	42989.165988553199	42989.207643645801	42989.2493218866	42989.290976979202	42989.3326552199	42989.374310312502	42989.415976967597	42989.457632071797	42989.499298726798	42989.540965405104	42989.582643634298	42989.624298738403	42989.665976955999	42989.707643634298	42989.749310300896	42989.790965393498	42989.832632048601	42989.874298715302	42989.9159538194	42989.9576204861	42989.999298738403	42990.0409538194	42990.082632060199	42990.124275578703	42990.1659538194	42990.207620497698	42990.249287164399	42990.2909538194	42990.332608912002	42990.374275578703	42990.416046412	42990.4577130787	42990.499379745401	42990.541034838003	42990.582701504602	42990.624368171302	42990.666046412	42990.707701504602	42990.749368171302	42990.791034838003	42990.832701504602	42990.874356608801	42990.916034838003	42990.957689942101	42990.999356597204	42991.041034849499	42991.082689942101	42991.124356608801	42991.166011701403	42991.207678368097	42991.249345034703	42991.291022719903	42991.332678368097	42991.374345034703	42991.416011701403	42991.4576783796	42991.499333472202	42991.541011713001	42991.582678368097	42991.624333460597	42991.666000138903	42991.707666805603	42991.749333472202	42991.791000138903	42991.832666805603	42991.874333472202	42991.915988576402	42991.957655231497	42991.999321898104	42992.040988564797	42992.082655231497	42992.124310324099	42992.165976990698	42992.207655231497	42992.249310324099	42992.290976990698	42992.332643657399	42992.374310324099	42992.415976990698	42992.4576320833	42992.499298750001	42992.540965416702	42992.582643668997	42992.624310324099	42992.665965416702	42992.707643645801	42992.749298750001	42992.790965405104	42992.8326320833	42992.874298750001	42992.915953842603	42992.957620497698	42992.999298750001	42993.040953830998	42993.082620509304	42993.124275601898	42993.165953842603	42993.207608935198	42993.249287175902	42993.290953842603	42993.332620509304	42993.374275613402	42993.415942268497	42993.457608935198	42993.499275601898	42993.540942268497	42993.582608935198	42993.6242640278	42993.665930694398	42993.707597361099	42993.7492755903	42993.790942256899	42993.832597349501	42993.8742640278	42993.915930682902	42993.957585787	42993.999264039398	42994.040919120402	42994.082585798598	42994.124252465299	42994.165919131898	42994.208280231498	42994.249946909702	42994.291613576403	42994.333268668997	42994.374946898097	42994.416601990699	42994.458268645802	42994.499935312502	42994.541601990699	42994.583268645802	42994.6249341898	42994.666601979203	42994.708257071798	42994.749923726798	42994.791601979203	42994.833257071798	42994.874923738404	42994.916578830998	42994.958257071798	42994.999912164298	42995.041590405097	42995.083257083301	42995.124912164298	42995.166578842603	42995.208245509297	42995.249912164298	42995.291567268498	42995.333245451402	42995.374900590301	42995.416578830998	42995.458233912002	42995.499900578703	42995.5415673264	42995.5832339236	42995.624900567098	42995.6665672569	42995.708222303198	42995.749900590301	42995.791555671298	42995.833210752302	42995.874889004597	42995.916555682903	42995.958222349502	42995.999889016202	42996.041544108797	42996.083210775498	42996.1248774306	42996.166544108797	42996.208210775498	42996.249877442096	42996.291544120402	42996.333199201399	42996.3748658681	42996.416532534698	42996.458210775498	42996.499854294001	42996.541532534698	42996.583199201399	42996.624854294001	42996.666520960702	42996.708187615703	42996.749854282403	42996.791520949097	42996.833187627301	42996.874842719903	42996.916520960702	42996.958176053202	42996.999842719903	42997.041509386603	42997.083176053202	42997.1248427315	42997.166509398201	