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The Influence of The Load Measurement Method in The
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ABSTRACT: The same Static Load Test (SLT) can hmrasented by three different load vs.
settlement curves: Load Cell (LC), Manometer (M&)d Theoretical SLT (TH) (Murakami et
al., 2020a, 2022). Therefore, the analysis of thd Siill be different depending on the
corresponding curve used in the analysis, for examgxtrapolation methods. This paper
presents a case study in which the same pile steed tested by the SLT and the Dynamic
Load Test (DLT). The load measurement method inSh& was done by a Load Cell and
Manometer, and the results were extrapolated byWVdne der Veen Method. The Modified
Davisson Offset (Murakami, 2015) and the Match @uaif Settlements (MQ (Murakami,
2019) were used to correlate both tests. As exgetite results were: a) LC curve (7290 kN)
had the best correlation with the DLT (7880 kNYdeof -8.0%), b) MA curve (8550 kN) over-
predicted the load compared to the DLT (7740 kNjofeof + 9.5%), ¢) TH curve (7180 kN)
under-predicted the load compared to the DLT (78D (error of -9.8%). Moreover, the LC
curve had the best alpha angdRthe MQ, indicating a better correlation with the DLT.

KEYWORDS: Static Load Test, Manometer, Load CellynBmic Load Test, Modified
Davisson Offset, Match Quality of Settlements
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I ntroduction

The static load test (SLT) in piles may provide txial force applied at the top of the
pile and its corresponding displacement. Accordimgdhe ABNT NBR 16903, the measured
load may be done through a calibrated Manometer boad Cell installed in series with the
hydraulic jack. However, according to the ASTM D31# the maximum test load exceeds 900
kN, place a properly constructed load cell or egl@mt device in series with each hydraulic
jack. In addition, some authors observed that dlael Imeasured through the Manometer over-
predicts the applied load, caused mainly by friciioside the jack due to unavoidable eccentric
and inclined loading (Fellenius, 1984; Velloso &mges, 2010; Murakami et al., 2020).

Murakami et al. (2020a) concluded that the errbithe load measured through the
Manometer depends on numerous factors: eccentitt, loclined load, the inclination of the
reaction beams, and the inclination of the pile.dagr the same load test, three different
possible curves can represent the pile behavicerd#pg on the measurement method: a) Load
Cell (LC), b) Manometer (MA), and c) Theoretical S[TH). More details on the background
related to the friction inside the jack can be fumMurakami et at. (2020a).

The Theoretical SLT (TH) represents a load testhith the manometer pressure is used
as a reference to measure the load. Then, theappdied load is reduced due to the friction
inside the hydraulic jack. In addition, the errdrtioe load measured through the Manometer
varies along with the load test, and it may aftbetTH curve as well as the extrapolation of the
ultimate load, as shown in case studies publishetflbrakami et al. (2022). Moreover, the
three different possible curves for each pile weet@apolated, and the results obtained from the
extrapolation methods showed a wide range of vatudge same pile.

However, in the piles studied by Murakami et @D20a), the manometer error was not
linear along the SLT, which indicates uncertaintytioe applied load during the SLT when the
Manometer is used as a reference to measure thiedajgad.

The High Strain Dynamic Pile Testing (HSDPT) oe tBynamic Load Test (DLT)
(ASTM D4945, NBR 13208) has been performed intezigiworldwide due to the speed and
economy of its execution. Since the 1980s, manyaaathave shown good correlations between
the DLT and the static loading test (SLT), suchMagrakami et al. (2018, 2019, 2020b).
Furthermore, the results are traditionally compatbrbugh the Davisson Offset (1972),
requiring a minimal toe displacement.

In some cases, the maximum settlement of thegpiet sufficient to reach the Davisson
Offset in the DLT or the SLT. In this case, Murakg@015) proposed the Modified Davisson
Offset (Figure 1), which is a parallel line to thaftthe original method, passing through the
lowest settlement between the maximum values obttieand SLT curves.

Murakami (2015) proposed a new procedure to pertbe CAPWAP analysis (Case Pile
Wave Analysis Program) (Pile Dynamics, Inc., 20b&¥ed on the determination of the shaft
quake value of the pile (Murakami and Massad, 2@D4,6) through the Concept of Match
Quality of Settlements (M§) (Murakami, 2015).

Murakami (2019) improved the M@oncept with a graphical solution that correldbes
settlement of the static loading test with thelsetént predicted by the CAPWAP for each load g FE&R5
increment of the SLT. The chart shows a seriesaifitp whose trend line is given by an Yefminet
expression passing through the origin (1): 5P
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The closer the value af and the coefficient of determinationzyRire to the unit, the
better the match quality of settlements will be.

2 Objectives

This paper aims to present a case study in wihiersame pile (steel) was tested by the
Static Load Test (SLT) and the Dynamic Load TedtTp It is shown in this paper that the
load vs. settlement of the SLT may diverge from DIeT curve depending on the load
measurement method in the SLT.

3 M ethodology

The load measurement method in the SLT was doreellmad Cell and Manometer, and
the results were extrapolated by the Van der Veathdtl. The Modified Davisson Offset
(Murakami, 2015) and the Match Quality of SettletsgiMQs) (Murakami, 2019) were used to
correlate both tests. The three possible SLT cumee compared to the DLT: Load Cell (LC),
Manometer (MA), and Theoretical SLT (TH) (Murakamtial., 2020a, 2022).

