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ABSTRACT: The Pile Driving Analyzer (PDA) collecterce and velocity signals from a pair
of sensors attached to the pile. The signal-magchkinalysis is performed based on these
collected signals to predict the pile capacity, gdeng, and quake values. Further, CAPWAP is a
software commonly used for this purpose. Thenravides a simulated load vs. settlement
curve based on the soil parameters used in thgsasaHowever, some authors have observed
that the soil parameters changes along the pikaliaton, and they change over time. As a
consequence, the load vs. settlement curves maygehaith time. Moreover, the procedure
proposed by (Murakami, 2015) may identify soilshaldrge toe quakes (Qt) based on the Wave
Up Curve, while the shaft quake (Qs) may be detsgththrough the Concept of Match Quality
of Settlements (Murakami, 2015, 2019). This papems three case studies in which the High
Strain Dynamic Pile Test (HSDP) was performed dutire end of initial driving (EOID) and at
the beginning of restrike (BOR). The case studlesasthat the pile settlements reduce over
time for the same load applied to the pile top tlusoil set-up and toe quake reduction over
time.

KEYWORDS: Quake, Set-Up, High Strain Dynamic Pilest; Wave Up, Match Quality of
Settlements, CAPWAP.
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Introduction

The High Strain Dynamic Pile Testing (HSDPT) oe tBynamic Load Test (DLT)
(ASTM D4945, NBR 13208) has become popular worlawdgdie to the speed and economy of
its execution.

The Pile Driving Analyzer (PDA) (Pile Dynamics,cln2009) collects force and velocity
signals from a pair of sensors attached to the pite signal-matching analysis is performed
based on these collected signals to predict tieecpibacity, damping, and quake values. Further,
CAPWAP (Pile Dynamics, Inc, 2006) is a software ocaonly used for this purpose. Then, it
provides a simulated load vs. settlement curvedasdhe soil parameters used in the analysis.

However, some authors have observed that thepacdmeters changes along the pile
installation. In some cases, large toe quakes wleserved during the pile driving, also known
as “bouncy driving” (Hussein and Goble, 1987; Munak and Cabette, 2014, 2022).

Based on the correlation between CAPWAP and sta#id tests, Likins et al. (1996)
observed that the shaft quake typically is clos.8¥mm, and no trend line was observed
regarding the change of its value with time. Howetlee toe quake values were lower during
the restrike than during the pile driving.

Murakami (2015, 2019) proposed a new procedupettorm the CAPWAP analysis by
determining the shaft quake value (Qs). It usesive concept of match quality of settlements
(MQs) for signal-matching analysis to determine thev@sies. This new concept needs a pile
top load vs. settlement of the Static Load TestT(SIn a pile tested through the DLT.
Murakami (2019) concluded that the best traditionatch quality (MQu) is reached using the
lowest Qs value possible in order to obtain tha M¥Qs. When there is no information about
the pile load-movement relationship through the Suding the smallest Qs value possible to
obtain the best M, is recommended.

Many authors have observed the set-up effect les,phdicating an increase in the pile
capacity with time (Fellenius et al., 1989; Murakamd Cabette, 2022).

Consequently, the load vs. settlement curves rhaypge with time due to the reduction
of quake values with time and the set-up effect.

~

2 Objectives

This paper aims to presehat the soil parameters change over time. Consglguéhe
simulated load vs. settlement curves of the CAPWHeS change with time. Furthermore, the
three case studies show that the pile settlementsce over time for the same load applied to
the pile top due to soil set-up and quake reduatier time, indicating a stiffer response in an
older pile.
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3 Methodology

This paper shows three case studies in which tga Btrain Dynamic Pile Test (HSDP) Ooks
was performed during the end of initial driving (), and at the beginning of restrike (BOR).

The dynamic test was performed through the Dynamgreasing Energy Test (DIET), 2
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proposed by Aoki (1989, 1997), and the CAPWAP asialywas performed through the
procedure proposed by Murakami (2015, 2019). Ishewn as a function of time: the pile
capacity, quakes (shaft and toe), the stiffnessthef piles, and the simulated load vs.
displacement curves of the CAPWAP. A comparisothefload obtained through the Davisson
Offset Limit Load (1972) over time is shown, anavis observed that this Limit Load was not
reached at the beginning of restrike (BOR), whiglam indication of a stiffer response of the
pile with time.

