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WHO IS BDI?

& Began research in 1987 at the University of Colorado sponsored by PennDOT and
FHWA where basic techniques were developed for using live-load test data to
better analyze bridge behavior.

& The initial project, also funded by the USACE, was to develop equipment and
analysis techniques to measure the integrity of existing lock systems.

2 BDI formed in 1989 and began development of Structural Testing System and FE
analysis software. In 1991, began adapting both hardware and software for use
in field projects, and both are still under constant development today.

3 To date, BDI personnel have tested and evaluated thousands of structures
around the world including bridges, lock gates, and even rockets!

2 We're an engineering services provider and product manufacturer — a
combination that keeps us sharp!

T~ 30+ YEARS IN THE
BDI International Headquarters 2020 TESTING/MONITORING/NDE BUSINESS
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OVERVIEW

INSTRUMENTATION
SERVICES

{03

Diagnostic Testing

Short term sensor and data
acquisition installation for
issues such as force
imbalances, misalignments, or
failing members

Structural Monitoring

Permanent installation of
sensor and DAQ for
monitoring a variety of
potential issues within a
structure.

ANALYSIS
SERVICES

A~
A

Structure Evaluation

Complete structural analysis
using FEA and model
correlation through the test
results

Data Evaluation

Simplified analysis through
evaluating the collected data
and providing feed back on
the results

INSTRUMENTS

Sensors
Strain Transducers
Accelerometers
Tiltmeters
Foil Strain Gages
Displacement

Data Acquisition

STS4-4: 4-Ch rugged, modular
field oriented DAQ

STS4-16: Multi-use data
acquisition system

BDI OFTEN DEVELOPS CUSTOM
SOLUTIONS FOR OUR CLIENTS

B oo
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DATA ANALYSIS &
MANAGEMENT

-
Data Collection
Remote Data collection

Web Hosting
Data analytics

NDT

 m—

%

N’

Full Service NDE Shop
Concrete NDE
Steel NDT (Welds, Pin and

Hangers, ASNT L3
Technicians)

High Speed Bridge Deck
Evaluation
Material Testing
Unknown Foundations



MISSION

We deliver the most reliable results
that enable advanced infrastructure
evaluation. Our trusted approach
revolves around custom-built
instruments, skilled engineering
and field crews, and intelligent data
analysis and presentation.

+

VISION

To be the definitive answer
whenever and wherever civil
infrastructure performance is

questioned.
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INSTRUMENTS
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During our extensive
field-testing experience,
we have determined the
weaknesses of most
existing data acquisition
systems and sensors,
usually the hard way:
while in the cold wind and
bouncing in a man lift!
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Custom sensors developed for
harsh field environments

STS4-16: 16-Channel Node




OTHER DISCRETE SENSORS

Drive coil § % Pickup coil

Vibrating Wire

Wind Speed

! .

e

- STSA4 is a general

@ I:urpose DAQ and can
andle most analog
Weather Pressure Weigh in Motion (WIM) Sensors
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GPS AND AMTS INSTRUMENTATION

GPS; 12-24 hour filtered AMTS; seconds per prism

B b | IRAW DATA.
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GEOTECHNICAL INSTRUMENTATION

WIRELESS!

: . Ground Anchors
Soil Interaction BDITEST.COM 1|



VIBRATION INSTRUMENTATION

Remote Monitoring Structural Vibrations
BBI EQ\F'YN%%TQ'EsULTs. BDITEST.COM
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Ground Vibrations



ACOUSTIC EMISSION

AE has the advantages of real-time detection CABLES AND FRACTURE CRITICAL
and monitoring for crack initiation and/or STRUCTURES

propagation in steel & concrete structures, & Wire breaks

detection and monitoring for potential wire & Crack identification

breaks in post-tensioned and cabled structures 4 Crack propagation

CONCRETE

A Crack identification
A Concrete crack growth
A PT breaks

Y position
[ - L VS T - |

I
—_

O
X position

B b | IRAW DATA.
D REFINED RESULTS. BDITEST.COM 13



WEIGH IN MOTION (WIM) K]

STRUCTURAL LOADING IS AN INVALUABLE PARAMETER FOR ENGINEERING ANALYSIS.

