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METHOD OF STATEMENT  
FOR PDA TESTING ON BORED PILES / MICRO PILE 

 
1.0 INTRODUCTION 
 

1.1 Dynamic Testing Service (Singapore) Pte Ltd (DTS) provides 
specialist dynamic pile testing service. DTS own and operate the 
PDA/CAPWAP system of testing, which involves state-of-the-art 
equipment and computer software. This system has been used by 
DTS for testing of piles in Australia, Singapore, Malaysia, Hong 
Kong and Thailand. DTS is an accredited laboratory by SAC-Singlas 
for PDA test. 

 
1.2 The PDA field data acquisition and computer unit has its own in-built 

self checking system and all force and acceleration transducers are 
fully calibrated in advance. 

 
1.3 The PDA/CAPWAP system was developed by Pile Dynamics Inc, 

Ohio, USA and has been in use for more than 15 years. Details on the 
system are attached in Appendix 1. 

 
2.0 PILE MONITORING AND PREPARATION  
 

2.1 Pile instrumentation and monitoring will be performed using the 
PDA/CAPWAP system according to the ASTM standard D4945-12. 

 
The system involves a Pile Driving Analyser (PDA), which is 
manufactured by Pile Dynamic Incorporated, USA. Measurements of 
the force and velocity signal induced in the pile during pile driving 
are collected by strain and accelerometer transducers, which are fixed 
near the pile head (at least 1.5 diameter away from pile top). For each 
blow struck to the pile the PDA signal processor conditions the 
output from these transducers and passes it to the processing section 
of the PDA. The PDA has an in-built program, which calculates over 
30 pile driving variables based on the data obtained from each blow. 
These variables include maximum pile top force, displacement and 
velocity, estimates of pile static and dynamic capacity. 

 
2.2 In order to conduct PDA testing, transducers need to be attached to 

the pile to be tested. PDA force and velocity transducers will be 
attached at approx. 1.5 dia below the head of the pile and at two 
locations diametrically opposite each other. At each location one 
force transducer and one accelerometer will be attached to the pile. 

 
2.2.1 Special precautions will have to be taken to conduct proper PDA test 

on bored piles such as:- 
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i. Build up section of pile should have higher strength concrete 
preferably grade 40 or above. Minimum strength of concrete 
before testing should be 30N/mm2 or more. 

ii. Bored pile to be tested to be encased with steel casing at the 
top section (1m – 2m from pile top) of pile in order to 
strengthen the concrete pile for hammer impact. 

iii. Drop height of hammer proposed to be carefully calculated 
using    dynamic Hiley formula by specialist testing firm to 
prevent overstress during testing. 

iv. Hammer to be aligned vertically to prevent eccentric stress 
developed at hammer impact. Hammer guide is recommend to 
be used. 

v. Proposed drop height will have to be adjusted 
(revised/increased) on site if stress measured during testing is 
too high/low after first hammer blow. Note that desired static 
capacity may not be achieved if energy imparted onto pile is 
insufficient.  

 
2.3 The PDA monitoring equipment will be set up in the vehicle or 

shaded protected area at certain distance from the pile. A main cable 
connecting the PDA unit to the pile top transducers will be run from 
the unit to the gauges. 

  
2.4 The piles are recommended to be tested to 2 times working load for 

working pile. This is to prevent any overstress in the pile during 
hammer impact. The ultimate static capacity should be higher than 2 
times working load. The soil skin friction set-up effect may be taken 
into consideration in the long term and therefore pile capacity can 
increase with time. 

 
3.0 DATA PROCESSING AND CAPWAP ANALYSIS 
 

3.1 Under each hammer blow, the analyser will be triggered and data 
acquisition will begin at this time. The PDA automatically processes 
each blow recorded during monitoring and can display computed 
values of over 30 pile variables on command. 

  
3.2 The PDA automatically checks each blow for pile integrity and 

provides a warning of any damage detected along the length of the 
pile. In the event of any damage being detected the PDA will 
automatically indicate the location of the damage and the severity of 
the damage. 

 
3.3 The pile top force and velocity signals recorded in the field will be 

processed and a representative blow will be selected for further 
analysis using the CAPWAP suite of computer software. 
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3.4 After the completion of the CAPWAP analysis the PDA field 
estimates of static capacity can be refined and analyser data can be 
calibrated to the CAPWAP analysis. This will effectively refine the 
real time PDA estimates of static capacity, which will be available for 
subsequent piles monitored. CAPWAP will also give you the skin 
friction distribution and end bearing resistance of pile and predicted 
load settlement curve under static loading. 

