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A Case Study in Which a 50cm-Diameter CFA Pile
Showed Low Capacity in the Dynamic Load Test
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ABSTRACT: The Dynamic Load Test (DLT) has been useatldwide due to speed and
economy. Many authors have shown good correlatimetsveen static and dynamic tests.
Moreover, dynamic data collected by the Pile Digvnalyzer (PDA) may be further analyzed
by the signal-matching method to evaluate the sedlistance distribution, toe resistance,
guakes, and damping. The CAPWAP is a software camymosed to perform the signal-
matching method. In this case study, the piles vamsigned to support 280kN, and 50cm-
diameter CFA piles were installed between 4.9m&fd in depth. In addition, the soil profile
indicated sandy clay soil, followed by clayey sitil. Although it was not mandatory according
to the Brazilian specifications (NBR 6122:2022)e tbontractor requested to test four piles
through the DLT, and the final sets were betwe®mf and 8.0mm, which indicates that the
piles reached the ultimate load. The CAPWAP ansilghiowed that the pile EO1 (4.9m depth)
obtained only 246kN, lower than the design loadweler, piles E12 (5.1m depth) and E25
(5.1m depth) reached 680kN and 643kN, respectivEhe longest pile (E35, 7.0m depth)
obtained 553kN. This paper shows the need for tyuadisurance of the deep foundations, even
in small project sites.

KEYWORDS: Dynamic Increasing Energy Test, CFA Rilesw Capacity, Quality Assurance,
Deep Foundations, Small Project Sites
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I ntroduction

The High Strain Dynamic Pile Testing (HSDPT) oe tBynamic Load Test (DLT)
(ASTM D4945; ABNT NBR 13208) aims to evaluate thehitized load at the pile-soil system.
Based on the measurements from strain or force,aandleration, velocity, or displacement
transducers, the dynamic test obtains the forcevatatity induced in a pile during an axial
impact event. The Engineer may analyze the acqudedd using engineering principles and
judgment to evaluate the pile's integrity, the ictpsystem's performance, and the maximum
compressive and tensile stresses occurring irea pil

The signals from the transducers shall be tramsdituring the impact event to an
apparatus for recording, processing, and displagnegdata. The Pile Driving Analyzer (PDA)
is a commonly used device to collect pile datae(Piynamics, Inc., 2009).

Further, the pile data collected are analyzedutn a Signal-Matching Method. The
CAPWAP (Case Pile Wave Analysis Program) is a samftwused to perform Signal-Matching
Analysis (Pile Dynamics, Inc., 2006).

Since the 1980s, numerous authors have shown gmoelations between dynamic and
static load tests (Likins et al., 1982; Fellenitiale 1989; Niyama and Aoki, 1991; Likins et al.,
1996; Murakami, 2015; Murakami et al., 2016, 202@19, 2020). Data quality is a necessity
for a well-adjusted correlation between the te$tee High Strain Dynamic Pile Testing has
been used for decades for quality assurance of fileglations, presenting some advantages
compared to the traditional Static Load Test (ASDIL43M-07; ABNT NBR 16903).

The Brazilian Standard of Deep Foundations NBR26A@22 establishes that static load
tests (SLT) are mandatory in some specific casethd case of Continuous Flight Auger (CFA)
Piles, for example, when the number of piles infthendation design exceeds 100 units or the
allowable stress of the piles exceeds 5.0 MPa,ntandatory to carry out static load tests. The
Brazilian Standard allows the replacement of SLTdypamic load tests (DLT) when the
number of piles is between 100 and 200 units.

2 Objectives

This paper aims to present a case study in whisbcan-diameter CFA pile showed low
capacity in the dynamic load test. The piles weesighed to support a load of 280kN.
Furthermore, one of the piles (E01) reached amat® load of 246kN, resulting in a load lower
than the design load. Although it was not mandasmgording to the Brazilian specifications
(NBR 6122:2022), the contractor requested dynaeststin four piles.

