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ABSTRACT: The concept of Match Quality of Settlertee(Murakami 2015, 2019) to correlate
static and dynamic load tests has been used ieréift pile types, presenting some advantages
compared to the traditional method to correlatéhliests. This paper shows a case study in
which 29.5 cm-square precast concrete piles weverdthrough a soft soil layer (32m depth),
followed by a sandy soil where the pile toes wardbedded (36m depth). The designed load
was 110 tons. Furthermore, the static load tet gT01) was performed to reach the ultimate
load through the slow maintained load, followed thg quick test. However, due to safety
conditions, the load test was unloaded, and thedsgxthe load test was performed through the
quick test and reached 242 tons. The pile brokenwhe load test reached the maximum load.
The dynamic test (pile E220) reached 250 tons. ltimate load was not observed in both
tests, and the Modified Davisson proposed by MuraK2015) was used to compare the tests.
Furthermore, the Rand the alpha values of the Match Quality of Seténts were close to the
unit, indicating a good correlation between bogige

KEYWORDS: Static Load Test, Dynamic Load Test, BstcConcrete Piles, Match Quality of
Settlements, Soft Soil, Modified Davisson Offset
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I ntroduction

The High Strain Dynamic Pile Testing (HSDPT) oe tBynamic Load Test (DLT)
(ASTM D4945, NBR 13208) intends to determine the papacity and the pile shaft integrity.
In the field, measurements are done from strainfooce and acceleration, velocity, or
displacement transducers. Moreover, the DLT cdl¢lae force and velocity induced in a pile
during a centric impact load from a pair of sensattsiched to the pile. The Pile Testing
Engineer may use engineering principles and judgteecheck out the captured data to inspect
the impedance changes along the pile shaft, theiexf€y of the hammer used to produce
impact loads, and the peak tensile and compresgigsses appearing in a pile during the event.

The transducers’ signals shall be transferrechatrboment of the impact load to the
device for recording, processing, and displayiregdhta. The Pile Driving Analyzer (PDA) is a
frequently used equipment to attain dynamic daile (®Jynamics, Inc, 2009).

Moreover, the dynamic data collected are analyhedugh a signal-matching Method.
The CAPWAP (Case Pile Wave Analysis Program) iofansre commonly used for signal-
matching analysis (Pile Dynamics, Inc, 2006).

Good correlations between dynamic and static tead(SLT) (ASTM D1143M-07, NBR
16903) results have been observed since the 1980arus authors. The SLT and HSDPT
results are traditionally compared through the Bsom Offset Limit Load (1972). When the
deep foundation displacement is insufficient tachethis limit load, Murakami (2015) proposed
the Modified Davisson Limit Load.

Besides, Murakami (2015) proposed a new proceitimoaigh which the signal-matching
analysis may be performed in the dynamic increasimgrgy test (DIET) (Aoki, 1989, 1997)
based on the Concept of Match Quality of Settlesiant two boundary conditions.

Murakami (2019) proposed the use of the minor iptssshaft quake to access the best
traditional match quality, matching the slope o fhile top load versus the settlement curve at
the early loads. Besides, Murakami (2019) prop@sgdaphical solution for the Match Quality
of Settlements, plotting the settlement of the HE@RAd the SLT for each load increment of the
SLT. The graph will show several points whose lirteand line passes through the origin (Eq.
1):

Y =ax X 1)

~

The closer thel and coefficient of determination {Rare to the unit, the better the Match
Quality of Settlements will be. Initially, the predure proposed by Murakami (2015) through
the Concept of Match Quality of Settlements shogedd correlations with SLTs for precast
concrete piles (Murakami, 2015, Murakami et al.1&0 However, in the following years, it
was observed that the MQoncept also applies to other pile types, for glamsteel
(Murakami et al., 2018), CFA (Murakami, 2019), d&rdnki piles (Murakami et al., 2020).
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2 Objectives

This paper aims to show a case study in which @98quare precast concrete piles '_.-:h i
driven through a soft soil layer (32m depth), feléml by a sandy soil where the pile toes were= "™
embedded (38m depth). It is shown a comparisondeivthe static load test (pile ET01) and
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the dynamic load test (pile E220). In addition, dietance between the tests was about 12m.

