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 Problem Statement
 Research Approach
 Field Work
 Analysis
 Conclusions
 Open Discussion



Source: Dan Brown et al., FHWA-HIF-07-03
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Problem Statement
 Thermal Integrity Profiling (TIP) has proven to be an effective 

method for evaluating the as-built integrity of drilled shafts. 
 However, TIP is rarely used for evaluating auger-cast-in-place 

(ACIP) piles, as current practices do not require installation of 
standard integrity access tubes.

 Current integrity methods for ACIP piles is limited, thus their 
FDOT use has been limited to foundations for sound walls.

 GOAL: Translate the use of thermal integrity technology 
to an effective method for evaluating ACIP piles.



Research Approach
 Phase I Basis for Present Project 

 Literature Review
 Numerical Modeling
 Field Testing and Analysis

 Phase II Implementation
 On-site instrumentation and data collection
 Analysis of data
 Reporting / Conclusions / Recommendations



Site Details
 DFI Demonstration Study
 18 ACIP Piles; 7 with TIP instrumentation

 Tied Thermal Wires
 Access Tubes (probe)

 Location: Okahumpka, FL (Berkel’s Yard)
 Sizes: 18 and 24 inch diameter
 Lengths: 40 – 60ft
 Reinforcement: Single bar, cage or both



Pile Layout

DFI internal communique 2016
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Pile Details
Pile Diameter 

(in)
Length 

(ft)
Cage 

Length 
(ft)

Full 
Length 

Center Bar
Access 
Tubes

TIP Wires
TIP ProbePartial 

Length
Full 

Length

E1 18 40 40 3” 
threaded -- 4 1 No

T1 18 60 -- 3” 
threaded -- -- 1 No

C1 18 60 35 #11 -- 4 1 No
L1 18 40 35 #11 -- 4 1 No
T2 24 60 -- 3” 

threaded -- -- 1 No

C2 24 60 35 #11 4 (Steel) 4 1 Partial 
Length

L2 24 40 35 #11 4 (PVC) 4 1 Partial 
Length



Tube and Wire CombinedC-2 24in (left)  L-2 24in (right)



Wire Only InstrumentationC-1 18in (left)  L-1 18in (right)



Wire Only InstrumentationE-1 18in cage (left)  3in center bar (rt.)



Center Bar Instrumentation#11bars (left)  3in threaded bars (rt.)





Probe Testing

 Every 6hrs
 Started 6hrs 

after casting
 Piles C2 and L2
 Auto-reeling 

system
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Wire System (C2)



Wire System T1 (left) and T2 (right)



Wire System E1 (left) and L1 (right)
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Data Analysis
 Comparison of Wire vs Probe
 Center Bar vs Cage Measurements
 Comparison of AME and manual grout 

volume records
 Tsoil vs Tzero temperature to radius 

predictions



Probe and Wire Data
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Radius Evaluations
 Hyperbolic Temperature to Radius Relationship
 Simplified Linear Approximation
 Input Parameters

 Placed Volume
 Local Soil Temperature
 Time of Evaluation

 Actual Field Measurement Comparison



Temperature to Radius Relationships
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Extracted Pile (E-1)





Center Bar vs CageRadius Predictions
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Summary
 Probe and wire measurements agreed
 Center bar and cage measurements showed 

similar features.
 Center bars were off center below 20ft (not 

detected with cage measurements)
 Temperature to Radius Predictions from 

center bar and cage worked equally well (if 
centered)

 Tsoil method was shown to be best suited for 
small shafts or piles (e.g. diameter < 36in)



Conclusions
 While center bar measurements have the 

potential to accurately predict the as-built radius 
profile, centering devices should be more robust 
and spacing should be smaller

 Cage measurements are not affected in the same 
way

 Volume of grout is essential for QA as well as 
the T-R predictions; present methods to measure 
pumped grout are accurate, but the amount of 
wasted grout is not accurately recorded.
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