42997.208176053202	42997.2498427315	42997.291497824102	42997.333164479198	42997.374831145797	42997.416497812497	42997.458164479198	42997.499831145797	42997.541497812497	42997.5831644676	42997.6248195718	42997.666486226903	42997.708152893501	42997.749819560202	42997.791486238399	42997.833152905099	42997.874808009299	42997.916486238399	42997.958152905099	42997.999819583303	42998.041474664402	42998.083141342599	42998.124807997701	42998.166463090303	42998.208141331001	42998.249796435201	42998.291474687503	42998.3331297685	42998.374808009299	42998.416463101901	42998.458129756902	42998.499796423603	42998.541463101901	42998.583129756902	42998.624784849497	42998.666451527803	42998.708118194401	42998.749784861102	42998.791439953697	42998.833106620397	42998.874773298601	42998.916439953697	42998.958118205999	42998.9997732755	42999.041439953697	42999.083106620397	42999.124773287003	42999.166439953697	42999.208095046299	42999.249761712999	42999.291428379598	42999.333106620397	42999.374761724503	42999.416428379598	42999.458095057897	42999.499761724503	42999.541416817097	42999.583095046299	42999.624750138901	-106.5	-103.5	-84	-61.5	-33	-19.5	-10.5	-6	-1.5	0	1.5	4.5	6	7.5	10.5	10.5	10.5	10.5	0	-16.5	-36	-61.5	-85.5	-88.5	-82.5	-75	-61.5	-55.5	-36	-22.5	-13.5	-6	-1.5	3	9	12	16.5	21	22.5	25.5	28.5	33	43.5	36	7.5	-45	-49.5	-28.5	-40.5	-27	-13.5	-9	4.5	6	15	22.5	22.5	21	21	22.5	24	22.5	21	21	19.5	15	1.5	-12	-28.5	-61.5	-103.5	-138	-154.5	-153	-132	-84	-40.5	-16.5	-4.5	4.5	12	16.5	18	18	19.5	22.5	30	36	45	40.5	27	7.5	-7.5	-27	-49.5	-69	-87	-84	-60	-43.5	-18	3	13.5	18	19.5	19.5	19.5	16.5	18	19.5	24	27	34.5	46.5	55.5	21	-22.5	-54	-72	-96	-118.5	-114	-85.5	-64.5	-57	-34.5	-22.5	-16.5	-12	-3	1.5	6	9	10.5	12	13.5	16.5	16.5	16.5	15	15	10.5	7.5	7.5	9	1.5	0	0	6	9	12	15	21	24	28.5	30	31.5	33	34.5	37.5	37.5	34.5	25.5	19.5	18	-9	-33	-46.5	-43.5	-70.5	-43.5	-7.5	10.5	27	34.5	36	40.5	39	40.5	42	43.5	42	42	45	43.5	16.5	16.5	6	-16.5	-25.5	-13.5	-22.5	-25.5	-30	-25.5	-1.5	18	33	45	51	57	60	64.5	67.5	67.5	69	70.5	73.5	85.5	124.5	126	112.5	76.5	19.5	-33	-67.5	-87	-90	-70.5	-36	-12	3	6	10.5	15	19.5	22.5	24	25.5	28.5	34.5	37.5	49.5	93	100.5	88.5	58.5	6	-42	-75	-94.5	-96	-76.5	-57	-31.5	-18	-9	0	4.5	9	12	13.5	12	10.5	13.5	16.5	22.5	19.5	16.5	7.5	-10.5	-25.5	-28.5	-55.5	-64.5	-46.5	-31.5	-19.5	-9	-9	-7.5	-10.5	-12	-13.5	-12	-9	0	7.5	15	22.5	39	94.5	103.5	88.5	49.5	-3	-49.5	-87	-93	-100.5	-103.5	-73.5	-45	-28.5	-18	-10.5	-4.5	3	10.5	16.5	21	24	24	25.5	28.5	25.5	12	3	-7.5	-12	-15	-24	-25.5	-16.5	-13.5	-1.5	10.5	18	22.5	24	28.5	33	34.5	36	34.5	34.5	34.5	37.5	39	36	31.5	27	21	10.5	-3	-15	-13.5	East D09 NPanel	42985.636944560203	42985.666099652801	42985.707777905103	42985.749432997698	42985.791099664399	42985.832766330997	42985.8744329861	42985.916099664399	42985.957766330997	42985.9994329861	42986.0410880903	42986.082754756899	42986.124421423599	42986.1660880903	42986.207743182902	42986.249409849501	42986.2910880903	42986.332743182902	42986.374409849501	42986.416076516201	42986.457743171297	42986.499398275497	42986.541076516201	42986.582743182902	42986.624409849501	42986.666064942103	42986.707731608803	42986.749398263899	42986.7910649306	42986.832731481503	42986.874398263899	42986.916076504604	42986.957720023202	42986.999398275497	42987.041064953701	42987.082720034698	42987.124386713003	42987.166053368099	42987.207720046303	42987.249386701398	42987.291053368099	42987.332720034698	42987.374375138897	42987.416041794	42987.457708460701	42987.4993751273	42987.541041782402	42987.582696874997	42987.624363541698	42987.666041794	42987.707696886602	42987.749363553201	42987.791030219902	