Why? In-road Piezo Strips In-road Scales

2 ADT ¥ Economical 3 Better than 95% accurate

2 Fatigue cycle comparison 3 Approx. 80% accuracy A Ideal for refined analysis and real-
3 Real-time load testing 9 Ideal for truck classification & time load testing

3 Validation of actual service loads load estimation

BI"I RAW DATA.
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FRACTURE CRITICAL & FATIGUE MONITORING E_]

Strain Gaging

A Mainly for further evaluation
& Cycle counting

A Stress levels

3 Performance evaluation

3 Model Calibration

Acoustic Emissions

& Best for ongoing monitoring

3 Don't need to know exactly where crack is
3 Locating Cracking

3 Crack detection

3 Crack propagation

Binary Crack Gage

3 Low power and economical ongoing
monitoring

3 Need to know where crack is

3 Crack detection

3 Crack propagation

B::" RAW DATA.
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WIRED VS WIRELESS

3 GENERAL ATTRIBUTES (WIRED)
3 LONG TERM INSTALLATION
3 BETTER FOR STORM INTERFERENCE
A BETTER FOR DYNAMIC MEASUREMENTS

3 GENERAL ATTRIBUTES (WIRELESS)
3 SHORT TERM INSTALLTION
3 QUICKER SETUP
A BETTER FOR STATIC MEASUREMENTS

B:x'l RAW DATA.
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WIRELESS TECHNOLOGY

Wireless technology is a very simple way to control costs on highly dispersed instrument locations.
Ideal for slow measurements but cannot be used for dynamic data collection or data that requires heavy filtering.

h Supervisor ‘b Node |I| Multiplexer

BI"I RAW DATA.
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HOW IT ALL COMES TOGETHER

DT —

: 1

=

" ﬁ.t=:1
=

Server and Data
Management

&

@ é)

Modem I

100-240 VAC Power

na
m

MONITORING SYSTEMS

Data Logger Comm.

Shielded CAT5e
PoE Cable

B

Shielded CAT5e
PoE Cable

. 3
T
E._

A

,m?.
Solar Power

External Power Source
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Shielded CAT5e
PoE Cable

Main Data Logger
Cabinet

Sensors Sensors

BDITEST.COM

STS4 Nodes

&

4 Sensors

4 Sensors

16 Sensors

Sensors



DATA MANAGEMENT
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DATA COLLECTION SOFTWARE (NO PROGRAMMING!)

Bol

Automatic recognition of all hardware!
= All calibration data is automatically applied.

Real-time data display

= Group sensors within data display
= Range of filtering options

= Convert data to frequency domain

Virtual Sensors

= Create virtual sensors using mathematical functions

Monitoring Configuration

= Capture event-based data blocks

= Rainflow histogram data (fatigue analysis)
= Historic trend data

Custom programming
= Open STS-CORE software for clients to develop
custom programs

BDI can develop custom applications for our clients

RAW DATA.
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SampleRate 50
Test Duration Continuous
TestRun 6
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DATA PROCESSING SOFTWARE

3 Compatible data files 3 Auto Plot Graphs
= Works with BDI *.tdms & *.dat data file structure = Generate graphs for reports
= Compatible with Campbell Scientific data files

A Data display options
Response, curvature, neutral axis plots
Group sensors for averaged range calculation

AVERAGED RESPONSE HISTORY PLOT

20—

3 Input Options
= Load finite element analysis results for direct
= Graphical comparison with collected data

: Eange oi;filterin? &decimaéion options , N /f\ - ,
= Convert data to frequency domain T A S—
q Y N\ I/m\ // 7

1\

= B1341-Path_Y1
-40

\ ) -
\) |

o-strainy

-60

<X

STRAIN (micra

-80

A Extract Data , \\\/ /
= Excel spreadsheet \/
= Text file I | | | |
= Max/Min value extraction L a0 posiTIoN (9

B A IRAW DATA.
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DATA MANAGEMENT AND VISUALIZATION

(“

PLATFORM PROJECTS 1

Profcts ) New Vicksturg
SENSORS

RAW DATA. ¥ 7

e I

A Custom software package 4 Features:
A Client monitoring system portal = Scalable architecture
& Microsoft AZURE cloud-based hosting = Drag-and-drop setup and configuration to minimize site
service development time
= Enterprise level security = Sensor agnostic
= 99.99% uptime = Fully customizable
= Multiple layers of redundant backup = Automated & manual data compatible
M 24/7/365 Helpdesk support * Microsoft IoT ready

RAW DATA.
BBI REFINED RESULTS. BDITEST.COM 2 |



MONITORING THE MONITORING SYSTEMS

System Monitoring:

