Nondestructive Evaluation of Steel Anchor
p Rods and Bolts for Tension and Integrity
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***CONFIDENTIAL INFORMATION™* **

This presentation contains Confidential Information and is the property of Bridge Diagnostics, Inc. (BDI). The
submission of the information contained in this presentation shall not be deemed to constitute public

disclosure or authorization for disclosure to other parties. This document shall not be disclosed outside the
company and shall not be duplicated, used, or disclosed in whole or in part for any purpose. BDI’s information
and name may not be used in advertising or for promotional purposes without BDI’s written consent.
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WHO IS BDI?

3 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.

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

3 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!

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

30+ YEARS IN THE TESTING/MONITORING/NDE BUSINESS

BDI Offices in 2022
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TRUNNION ANCHOR RODS
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OTHER TENSIONED ANCHOR BOLTS
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FAILURE OF STEEL ANCHORS

Bolt/Screw remained in Back Head Surface condition oxidized likely because
and therefore was somewhat failed end piece fell on the top-of-pier and wa
protected from direct rain/weather exposed to direct rain/weather
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STEEL RODS AND BOLTS IN TENSION
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WAVE TYPES

& Compression Waves, V,
| ‘ l HI' ‘ DIRECTION OF
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WAVE PROPAGATION 3 Wave propagation is longitudinal
e A Particle propagation is longitudinal
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WAVE PROPAGATION ] . . .
A Wave propagation is longitudinal
A Particle propagation is transverse
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WAVE TYPES FOR LONGITUDINAL TENSION SYSTEMS
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BUILDING THE SYSTEM — WAVE GUIDES

A First step — is this feasible for
long bars?

& Beam Tool — modeling of
wave propagation and sensor
design

& Both V,and Vs can propagate
through the material length:
A True shear wave transducer
& Correct frequency
A Enough amplitude
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BUILDING THE SYSTEM — SHEAR WAVE TRANSDUCER

& Most shear wave transducers are actually
straight beam transducers with a wedge

& Wedge introduces incidental shear waves
through longitudinal wave mode
conversion (refraction)
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BUILDING THE SYSTEM — SHEAR WAVE TRANSDUCER

2 Normal Incidence shear wave
transducers are available

2 Needed a normal incidence shear wave
transducer that could handle very high
amplitudes

& So, we designed and built them
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BUILDING THE SYSTEM — DATA ACQUISITION

& With wave mechanics and
transducer design finished,
the next step was data
acquisition | e oD

& System built to take
continuous measurements,
average, and filter ambient
noise

& System is robust enough to
handle field environments and
can handle multiple
measurements simultaneously

& Software was built to acquire,
manipulate, save, and recall
data.
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MOCKUPS FOR INTEGRITY MEASUREMENTS
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INTEGRITY MOCKUP FABRICATION
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INTEGRITY MOCKUP TESTING - RESULTS

. . . . . . . . . . 2 With thresholds known of
S Veriﬁed cross section |OSS,

' ' ' ' ' ' ' ' ' ' measurements can be made
. . . . . . . . . , to determine location and
| approximate section loss.
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TESTING OF TENSIONED ANCHOR RODS

Probe

NearField

/»Transmitter Pulse /’Reﬂected Defect Echo Reflected Back Wall Echo 7
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COMPRESSION WAVE TIME DOMAIN

Initial waveform energy produced by the transducer.

Backwall reflection from the end of the rod.

{_L\

!

Near field energy and reflections from the cantilever, grip
nut, and trunnion structure.
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SHEAR WAVE FREQUENCY RESPONSE (ZOOMED)

30

Peak corresponding to shear wave backwall
reflection. The red plot is the raw data and
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TYPICAL RESULTS

Measured Tension Forces in Rods
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TESTING OF BOLTS FOR TENSION

3 Methodology is the same, but the need
for high amplitude transducers is reduced

& Tension can be measured in the anchor
bolts with smaller hand-held systems and
performed quickly with less filtering and
results provided on site

A Applications:

3 Movable bridges,
Wind Towers,
Lift structures,
Pressure vessels,
Sign Structures.
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TESTING OF ANCHORS FOR INTEGRITY

Dead Men Anchors Anchor Bolts
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FIELD TESTING
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FIELD TESTING

Mockup Data Field Data (~3%
corrosion at two
locations

N
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CONCLUSIONS

& Nondestructive testing utilizing
ultrasonics can be utilized for steel
anchors to determine:

& In-situ tension
A Locations and quantities of degradation

& A specific methodology, specialized
equipment, and analysis techniques
have been developed for these tests.

& Testing is safe, quick, and reliable

& Most analysis can now be performed in
the field for initial results with final
analysis taking several minutes per steel
anchor.
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QUESTIONS?

Shane D. Boone, PHD
Senior Vice President — NDE

shaneb@bditest.com
(303) 494-3230
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