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ABRIDGMENT 

•THE general philos ophy behind this study is that information is generated during 
dri ving which can yield a measure of the s ta tic bearing capacity. Until recently, due 
to high fr equency dynamic effects generated by the driving op eration, pe r manent set 
was the only measurement whi h could be made r eliably. This limitation led to the 
use of the energy approach upon which the numerous pile formulas are based. 

Developments in electronic instrumentation and transducers in the past few year!:! 
make it possible to consider making routine acceleration, velocity and force measure
ments on piles during driving. 

A single force-balance theory is proposed to relate dynamic measurements to static 
capacity. This theory has sufficient simplicity for use on a routine basis. It assumes 
the pile to be a rigid body struck by a time-varying hammer force. Motion of the pile 
is resisted by a force, R, given by a series 

R (t) = Ro+ R1 v + R2 v2 + R3 Y + ... 

where vis the velocity of the pile and Ro, R1, R2, etc., are consta nts (Poncelet' s Law). 
Ro represents the static bearing capacity. If the pile is exami ned under the action of 
these forces with Newton's equation the resistance is found to be 

Ro = F (to) - m a (to) 

where m is the mass of the pile, a (t) is the acceleration and to is the time when v = 0. 
Ther efore it is necessary lo measure F (t) and a (t). 

Equipment was assembled to make the necessary measur ements. Accelei·a tions 
were measured a short distance below the top of the pile using a piezoelectric a ·celer
ometer. For ce measurements were made with resistance strai n gages atta ched 
directly to the pile. A continuous record of force and acceleration was obtained on a 
high- speed oscillograph. 

Data were collected from two different sources. Small-scale piles were driven using 
an apparatus constructed for that purpose. In addition, records were obtained from 
full-scale test piles driven and load tested in connection with Ohio Highway Department 
construction projects. 

The small-scale piles were made of 21/2-in. diameter steel pipe. They were driven 
to depths of up to 20 ft in a medium-coarse, well-graded sand. Static pile capacities 
were measured by both rapid and slow load tests. The results of the tests are given 
in Table 1. It was observed that much better correlation was obtained if the pile was 
re-driven after performance of the static load test. Thus, the effect of "set up" of the 
pile was obtained. The proposed theory predicts ultimate capacity. Consequently, 
when the load test was not carried to ultimate but was stopped at some predefined slope 
of the load displacement curve, it was necessary to extrapolate the curve upward to 
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TABLE 1 

EXPERIMENTAL RESULTS 

Results at End of Driving 
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Results After "Set up" l"eriod 

Pile Soil Type 
Rapid Test Dynamic Prediction Rapid Test Slow Test Dynamic Prediction 

(kips) (kips) (kips) (kips) (kips) 

Model 13-1 Sand 8.86 8.65 5. 32 
Model 15-1 Sand 11. 4 9.91 
Model 15-2 Sand 10. 39 12. 9 12.7 
Model 15-3 Sand 14. 8 13. 0 18. 3 20. 66 
Model 15-4 Sand 9. 71 10. 6 11. 31 
Model 15-6 Sand 9. 71 12. 1 13.54 
Model 15-7 Sand 9.94 14. 0 16. 49 
Full-scale 138 Silt and clay 119 270. 0 260-300 
Full-scale 113 Sand 244 200-240 
Full-scale 103 Sandy silt 196-220 222 
Full-scale A Sandy silt 2:;2 230-280 281 

ultimate. The proposed theory was applied to the results of studies conducted in 
Michigan (1). The results are given in Table 2. 

Based on the results from this project and the Michigan tests, the correlation with 
the proposed simplified theory is very promising. Further tests are necessary in a 
variety of soil types. Full-scale tests are particularly important and useful. Any 
IT\ethod of prediction of static capacity based on measurements obtained during driving 
can be expected to predict the capacity at the time of measurement. Estimates of 
strength gain must be based on soil studies. The use of the system described here in 
co1mection with re-driving appears to provide an accurate strength measure. 

The wide variety of ultimate load capacities measured on the model piles is disturbing 
to the concept of the single-load test ihle. These piles were quite closely spaced but 
their capacities differed rather widely. The use of the system proposed here would 
make practical the dynamic testing of inany piles. 
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TABLE 2 

PROPOSED THEORY APPLIED TO MICHIGAN RESULTS 

Load Test Proposed Theory 
Pile Designation Soil Condition Capacitya Capacityb 

(tons) (tons) 

Belleville 
LTP-1 Clay 120 107 
LTP-3 Clay-tip in very 

fine sand and silt 210 58. 9 
LTP-6 Clay-tip in very 

line sand and silt 250 197 

Detroit 
LTP-1 Clay 32. 5 22. 7 
LTP-2 Clay 53. 6 59.7 
LTP-7 Clay 190 58.3 
LTP-8 Clay 250 52. 6 

Muskegon 
LTP-2 Sand 125 115 
LTP-3 Sand 75 71.7 
LTP-9 3 Layers 

loose sand 
soft sed's peat 290 193 
compact sand 

0
This value is obtained from extrapolation of the load-settlement curve given for each pi le. 

bThe value given is the plastic failure load. 
Load obtained from considering both pile wt and plain driving cap and cushion assembly. 