3 M ethodol ogy

The piles were designed to support loads of 1&6 fmm the structure. Furthermore, the
static load test (pile ET01) was performed to redol ultimate load through the slow
maintained load, followed by the quick test. Howewdeie to safety conditions, the load test was
unloaded, and the next day the load test was peefdithrough the quick test and reached 242
tons. The pile broke when the load test reachedragimum load. The dynamic test (pile
E220) reached 250 tons. In both tests, the ultinead was not observed. Traditionally, the
Davisson Offset Limit Load is used to correlate tatic and dynamic tests. However, this
Limit Load was not reached on the tests due to allstme displacement, and the Modified
Davisson proposed by Murakami (2015) was used teelkxte the tests. Moreover, thé &d
the a values of the Match Quality of Settlements wereselto the unit, indicating a good
correlation between both tests.

4 Case Study

The project site was located in Sdo Vicente, S@ziB and the deep foundations were
designed to support loads from a 29-floor buildife project foresaw 29.5 cm-square precast
concrete piles for a design load of 110 tons. Titespvere 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).

Moreover, the static load test (pile ET01) wasfqrened to reach the ultimate load
through the slow maintained load, followed by theick test. However, due to safety
conditions, the load test was unloaded, and thedsgxthe load test was performed through the
quick test and reached 242 tons. The pile brokenvthe load test reached the maximum load,
as shown in Figures 1 and 2, and the extensiomefdamage was 1.2 m in depth. Table 1
shows more information on the piles tested by the @ile ET01) and DLT (pile E220).
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Figure 2. The extension of the damage on pile ETOL.
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Table 1. Information on the SLT (pile ET01) and RBAAP (pile E220)

Pile Cross-Sectional Pile penetration (LP) Set-Up (days)
(m)
ETO1 (SLT) 29.5 cm Square 38.0 10
E220 (CAPWAP) 29.5 cm Square 38.0 24
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The dynamic test was performed according to theayic Increasing Energy Test (Aoki,
1989, 1997), and the maximum drop height was 1.2Bigure 3 shows the collected signals of
Force, Velocity, and Wave Up (pile E220) for theximaum drop height. In addition, the signal-
matching analysis was performed according to tloeguure proposed by Murakami (2015)
through the Concept of Match Quality of SettleméMarakami, 2015, 2019).

Figure 4 shows the load vs. settlement curves®f3LT (pile ET01) and the CAPWAP
(pile E220). The maximum load in the SLT was 24@stfor a pile settlement of 28.33mm); in
the CAPWAP, it was 250 tons for a pile settlemdr240mm. It may be observed that the toe
displacement was not sufficient to reach the Davissffset or the NBR 6122 criteria. In this
case, the Modified Davisson proposed by Muraka@i$ was used to correlate both tests, and
the results were: 220 tons for the SLT (pile ET&49l 250 tons for the CAPWAP (pile E220).

As expected, the CAPWAP (pile E220) showed aestifésponse at the design load of
110 tons, with a pile settlement of 7.64mm, white tSLT indicated a pile settlement of
9.30mm at the design load. The pile tested by ymauahic test was tested 24 days after the pile
installation, and the SLT was tested 10 days dlffterpile installation. Once the pile tested by
the dynamic test is older than the SLT, the dynaest may demonstrate a stiffer response, as
observed by Murakami and Cabette (2014, 2022).eT@bshows a comparison between the
SLT and the CAPWAP.

300-tons

Measured Force at Top \

— — — - Measured Vel*Z at Top \ /

----- Measured Wave Up at Top \ 4
;

Figure 3. Force, Velocity, and Wave Up vs. timeg(jii220)
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Load (tf)
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Figure 4. Load vs. Settlement curves of the SLTe(RpiT01) and CAPWAP (pile E220)

Table 2. Comparison of the SLT (pile ET01) and CAMR\(pile E220)

Maximum Maximum Settlement at the Pile Modified Davisson
Pile Load Settlemen  design load of  Stiffness
(tons) (%)
(tons) t (mm) 110 tons (mm) (tons/mm)