BBI STRUCTURAL MONITORING SYSTEMS

= Data age N

2 Modem connectivity - w
" Disk space = = | & o
a Data traﬂ:IC d ng :2 5, Do

Off-site backup technical support :

a2 BDI technical staff can support help
desk at any time using mobile
based and RDP applications

2 Review data integrity

B:"I RAW DATA.
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¥ WHAT KIND OF DATA?

r}///"

Acoustic
Fibe O tics
Em|55|ons ber Lpt ¢

Weather Stations

Wireless



} QUALITY MANAGEMENT PROGRAM . |
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PREPARE LAYOUT DRAWINGS

Office Engi 3 System ID:

LAYOUT SCHEMATICS POWER AND COMMUNICATIONS

O Core clock is properly set, and time zone for install location is verified
O System is powered on and can be connected to remotely using login credentials from BDI Wiki
]

Modem signal is of good quality and requires no adjustments — limits for excellent shown below
RSSL.  (>-70dBm) RSRP: _ (>-90dBm) RSQR:  (>-9dBm) SNIR:  (>10)
Battery backup system has been verified by turning off input voltage and system remains on
Cold start from battery confirmed (no AC power, all breakers off)
T E ST T H E SYST E M Remote reset capabilities verified and confirmed onsite (remote node reset and remote system reset)
SENSOR VERIFICATION — SEE SEPARATE FULL SYSTEM SENSOR CHECKLIST
I N S I ALL I H E SYS I E M O Response of each sensor verified coming in of good quality with acceptable noise/offset levels
O Push/tap/cold test for each sensor to ensure proper mapping and functionality
SITE ACCEPTANCE TEST T
Test spec running properly
S S S Auto sequence routine setup and verified O Data files coming in and readable
SYST E | I As Applicable
O Alarms set within system and verified being sent
SO FTWA RE O Data streaming to website
O Secondary data transfer/storage confirmed
COMMUNICATION —————

O Entire STS folder backed up onto server O All commissioning data download onto thumb drive

oooao

Remote restarted PC and verified STS-Core comes back on automatically

24-hours of data viewed and analyzed for any noise/sensor issues

Zero values set (if applicable) — Temperature: Load Configuration:
Auto sequence protocol setup and verified

General STS-Core alarms setup and tested

gooooao

O BDI Wiki site complete and verified O Commissioning notes reviewed and all actions taken

COMMISSIONING COMPLETION SIGN OFF

Notes: ‘

Office Project Manager Initials: Date:

B::" RAW DATA.
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SERVICES

NONDESTRUCTIVE EVALUATION (NDE)




NDE/NDT Services Offered

3 Acoustic
3 Concrete:
3 Impact/Pulse Echo
3 Ultrasonic Surface Wave (USW)
3 Spectral Analysis of Surface Waves (SASW)
3 Steel:
3 ASNT Level II/II1 UT, PT, MT, ET, RT
3 Phased Array Ultrasonic Testing (PAUT)
3 Stress Wave for Defects and Tension in Trunnion Anchor Rods
3 Electromagnetic
Ground Penetrating Radar (GPR)
Infrared Thermography
Radiography
Magnetic Methods (Eddy Current, Magnetic Flux Leakage, Magnetic
Particle, Ferroscanning)
3 Electrochemical
3 Half Cell Potential
3 Electrical Resistivity
3 Unknown Foundations
3 Parallel Seismic, Downhole and Crosshole testing
3 Ultraseismic and Sonic Echo/Impulse Response
3 Physical Methods
3 Coring
3 Petrography
3 Chloride Sampling and Testing
3 Rebound Hammer

B:"I RAW DATA. 28
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BRIDGE DECK INSPECTION

Phase O

B:"I RAW DATA.
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INSPECTION OF WIRES, TIE RODS AND ANCHOR BOLTS

Pre-works Verification

TR, T

Comosion Sensor on
e
yd end of bar
- e
I""--—h__ e < /
= / |
— IRRIR LR R A AAN
>~/ |

Crack-like indications

Imitation co
region with section loss

e

wo

Jeg Jo yabua

S . | ] Hﬂ'ﬂ;
The procedure has been tested and qualified
BBI AraLArialia: using a known sample with defects inflicted. 30
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DIAGNOSTIC FIELD TESTING - BRIDGES

Undesirable ratings | Permi / special | Retrofit / construction Missing / incomplete
or load changes loads evaluation plans