4 Case Studies
4.1 Guaruja, SP, Brazil

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 drivprto 38m depth using refusal criteria of
10mm/10 blows, while the 29.5 cm-square piles vagieen up to 30m 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, Braaild 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.

Table 1 shows the results of the CAPWAP performnaeth different set-up ratios.
Moreover, due to the set-up effect, the pile capancreased with time from 100.8 tons (EOID)
to 201.0 tons (BOR 5 days). The shaft quake (Qs)agaumed equal for all CAPWAP analyses
(2.209 mm) with no trend line with time. Howevehngttoe quake (Qt) decreased with time,
starting with 4.481mm (EOID) to 1.004mm (BOR 5 dayss a consequence, the stiffness of
the pile increased over time from 3.06 tons/mm &b 7.36 tons/mm (BOR 5 days), and it
was calculated by dividing the Total CAPWAP Resistaby the Maximum Displacement of
the Simulated Load vs. Displacement curve of theP@HP. These curves are shown in
Figures 1 to 3, and it may be observed that theitdiax Displacement of these curves reduces
over time, starting with 32.9mm (EOID) to 27.3mnOB 5 days). Further, the Davisson Offset
is only reached at the End of Initial Driving (EQ|vhich indicates that the toe displacement is
higher at the EOID and lower at the Beginning o$tRke (BOR 0.21 days and 5 days).

~

Table 1. Results of the CAPWAP analysis (Pile E31) o ?Eé

Pile Drop Set | Set-up| Shaft Toe Total Qs Qt Stiffnes § §:§ R

Height | (mm/b | (days) | frictio | Resista| CAPWAP | (mm) | (mm) S S g 8 g

(m) | low) n nce | Resistance (tons/m %%E g

(tons) | (tons) (tons) m) SEZS
E31 | 0.60 4.0 0.00 58.8 42.0 100.8 2.209 4.481 3.
E31 | 0.50 1.0 0.21 124.5 23.( 147.5 2.209 1.250 5.
E31 | 0.90 0.1 5.00] 186.0 15.¢ 201.0 2.209 1.004 7.
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< Figure 1. Simulated load vs. Displacement EOIDg[EiB1)
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Figure 3. Simulated load vs. Displacement BOR 5ilz (P31)

4.2 Sao Vicente, SP, Brazil

The project site is in Sao Vicente, SP, Brazit] #me deep foundations were designed to
support loads from a 28-floor building. The projéatesaw 29.5 cm-square precast concrete
piles for a design load of 110 tons. In additidre piles were driven by a 6-ton drop hammer
through a soft soil layer (32m depth), followed &ysandy soil where the pile toes were
embedded (38m depth).

Table 2 shows the results of the CAPWAP performeéth different set-up ratios.
Moreover, the pile capacity increased with timaxfrd54.0 tons to 192.0 tons due to the set-up
effect. The shaft quake (Qs) was assumed equallf@APWAP analyses (3.450 mm) with no
trend line with time. However, the toe quake (Qfrased with time, starting with 9.413mm
(EOID) to 1.711mm (BOR 5 days). As a consequeroe stiffness of the pile increased over
time from 4.93 tons/mm (EOID) to 7.44 tons/mm (BGRdJays), and it was calculated by
dividing the Total CAPWAP Resistance by the MaximDimplacement of the Simulated Load
vs. Displacement curve of the CAPWAP. These cuaveshown in Figures 4 and 5, and it may
be observed that the Maximum Displacement of tloesees reduces over time, starting with
31.2mm (EOID) to 25.8mm (BOR 5 days). Further, Dravisson Offset is only reached at the
End of Initial Driving (EOID), which indicates th#te toe displacement is higher at the EOID
and lower at the Beginning of Restrike (BOR 5 days)
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Table 2. Results of the CAPWAP analysis (Pile 275

Pile | Drop | Set Set- | Shaft Toe Total Qs Qt Stiffne
Heigh | (mm/ up | frictio | Resistan| CAPWAP | (mm) | (mm) ss
t(m) | blow) | (days) n ce (tons)| Resistance (tons/
(tons) (tons) mm)
E275| 0.40 0.1 0 49.0 105.0 154.0 3.450 9.413 4/93
E275| 1.00 1.0 5 98.0 94.0 192.0 3.450 1.711 7.44
Load (tons) .
0 40 80 120 160 200 240 s L
0.000 . - — — — Bottom
e | + WCAPWAP Offset:128 tons
NN\ % ' D =333 mm |
SN\ i i |
NN ' ' ' Ru = 154.0 tons
8.750 - LR Q¥ -dmmm e m o Rs = 49.0 tons
£ ' T‘\)‘ | : : Rb = 105.0 tons
E | . : : : Dy = 31.1 mm
I ; ; : : : Dx = 31.2 mm
A e RS faat et
3 : . ' ; :
& ; : . ! :
o] | | | | |
26250 ---F--- 1NN -
35.000 <<

