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• Review of Available Drawings 

• Condition Surveys & Documentation of Distress 

• Nondestructive Testing 

• Materials Sampling 

• In Situ Physical Testing 

• Selective Openings  

• Laboratory Testing 

• Structural Analysis and Finite Element Modeling 
 

 

 

 
 



• Ground Penetrating Radar (GPR) 

• Ultrasonic Testing (UPV) 

• Impact Echo (IE) 

• Electronic Leak Detection 

• Water Infiltration Testing 

• Infrared and Nuclear Surveys 

• Wind Uplift 

• Relative Humidity (RH) 

• Moisture Content 

 



SUMMARY OF GROUND PENETRATING RADAR METHOD 

  

Method 

  

The ground penetrating radar (GPR) method uses electromagnetic pulses, emitted at regular 

intervals by an antenna to map subsurface features and discrete objects.  The electromagnetic 

pulses are reflected where changes in electrical properties (dielectric constant) occur.  In the 

case of collecting GPR data on concrete structures, this may occur due to the presence of rebar, 

cracking, voids, or the far side of the structure in question.  The reflected electromagnetic energy 

is received by an antenna, converted into an electrical signal, and recorded by the GPR unit.  The 

data is processed, viewed, and printed in real time.  The result is a cross-section of the subsurface 

directly beneath the path of the antenna.   

  

The depth of penetration of the GPR signal varies according to antenna frequency and the 

conductivity of the subsurface material.  As the frequency of the GPR antenna increases, the 

resolution increases but the depth of penetration decreases.  As the conductivity of subsurface 

material increases the depth of penetration decreases due to increased attenuation of the GPR 

signal.   

  

 





















3D scan transferred to slab and chipped out 

excavations to measure bar size 

 



1 inch Depth 



2 inch Depth 

 



2.75 inch 

Depth 









  

ULTRASONIC PULSE VELOCITY TECHNIQUE 

ASTM C-597  

  

The nondestructive ultrasonic pulse velocity technique measures the velocity of stress waves 

traveling through concrete.  Ultrasonic stress waves are initiated at one face of a concrete 

member when a transducer containing piezoelectric crystals is excited by high voltage pulses.  

The piezoelectric crystals convert the electrical pulse to a stress wave pulse.  The configuration 

of the piezoelectric crystal result in a wave frequency of approximately 54 kilohertz.  This 

ultrasonic stress wave pulse travels through the concrete and is received at the opposite face of 

the concrete member by a similar transducer. Time measurement circuitry in the V-meter 

determines the elapsed time for the stress wave pulse to travel through the concrete.  The pulse 

velocity of the concrete being tested is determined dividing the measured path length by the 

elapsed time measured by the V-meter. 

  

For an investigation, the velocities of stress waves pulses propagating in the compressional 

mode are measured.  The compression wave velocity through the concrete is related to the 

elastic modulus and the mass density of the concrete as well as other factors. The calculated 

pulse velocity is dependent on the actual wave pulse path length traveled through the concrete.  

If the path length is interrupted by a crack, zone of honeycombing or some other 

discontinuity, the wave energy will attempt to circumvent the discontinuity.  The resulting 

time delay will indicate lower velocities. 

  



















IMPACT-ECHO TEST METHOD 

 

 Impact-echo testing is a special form of nondestructive stress wave testing of concrete.  
The test method is described in ASTM C-1383 “Standard Test Method for Measuring the 
P-Wave Speed and the Thickness of Concrete Plates using the Impact Echo Method”. The 
test procedure utilizes stress waves which propagate through the concrete with the 
initiation and sensing of the stress wave being on the same surface of the concrete.  The 
method can be used to determine the thickness of a concrete section, or if there are 
internal defects or cracks in the concrete.  The uniformity of the concrete quality can also 
be evaluated by this procedure. 

 

 A transient stress wave is initiated by an impact to the concrete surface.  The impact must 
be of short duration in order for the pulsed wave to contain high frequencies components 
for the analysis.  The impact imparts a stress wave containing a broad band of wave 
frequencies.  As these waves travel through the concrete sections, they are reflected by the 
opposite surface or defects within the concrete.  Waves of certain frequencies are 
reinforced or resonate as they are reflected within the concrete.  The resonant frequency 
is dependent on the geometry of the section or distance to the internal defect.  An 
accelerometer or displacement transducer is used to sense the transient waves which 
propagate in the concrete.  The sensing transducer must be coupled to the concrete surface 
and be able to pickup the stress waves in the range of frequencies of concern.  The 
selection of the impactor and the type of sensing transducer are critical to the test 
procedure. 

 



The concrete surface displacement is sensed by the transducer and recorded with the testing device. 

The CTG-ITF impact echo test device manufactured by Olson Instruments was used for this testing.  