42987.832696886602	42987.874351979197	42987.916030219902	42987.957696886602	42987.999363553201	42988.041030219902	42988.082696886602	42988.124363541698	42988.166018645803	42988.207685312504	42988.249351967599	42988.291018622702	42988.332685312504	42988.3743519907	42988.416018645803	42988.457673726902	42988.499351979197	42988.5410186343	42988.582673726902	42988.624340405098	42988.666007060201	42988.707673726902	42988.749328831	42988.791007071799	42988.832673726902	42988.874328831	42988.9159954977	42988.957662164401	42988.999328831	42989.0409954977	42989.082650601798	42989.124328842598	42989.1659954977	42989.207650590302	42989.249317256901	42989.290972349503	42989.332650590302	42989.374317256901	42989.415972349503	42989.457639016196	42989.499305682897	42989.540972349503	42989.582650590302	42989.624305682897	42989.665972338	42989.707639004599	42989.749305671299	42989.790972349503	42989.832627430602	42989.874294097201	42989.915960763901	42989.957627442098	42989.999294108798	42990.040960775499	42990.082627442098	42990.1242825347	42990.165960775499	42990.207615868101	42990.249294108798	42990.290949201401	42990.332615868101	42990.374270960601	42990.416041794	42990.457708460701	42990.4993751273	42990.541041794	42990.582708460701	42990.624363553201	42990.666041782402	42990.707708449103	42990.749363553201	42990.791030219902	42990.832708460701	42990.874363553201	42990.916041794	42990.957685324101	42990.999351979197	42991.041030219902	42991.082685324101	42991.1243519907	42991.166018657401	42991.207685312504	42991.2493519907	42991.291018090298	42991.332673750003	42991.3743519907	42991.416007083302	42991.457673750003	42991.499340416703	42991.5410070949	42991.582673750003	42991.624340416703	42991.665995509298	42991.707662175897	42991.749340416703	42991.790995509298	42991.832662187502	42991.874328854203	42991.915995520802	42991.957650613404	42991.999328854203	42992.040983946797	42992.082662175897	42992.124317280097	42992.165983946797	42992.207650613404	42992.249317280097	42992.290972372699	42992.332639039298	42992.374305705998	42992.415984108797	42992.457639039298	42992.499305705998	42992.5409607986	42992.582639039298	42992.624305705998	42992.665972361101	42992.707639027802	42992.749294120396	42992.790960787002	42992.832627465301	42992.874294120396	42992.915960787002	42992.957627453703	42992.999294120396	42993.0409607986	42993.082615891202	42993.124282557903	42993.165949224502	42993.207615891202	42993.249282557903	42993.290949224502	42993.332615891202	42993.374282569399	42993.415937650498	42993.457604317096	42993.499270972199	42993.540937650498	42993.5826043056	42993.624270972199	42993.665937650498	42993.7075927431	42993.749270972199	42993.790937650498	42993.832592731502	42993.874270972199	42993.9159376389	42993.9575927431	42993.999259409698	42994.0409145023	42994.082581169001	42994.124259421304	42994.165926076399	42994.208275613397	42994.249942280097	42994.291608946798	42994.333264039298	42994.3749422685	42994.4166089352	42994.458275601901	42994.4999422685	42994.5416089352	42994.583275601901	42994.624929571801	42994.666597349496	42994.708264016197	42994.749930682898	42994.791597361102	42994.833252453704	42994.874919120397	42994.9165857755	42994.958252453704	42994.999919120397	42995.041585787003	42995.083252453704	42995.1249191319	42995.166585798601	42995.208240879598	42995.249907546298	42995.291574224502	42995.333240821798	42995.374907546298	42995.416574201401	42995.458229294003	42995.4999075347	42995.541562708298	42995.583240868102	42995.624895960602	42995.6665626389	42995.7082176736	42995.749895960602	42995.791551053197	42995.833217708299	42995.874884386598	