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Project Team 
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• The University of Texas at Austin 
– Structural engineering 
– Electrical engineering 
– Mechanical engineering 

• National Instruments 
• Wiss, Janney, Elstner Associates, Inc. 



13 March 2014 

Fracture-Critical Bridges 

4 



13 March 2014 

Aging Infrastructure… 
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Source: National Bridge Inventory 

Visual inspections 
required every two 
years 
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Quantitative Data Needed  
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• Transportation officials need methodologies 
to set priorities among bridges 
– For inspection, retrofit, and/or replacement 

• Remaining fatigue life is one metric 
– Determine fatigue damage in current year 
– Estimate accumulation of cycles 
– Calculate fatigue life using deterministic or 

probabilistic approach 
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Goals of Research Project 
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• Develop a monitoring system that will 
augment visual inspections 
– Always have a need for visual inspections 
– Use monitored data to better allocate 

resources 
– Focus on fracture-critical bridges due to 

significant inspections requirements 
• Promote more efficient inspection by 

including quantitative data in the  
decision-making process 

Collect 
data 

reliably 

analyze 
data 

effectively 
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Quantitative Data Needed  
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• Transportation officials need methodologies 
to set priorities among bridges 
– For inspection, retrofit, and/or replacement 

• Remaining fatigue life is one metric 
– Determine fatigue damage in current year 
– Estimate accumulation of cycles 
– Calculate fatigue life using deterministic or 

probabilistic approach 
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Determine Fatigue Damage 
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• Structural analysis 
– Assume representative fatigue truck 
– Assume live load distribution factor (LLDF) 
– Assume dynamic impact factor (IM) 
– Calculate effective stress range for annual 

daily truck traffic (ADTT) 

• Field monitoring 
– Distribution of fatigue cycles is measured 

directly 



13 March 2014 

Value of Monitoring 
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Structural analysis Field monitoring 
Sre 14.4 ksi 5.15 ksi 
Nd 4,000 cycles 4,000 cycles 

Fatigue life ~ 1 year ~ 10-30 years 
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Solutions 

11 

• Digital inspection and data gathering app 
• Wireless strain and displacement monitor 
• Enterprise management software 
• Passive corrosion detection system 
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Digital Inspection - Plannotate 
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AutoCAD Import 
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Annotates with Intelligence 
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PDF Pictures Forms Cloud 
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Annotates with Intelligence 
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• Speed 
• Real-time 

collaboration 
– Other Inspectors 
– Technical Experts 

• QA/QC 
– Eliminate transcription 
– Review progress 

• Analysis ready data 
• Understanding… 
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Features 
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• Dynamic annotations 
– Primitives to freehand 
– Dynamic state 

• Viewable anywhere 
– Web interface 

• Import into Excel 
• Import into AutoCAD 
• Automated reporting 
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PlannotateDOT 
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• DOT’s required to 
perform elemental 
inspection 

• Plannotate ideal 
– Use existing 

documents 
– Specialized forms 

• Looking to provide to 
DOT’s for free 
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Prime time 
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• Software actively 
used 

– Much more than bridges! 

• Over 100 users and 300 
different projects 

• Resulting 8000 annotated 
documents in 18 months 

• Over 135,000 photos 
managed 
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NI WSN System 
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• Rainflow algorithm (WSN Node) 
• System automation (Gateway/Controller) 
• Data storage/access (Cloud) 

LabVIEW WSN  

Gateway 
+ Modem Nodes 

LabVIEW & 
NI WSN Software 

Engineer/Bridge Owner 

Cloud 
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Wireless Strain Input Node 
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• Four input channels 
• Full/half/quarter-bridge measurements 
• Dynamic data acquisition 

– 1-kHz sampling rate to local buffer 
– 20-bit resolution 
– Configurable noise performance 

– Onboard processor for local data processing 
using LabVIEW WSN 
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Strain Node Software 
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• Embedded programs 
– Streaming mode 
– Rainflow mode 
– Trigger (waveform) mode 
– Rainflow+Trigger mode 
– LoadTest mode 
– Can be integrated with camera 

• Configurable over the air (string message) 
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Gateway 
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• Manages and automates 
wireless network 

• Equipment configured by four 
text files: config, mode, email, 
and channel_info 

• Temporary data storage 
• Email notification 

 



13 March 2014 

Core Concepts 
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• Waveform response 
• Environmental response 
• Rainflow with event triggering 
• Collect images of triggered events 