The recorded wave is transformed from the time domain to the frequency domain using a Fast Fourier 

Transform technique.  The frequencies (fp) of peaks in the amplitude spectrum of the frequency domain 

represent the dominant periodicities or resonance of the waveform.  Knowing the stress wave velocity 

(Cp) of the concrete, the depth (T) to the reflecting interface is calculated by the formula: T = Cp / (2fp) 











Core No. Location 

Slab Thickness Measurements 

Core Hole 
Measurement Impact Echo Surveyor 

(in.) (in.) Difference (in.) (ft.) (in.) Difference (in.) 

1 

Z
o
n
e
 3

 

1083 4.90 4.9 0.0 0.395 4.7 -0.2 

2 1077 4.63 4.7 0.1 0.380 4.6 -0.1 

3 1076* 4.84 4.8 0.0 0.385 4.6 -0.2 

4 1078 4.41 4.6 0.2 0.370 4.4 0.0 

5 1117* 4.78 4.9 0.1 0.385 4.6 -0.2 

6 

Z
o
n
e
 4

 

5032 4.64 4.7 0.1 0.360 4.3 -0.3 

7 5015 4.47 4.5 0.0 0.320 3.8 -0.6 

8 5019 4.61 4.6 0.0 0.335 4.0 -0.6 

9 5060 5.77 6.0 0.2 0.355 4.3 -1.5 

10 5043* 4.29 4.4 0.1 0.340 4.1 -0.2 

*Slab Thickness was measured by measuring length of core.           



Bond Testing 





Adhesive Anchor and Safety Tie Back Testing 

 



Proof Load Anchor Bolt Testing 

 



Distressed Warehouse Floor Slab 



Distressed Warehouse Floor Slab 



Curling Noted Across Joints 



FF and FL Dipstick Testing Device 



Curling Noted Across Joints 



Dipstick Test Runs 









Core Sampling 



• Strength Testing 

• Petrographic Evaluation 

• Depth of Carbonation 

• Chloride Content 

• Absorption and Specific Gravity 

• Alkali-Silica Reaction (ASR) 

 



150 Worth Ave 





 

Worn Top Deck Coating 

 



  Top Deck Expansion joint Requires Replacement 

































Member Type 

and Condition 

Location 

No. 
Core No. Distressed Area 

Concrete Cover 

Ranges 

(in.) 

Compressive 

Strength 

Saturated 

Density Depth of 

Carbonation 

Water Soluble Chlorides 

(%) 

(psi) (lb/ft3) 

0 - 1" 1 - 2" 2 - 3" 

-- 

Top 

Deck 

  

1 NO     137.8         

2 NO         0.030 0.062 0.055 

3 NO   4190           

Good Buttress 1 

1-1 NO 

0.1 to 3.0 

  140.2 1”       

1-2 NO 5790           

PS NO       0.003 0.018 0.010 

Poor Buttress 4 

4-1 YES 

0.15 to 3.5 

    0”       

4-2 YES 7020     0.011 0.017 0.037 

PS-

High 
NO       0.004 0.005 0.004 

PS-Low YES       0.234 0.284 0.159 

Poor Buttress 8 None YES 1.0 to 3.0             

Table 1: Summary of Field Measurements and Laboratory Test Results 































  

 





Key Project Details 

 
• Engineering and Materials Testing provided cause of distress. 

• Repair Details & Materials were selected to provide long term solution. 

• Project was completed within 5 month summer schedule 

• $1 Million Project was completed within 2% of Owner budget. 

• Minimal Change Orders 

• Contractor earned $50K bonus. 

• Owner achieved a Dry Facility in Time for Winter Season 

• Project received a 5 year Warranty 
 

 

 



  

 



  

 



Westview Towers 



Photo 1.  Overall of severe spalling of underside of roof slab *POSTER*. 

 



Photo 1.  Polished section of a concrete core illustrating corrosion in carbonated zone 

 

Corrosion on bottom surface of reinforcing 

steel inside carbonated zone 

No corrosion on top of reinforcing 

steel outside carbonated zone 
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Photo 1.  Concrete core illustrating corrosion within carbonated zone. 

 

No corrosion of reinforcing steel 
outside carbonated zone 

Excessive corrosion of reinforcing 
steel inside carbonated zone 

Carbonated Zone 









Photo 1.  Overall illustrating difference between chipped area and hydrodemolition. 
 

 

Hydrodemolition 

Chipped Area 



Photo 1.  Carbonated concrete removed and carbonation checked with phenolphthalein. 

 



Photo 1.  Removal of existing concrete along side completed shotcrete repair *POSTER*. 

 

Bond Test Puck 



 

Photo 1.  Mixing station outside facility. 

 



Photo 1.  Overall of bond test core with failure within the substrate concrete. 
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Westview Tower Project 

Photo 1.  Overall of completed repair. 

 



  

 


