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100 Percent Dynamic Testing of Concrete Piling 

 Nominal Bearing Resistance 

 Acceptable risk – AASHTO Code 

 Resistance factors 

 Pile length 

 Cost 

 Specifications 

 Design-Bid-Build 

 Design-Build 



100 Percent Dynamic Testing of Concrete Piling 



100 Percent Dynamic Testing of Concrete Piling 

 How do we know 
when to stop driving? 

 Minimum tip 
requirements are 
satisfied 

 Driving criteria is met  
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 How do we know 
when to stop driving? 

 Minimum tip 
requirements are 
satisfied 

 Dynamic testing  

- External or internal 
instrumentation 
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 In both cases – driving is stopped past 
minimum tip when the Nominal Bearing 
Resistance (NBR) is achieved as per Specs  
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 Nominal Bearing 
Resistance 

 “Davisson capacity” 

- Acceptable 
displacement criteria 

AASHTO 
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 The failure load is 
defined as the load 
that causes a 
pile/shaft top 
deflection equal to the 
calculated elastic 
compression plus 
0.15 inches plus 
D/120…. 

Specifications for 

24” and smaller 
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Skin quake ≈ 0.15”  

Toe quake ≈ D/120 

Reasonable “first guess” values 
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FBDEEP 

Davisson 
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Compared against 

the average result of 

17 static load tests 

(CW/SLT) 

CAPWAP 

Likins & Rausche, 2004 
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EDC & CAPWAP 

Herrera et al., 2009 
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PDA-W 

CAPWAP 

WEAP 
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Settlement analysis 



100 Percent Dynamic Testing of Concrete Piling 
 

Probability 

based design 

code 
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 “…A zero risk level, however, is unlikely to be reached and in most cases it 

is necessary to accept a certain level of residual risk. This final risk level will 
be determined by the cost of safety measures weighed against the perceived 
public reaction to the damage resulting from the accidental action, together 
with consideration of the economic consequences and the potential number 
of casualties involved.” 

 “The risk should also be based on a comparison with risks generally 
accepted by society in comparable situations.” 

Eurocode Draft   
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 Acceptable probability of failure for pile foundations 

 FHWA questionnaire distributed to 298 state highway 
officials (45 responses) 

- “The assessment for the acceptable maximum 
failure probability ranged from about 0 to 1%. Pile 
failure had been experienced by 14% of the 
respondents.” 

NCHRP 507 
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“FORM” 

“FOSM” 



100 Percent Dynamic Testing of Concrete Piling 

NCHRP 507 
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Factored load ≤ factored resistance 
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Structures Design Guidelines 
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AASHTO 6th Ed. 
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2013 Structures 

Design Guidelines 
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 When 100% of the foundation elements are dynamically 
tested there is an increase in confidence, reflected by an 
increase in resistance factor 

 Larger number of piles monitored produces a smaller 
COV of group resistance 
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0.75 

100% Dynamic testing….. 



100 Percent Dynamic Testing of Concrete Piling 
 
 From a geotechnical 

perspective, a larger 
resistance factor 

 Lower required NBR 

 (possibly) shorter piles 

 Reduced width (?) 

 Reduced pile driving 
time 

FDL = 185 
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 From a structures 

design perspective, a 
larger resistance 
factor 

 Higher FDL/pile 

 (possibly) longer piles 

 (possibly) less piles 

 Construction time (?) 

NBR = 285 
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 Cost should 
determine the 
decision to test all 
piles  
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 Cost analysis 
justifying the use of 
100% dynamic testing 
must be submitted to 
the State 
Geotechnical 
Engineer in Design 
Bid Build projects 
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Structures Design Guidelines - Chapter 9 

Production 

piles 
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http://www.dot.state.fl.us/specificationsoffice/Estimates/HistoricalCostInformation/HistoricalCost.shtm 

http://www.dot.state.fl.us/specificationsoffice/Estimates/HistoricalCostInformation/HistoricalCost.shtm
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Test Piles 
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Production Piles 
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http://www.dot.state.fl.us/specificationsoffice/staff.shtm 

http://www.dot.state.fl.us/specificationsoffice/staff.shtm
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0.75 
0.65 

18” Pile 

Small qty $55/pile 

Large qty $75/ pile 



100 Percent Dynamic Testing of Concrete Piling 

0.75 
0.65 

18” Pile 

FDL/0.65 = 270 t., L = 60’ 

FDL/0.75 = 234 t., L = 51’ 
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 Calculate the cost of 
piling at phi = 0.65 
and 0.75 

 Will the savings offset 
the cost of dynamic 
testing? 
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 Variable strength 
profile 

WEAK 

STRONG 

WEAK 

STRONG(er) 
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0.75 
0.65 
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May be better suited for 100% 

testing 
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 Is there any economic 
benefit to 100% 
dynamic testing in this 
profile? 

 Same pile length 

 Higher load per pile at 
phi = 0.75 

 Less piles? 
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NOT CURRENTLY IN SPEC BOOK 

 

WORKBOOK 
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http://www.dot.state.fl.us/specificationsoffice/ 

http://www.dot.state.fl.us/specificationsoffice/Implemented/DesignBuild/HistoryDB/July13/Default.shtm
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 Workbook 

 Conventional projects (DBB) 

http://www.dot.state.fl.us/specificationsoffice/Implemented/WorkBooks/JulWorkbook2013/ http://www.dot.state.fl.us/specificationsoffice/Implemented/WorkBooks/JulWorkbook2013/ 

http://www.dot.state.fl.us/specificationsoffice/Implemented/WorkBooks/JulWorkbook2013/
http://www.dot.state.fl.us/specificationsoffice/Implemented/WorkBooks/JulWorkbook2013/
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 Bearing Requirements 

 

- 455-5.10.1 General: “……The Engineer may 
accept a driven pile when the pile has achieved 
minimum penetration and the minimum required 
bearing capacity obtained for 6 inches of 
consecutive driving…” 

 

- 455-5.10.2 Bearing Criteria: “… The Engineer will 
determine pile capacities using dynamic load test 
equipment utilizing internally or externally mounted 
sensors according to the methods described 
herein…”  
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 Set-checks and Re-Drives 

 Potentially reduced on 100% dynamic testing projects 
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 Design-Build 

http://www.dot.state.fl.us/specificationsoffice/Implemented/DesignBuild/HistoryDB/July13/Default.shtm 

http://www.dot.state.fl.us/specificationsoffice/Implemented/DesignBuild/HistoryDB/July13/Default.shtm
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 Design-Build Specifications do not currently address 

100% Dynamic Load Tests 

 Refer to the applicable SP   
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 Set-check all piles (phi = 0.75) 

 Concrete piles: ALL blows delivered to ALL piles have 
to be monitored 

- Determine proper wave speed  

 Steel piles: Follow the Specification requirements for 
instrumented set-checks  
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 Freeze – 100% set check (phi = 0.75) 

 Concrete piles: ALL blows delivered to ALL piles have 
to be monitored 

- Determine wave speed  

 Steel piles: Follow the Specification requirements for 
instrumented set-checks  
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 D/B Contracts: 100% dynamic testing does not 

automatically eliminate the possibility of verification 
testing 
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 Rodrigo.Herrera@dot.state.fl.us 


