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• Cast-in-Place

• Replaces Pile Group

• Scour, Seismic, and Ship Impact Resistant

• Appropriate for Rock Sockets



Drilled Shafts



Dry Method Casing, Wet Method



Inspections for:

- Drilled Hole Profile

- Drilled Hole Verticality

- Bottom Cleanliness



Borehole Caliper



SID – Shaft Inspection Device



Drilled Hole Profile and Verticality

SHAFT AREA PROFILE EVALUATOR 
(SHAPE®)





Auger-cast Piles





Typical ACIP Pile Rig

Grout Pump

Pressure Gage

Pile Leads

Grout Hose

Continuous Hollow

Flight Stem Auger

Swivel

Gear Box





“Displacement” Auger-cast Piles
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Provides real-time 

information 

to Operator during 

constructing the pile



Factors affecting constructed 

shape and structural integrity 

include:

- Subsurface conditions

- Design

- Means and Methods

- Workmanship







“Construction Practices and Defects in Drilled Shafts”, 

Michael O’Neill, Transportation Research Record 1331, 1991

Construction, drilling or casing practices 

can cause various defects

Construction related Casing related



“Construction Practices and Defects in Drilled Shafts”, 

Michael O’Neill, Transportation Research Record 1331, 1991

Slurry practice can cause various defects



Integrity testing checks for flaws / defects

A flaw is a deviation from the planned 

shape or material (or both).

A defect is a flaw that because of its size 

or location may detract from the 

serviceability (capacity or durability) of the 

deep foundation element. 





Basic Relationships

Stresswave Speed c = (E/ρ)½

Pile Impedance Z = A (E ρ )½

Impedance is a function of pile size and 

material quality.



Converting time to length scale

CA

T = 10 ms

L = 60 ft (with c = 12,000 ft/s)

0           20             40            60             80           100 ft



PIT Data ClassificationsPIT Data Classifications

A - Good Shaft
Clear toe response, no other tension reflections.

B - Bad Shaft
Clear identification of serious defect; no toe signal 

needs contingency tests or corrective measures.

C – Defect in Shaft
Re-test, other tests, reduce capacity or replace.

D - Inconclusive Test Result  
(poor pile top quality, no reflections, etc.)



Data Category: A = Good Shaft.

Clear toe reflection, and no intermediate tension reflections.



Data Category: B = Bad Shaft.

Clear reflection from 41 feet location, no toe reflection;       

complete reduction at 11 feet above shaft end.



Data Category: C = Shaft with Defect.

Data includes intermediate reflection and contains toe signal .



Data Category: D = Inconclusive Result.

Data lacks characteristics.



Shaft with Defect



Testing for unknown pile length with PIT





CSLTest

ReceiveTransmit

Fill Tubes 

with water

Pull

Probes

From

Bottom

To TopPut probes 

in bottom 

of tubes.

Repeat test 

for each  

tube pair





Scan with good result. … showing defect.

defect

… bad bottom.





Cross Hole Sonic Logging 

3-D Tomography

Cross Hole Sonic Logging 

3-D Tomography

2D horizontal slice 

view of a defect
3-D body view



4 days after casting

6 days after casting



CSL data within permanent steel casing
Bleed Water Channel Effect



30 min later

DEBONDING

Initial test

Test after 
flooding 
top of 
shaft

Weakening of bond 
between tube & 

concrete

• Thermal Expansion Coefficient

• Concrete & steel – 12x10-6/°C

• PVC – 50x10-6/°C

• Almost always relatively near top

To minimize

• Use steel access tubes

• Fill tubes with water ASAP

• To mitigate: flood shaft top
with water



Case Study: FDOT Shaft for a miscellaneous structure.

PIT & CSL testing.

Extracted.



PIT test results.

CSL test results.



Thermal Integrity Profiling (TIP)

Temperature measurements during curing 

throughout the deep foundation element allow 

for evaluation of concrete consistency and 

drilled shaft or pile shape regularity. 



THERMAL INTEGRITY PROFILE Testing



For uniform shaft, temperature is constant, 

except one diameter at top and bottom roll-off

















Thermal Integrity Profile, 

T.I.P.

SHAPE Inspection Results



T.I.P. Results P.I.T. Results



Low-strain Integrity Testing

High-strain 

Capacity Testing



High Strain Dynamic Load 

Testing - DLT

High Strain Dynamic Load 

Testing - DLT

Uses a heavy ram to generate a pile set 

thereby activating the pile bearing capacity

Uses a heavy ram to generate a pile set 

thereby activating the pile bearing capacity



Dynamic Pile Testing



Dynamic Load Testing (DLT) for Bearing Capacity Assessment

Auger-cast pile Drilled Shaft



Conventional Static Load TestingDynamic Load Testing







Conventional Static Load Testing





• Calibrated, embedded, 

sacrificial jack within 

the test shaft

• Concept: Load base of 

the shaft against the 

side shear, & eliminate 

reaction system
Load-cell

Bi-Directional Testing





Bi-Directional Static Load Testing 
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World records Bi-Directional load test

36,000 tons!

The rock socket was about 23ft deep and 

11ft in diameter in very hard limestone



Questions?Questions?Questions?
Questions?Questions?

MHussein@GRLengineers.com