-

BDI'S integrated approach

A Confirmation / Reconstruction of as-builts using NDE and inspection
A Rapid field testing using wireless hardware and in-house sensors

A Streamlined FE analysis and model calibration procedures

A Reporting and QC by licensed professionals

B:"I RAW DATA. 32
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LOAD TEST PROCESS

& Work with client to develop objectives

A Design instrumentation plan
& Max pos/neg moment
Max displacement

p
21  Max rotation
A End restraint ,%

& Composite action
A Specify load

& Install the sensors and execute test

& Typically 1-2 days install depending on access
with 1 day for testing / teardown

& BDI has ropes access staff to cut down on install
logistics costs!

. R
B:"I RAW DATA. 33
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< ~ - Initial Comparison
: Secondary ¥
= Member B_eam RESPONSE HISTORY PLOT
I Effects Stiffness l iy

| .)/" L ‘/‘/ v
Stgl?ncekss . M .

es iﬁ. .EE" ,g’ %;' :

STRAIN (microstrain)

Eccentricities

d
\ 4 End Restraint\

FIELD TES'
RIDOT

Final Comparison

RESPONSE HISTORY PLOT

Can we rely on updated
parameters for rating?

= Unintended composite action
= Barrier participation

= End restraint

BI"I RAW DATA. 34
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Load testing and refined load
rating using BDI instrumentation

(strain gage shown).

- 3

BDI provided load testing services to calibrate an FE model of
a hewly constructed multi-girder structure. There were
perceived large deflections in the multi-girder system and
suspected poor construction (designed composite but level of
composite action was questioned).

BI"I RAW DATA. 35
REFINED RESULTS.




EXPANDING THE FUNCTIONALITY OF DISCRETE
MONITORING: SHORT-TERM TESTING

I
i
i REMOTE DAQ CABINET
! CORE INTERNAL COMM L e :
i DATA LOGGER POWER
i
1
s EXTERNAL
/\/ oS =5 conms 5T54
N
PLbo 1 1 e |5 | L
— = 1 i
ON-SITE B
i 1
Node 1 : T
—= -
,,,,,,,,,,,,,,,,,,,,,,,,,,, a] |
a I
777777777777777777777777777 84| -
I 4| |
a i
==l ‘>
Node 2 + l |
""""" I
: MAIN CORE DATA LOGGER CABINET ! REMOTE DAG CABINET
I |
I
B3I 2 BASE STATIONS 1 B3l !
— 128 NODE LIMIT
! =
i o
1,000 ft (300 m) | a i
with standard antenna _ } 4] |
> Mile (1.6 km) ! Q4| <
with high gain antenna : i3] -
fffff S/
Add’l equipment for load testing

> Permanent system
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SERVICES

INNOVATIVE TECHNOLOGIES




SHM- COMPONENT PERFORMANCE INTERACTION

(Replaceable components over life of structure)
SNUcture Strain
Bearing/ Expansion Joint
. mﬂ_..l I U

| ==
| e !

Cable Forces

Cable Forces
Deck stresses

Girder strains
Tower moments
Deck deflections

[

'/‘\.a

Cable forces

I BLa “lng
— Deek resses _-_—Tower stzalns = Deck stresses
Calzlefoftes Girder-strains - -Pier moments
' © -~ Photo Cradit: New York State Thruway Au

= _ It?iLeF Strains

—— -_—éﬁmslongomts :
BDITEST.COM
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} SMART COMPONENTS — CABLE STAYS

4 Shanghai Pujiang Cable Co.

& Force Measurement in stay
cables using fiber optics

& Monitor
= Cable force
= Cable temperature
» Moisture/humidity

A Verify Calibration
A Assess Performance
2 Predict Maintenance

)

e s——\—N N NN Ny
'

SAANG

=N N S\ g

Time, sec

RAW DATA.
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} SMART COMPONENTS - BEARINGS

& Large Scale Bearings

& Permanent SMART Bearings
(3900 kip fixed and guided)

A Monitor
» Bearing load
= Bearing rotation
= Bearing displacement

A Verify Calibration
2 Assess Performance
2 Predict Maintenance

Bearing 1100-1 e 0.02 Rad Bevel @ 45°

= N w 'S % @ ~
= 8 8 8 8 8 8 8

500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000 4,500,000
aaaaaaaa

B b | IRAW DATA.
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} INNOVATIVE TECHNOLOGY — INERT GAS