42995.9165510764	42995.958217731502	42995.999884386598	42996.041551064802	42996.083206145799	42996.124884398101	42996.166539490703	42996.208206145799	42996.249872824097	42996.291539490703	42996.333206157396	42996.374861249999	42996.416539490703	42996.458206157396	42996.499861249999	42996.541527916699	42996.583194583298	42996.624861238401	42996.666516331003	42996.708194571802	42996.749861238401	42996.791527905101	42996.833182997703	42996.8748496759	42996.916516331003	42996.958182997703	42996.999849664397	42997.041504768502	42997.083171435203	42997.1248496759	42997.166504768502	42997.208171435203	42997.249838113399	42997.2915047801	42997.333159849499	42997.374826516199	42997.4164931829	42997.458171423597	42997.499826516199	42997.541493194403	42997.583159849499	42997.624826516199	42997.6664931829	42997.708148275502	42997.749826516199	42997.791481608801	42997.833148286998	42997.874814965297	42997.916481620399	42997.958148286998	42997.999814942101	42998.041481620399	42998.083148286998	42998.124814953699	42998.166470046301	42998.208136713001	42998.2498033796	42998.291470057899	42998.333125138903	42998.3748033796	42998.4164584838	42998.458125138903	42998.499791805603	42998.5414584838	42998.583125138903	42998.624791805603	42998.6664584838	42998.708113576402	42998.749780231497	42998.791446909701	42998.833113576402	42998.874780243103	42998.916435335603	42998.958113576402	42998.999780231497	42999.041446921299	42999.083102002303	42999.124768668997	42999.166435335603	42999.208102002303	42999.249768680602	42999.291435335603	42999.333102002303	42999.374757094898	42999.416423773102	42999.458102013901	42999.499756944402	42999.541423773102	42999.583090439803	42999.624745520799	-55.5	-52.5	-45	-37.5	-24	-18	-13.5	-10.5	-9	-7.5	-7.5	-6	-7.5	-4.5	-3	-4.5	-4.5	-3	-7.5	-13.5	-22.5	-33	-45	-46.5	-46.5	-42	-36	-34.5	-27	-19.5	-15	-12	-10.5	-7.5	-4.5	-3	0	1.5	1.5	3	4.5	7.5	13.5	12	1.5	-25.5	-30	-19.5	-24	-21	-15	-12	-6	-6	-1.5	1.5	1.5	1.5	0	0	1.5	0	0	-1.5	-1.5	-3	-7.5	-16.5	-21	-39	-57	-75	-82.5	-81	-72	-51	-31.5	-19.5	-13.5	-9	-6	-3	-3	-3	-3	0	4.5	6	12	9	4.5	-4.5	-10.5	-18	-25.5	-34.5	-46.5	-45	-33	-25.5	-15	-3	0	1.5	3	3	3	1.5	0	1.5	4.5	6	9	16.5	24	7.5	-12	-30	-36	-49.5	-61.5	-60	-46.5	-40.5	-34.5	-22.5	-16.5	-13.5	-10.5	-4.5	-3	-1.5	3	3	6	6	7.5	9	9	9	7.5	7.5	6	6	6	3	1.5	1.5	6	7.5	10.5	12	15	18	19.5	22.5	24	25.5	27	28.5	28.5	27	22.5	18	18	3	-10.5	-18	-15	-33	-16.5	1.5	10.5	19.5	25.5	27	30	28.5	30	31.5	31.5	31.5	31.5	33	33	19.5	21	16.5	4.5	-3	4.5	0	-3	-6	-4.5	7.5	18	27	33	36	39	42	45	48	48	49.5	51	54	58.5	81	81	75	57	25.5	-3	-24	-33	-36	-25.5	-6	4.5	13.5	15	18	19.5	22.5	25.5	25.5	25.5	28.5	31.5	33	40.5	63	66	61.5	46.5	16.5	-9	-27	-39	-39	-28.5	-18	-6	1.5	7.5	10.5	13.5	15	18	18	18	16.5	18	19.5	22.5	21	19.5	16.5	7.5	-3	-4.5	-18	-25.5	-15	-7.5	-1.5	4.5	6	6	3	1.5	3	1.5	4.5	10.5	15	19.5	24	33	61.5	67.5	60	40.5	12	-15	-36	-40.5	-45	-48	-31.5	-16.5	-6	0	3	6	10.5	16.5	19.5	22.5	24	24	24	25.5	25.5	16.5	12	6	1.5	1.5	-3	-4.5	0	3	10.5	16.5	22.5	24	27	28.5	33	33	34.5	34.5	34.5	34.5	36	37.5	36	33	30	28.5	21	13.5	7.5	6	Temperature	42985	42985.041666666664	42985.083333333336	42985.125	42985.166666666664	42985.208333333336	42985.25	42985.291666666664	42985.333333333336	42985.375	42985.416666666664	42985.458333333336	42985.5	42985.541666666664	42985.583333333336	42985.625	42985.666666666664	42985.708333333336	42985.75	42985.791666666664	42985.833333333336	42985.875	42985.916666666664	42985.958333333336	42986	42986.041666666664	42986.083333333336	42986.125	42986.166666666664	42986.208333333336	42986.25	42986.291666666664	42986.333333333336	42986.375	42986.416666666664	42986.458333333336	