4 Case Study

The Deep Foundations of this case study are patheoexpansion of a seaport project
located in Itapoa, SC (Murakami et al., 2018). Hiis is an offshore project where open-ended
steel pipe piles were driven to approximately 30mptd using a vibratory hammer.
Subsequently, the piles were driven to refusal quginl4-ton hydraulic hammer, achieving
lengths of approximately 40m.

The project foresaw piles with a diameter of 1dmd a wall thickness of 9.5mm.

The boreholes indicated a water layer thicknesgpgroximately 18m, followed by
alternating layers of very soft to medium silty ycland loose to compact clayey sand until
approximately 30m depth. Below these layers, threlimes detected a layer of hard sandy clay
until approximately 39m depth, followed by a lapércompact to very compact silty sand until
the limit of the test at 56m depth.

The dynamic increasing energy test (DIET) (Aoki82, 1997) was conducted at the end
of initial driving (EOID) and the beginning of rege after 15 days (BOR15). The static load
test (SLT), performed on the same pile as the dyméast, was carried out in two cycles (slow
maintained load). The first cycle, with five loattiements, reached 370tf and was conducted
after 13 days of the initial driving. Furthermoxeith eight load increments, the second cycle
reached up to 592tf and was conducted after 14 afaye initial driving.

The CAPWAP analyses were performed through theguhare proposed by Murakami
(2015, 2019)
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41 Load Cdl

Figure 1 shows the correlation between the SLTa{l.Gell) and the DLT. Due to a small
toe displacement, the Davisson Offset was not exhciihen, the Modified Davisson Offset
(Murakami, 2015) was used to correlate both tésis.the SLT, the Modified Davisson Offset
indicated 729 tons, while for the CAPWAP, it was8#8ns. The difference between the tests
was +59 tons (+8,1%). Moreover, both tests dematetrgood agreement through the MQ
(Figure 2) witha and R close to the unit (0.9939 and 0.9938, respecijvely
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42 Manometer

Figure 3 shows the correlation between the SLTn@aeter) and the DLT. Due to a
small toe displacement, the Davisson Offset wasreathed. Then, the Modified Davisson
Offset (Murakami, 2015) was used to correlate hegits. For the SLT, the Modified Davisson
Offset indicated 855 tons, while for the CAPWAPwis 774 tons. The difference between the
tests was -81 tons (-9,47%). Moreover, comparettidoLoad Cell, the SLT curve determined
by the Manometer demonstrated worse agreementghrthe MQ (Figure 4) witha and R
equal to 1.0864 and 0.9921, respectively.
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4.3 Theoretical

Figure 5 shows the correlation between the SLTe(fétical) and the DLT. Due to a
small toe displacement, the Davisson Offset wasreathed. Then, the Modified Davisson
Offset (Murakami, 2015) was used to correlate hegits. For the SLT, the Modified Davisson
Offset indicated 718 tons, while for the CAPWAPwis 788 tons. The difference between the
tests was +70 tons (+9,75%). Moreover, comparatigd_oad Cell, the SLT curve determined
by the Theoretical Curve demonstrated worse agmeethmwugh the MQ(Figure 6) witha and
R? equal to 0.9291 and 0.9942, respectively.
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4.3 Comparison between SLT and CAPWAP

Table 1 compares the SLT for the three CurvesdL©ell, Manometer, and Theoretical)
and the CAPWAP. The correlation through the Modifi2avisson Offset (Murakami, 2015)
indicated that the Load Cell provided a better elation with the CAPWAP than the other SLT
curves (Manometer and Theoretical). In additiorg ttoad Cell also demonstrated a better
correlation through the M&concept, obtainingt and R close to the unit. This fact indicates
that the pile settlements of both tests are closedich load increment of the SLT. On the other
hand, the Manometer curve (SLT) showedvalue higher than one, indicating higher pile
settlements for the CAPWAP than the Manometer ctioveeach load increment of the SLT.
Moreover, the Theoretical Curve (SLT) showedalue lower than one, indicating lower pile
settlements for the CAPWAP than the Theoreticatedor each load increment of the SLT.

Table 1. Comparison of the results

Modified Davisson (tf) MQ
SLT Type SLT CAPWAP | Error (%) «a R?
Load Cell 729 788 8.09 0.9939 0.9938
Manometer 855 774 -9.47 1.0864 0.9921
Theoretical 718 788 9.75 0.9291 0.9942

outubro/2023

Furthermore, Table 1 and Figures 1 to 6 clearbwsthat the SLT may provide different
load vs. settlement curves depending on the loasarement method. In addition, although the
SLT was the same, three possible curves (Load Melhometer, and Theoretical) represented
three different correlations with the CAPWAP curve.

5 Conclusions

This paper showed that the same Static Load Bist)(may be represented by three
possible curves, depending on the load measuremettiod (Load Cell, Manometer, and
Theoretical). Moreover, for the same SLT, there ewthree different correlations with the
CAPWAP.

Compared to the Manometer and Theoretical CurvehefSLT, the Load Cell Curve
provided a better correlation with the CAPWAP, ooy by the Modified Davisson Offset
(Murakami, 2015) but also through the M@oncept, obtainingr and R close to the unit,
which indicates that the pile settlements of bettts are close for each load increment of the
SLT.

This paper clearly shows that the load measuremetitod may affect the quality of the
SLT, and also it may affect the correlation wite fbynamic Load Test.
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