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BRAUN

INTERTEC Non-Destructive Testing

= |s coring non-destructive?

= Generally defined as noninvasive method to determine
concrete properties.

BRAUN

Visual Inspection
Ultrasonic Pulse Velocity
Ultrasonic Echo
Polarization

Sonic Echo

Impulse Response
Impedance Logging
Cross-hole Sonic Logging
Infrared Thermography
Ground Penetrating Radar
Parallel Seismic Testing
Anchor Testing

F-Number / Floor Flatness

= Tools of the Trade

INTERTEG NDT METHODS

Backscatter Radiometry
Gamma-Gamma Logging
Half-Cell Potential

Ultrasonic Inspection

Fluid Penetrability

Liquid Penetrant

Magnetic Particle

Positive Material Identification
Static Testing

Dynamic Testing

Microscopic Evaluation
Coring / Sampling

Strain Gauges

Penetration Resistance
Maturity

Resonant Frequency
Wave Propagation
Acoustic Emission
Modulus of Elasticity
Load Testing
Vibration Monitoring
Covermeter

Surface Hardness
Radiography
Instrumentation

FEM Modeling
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CASE STUDIES AND EQUIPMENT
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BRAUN . —
INTERTEC Planning an NDT Investigation

= Plan with the end it mind
What are the goals?

Are there secondary goals?
What is the cost relative to
the issue or possible repairs?
What is the timeline for the
project?

How reliable will the NDT be?

BRAUN . )
INTERTEC Planning for the Evaluation

= Logistics
= How will get access the structure?
= What part of the structures do we have access to
= Do we need specialized training?




1 Osha was here we would be i jail Imfap.

BRAUN
iNTERTEC Safety
= Do we need site specific training?
= How do we reach the affected area?

= Can we get the equipment there?
= Should we alert authorities first?
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BRAUN )
INTERTEC Reporting

= Data, Data, Data, Data, Data
= How do we report the data?

= Sometimes presenting the data in a meaningful method is required for
a client or other engineer.
= This data needs to be used to develop solutions.

GROUND PENETRATING RADAR (GPR)
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BRAUN )
INTERTEC Wave Propagation
l/—ﬂmm of Impact
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BRAUN .
INTERTEC How it works
Antenna / Receiver
n
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BRAUN )
INTERTEC Simple Example
Reinforcing
Locations




Typical Slab on Grade
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GPR — CONCRETE THICKNESS
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CASE STUDY — CONCRETE THICKNESS
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Visual Presentation
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Slab Curling
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MISSED SPECIAL INSPECTION - MASONRY

Filled Cells

BRAUN Reinforcing Steel
INTERTEC 18
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BRAUN
INTERTEC Impact Echo

= ASTM C1383 “Standard Test Method for Measuring Plates
Using The Impact-Echo Method”

= |mpactor, Transducers

Olson 1
incarp:

s Echo Tost Head
urco and receiver

= Baseline

= Initial Arrival

= Wave form
= Frequency Spectrum (FFT)

= Collection Patterns
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Only Access to One Side

= 4-foot-thick footing
= Yes, there are voids

= How much?
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INTERTEC Wave analysis
= Wave i
)
= Spectrum
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INTERTEC Finding Voids
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BRAUN
INTERTEC

A little Different

BRAUN
INTERTEC Summary

= Found additional void and consolidation issues.

= Filled voids with grout (75 gallons).

= Were able to return and retest after repairs were complete.
= Found a few areas with voids which were epoxy injected.

= Tested again and receive clean signals in the foundation.




Arc Furnace Supports
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A

Orifice

Gate

Piers of
concern
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Visual Distress was Evident

BRAUN
INTERTEC 2
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BRAUN
INTERTEC Scope

= Impact Echo
= Cores for Petrographic Analysis

= Visual Observations

30

10



BRAUN
INTERTEC

7/21/2021

31

BRAUN
INTERTEC

11



7/21/2021

Yes it was hot
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Sound Concrete El Response
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A Few Abnormal Responses from IE

BRAUN
INTERTEC Ed
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Surface of Core Surface of Core

Non-Stained Stained Non:=Stained Stained

BRAUN
INTERTEC Our Results

= Compressive Strength of Concrete ~6500 psi
= Most of the remaining concrete was sound

= Damaged Concrete is typically 1 to 1.5 inches from existing
surface

= Molten material on surface provided some protection
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BRAUN .
INTERTEC Recommendations

