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ABSTRACT: A good PDA Test outcome requires good aiyic data (Murakami, 2015).
Moreover, sensors must be firmly attached to the toi provide a good PDA test (Likins and
Rausche, 2008). Some other effects may provide ch chcome: an eccentric blow, the
follower's failure, and the concrete's quality whéne bolts were attached (Murakami et al.,
2022). This paper presents a case study in whidifferent source caused poor-quality data.
The Dynamic Test was performed in a 29.5cm-squeseagst concrete pile. For a low-energy
blow (40cm drop height), the PDA showed a high iamstress of 3.0MPa, while in the other
piles, this tension stress commonly occurred wighér energy (80cm drop height or more). In
addition, the force and velocity signals qualitelywwere different compared to the other piles.
The sensors were firmly attached to the pile, dmdgile-driving machine's hammer seemed
well-adjusted to provide a non-eccentric blow. Thafter about 2cm of the pile cushion had
been removed, the Dynamic Test has performed agesnlting in good-quality data. This case
study shows the need for data quality in the Dywangiad Test, and some unusual force and
velocity signals must be investigated to providedyquality data.

KEYWORDS: Dynamic Load Test, Pile Driving AnalyzgDA), Data Quality, Pile Cushion,
Tension Stress.
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I ntroduction

The High Strain Dynamic Pile Testing (HSDPT) (ASTDA945, ABNT NBR 13208)
aims to evaluate the mobilized load at the pilé-spétem. Based on the measurements from
strain or force, and acceleration, velocity, optiisement transducers, the dynamic test obtains
the force and velocity induced in a pile duringaaial impact event. The Engineer may analyze
the acquired data using engineering principlesjadgment to evaluate the integrity of the pile,
the performance of the impact system, and the maxincompressive and tensile stresses
occurring in the pile. The signals from the trarsats shall be transmitted during the impact
event to an apparatus for recording, processing, displaying the data. The Pile Driving
Analyzer (PDA) is a commonly used device to colfat# data (Pile Dynamics, Inc, 2009).

A good PDA Test outcome requires good dynamic @starakami, 2015). Moreover,
sensors must be firmly attached to the pile to iolea good PDA test (Likins and Rausche,
2008). Some other effects may provide a bad outcameccentric blow, the follower's failure,
and the concrete's quality where the bolts weeeh#id (Murakami et al., 2022a, 2022b).

Figure 1 shows a Case Study in which the datatguauld have been better due to the
guality of the concrete where the bolts were fixaattj some bending effect was observed during
the blow (Murakami, 2022a). The force and velouwigre collected in a CFA pile.
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Figure 1. Bad-quality data caused by poor-qualityatete and eccentric blow (Murakami et al. . e

2022a)
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Figure 2 shows a case study in which the folloreke in the fourth blow. It is observed
that both force sensors did not return to zeragcatthg that a plastic deformation had occurred.
This dynamic test was performed in a CFA pile.

F (800.0)
vV (4.71) — —
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Figure 2. Bad-collected data caused by a failuth@follower (Murakami et al. 2022a)

Figure 3 shows that force sensor F3 is qualitbtivdifferent from sensor F4,
demonstrating a significant oscillation in its vedu This fact is an indication of a smaller
tightening of one of the screws that fixed the seRs.

F3 (zbolo) ———1

F4 (20000) — —
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Figure 3. Bad-collected data was caused by a sniglfeening of one of the screws that fixed R
the sensor F3 (Murakami et al. 2022b)
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For the Case Studies shown in Figures 1 to 3,irteypretation of these dynamic tests
could provide an incorrect diagnosis of the piteluding the values of RMX (Maximum Static
Resistance), compression and tension stressedaamate on the piles.

2 Objectives

This paper aims to present a Case Study in whiakswal collected data was
observed, and bad-quality data caused it. It isveha comparison between the bad-
guality data and the good one in the same piledely the Dynamic Load Test. The
results are entirely different, and this Case Stfuyws the importance of good-quality
data in the Dynamic test.

3 M ethodol ogy

Different force and velocity signals collectedthg Pile Driving Analyzer (PDA) for the
same pile with the same drop height of 40 cm aosveh The Dynamic test was performed in a
29.5 cm-square precast concrete pile for a desigul lof 40 tons. The results of RMX
(Maximum Static Mobilized Load), CSX (Average Comgsion Stress), CSI (Maximum
Compression Stress), and TSX (Average TensionsStresre different for the bad-quality data
and good-quality data. However, the drop height thassame.

4 Case Study

The design of the deep foundations foresaw prezastrete piles with cross-sectional
sections of 26.5 cm and 29.5 cm square piles faigdeloads of 90 tons and 40 tons,
respectively. The 26.5 cm-square piles were driverio 38 m depth using refusal criteria of
10mm/10 blows, while the 29.5 cm-square piles vaeineen up to 30 m depth with defined pile
lengths (floating piles). A 6-ton drop hammer wagdito install the piles with a drop height of
40cm.

The project site is located in Guaruja, SP, Bramild the soil profile indicated a sandy
landfill layer up to 3m depth, followed by a sofay layer up to 36m depth. Then, a compact
sandy layer was observed up to 42m depth. Morerrdton regarding the pile installation and
the dynamic tests can be found in Murakami and @ak@023a, 2023b) and Cabette and
Murakami (2023).

