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Overview

 Thermal Integrity Profiling uses the 

measured internal shaft temperature 

generated by hydrating concrete to assess the 

presence or absence of intact concrete.

 The energy produced in one 9 yd truck of 

concrete is equivalent to 450 lbs of TNT.
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Analysis

 Internal temperature measurements are 
sensitive to necking, bulging, inclusions, and 
cage alignment.

 The available time of testing is dictated by 
the shaft diameter and mix design.

 The timeframe for testing (in days) equals the 
diameter (in feet).

 High slag content mixes extend testing time.
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Levels of Analysis

 Level 1

 Direct Observation of Temperature Profiles

 Level 2

 Superimposed Construction Logs / Concrete Yield 

 Level 3

 3-D Thermal Modeling

 Level 4 

 Signal Matching 

 Additional / Optional

 Inclination Measurements



Level 1: Direct Observation 
(Field)

 Identify top and bottom of shaft

 Verify shaft length

 Confirm cage alignment

 Locate changes in shaft diameter

 Locate immediate areas of concern



Field Observations

 Little to no cage 

eccentricity (all tubes same 

temp throughout)

 Water table at 17-18’ 

(causes sloughing until 

slurry is fully in place)

 Bottom of casing at 12-13’

 Clean top and toe signature 

(approximate 1 diameter 

temperature roll-off top 

and bottom)

 Good Shaft
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Cage Alignment (Level 1)

 All tubes have same temperature when cage 

is concentric.

 A normal cylindrical shaft with an offset 

cage is shown as equally higher and lower 

temperatures on opposite sides of cage.

 Average of all tubes represents the centered 

cage temperature 
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Effect of Cage Misalignment
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Level 2: Added Field Records

 Confirm direct observations

 Establish relationship between concrete 

volume placed and measured temperature

 Predict as-built shaft radius, shape, and cover

 Correlate soil strata to thermal conductivity 

and observe influence on less prominent 

temperature fluctuations
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Concrete Yield 

Plots

 Depth change 

per truck

 Volume per 

truck

 Convert to avg 

diam or radius 

per truck



Concrete Yield to 

Diam Plot

 Plot theoretical 

diam or radius

 Top and bottom 

truck weakest 

information
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Temperature to Radius Conversion

R = 0.8113T - 51.265
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Summary

 Thermal profiling of shafts shows presence or 

absence of intact concrete both inside and outside 

reinforcement as well as confirmation of proper 

cover and cage alignment.

 Strong correlations between measured temperature 

and radius provide an as-built shape of the shaft.

 Testing is performed shortly after concreting 

expediting acceptance or rejection. 





Sensitivity

 Large anomalies are detected farther away

 Smaller anomalies must be closer to tubes

 Miniscule anomalies may not be detected but 
are of no importance.

 Next three slides show a common tremie-
induced anomaly in a 4ft diameter shaft.
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Level 3: 3-D Thermal Modeling

 Confirms Level 1 and Level 2

 Establishes the anticipated shaft temperature 

for a given size of shaft and time of testing.

 Verifies top and bottom roll-off distribution.

 Can be used to establish the field testing 

window.



Level 3: 3-D Thermal Modeling

Predicting Shaft Temperature

 Must know mix design with detailed cement 

and flyash reports (can change monthly)

 Must know geometry of shaft or other 

concrete element in question

 Must know environmental conditions (e.g. 

air temp, soil type, soil temp, etc.)
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Thermal Testing Timeframe
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Level 4: Signal Matching

 Advanced 3-D modeling

 Variable soil strata

 Tailors the modeled shape of the shaft to 

match the field measured temperatures

 Variable climatic inputs



St. Augustine Bridge of Lions



Bridge of Lions

Pier 25 – Shaft 3

3ft diameter
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