42986.5	42986.541666666664	42986.583333333336	42986.625	42986.666666666664	42986.708333333336	42986.75	42986.791666666664	42986.833333333336	42986.875	42986.916666666664	42986.958333333336	42987	42987.041666666664	42987.083333333336	42987.125	42987.166666666664	42987.208333333336	42987.25	42987.291666666664	42987.333333333336	42987.375	42987.416666666664	42987.458333333336	42987.5	42987.541666666664	42987.583333333336	42987.625	42987.666666666664	42987.708333333336	42987.75	42987.791666666664	42987.833333333336	42987.875	42987.916666666664	42987.958333333336	42988	42988.041666666664	42988.083333333336	42988.125	42988.166666666664	42988.208333333336	42988.25	42988.291666666664	42988.333333333336	42988.375	42988.416666666664	42988.458333333336	42988.5	42988.541666666664	42988.583333333336	42988.625	42988.666666666664	42988.708333333336	42988.75	42988.791666666664	42988.833333333336	42988.875	42988.916666666664	42988.958333333336	42989	42989.041666666664	42989.083333333336	42989.125	42989.166666666664	42989.208333333336	42989.25	42989.291666666664	42989.333333333336	42989.375	42989.416666666664	42989.458333333336	42989.5	42989.541666666664	42989.583333333336	42989.625	42989.666666666664	42989.708333333336	42989.75	42989.791666666664	42989.833333333336	42989.875	42989.916666666664	42989.958333333336	42990	42990.041666666664	42990.083333333336	42990.125	42990.166666666664	42990.208333333336	42990.25	42990.291666666664	42990.333333333336	42990.375	42990.416666666664	42990.458333333336	42990.5	42990.541666666664	42990.583333333336	42990.625	42990.666666666664	42990.708333333336	42990.75	42990.791666666664	42990.833333333336	42990.875	42990.916666666664	42990.958333333336	42991	42991.041666666664	42991.083333333336	42991.125	42991.166666666664	42991.208333333336	42991.25	42991.291666666664	42991.333333333336	42991.375	42991.416666666664	42991.458333333336	42991.5	42991.541666666664	42991.583333333336	42991.625	42991.666666666664	42991.708333333336	42991.75	42991.791666666664	42991.833333333336	42991.875	42991.916666666664	42991.958333333336	42992	42992.041666666664	42992.083333333336	42992.125	42992.166666666664	42992.208333333336	42992.25	42992.291666666664	42992.333333333336	42992.375	42992.416666666664	42992.458333333336	42992.5	42992.541666666664	42992.583333333336	42992.625	42992.666666666664	42992.708333333336	42992.75	42992.791666666664	42992.833333333336	42992.875	42992.916666666664	42992.958333333336	42993	42993.041666666664	42993.083333333336	42993.125	42993.166666666664	42993.208333333336	42993.25	42993.291666666664	42993.333333333336	42993.375	42993.416666666664	42993.458333333336	42993.5	42993.541666666664	42993.583333333336	42993.625	42993.666666666664	42993.708333333336	42993.75	42993.791666666664	42993.833333333336	42993.875	42993.916666666664	42993.958333333336	42994	42994.041666666664	42994.083333333336	42994.125	42994.166666666664	42994.208333333336	42994.25	42994.291666666664	42994.333333333336	42994.375	42994.416666666664	42994.458333333336	42994.5	42994.541666666664	42994.583333333336	42994.625	42994.666666666664	42994.708333333336	42994.75	42994.791666666664	42994.833333333336	42994.875	42994.916666666664	42994.958333333336	42995	42995.041666666664	42995.083333333336	42995.125	42995.166666666664	42995.208333333336	42995.25	42995.291666666664	42995.333333333336	42995.375	42995.416666666664	42995.458333333336	42995.5	42995.541666666664	42995.583333333336	42995.625	42995.666666666664	42995.708333333336	42995.75	42995.791666666664	42995.833333333336	42995.875	42995.916666666664	42995.958333333336	42996	42996.041666666664	