& Penobscot Bridge

& Corrosion protection- Inert
(Nitrogen) gas

A Cable replacement — CFRP
strand through saddle

& Monitor
= (Gas pressure
= Gas flow
= Strand forces

2 Predict Maintenance

B b | RAW DATA.
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INNOVATIVE TECHNOLOGY - FBG FO
Geosynthetic Reinforced Soil — Integrated Bridge System (GRS-IBS)

Supplement Traditional Instrumentation

Undisturbed Soil Measurements;
- Horizontal Strain
- Layer Pressure Distribution

BI"I RAW DATA.
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Section View of GRS IBS

Jointless
INUOUS pa

(Cont

Beam Seat

{Geotextile
(Supported directly on bearing bed) t

Facing Elements
nally connected top 3 courses
with a rebar and grout)

CIF Crossing & water way)

Reinforced Soil Foundation
(Encapsulated with gectextile)

einanty Integrated Approach
o wrapped layers at beams

o form smoaoth transitions)

Bearing Bed
Reinforcement
oad shedding layers
spaced < 6 inches)

GRS Abutment
Scour Protection (Rip Rap) (Reinforcemeant spacing < 12 incheas)




} INNOVATIVE TECHNOLOGY - DST FO

A Williams Gas Pipeline (500m long section)

& Distributed Strain and Temperature
(DST) fiber optics

& Monitor
= Bending strain
= Temperature
= Leaks

2 Predict Maintenance

2 Monitor ROW

RAW DATA.
BEI EEEEEEEEEEEEEE . BDITEST.COM




} DST — POTENTIAL BRIDGE APPLICATION

21 One Meter Section Measurements

Obtain strain measurements
through cross-section

Determine Bending/Axial
Stresses (plane sections
remain plane)

Maintenance Tool to Help
Focus Areas of Inspection

B b | RAW DATA.
D EEEEEEEEEEEEEE : BDITEST.COM a0 |



SERVICES

STRUCTURAL MONITORING CASE STUDIES




WHY MONITOR A STRUCTURE?

2 Monitor long-term performance 2 Temperature induced stress
3 Identify conditions influencing operational issues 2 Keep a remote eye on potential problems
3 Forensic analysis to define cause of damage/cracks A Stress cycle monitoring for fatigue
2 Construction retrofit 4 Maintenance support
Deéteringb Tower Vibrations Vibration Monitoring e Performance Monitoring
BI:" RAW DATA.
REFINED RESULTS. 46



MONITORING SERVICES

4 How? —
A Help define the tender specifications —
A Complete SHM system design and configuration BDI —]
A Develop custom instrumentation plans for the project, e e g :
including all installation procedures O SUMMIT BRIDGE OVER TH - Bl
3 Project management I Srmsstn| : g Pt %
3 System installation, testing and commissioning W e
& Data management v |
A Reporting -

d We control our own fate on monitoring
projects with in-house ...

A R&D department to help design new and innovative
technologies

3 Electrical engineers to design properly functioning power P
systems £\ s DT

Engineers to develop instrumentation drawings \
Production to manufacture equipment
Trained field technicians for installation

Engineers for interpretation / analysis / data management
& reporting

B:"I RAW DATA. 47
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ROPE ACCESS

BDI Technicians and Engineers are SPRAT Certified. This
reduces need for Access Equipment costs, lane closures
and traffic control.

A Forensic Inspection/Documentation
& Instrumentation Installation

3 System Maintenance

3 NDE Testing

B b | IRAW DATA.
D REFINED RESULTS. BDITEST.COM 28
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SHMS — ADOT 115 PAIR OF BRIDGES (critical conditions)

@ Platforminteractive PROJECTS HARDWARE
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SHMS — SUNSHINE SKYWAY BRIDGE (performance assessment)

@ Platforminteractive PROJECTS HARDWARE EDIT L} Tom Weinmann (FD)

ONLINE SENSOR MANAGEMENT

Projects ) 2434C Sunshine Skyway

IMAGE LAYOUT @ am? n’lﬁ '¢]

IMAGE MAP  GRAPH HISTORY  ALERTS FILE HIERARCHY'
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SHMS — HENRY HUDSON BRIDGE (construction retrofit)
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WHAT YOU NEED TO KNOW- PLANNING

& DEFINE YOUR NEEDS (CURRENT ISSUE, MAINTENANCE SUPPORT, ASSET
MANAGEMENT?)