~

Aponte a cdmera do seu
QR Code aolado e salve o
evento na sua agenda

smartphone parao

3 M ethodol ogy

The CFA piles were installed between 4.90m an@rid.@epth, and four piles were tested
by the Dynamic Increasing Energy Test (DIET), prgab by Aoki (1989 and 1997). :
Furthermore, the collected data on force and vglogere analyzed by the CAPWAP. The 3k
RMX vs. DMX curves of the tested piles clearly shitnat the mobilized loads were almost the '__.- o
same, with the increased applied energy to thagildor piles EO1, E12, and E35.
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Case Study

The project site is located in Araras, SP, Brazikl the deep foundations were designed
to support loads from a Water Tank. The projecedaw 44 Continuous Flight Auger (CFA)
piles with 50cm diameter to support compressioddaat 280kN.

The soil profile indicated sandy clay up to 6.88epth, followed by a clayey silt layer up
to 8.60m depth. In addition, the Nspt values insegawith depth, obtaining values between 16
and 27 in the last meters of the boreholes. Thergheater table was not found.

Table 1 shows the pile penetration and the daywedam the pile installation and the
DIET (set-up). It is observed that three piles haalle penetration close to 5m depth, while one
pile had a pile penetration of 7m.

Table 1. Information on the tested piles

: Diameter Set-up
Pile (m) (days) LP (m)
EO1 0.50 25 4.90
E12 0.50 25 5.10
E35 0.50 21 7.00
E37 0.50 21 5.10

Where: LP = pile penetration

Figures 1 to 4 show the collected signals of Fokelocity, and Wave-Up. All the
collected signals indicate a negative Wave Up @ib/c time (“Negative Valley”), which is an
indication of large toe quakes (Likins, 1983; Muaak and Cabette, 2014, 2022). The
CAPWAP analysis confirmed the large toe quakes.

Furthermore, Figure 1 (Pile EO1) shows a negateve-Up from the rise time to
approximately 6L/c time. According to the procedpreposed by Murakami (2015), this fact
indicates low shaft friction. Afterward, the Wave durve turns positive, which indicates the
toe response but is delayed due to the large takegquHowever, the Wave-Up curve after the
6L/c time is low, indicating a low toe resistandhe CAPWAP analysis indicated a low
capacity for pile EO1, as shown in Table 2.

QR Code aolado e salve o
evento na sua agenda

3
o
(7]
o
k]
©
o
)
£
<o
o
o
o
2
c
o
Q
<

smartphone parao

~ 3
. 8
% Avenida Rebougas, 353, Sala 74 A E ‘- Avenida T-9, 2310 - Ed. Inove Inteligent Place
N - Cerqueira César, Sao Paulo/SP, 056401-900 ‘c 4\ Sala B701, Jardim América, Goiania/GO, 74255-220
% = Telefone: (11) 3052-1284 g \—/ E-mail: secretaria@qeeventos.com.br
- B s o:  E-mail: abef@abef.org.br o Eventos Especiais Site: www.qeeventos.com.br

<
=
O
V]
-
(@)
Ll
o
L
<2
<
O
i
a8
()
i
()
wl
O
o
<
a
2
=)
L
wi
a)
<
(2 4
<
T
=
wl
V)
2
Ll
Ll
a)
o
(2 4
<
Z
=
wl
()
o

)



\

g
=z
O
58]
-
(@)
L
o
w
D
<
@)
i
=%
()
i
()
wl
O
(&
<
(@)
2
-
L
wi
(@]
<
(2 4
<
e
2
L
V)
2
58]
w
(@]
o
(2 4
<
Z
=
wl
()
o

9

Realizagao:

24 a 27
outubro/2023
Sao Paulo

300-tons

225—

—————

| e Measured Force at Top
== == ==< Measured Vel'Z at Top
-75[== === Measured Wave Up at Top

-150—

Figure 1. Collected signals of Force, Velocity, &ddve Up Curves (Pile EO1)