42996.083333333336	42996.125	42996.166666666664	42996.208333333336	42996.25	42996.291666666664	42996.333333333336	42996.375	42996.416666666664	42996.458333333336	42996.5	42996.541666666664	42996.583333333336	42996.625	42996.666666666664	42996.708333333336	42996.75	42996.791666666664	42996.833333333336	42996.875	42996.916666666664	42996.958333333336	42997	42997.041666666664	42997.083333333336	42997.125	42997.166666666664	42997.208333333336	42997.25	42997.291666666664	42997.333333333336	42997.375	42997.416666666664	42997.458333333336	42997.5	42997.541666666664	42997.583333333336	42997.625	42997.666666666664	42997.708333333336	42997.75	42997.791666666664	42997.833333333336	42997.875	42997.916666666664	42997.958333333336	42998	42998.041666666664	42998.083333333336	42998.125	42998.166666666664	42998.208333333336	42998.25	42998.291666666664	42998.333333333336	42998.375	42998.416666666664	42998.458333333336	42998.5	42998.541666666664	42998.583333333336	42998.625	42998.666666666664	42998.708333333336	42998.75	42998.791666666664	42998.833333333336	42998.875	42998.916666666664	42998.958333333336	42999	42999.041666666664	42999.083333333336	42999.125	42999.166666666664	42999.208333333336	42999.25	42999.291666666664	42999.333333333336	42999.375	42999.416666666664	42999.458333333336	42999.5	42999.541666666664	42999.583333333336	42999.625	42999.666666666664	42999.708333333336	42999.75	42999.791666666664	42999.833333333336	42999.875	42999.916666666664	42999.958333333336	12.4	10.6	10.5	9.4	9.4	8.8000000000000007	8.6999999999999993	10.199999999999999	13.8	17.3	21	24.6	26.9	29.9	30.4	30.8	30.2	29	27.1	23.1	21	18.8	18	17.8	16.600000000000001	15.6	15.3	12.9	12	12.2	13.8	13.5	15.2	18.2	21.6	23.7	24.5	25	24.8	23.2	22.5	21.7	20.8	18.600000000000001	17.8	15.7	13.6	11.9	11.6	9.9	9.6999999999999993	8.3000000000000007	9.1	8.8000000000000007	7.5	8.9	11.1	15.2	17.8	21.8	25.4	26.5	26	26.8	22.2	21.9	21.4	20.399999999999999	18	15.8	15.5	16.7	15.7	16.8	16.399999999999999	16.2	10.8	9.5	9.5	9.1	12.2	13.7	15.2	16.899999999999999	18.8	20.2	21.6	21.3	21.8	22	21.1	18.5	14.3	13.9	12.2	11	10	8.5	11.1	11.3	10.1	8.3000000000000007	6.3	10.6	13.1	18.899999999999999	20.100000000000001	20.7	23.5	25	27.5	28.8	27.3	27.1	27.7	22.4	21.2	20.3	18	14.7	17.2	16.600000000000001	14.4	13.2	11.4	10.1	9.8000000000000007	9.6999999999999993	12.2	14	14.6	15.2	16.3	17.8	18.2	18.5	18.399999999999999	13.9	10.199999999999999	8.1999999999999993	7.5	7.3	7.2	7.1	6.7	7.2	7	7	7.2	7.4	7.2	7.5	7.8	7.7	7.6	6.5	6.5	6	6.1	6.6	6.4	6.2	5.4	5.3	5.3	5.3	5.0999999999999996	4.7	4.8	4.7	4.7	4.7	4.8	4.8	4.5999999999999996	4.5999999999999996	4.9000000000000004	5.6	4.4000000000000004	6.4	7.6	6.8	8.9	7	9	7.6	6.3	4.5	3.8	3.3	3.4	3	4.3	4	2.9	2.9	3.4	1.2	1.8	2.6	3.8	4.5	5.5	6.3	6.6	6.4	8.9	7.1	7.4	6.4	6.7	4.5999999999999996	3.2	2.8	2.2999999999999998	1.7	1.2	1.4	-0.2	0.4	0.7	0.2	-0.2	0.3	2.1	4	6.5	9.1999999999999993	11	12.4	13.3	14.3	13.7	13.3	12.5	10.6	9	8.5	6.5	5.2	3.9	2.7	2.1	2.5	1.4	0	-0.2	1.2	4.5	8.1	10.1	13	16.100000000000001	16.5	16.8	17.8	17.8	16.5	16.2	12.3	11.1	8.1	7.7	5.3	5.8	4.2	4.5999999999999996	5.2	9.8000000000000007	8	8.6999999999999993	7.1	9	10.6	14.2	15.3	16.399999999999999	15.5	17.3	16.7	15.8	15.6	11.8	10.4	9.3000000000000007	6.2	6.2	5.2	4.5	4.3	3.1	2.1	1.8	0.8	-0.1	0.7	4	6.6	8.5	10.4	12.5	11.6	13.4	13.3	13.1	12.4	11.2	8.9	7.4	7.2	4	3	0.9	1	0.8	1	1.7	1.4	2.6	4	5.2	6.1	7.3	8.1	7.5	7.1	8	7.8	5.0999999999999996	5.6	5.6	4.5	3.9	4.2	4	3.5	3.2	3.5	3.2	3	2.2999999999999998	2.2999999999999998	2.2000000000000002	2.1	2.2999999999999998	2.2999999999999998	2.5	2.5	2.6	2.4	2.7	2.6	2.8	2.5	2.2000000000000002	1.8	1.6	1.5	1.6	1.5	Date