4 DEFINE YOUR MEASUREMENT SPECIFICATIONS- NOT SENSORS

MAKE SURE SYSTEM IS SCALABLE

& DEFINE YOUR DATA MANAGEMENT PLAN (WHO WILL BE RESPONSIBLE FOR
DATA?, WHO IS INTERPRETING AND ACTING UPON CHANGES IN DATA?)

& DEFINE YOUR ACTION PLAN

DEFINE YOUR SYSTEM MAINTENANCE SUPPORT PLAN

& SET YOUR BUDGET
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WHAT YOU NEED TO KNOW- CONTRACT AND AWARD

CONTRACT THROUGH OWNER OR OWNER'S ENGINEER IS BEST- WHY?
LOW BID IS NOT BEST- WHY?

QUALIFICATIONS BASED CAN HIDE UNSUCCESSFUL PROJECTS
BEWARE OF THE "ONE TRICK PONY”

CAN SUPPLIER PROVIDE ENGINEERING SUPPORT FOR MEASUREMENT
EVALUATION

LOOK FOR LONGEVITY
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Data and Information for:

3 Asset Management

2 Safety
& Forensic Studies
& Maintenance & Repair

& Risk Management

Folsom Dam Spillway Gate Failure
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ASSET MANAGEMENT AND PERFORMANCE DATA

What are some of the issues plaguing agencies?

= Unknown conditions or properties of current assets resulting in overly conservative
assumptions (no as-builts, unknown foundations, unknown materials)

= Change in regulations that require re-analysis and re-prioritization of assets (FHWA's
memo on revised load models for highway bridges — SHV & EV)

= How to evaluate efficacy / life-cycle cost of innovative and/or novel
approaches to maintain current inventory of assets compared to full replacement or
major rehabilitation?

While technology-based approaches can’t solve all problems, they :

= Serve as a compelling alternative when traditional assessment fails to provide a path
forward

= Are additional measures of condition and performance
= Can help streamline and optimize asset management plans by helping managers allocate
resources where they are truly needed.
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& Questions?

2 Contact us at:
A tomw@bditest.com
A nathand@bditest.com

2 Check out and download

the Handouts shown in the
handout section of this
webinar
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DATA YOU CAN TRUST.
RESULTS YOU CAN BUILD ON.

)




	Slide Number 1
	AGENDA
	WHO IS BDI?
	LOCATIONS
	overview
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	GEOTECHNICAL INSTRUMENTATION
	VIBRATION INSTRUMENTATION
	ACOUSTIC EMISSION 
	WEIGH IN MOTION (WIM)
	FRACTURE CRITICAL & FATIGUE MONITORING
	Slide Number 16
	Slide Number 17
	HOW IT ALL COMES TOGETHER
	Slide Number 19
	DATA COLLECTION software (no programming!)
	DATA PROCESSING software
	DATA MANAGEMENT AND VISUALIZATION
	MONITORING THE MONITORING SYSTEMS
	WHAT KIND OF DATA?
	Slide Number 25
	Slide Number 26
	Slide Number 27
	NDE/NDT Services Offered
	BRIDGE DECK INSPECTION
	INSPECTION OF WIRES, TIE RODS AND ANCHOR BOLTS
	Slide Number 31
	DIAGNOSTIC FIELD TESTING - BRIDGES
	LOAD TEST PROCESS
	Slide Number 34
	EXAMPLE - LOAD TEST FOR PERCEIVED LARGE DEFLECTIONS
	EXPANDING THE FUNCTIONALITY OF DISCRETE MONITORING: SHORT-TERM TESTING
	Slide Number 37
	SHM- COMPONENT PERFORMANCE INTERACTION�(Replaceable components over life of structure)
	SMART COMPONENTS – CABLE STAYS
	SMART COMPONENTS - BEARINGS
	INNOVATIVE TECHNOLOGY – INERT GAS
	INNOVATIVE TECHNOLOGY – FBG FO
	INNOVATIVE TECHNOLOGY – DST FO
	DST – POTENTIAL BRIDGE APPLICATION
	Slide Number 45
	Slide Number 46
	MONITORING SERVICES
	ROPE ACCESS
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	WHAT YOU NEED TO KNOW- PLANNING
	WHAT YOU NEED TO KNOW- CONTRACT AND AWARD
	Slide Number 56
	Asset management and performance data
	AGENDA
	Slide Number 59