Increasing the thickness of the cushion on the pilll reduce the compression and
tension stresses along the pile for the same deighth However, this case study shows that[=I4
increasing the cushion thickness on one of thespjfgle EP70) for some unusual reasoniky
increased the tension stress and reduced the cssiqmestress. Before starting the Dynamick "':__'
Test, it was placed on the pile about 2 cm of neshion and the old cushions (about 6 cm)EIZa%
were maintained inside the hammer helmet.
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Figure 4 shows an unusual collected signal froroef@nd velocity for a 29.5 cm-square
precast concrete pile (pile EP70) after adding aBoem of new cushion. It may be observed
that the pair of force signals were close, butratie 2L/c time, it went negative and did not
return to zero. This fact indicates a permanendrdedition on the concrete close to the sensors.
Murakami et al. (2022a, 2022b) showed some cagshestisimilar to the pile EP70, and the
authors concluded that the bad collected signaloaased by a low concrete strength where the
sensors were attached (Figure 1) or a failure efdbncrete were the sensors were attached
(Figure 2). None of those facts happened in thiseC3tudy, and some additional investigations
were made during the dynamic test. Another fadt toald cause bad-quality data could be a
smaller tightening of the screws that fixed thesses (Figure 3). However, in the field, it was
observed a good tightening of the screws. The gring machine's hammer seemed well-
adjusted to provide a non-eccentric blow. Thergrafbout 2cm of the pile cushion had been
removed, the Dynamic Test has performed again/tigegun good-quality data, as shown in
Figure 5.
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Figure 5. Good-quality data on pile EP70 with dedpeight of 40 cm

Table 1 compares the results between the badbguiaia and good-quality data. Based
only on the TSX value from the bad-quality data, gile testing engineer could be decided not
to increase the applied energy to the pile topdimgidamage to the pile, once this TSX value
was close to the allowed tension stress. If thapbaed, a low RMX would be observed, and
the dynamic test would indicate that this pile vebnbt support the load from the structure with
a minimal factor of safety. The design load wagot®, but the RMX was only 44 tons, and the
set per blow was zero, indicating that this vakiaat the ultimate load.

However, as mentioned before, about 2 cm of pighion was removed, and the new
dynamic test showed good-quality data. All the pwaeters listed in Table 1 are entirely
different, and the good-quality data indicated ttheg pile could support the loads from the
structures (40 tons) with a minimal factor of sgfé@nce all the parameters listed in Table 1 are
calculated on the collected force and velocity aigna bad-quality signal would not provide a
reliable result. This Case Study shows the impodant reliably collected data for the correct
pile diagnosis.

The solution for this bad-quality signal was nbvious (removing about 2 cm of pile ENEYE:
cushion), and a non-experienced engineer couldeptdse first result with bad-quality data s
being the “correct” diagnosis of the pile.
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Table 1. Comparison between bad and good-qualttyfda pile EP70 with the same drop

height of 40 cm.
Signal RMX CsSX Csl Set EMX DMX TSX FMX
(tons) | (MPa) | (MPa) | (mm/blow)| (tons.m)| (mm) (MPa) | (tons)
Bad 44 5.4 6.1 0 0.09 2 3.1 48
quality
Good 103 11.6 13.0 0 0.55 8 0.8 103
quality

Table 2 shows the Dynamic Increasing Energy TBHET) (Aoki, 1989, 1997) results
after removing about 2 cm of pile cushion. Evethi@ highest drop height of 50 cm, the TSX
value (1.4 MPa) was lower than the bad-quality aeta a drop height of 40 cm (TSX = 3.1
MPa). This fact clearly shows that the bad-qualdya caused the “false” high TSX value.

Table 2. Results of the DIET after the removahiobut 2 cm of pile cushion (pile EP70)

Drop RMX CSX Csl Set EMX DMX TSX | FMX
Height | (tons) | (MPa) | (MPa) | (mm/blow) | (tons.m)| (mm) (MPa) | (tons)
(cm)
20 71 8.2 8.6 0 0.28 6 0.1 73
30 83 9.5 10.2 0 0.36 6 0.3 84
40 103 11.6 13.0 0 0.55 8 0.8 108
50 120 13.7 14.4 0 0.89 11 1.4 121

Figure 6 shows the force and velocity signalshef pile EP70 with a drop height of 50
cm. Furthermore, Figure 7 shows the simulated \gadettlement of the CAPWAP.

—— Force Mad
— = Velocity Mad
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Figure 7. Simulated load vs. settlement of the CANpile EP70)

Conclusions

This paper aims to present a Case Study in whitfsual collected data was observed,
and bad-quality data caused it. It is shown a coispa between the bad-quality data and the
good one from the same pile tested by the DynamaLTest.

The solution for this bad-quality signal was nbvious (removing about 2 cm of pile
cushion), and a non-experienced engineer couldeptdbe first result with bad-quality data
being the “correct” diagnosis of the pile. Howewiercould indicate a low pile capacity of 44
tons, while the good-quality data indicated an RbfX.20 tons.

The results were completely different dependindghenquality of the collected data, and
this Case Study shows the importance of good-quddita in the Dynamic test.
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