Strain (µs)

Temperature (°C)


279-1




279-2

image2.png




image3.png
ABUT 2

ABUT 1
BRG (SOUTH)

BRG (NORTH)

PIER 1
7.200, 50.000 ¢ 70.000 ¢ PIER 2 50.000 7.200,

END APPROACH SLAB
END APPROACH SLAB

2.500 CLEARANCE
3.000 CLEARANCE

PATHWAY

13750, ‘ 55.000 (FLOW & NAVIGATION) | 3.750)

RIVER BED i

|
o APPROXIMATE LIMITS :
OF CLASS Il RIPRAP 1





image4.png
O [m]

oDb7 o[
o b7 0[O
o b7 0 [O
op7 0@

oflooollooo

~
)

{L Precast Concrete Panels
]
a
a8
a gjlcoo

opo7 O

nne N In

oooflooollooo

I I T

o 4 0

UHPC Joints





image5.png
A o






image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.png





image12.emf
Strain Sensor Calibration Correction Factor 1.55

Measured Reinforcing Bar Diameter: 15 mm Area: 176.7 mm 

2

Applied 

Load (kN)Stress (Mpa) Trial #1 x 1.55 Trial #2 x 1.55 Trial #3 x 1.55 Trial #4 x 1.55

1 5.7 77 119 148 229 146 226 162 251

5 28.3 148 229 215 333 226 350 231 358

10 56.6 234 363 299 463 313 485 318 493

15 84.9 322 499 388 601 400 620 406 629

20 113.2 411 637 479 742 488 756 495 767

25 141.5 503 780 569 882 577 894 583 904

30 169.8 589 913 660 1023 669 1037 674 1045

35 198.1 681 1056 749 1161 758 1175 764 1184

40 226.4 766 1187 838 1299 850 1318 857 1328

45 254.6 861 1335 925 1434 938 1454 947 1468

50 282.9 948 1469 1021 1583 1029 1595 1036 1606

55 311.2 1042 1615 1109 1719 1120 1736 1126 1745

60 339.5 1198 1857 1209 1874 1211 1877 1218 1888
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