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Who is TERRACON?

 DOTs Projects in 41 
states

 Current On-Call 
Geotechnical 
Contracts in 19 
states

 Transportation 
Design-Build 
projects completed 
in 21 US states and 
Canada

 Hundreds of county 
and municipality 
road and bridge 
projects



PROVIDES:
• Integrity Evaluation

• Along entire Shaft length
• Size & location of anomalies

CSL

West	Tower	Drilled	Shaft	Foundations
Arthur	Ravenel Jr.	Bridge,	Charleston	SC



CSL • Proven Technology
• Concrete Evaluation  
• Repair Evaluation

US	601



CSL

• Time Delay (Typ. 3-7 Days)
• Requires Access Tubes
• Testing within cage

25%-75% of area1

• False Positives/Debonding

1 Dr. Gray Mullins



FAT = First Arrival Time

INDIVIDUAL SIGNAL

CSL
ANALYSIS

WHAT AFFECTS SIGNAL?
• Low	density	concrete
• Voids
• Soil	Intrusions



CSL
ANALYSIS

Arrival	Time

Energy

Waterfall



CSL
ANALYSIS



CSL
ANOMALIES

Bill	Camp,	S&ME	Inc
“CSL	of	SC	Drilled	Shafts:	A	Ten	Year	
Summary”
ADSC	Expo	2012,	
San	Antonio,	March	2012

Jones	&	Wu,	Geotechnology,	Inc
“Experiences	with	CSL	and	Concrete	Coring	for	
Verification	of	Drilled	Shaft	Integrity”
ADSC	GEO3	
Construction	QA/QC	Technical	Conference,	
Dallas	November	2005	

37% 38%



THERMAL INTEGRITY PROFILING



THERMAL INTEGRITY PROFILING

Slice



THERMAL INTEGRITY PROFILING
CAGE SHIFT
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THERMAL INTEGRITY PROFILING
ANOMALY
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THERMAL INTEGRITY PROFILING
ANOMALY
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THERMAL WIRE



THERMAL WIRE

I‐35E	Dallas	Texas



SHAFT DETAILS

I‐35E

Shale

Sands	&	Clays

Casing		outer	diameter	79”

Bottom	of	Shaft

Top	of	Shaft

Bottom	of	Casing

7.3	ft

18.5	ft

27.2	ft

Shaft	diameter	76”

Top	of	Bearing



THERMAL WIRE SETUP

Wire 1

Wire 2

Wire 3

Wire 4

Wire 5

Wire 6

North

I‐35E



TEMPERATURE VS TIME

I‐35E

30	min
1	hr
2½		hrs
5		hrs
9		hrs
12	hrs
1	day
1	day	15	hrs
2	days
2	days	12	hrs



THERMAL ANALYSIS

I‐35E

Rock	socket

23hrs	20	min

Cage	Shift

Bulge

Top	of	water



THERMAL ANALYSIS

I‐35E

Radius	vs	
Depth

Top	of	bearing

Bottom	of	casing

Rebar	cage

Avg radius



THERMAL IMAGING

I‐35E

Temp	casing

Top	of	bearing



EXAMPLE



TEMPERATURE VS DEPTH

Tube	1

Top	of	river	&	
Top	of	shaft

Bottom	of	river

Shaley Limestone

Bottom	of	casing

132	cy	
theoretical

198	cy	actual
Bulge



CSL VS THERMAL

Bulge?



EXAMPLE



THERMAL RESULTS

Anomaly

Cage	Shift

Weathered	Limestone

Bottom	of	Casing



THERMAL RESULTS

Anomaly

Cage	Shift	
tubes	2&4



CSL VS THERMAL

Anomaly

Cage	Shift

Anomaly



THERMAL RESULTS

Anomaly



THERMAL MODEL OF SHAFT

Osterberg Cell



THERMAL WIRE

NY/NJ	area



THERMAL WIRE SETUP

Wire 1

Wire 2

Wire 3

Wire 4
North

NY/NJ	Pier	24



THERMAL ANALYSIS

NY/NJ	Pier	76

Rock	socket

Cage	Shift

Soft	Bottom



THERMAL ANALYSIS

NY/NJ	Pier	76

Rock	socket

Cage	Shift

Neck

Cage

Soft	Bottom



THERMAL ANALYSIS

NY/NJ	Pier	76



THERMAL ANALYSIS

NY/NJ	Pier	76



THERMAL ANALYSIS

96	inch	diameter
43	ft long
48o ambient	soil	temperature



THERMAL ANALYSIS



THERMAL ANALYSIS



THERMAL ANALYSIS

CORES



THERMAL ANALYSIS

CORES



THERMAL ANALYSIS

CORES



SUMMARY

Diagnostic	Tool	for	

• Integrity
• Anomalies
• Cage	Alignment
• Concrete	Cover



BENEFITS

• No	False	Anomalies	from	Tube	de‐bonding
• Speed
• Correct	Construction	Techniques
• Easy	Coring	if	Necessary
• Evaluate	Additional	Capacity



Questions



AUGER CAST PILE

16	in	diameter	ACIP	piles



AUGER CAST PILE

106.1	ft3				Theoretical
139.2	ft3				Actual



AUGER CAST PILE
Temperature	profile	after	12	hours



AUGER CAST PILE
16	in	diameter	ACIP	piles
#10	bar	with	centralizing	spacers



AUGER CAST PILE

3D	rendering	with	colors	
corresponding	to	radius



AUGER CAST PILE

No	anomalies	detected	
with	SSL	test