ETOL (SLT) 242 28.33 9.30 1183 220 -
E220
(CAPWAP) 250 27.40 7.64 1440 250  +136

Figure 5 shows the Match Quality of Settlemeritss lobserved that the and R are
close to the unit (0.8128 and 0.9981, respectivétpwever, as commented before, due to the
time between the tests being different, then, éxpected a stiffer response for the DLT. This
fact would explain why tha value is lower than one.
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Figure 5. Match Quality of Settlements
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Once the SLT did not reach the ultimate load, tinerload vs. settlement of the SLT was
extrapolated to predict the ultimate load, as shawiiable 3. It was used three methods to
extrapolate the ultimate load: Decourt (1999, 20@)in-Kondner (1970, 1971), and Veen
(1953).

As expected, the Decourt (1999, 2008) and Chindken (1970, 1971) results were
close, obtaining ultimate loads of 460 tons and #8®, respectively, while the Veen (1953)
result was 343 tons. Although the Veen Method ()}9B8dicated a lower ultimate load, the
Davisson Offset Limit Load and the NBR 6122 criiewere close for the three Extrapolation
Methods.

Table 3. Extrapolation of the SLT results (pileC®&]

Decourt Extrapolation Chin-Kondner Veen Extrapolation

Pile (tons) Extrapolation
RU Davisson NBR RU Davisson NBR RU  Davisson NBR
6122 6122 6122

ETO1 460 264 282 469 264 283 343 264 285
(SLT)

Figure 6 shows the extrapolated load vs. settléroarve predicted by the Decourt
Method (1999, 2008). It may be observed that théid3an Offset was reached at 264 tons, and
the NBR 6122 criteria was reached at 282 tons.

Load (tf)
0,00 50,00 100,00 150,00 200,00 250,00 300,00 350,00

0,00
10,00
E 20,00
E
s
$ 30,00 et~
£ e SLTETOL 1 T e 1. m 263 if
£ 40.00 B Decourt Extrapolation tee.
g™ PDA E220 282 tf
= = = Modified Davisson -
50,00 == « «Davisson n
"""" NBR 6122 |
60,00

Figure 6. Decourt Extrapolation of the SLT (pile®&)
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Figure 7 shows the extrapolated load vs. settlémanve predicted by the Chin-Kondner
Method (1971). It may be observed that the Davi€tfeet was reached at 264 tons, and theIEI .
NBR 6122 criteria was reached at 283 tons. T P
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Load (tf)
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Figure 7. Chin Extrapolation of the SLT (pile ET01)

Figure 8 shows the extrapolated load vs. settl¢menve predicted by the Veen Method
(1953). It may be observed that the Davisson Offset reached at 264 tons, and the NBR 6122
criteria was reached at 285 tons.
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Figure 8. Veen Extrapolation of the SLT (pile ET01) $oot
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This paper presented a case study in which 29-8qurare precast concrete piles were[E]yL:%
driven by a 6-ton drop hammer installed through slaly followed by sandy soil where the toe &z
of the piles was embedded (38m depth). L

The piles were designed to support loads of 146 fm the structure. Furthermore, the -"' 'z
static load test (pile ET01) was performed to rehehultimate load, and the quick test reached
242 tons. The pile broke when the load test reathednaximum load. The dynamic test (pile
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E220) reached 250 tons. In both tests, the ultin@d was not observed. Traditionally, the
Davisson Offset Limit Load is used to correlate #tatic and dynamic tests. However, this
Limit Load was not reached on the tests due to allsime displacement, and the Modified
Davisson proposed by Murakami (2015) was usedti@lete the tests.

Moreover, a good Match Quality of Settlements (dkami, 2015, 2019) close to the unit
was observed, wittt and R of 0.8128 and 0.9981, respectively. As expectesifier response
was observed on the CAPWAP’s load vs. settlementecance the DLT was performed 24
days after the pile installation, while the SLT wasformed 10 days after the pile installation.
This fact would explaim value lower than one. In addition, the Modifiedvi3son proposed by
Murakami (2015) indicated a load of 220 tons fag ®LT (pile ET01) and 250 tons for the
CAPWAP (pile E220).
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