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There are dozens of hammer manufacturers, 
and hundreds of hammer models.
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CAPWAP analyses and Static Load Test Results Correlations



Considerations for Pile Capacity Assessment:

• Which restrike blow data to analyze. 

• Hammer energy insufficient to fully mobilize 
all soil/rock resistance.

• Pile capacity changes due to time-dependent 
soil strength changes.

• Questionable load test results

• Assessment of load bearing capacity of a 
damaged pile. 





Criteria for Dynamic Load Test 
(DLT) data evaluation:

The toe should achieve a total 
displacement (elastic + cumulative 
permanent) of D/60.



24-inch Prestressed Concrete Pile, 65 ft.  10 blows for 1.8 inches set.

The 10 mm (24/60 = 0.4”) failure toe displacement was reached by 
the second blow (2200 kN).

Increase of capacity due to more end bearing with successive blows.

Blows 1, 2, 3, 4, … and 10 shown.



20-inch diameter, 70 ft long auger-cast pile in clay.  13-kips hammer, 
three blows with sets of 1, 2, and 3 mm (0.04, 0.08, and 0.11 inch).

The 20/60 = 0.33 inch (9 mm) failure toe displacement was reached 
by the third blow.



5-ft diameter, 67 ft long drilled shaft. 60-ton hammer, 

4 blows for 0.55 inch (14 mm).

End bearing not fully activated under blows 1 and 2, and failure 
toe displacement was reached by the fourth blow.



Considerations for Pile Capacity Assessment:

• Hammer energy insufficient to fully 
mobilize all soil/rock resistance 
(i.e., low pile displacement per blow).

• Pile capacity increases due to time-
dependent soil strength changes 
effect (e.g., setup).
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Test Pile Driving and Testing
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Dynamic pile testing and data analysis results – end of initial drive



Static Capacity, Kips

Blow Count Total

Capacity

End

Bearing

Skin

Friction

1090890200130 blows/footEnd of Driving

1630Static Load Test

9652287372
7

120Restrike

1617880737Superposition

Summary of PDA/CAPWAP and 
Static Load Test Results



Static Load Test
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Dynamic testing and data analysis results – restrike after static load test



Static Capacity, Kips

Blow Count Total
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Bearing
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Summary of PDA/CAPWAP and 
Static Load Test Results



Static Capacity, Kips

Blow Count Total

Capacity

End

Bearing

Skin

Friction

1090890200130 blows/footEnd of Driving

1630Static Load Test

97523073510 blows/inchRestrike

1625890735Superposition

Summary of PDA/CAPWAP and 
Static Load Test Results



Comparison between Static 
Load test and CAPWAP results
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In cases of hammer energy limiting 
pile displacement/set, combining the 
pile end bearing from end of driving 
and skin friction from restrike 
testing provides best estimate for 
total, long-term pile capacity.
(if no relaxation)





Considerations for Pile Capacity Assessment:

• Unexpected testing result.

• Combined dynamic and static testing.





The 2.6-mile long, $243-million 
contract, twin bridges were 
supported on 36-inch square, 
hollow with 23-inch circular void, 
prestressed concrete piles with 
lengths up to 140 feet and the pile 
under consideration had a required 
capacity of 5760 kN (1,295 kips)



1,350 kips

RU = 
1,266 kips





Static load testing result

877 kips



Results of dynamic testing performed after static load test

852 kips



Results of dynamic testing at the end of 8.5 ft pile redrive

1,385 kips



Combined dynamic testing results – end of redrive and setup effects
Predicted before the performance of the second static load test

1,595 kips



Second static load testing result

1,641 kips



Predicted with dynamic testing         Measured with static load test



Combing dynamic testing with 
static load testing provided the 
means to explain curious results 
and for the proper assessment of 
pile load bearing capacity.



Considerations for Pile Capacity Assessment:

• Assessment of the load bearing capacity of a 
pile with damage.



Prestressed Concrete Pile: 24” square, 130’ long.

Nominal Bearing Resistance, NBR = 635 kips   
(ultimate load bearing capacity).

Pile driven with an open-end diesel D-62 hammer.

At final penetration of 125 feet, end of driving blow count 
was 61 blows/foot with 7.9 ft hammer stroke height.

Two weeks later, PDA pile restrike test had 13 blows for 
1/16” pile set with 8.1 ft hammer stroke height.



127 feet
80 feet

PDA data measured at pile top



CAPWAP data analysis







Testing results indicated the pile is partially 
damaged at 80 feet, and that it has skin friction 
resistance down to this location that meets 92% of 
the required pile ultimate load bearing capacity.

The pile was accepted in-place based on 
engineering considerations of the testing 
results and pile-specific design requirements.



CONCLUSION:

In addition to good data quality and 
competent analysis, engineering 
considerations are also needed for the 
proper and effective use of testing 
results for foundation evaluations.
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