Figure 4. Simulated load vs. Displacement EOIDg[ER75)
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& : ! ' !
8 : : : :
22500fF ---+---4---IN--3\ - R
30.000 ' ' : :

Figure 5. Simulated load vs. Displacement BORZ(BR75)

4.3 Itaguaquecetuba, SP, Brazil

The case study was conducted at a site in Itageadguba County, in the State of Séo
Paulo, Brazil. The soil profile was a saturatetyssind soil with Nspt values increasing with
depth, reaching 15 to 45 blows/0.30m between 2780ta depth. Precast concrete piles were
driven up to 30m depth, and the pile diameters wdA2m and 0.50m. During the pile
installation of a 0.50m-diameter pile, the PDA mead the compression and tension stresses.
The hammer mass of the pile driving machine waddh drop hammer, and soil settlements
were observed around some piles. In some cased, selement of 1.2m diameter wide with
0.6m depth was observed. More information on the ipstallation can be found in Murakami
and Cabette (2014, 2022), and this paper showzgudts of the pile P11 (diameter of 50cm).

Table 3 shows the results of the CAPWAP performeéth different set-up ratios.
Moreover, the pile capacity increased with timarfr@29.7 tons (EOID) to 283.4 tons (BOR 1
day) due to the set-up effect. The shaft quake (@ assumed equal for all CAPWAP
analyses (1.004 mm) with no trend line with timewsver, the toe quake (Qt) decreased with
time, starting with 9.490mm (EOID) to 4.500mm (BQRlay). As a consequence, the stiffness
of the pile increased over time from 9.04 tons/nE®ID) to 15.32 tons/mm (BOR 1 day), and
it was calculated by dividing the Total CAPWAP Reance by the Maximum Displacement of
the Simulated Load vs. Displacement curve of theP@HP. These curves are shown in
Figures 5 and 6, and it may be observed that thgiran Displacement of these curves 3%
reduces over time, starting with 26.4mm (EOID) 86Inm (BOR 1 day). Further, the Davisson 2%
Offset is only reached at the End of Initial DrigifEOID), which indicates that the toe Ok E
displacement is higher at the EOID and lower at&bginning of Restrike (BOR 1 day).
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Table 3. Results of the CAPWAP analysis (Pile P11)

Pile | Drop | Set | Set-up| Shaft Toe Total Qs Qt Stiffn
Height | (mm/ | (days) | friction | Resista| CAPWAP | (mm) | (mm) ess
(m) | blow) (tons) nce Resistance (tons/

(tons) (tons) mm)

P11 | 0.60 15 0 68.9 150.8 229.7 1.004 9.490 9,04

P11 | 0.70 0.0 1 201.9 81.5 283.4 1.004 4500 15.32

Figure 5. Simulated load vs. Displacement EOIDgPiL1)
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Figure 6. Simulated load vs. Displacement BOR1e(Pil1)
Conclusions

This paper showed the variation of the quake waler time. The three case studies
demonstrated that the toe quake values reducedf@scaon of time, while the shaft quake
value was assumed to be the same at the end iaf shitving and restrike, with no trend line
over time.

The dynamic test was performed through the Dyndntdeeasing Energy Test (DIET),
proposed by Aoki (1989, 1997), and the CAPWAP asialywas performed through the
procedure proposed by Murakami (2015, 2019).

Moreover, for the case studies, it was observedipeffect on the shaft friction, which
increases its value over time. The set-up effedtthe reduction of the toe quake values over
time influenced the simulated load vs. displacenceinte of the CAPWAP, indicating a stiffer
response for an older pile tested by the dynarsic te

Furthermore, the Davisson Offset was reached enpiles tested at the end of initial
driving for the three case studies. However, theig¥®n Offset was not reached during the
restrike, even though the pile capacity increa3dik fact is evidence that an older pile may
provide a stiffer response.
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