 
3.5 The PDA and subsequent CAPWAP analysis will indicate the 

amount of static capacity that is actually mobilized during any one 
blow delivered to the pile during testing. In order to fully mobilize all 
available pile static capacity a pile set in excess of 3 – 4 mm per blow 
is required. Should the pile set be less than 3 – 4 mm, or the soil 
quakes be in excess of the normal 3 – 4 mm then not all of the static 
pile resistance will be mobilized during any one blow and the 
subsequent CAPWAP and PDA analysis will under predict a true 
static capacity of the pile. 

 
This provides some in-built conservatism to the capacities indicated 
by the PDA and CAPWAP system in the event of small set being 
recorded. If this is the case the PDA system is regarded as a proof 
test, not a full load test.  

 
 
4.0 REPORTING 
 

4.1 On completion of all field work, a final report covering all aspects of 
the pile monitoring and analysis work will be prepared.  This report 
will incorporate results of the PDA monitoring, and results of all 
CAPWAP computer analyses. The results of the CAPWAP analyses 
will be compared to the PDA results and correlations will be drawn 
between the CAPWAP data and the PDA field monitoring results. 
Results from PDA test will be calibrated against the static load test 
results if results are available, to obtain a better correlation and 
comparison with the static. 

 
4.2 Results which can be obtained in report are as follows:- 
 
4.2.1 Static capacity of piles (compression or tension) mobilized. 
 
4.2.2 Simulated load settlement curve under static load. 
 
4.2.3 Pile integrity (any defects, necking, crack or any irregularities in pile 

shaft) 
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5.0 COMPANY EXPERIENCE 
 

5.1 Dynamic Testing Service (Singapore) Pte Ltd has been in operation 
in Singapore since early 1990 providing dynamic pile testing services 
to the local construction industry. More than 500 over piles (RC 
piles, Steel Pipe piles and Bored piles) are dynamically tested each 
year as a supplement or substitute method of test to conventional 
static load test.  

 
6.0 RECOGNITION OF PDA TEST 
 
 PDA test is well recognized in the following international standards:- 
 

- ASTM (American Standard of Testing Materials) standard D4945-12 
- ICE Piling Specifications (UK) 
- BS8004 (British Standard Foundation code – 7.5.2) 
- Canadian Foundation Engineering Manual (1992 – Canadian Geotechnical 

Society). 
 
 

============================================================================= 
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APPENDIX 1 
 

(PDA SYSTEM) 
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Fig 1:DETAILS OF PDA TEST SETUP FOR BORED PILE  
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Dynamic Testing Services (S) Pte Ltd
QF 5.4.3 (rev2)

EXAMPLE OF DROP HEIGHT FOR PDA TEST ON PILES:
Project  Name : 
Client               : 

HILEY FORMULA FOR BORED PILE Pile reference  : P199
Dia. of pile (mm) 900 Test load 2.0 x WL (tons) 780.0
Dia. of rebar (mm) Length, L (mm) 23800
No. of rebar (mm) EM of steel, E (t/cm2) 2100
Set (mm) 1 EM of grout (t/cm2) 353
Efficiency (%) 0.35 SP of steel (t/m3) 7.85
Hammer weight (tons) 8.5 SP of concrete (t/m3) 2.4
Working load (tons) 390.0

Area of steel, A Area of concrete Area (Total) Elastic Modulus (EM)
(cm2) (cm2) (cm2) (tons/cm2)

0.0 6361.7 6361.7 353

Tc Wave Speed, c Drop Height Specific Density (SP)
(mm) (m/s) (mm) (ton/m3)

8.3 3800 1345.9 2.40

Proposed drop height = 1.4 m

Notes : -
Hiley formula : Ru = Energy /(set + Tc/2)
This formula obtained from simplified Hiley formula published by Prof.Bengt B Bromes

Energy = efficiency x drop height x weight hammer
Set = assumed permanent displacement (usually about 1 - 2mm/blow)
Temporary compression, Tc = can be calculated from P L / A E x k, where k = 1 (may varies from 0.2 - 1.0)
For bored pile test we ignore area of steel.  EM of concrete = 353 - 400 t/cm2

Wave speed of concrete = 3800m/s (may varies from 3600 ~ 4600m/s, calculate from EM = SP x c2 / 9.81 x 10-4)
Where, EM = Elastic Modulus
          , SP = Specific Density

Strain gage and 
accelerometer

Assume a certain efficiency of hammer drop (%, based on 
energy transfer).  Note that drop height might need to be 
adjusted on site if the drop efficiency is low.  Also, for each drop
the actual efficiency might be different.

Hammer weight

Pile with different parameters such 
as: Pile size, Length, Elastic 
modulus, Working Load, Test Load 
etc...

Length

Drop Height