= Remove 1 to 1.5 inches of concrete from the interior faces of
the columns

= Drill dowel into existing concrete
= Place a new interior grid of reinforcing steel on each pier
= Apply shotcrete to building up the piers
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BRAUN
INTERTEC Outcome

= Damage was less extensive then original thought

= Repair were conducts in several short outages

= Longer outage was used to only to install new equipment
= |Less distribution to the plant operations.
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ULTRASONIC PULSE VELOCITY (UPV)

= ASTM C597 “Standard Test Method for
Pulse Velocity Through Concrete

= Speaker, microphone [—
= Baseline

= Initial Arrival

= Wave form
= Frequency Spectrum (FFT)

= Collection Patterns
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ULTRASONIC PULSE VELOCITY (UPV)

= 4 Columns

= 6 feet x 7feet x 36 feet
= 8 feet Max Hydrostatic Head |

k = Self Consolidating Concrete

= Delayed 22 inch lifts

BRAUN
INTERTEC
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ULTRASONIC PULSE VELOCITY (UPV)

= Cold Joints?
= Proper Consolidation?

BRAUN
INTERTEC .
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:ﬁé%’g'g Collection Patterns
= Method 1 (Baseline) — 192 paths through plane
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BRAUN )
INTERTEC Collection Patterns

= Method 2 — 18 paths through plane
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Lift Line
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BRAUN )
INTERTEC Collection Patterns

= Method 3 — 12 paths through plane

Lift Line f
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INTERTEC Collection Patterns
* Method 4 - 3 paths through plane
Lift Lines {
®
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NDT — Data Analysis

= Good UPV Signal

BRAUN

INTERTEC F
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NDT — Data Analysis

= Bad UPV Signal

sraun e b
INTERTEC
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FN—'#E%'EE NDT — Data Analysis

Path = (xA2+yA2+1)10.5

PULSE VELOCITY | CONCRETE QUALITY
. - >4000 m/s Very good to
Velocity= Path/Arrival Time excellent
3500- 4000 m/s Good to very good,
slight porosity may
exist
3000 - 3500 m/s Satisfactory but loss
of integrity is
suspected
<3000 m/s Poor and los of
inteqrity exist.
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NDT - Data Analysis
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INTERTEC Collection Patterns
= Method 1 (Baseline) — 192 paths through plane
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NDT - Data Analysis
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PN—':E%’EE NDT — Data Collection

Steel Rebar
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PN—';E‘;?EE NDT — Data Analysis

1152 Data points

Data and cores revealed poor consolidation was limited to
cover of rebar cage.

Outliers excluded; the results indicated well consolidated
concrete
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BRAUN .
INTERTEC Mining Crusher

= Foundation concrete placed in 1954
= Pellet production began in 1956

= Crusher has been in service for 59 years

19



BRAUN
INTERTEC Coarse Crusher Concerns

= Concerns of fatigue damage

= Visual distress on 2 of 4 columns
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BRAUN
INTERTEC Approach

= Non-Destructive Testing (UPV)
= Core samples

= Petrography

BRAUN .
INTERTEC Baseline

= Selected in an area assumed to receive a lower level of

vibrations
= Wingwall on level below crusher 5 & T\g g
= 15 data points collected o =",
b 4 ==

= Average = 3786 m/sec [

D4
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0 2ft 4aft 6ft 8ft 10ft 12ft 1aft 16ft 18ft 20ft

BRAUN 217: 2201 2380 3693 3610 3693
INTERTEC Crusher Pad 3839 2109 3377 2848 3511 3723 2888
o b o O 1933 5444 2958 3539 5444 3036 2135
2713 3719 2762 2216 1961 3696 2654
= East Face o 2
= Limiting Geometry 3
= Frequency Domain . |
= West Face =
o . |
® Inconsistent Data &
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BRAUN |
INTERTEC Columns

= West Columns vs. East Columns Visually
= East Columns
= Pattern observed near rebar cage
= West Columns =
= No Signal ;

= Inconsistent Signal

BRAUN
INTERTEC Crusher Pad Core Samples

= |arge-scale cracking
= Limited microcracking

= Repair material
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BRAUN
INTERTEC Southwest Column Core Sample

= Surface-parallel cracking
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BRAUN .
INTERTEC Conclusions

= Cracking occurring near rebar cage
= No significant microcracking
= Damage on the west columns extends beyond the surface

BRAUN
INTERTEC Summary

= Keep the end in mind
= What is the goal of the evaluation

= What tools are best suited to get the answers you need
= Sometimes NDT is not the correct method.
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RIGHT TOOL FOR
THE RIGHT JOB

Questions?
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