Figures 2 to 4 (Piles E12, E35, and E37)) showsatipe Wave Up from the rise time to
2L/c time. According to the procedure proposed hyrdkami (2015), this fact is an indication
of the shaft friction being mobilized, and it ispexted that the shaft friction on those piles
(E12, E35, and E37) would be higher than the pd&,Eas shown in Table 2. Afterward, the
Wave Up curve turns negative up to 6L/c time, whiddicates the toe response but is delayed
due to the large toe quake. However, the Wave Wyecafter the 6L/c time turns positive, and
the Maximum Wave Up is higher on those piles (EE35, and E37) than on pile EO1,
indicating a higher toe resistance. As expected, GAPWAP analyses indicated higher toe
resistance and total capacity for piles E12, ERH,EB37, as shown in Table 2.
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Figure 2. Collected signals of Force, Velocity, &ddve Up Curves (Pile E12)
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Figure 3. Collected signals of Force, Velocity, &ddve Up Curves (Pile E35)
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Figure 4. Collected signals of Force, Velocity, &ddve Up Curves (Pile E37)

24 a 27
outubro/2023
Sao Paulo

Aponte a cdmera do seu
QR Code aolado e salve o
evento na sua agenda

smartphone parao

Table 2 shows the CAPWAP results of the pilesetedty the dynamic increasing test.

The pile EO1, with the lowest pile penetration, the lowest ultimate load (246kN), not [EINFEA

reaching the design load of 280kN. Moreover, pi¢2 and E37 reached the design load withi
the minimal factor of safety defined by the NBR BZ2D22. In contrast, pile E35 had a factor of kws:
safety close to the minimal factor of safety defifey the Brazilian Standard, but it was lower [s]

than 2. All the signal-matching analyses reachgda match quality with values between 1.82

and 2.91.
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Although pile E35 had the longest pile penetratan7.0m, the CAPWAP analysis
indicated a lower RMX value than the other two piith a shorter pile penetration of 5.10m
(piles E12 and E37).

Table 2. CAPWAP results

Drop

. . Set Shaft Match
Pile H(erlr?)ht (mm/blow) JC (kN) Toe (kN) | RU (kN) Quality
EO1 0.40 5.0 0.66 96 150 246 291
E12 0.60 7.0 0.24 270 410 680 2.09
E35 0.80 8.0 0.31 378 174 553 1.82
E37 0.50 8.0 0.42 241 401 643 2.57

Where: JC = Case Damping Factor; RU = CAPWAP UitarLoad

Figure 5 illustrates the RMX vs. DMX curves of thested piles, showing that the
mobilized loads did not increase with the increasgplied energy to the pile top for piles EO1,
E12, and E35. Pile E37 had the RMX values incregsiith the applied energy to the pile top.
However, the pile set was already high on the thiogv (8.0mm/blow).

RMX (kN)
0 200 400 600 800

5
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=—#—E12-LP5.10m
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Figure 5. RMX vs. DMX curves

Figures 6 to 9 show the CAPWAP results for ther flmsted piles: measured force vs. ":_.1
computed force, measured force vs. measured welaiihulated load vs. displacement, shaft®
resistance distribution, and axial force in depthis observed that the Davisson Offset is
reached in all the piles tested by the dynamistaisthe maximum load in this project site.
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Figure 6. Simulated load vs. displacement curvin@fCAPWAP (Pile EO1)
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Figure 7. Simulated load vs. displacement curvh@iCAPWAP (Pile E12)
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Figure 9. Simulated load vs. displacement curvih@fCAPWAP (Pile E37)
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Conclusions

Usually, a 50cm-diameter CFA pile is designed upport higher loads than 280kN.
However, this project site foresaw this pile type & load of 280kN. Based on the number of
piles on this project site or the allowable strebshe pile, it was not mandatory to perform
static load tests or dynamic tests. Nonethelegss¢tmtractor requested four dynamic load tests
on the piles.

The CAPWAP analysis showed that the pile EO1 (4d#pth) obtained only 246kN,
lower than the designed load. However, piles E12n{5depth) and E25 (5.1m depth) reached
680kN and 643kN, respectively. The most extendéel (@35, 7.0m depth) obtained 553kN.
This paper shows the need for quality assuran¢heotleep foundations, even in small project
sites, that are not mandatory according to theiBxazStandard.
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