 
• Faster/Easier 
• Simplify data management and reporting 
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User Interface 
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• Two iPad apps are used by WJE 
– Plannotate (documentation) 
– NI Data Dashboard (configuration) 
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Used on Multiple Bridges 
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Add SEPTA 
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Example Bridge 
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• I-girder bridge 
– Seven girders 
– Over 40 years old 
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Identify Critical Details 
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• Flange-to-web welds (Category B) 
• Transverse stiffeners (Category C′) 
• Ends of cover plates (Category E′) 
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Access Bridge 
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Install Instrumentation 
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Perform Load Test 

38 

• Generally performed with known loads 
• Establishes baseline behavior of bridge 
• Can develop trigger thresholds from results 
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Fatigue Monitoring 
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• Measure fatigue damage from daily traffic 
• Capture trigger data to confirm large-

amplitude cycles 
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Photo/Video 
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Rainflow+Trigger Mode 
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Techniques for Fatigue Analysis 
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• Count variable-amplitude cycles 
– Simplified rainflow counting 

• Determine amount of damage 
– Effective stress range 
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Techniques for Fatigue Analysis 
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• Count variable-amplitude cycles 
– Simplified rainflow counting 

• Determine amount of damage 
– Effective stress range 
– Index stress range 

• Characterize fatigue damage 
– Contribution to damage 
– Cumulative damage 

New techniques 
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Rainflow Data 
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East Girder 
𝑁�𝑑,𝑚 = 56,300 
𝑆𝑟𝑟  = 2.26 ksi 
𝑆𝑟,𝑚𝑚𝑚 = 23.7 ksi 

West Girder 
𝑁�𝑑,𝑚 = 38,000 
𝑆𝑟𝑟  = 1.40 ksi 
𝑆𝑟,𝑚𝑚𝑚 = 17.2 ksi 
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Comparison Between Methods 
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• Effective stress range 
– West girder: 38,000 cycles per day at 1.44 ksi 
– East girder: 56,300 cycles per day at 2.26 ksi 

• Index stress range 
– West girder: 𝑁�𝑑,𝑖(4.5𝑘𝑘𝑘) = 1,250 cycles 
– East girder: 𝑁�𝑑,𝑖(4.5𝑘𝑘𝑘)  = 7,080 cycles 

• Easier to compare with index stress range  
(5.7 times more damage in East girder) 
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Characterize Fatigue Damage 
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97.5% of 
the damage 



13 March 2014 

-20.0

-15.0

-10.0

-5.0

0.0

5.0

10.0

0.00 0.25 0.50 0.75 1.00

St
re

ss
 (k

si
)

Time (sec)

Single-Point Spike in Waveform 

50 

Single-point spike 
in the data 
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Reporting 
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Enterprise Management System 
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• Database Management 
System (DBMS) 

• Project & System 
Website 

• Tools 
– API’s 
– Report tools 
– Canned visualizations 
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Instrumentation Data Storage 
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• Apache Cassandra 
– NoSQL Database 
– Developed by Facebook 
– Open source 

• Ideal for our data 
– High throughput 

• Data architecture 
– Customizable 
– Focus on how you read 
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Project & System Website 
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• Project information 
– Location map, photos 

• Instrumentation system 
manual 

• Backend server guide 
• Reference information 

– Gage durability, etc. 

• User Analysis 
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Complete Package 
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• Performs core 
instrumentation 
elements 
– Waveform response 
– Environmental response  
– Rainflow with event 

triggering 
– Collect images of 

triggered events 
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Deliverables 
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• WSN strain node with on-board computational 
capabilities 

• Add-on environmental enclosures for WSN 
nodes and programmable gateway 

• Software developed for acquisition of strain 
histories and evaluation of data using rainflow 
counting 

• Enterprise management system for cloud-based 
data archive and decision support 
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Questions? 
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Annotations 
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PDF Pictures • Annotate PDF’s & Images 
• Document- Spatial 

framework 
• Annotations 

– Visual appearance 
• Primitives 
• Lines 
• Areas 
• Context coloring 

– Collect metadata 
– Attach photos 
– Attach other data links 
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Data and Cloud 
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Forms Cloud • Annotations = Data 
– Spatial 
– Form (customizable) 
– Photographs 
– Instrumentation 
– Object-oriented 

• Cloud 
– Backup 
– Synchronization 
– Sharing 
– Administration 
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AutoCAD Import 
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