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Back analysis of an instrumented CFA pile in Perth sand
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ABSTRACT: The state government of WA is funding the redevelopment of the Perth Museum, as part of the
cultural precinct within Perth’s CBD. The project includes renovation of the existing heritage structure and the
construction of a new museum space. Due to the large column spacing and significant column loads the structure
is supported on piled foundations. One of the Continuous Flight Auger (CFA) piles was subject to a preliminary
static load test. The test was carried out on a 600 mm diameter pile with a length of 19 m. The ground conditions
at the location of the pile comprised medium dense to very dense sand. Groundwater was encountered at around
12 m below the surface. As a result, the pile toe was embedded below the water table. Whilst the test was carried
out to a value in exceedance of the calculated ultimate geotechnical strength, the pile only displaced 20mm.
Back analysis of the test is presented based on the Chin method of analysis and the Brinch Hansen 80% criteria
method to derive a predicted ultimate capacity. In addition, a back analysis was carried out using D pile, based
on T-Z analysis and base settlement curves to estimate the ultimate geotechnical capacity for a 10% of diameter
failure criteria.

1 INTRODUCTION field test data measured from CPTs and Machine
Boreholes carried out across the site.

Part of the Western Australian Museum in central Table 1. Summary of ground conditions.

Perth is to be demolished and replaced with a new Unit Surface | Average | Average
exhibition centre. Unit Thickness | Elevation | CPT qc SPTN
Continuous Flight Augur (CFA) piles were Upper (m) (mAHD) | (MPa) Value
chosen as the most suitable deep pile installation Sand 8 19 12 N/A
method for the majority of column supports due to Lsoazgr 10 10 25 30

their efficient construction process.

Static pile testing was adopted over dynamic test
methods due to the increased reliability of the
testing and the problems the contractor faced on
previous projects when interpreting dynamic tests
for CFA piles in similar soil conditions.

This paper presents the results of the back-
analysed CFA pile test within Perth Sand to provide
evidence of the excellent performance of CFA piles,
when installed appropriately, within submerged
sands. This has also allowed comparison with a
number of commonly applied CPT design methods.

2  GEOLOGICAL SETTING

At least 30m of sand underlie the site, comprising
deposits from the following geological units
(youngest to oldest): Spearwood Dune Deposits
(Sand), Perth Formation (Sand), Perth Formation
(Silt); and the Mullaloo Sandstone Member (Sand).

The relevant units in the zone of influence of the
test pile are summarised in Table 1, based on typical
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The Upper and Lower Sand were similarly
logged as fine to medium grained, sub angular grey
quartz sands with a trace of silt/clay. The Upper
sand (Spearwood Formation) is pale yellow/yellow,
whilst the Lower Sand (Perth Formation) is pale
grey to grey.

Figure 1 presents the results of a CPT carried out

within approximately 10 m of the test pile.
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Figure 1. CPT carried out close to test pile location. - J {r =
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between CPT and density for aged sands, the upper Figure 2. Auger installation record.
sands can be described as medium dense and the
lower sand as dense to very dense. ;

Groundwater was  encountered  between : . = ™ -
approximately 10m and 12m below the original W UFSEE = | - L
ground surface at a relatively consistent RL of . | B { }
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3 PILE TESTING . Bt :
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The pile test configuration consisted of four l | { {_ s
concrete reaction piles constructed around a single . BN | :
test pile. All four piles were installed using the CFA ‘ B ‘|’ 1 - -~ i
technique. The test pile was installed one day after . 'R l g
the reaction piles and the testing began 9 days after " E | - ‘ _— g
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pile details are summarised in Table 2. o :
Table 2. Test pile details Figure 3. Auger extraction record.
Surface Elevation RL 19.3 Based on the rig installation records, Table 3
summarises the critical installation parameters
Pile Length 19.12m considered significant for the acceptable installation
o of a CFA pile. The parameters are compared to the
Pile Diameter 600 mm
The reaction piles were 18 m in length and

required values as outlined in the Federation of

Piling Specialists ICE Specification for Piling
installed at a distance of around 3.5m from the test (2007).
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Table 3. Summary of Installation Records vs ICE
Specification (2007)

Criteria Description ICE Spec Interpreted
Requirements | value from
records

Penetration Rate >100mm/rev | 200 mm/rev

Concrete over-break 15 to 30% 16.5%

(Overconsumption)

Based on a review of the pile the installation
records and comparing with the ICE specification
the pile appears to have been constructed in line
with best practice. The test results from the pile can
therefore be treated as being reliable for assessment
as a CFA pile constructed with a low level of ground
disturbance.

The general test pile setup, load cell used and
deflection gauge positioning is detailed in Figures 4
to 6.

Figure 6: Deflection gauge setup

3.2 Pile testing procedure

Testing of the pile was carried out 9 days following
installation. The maintained load test was carried
out over a period of 8 hours, with two loading
cycles. The test was held at the maximum test load
of 6,000 kN for a period of 30 minutes.

A continuous load was applied with hold periods
at the full working load, Ps (1,788 kN), the Ultimate
Estimated Pile Capacity, Pg (2,483 kN), 200% Pg
(4,966 kN), and at the maximum allowable test load
of 5,970 kN.

Application of the load was undertaken at 30 kN
per minute and was withdrawn at a rate of 60 kN per
minute.

A summary of the loading applied versus
duration is presented on Figure 5.
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Figure 5. Applied load vs time.

As can be seen from the Figure 5, the working
load of 1,788 kN was held for 60 minutes with all
other subsequent loadings held for a minimum of 30
minutes.

3.3 Pile test results

The test results for the single test pile are presented
in Figures 6 and 7 below. The load settlement graph
on Figure 6 presents the initial load and unload
sequence from Ps to 0 kN, the second load hold
point at Pg, 200% Pg and finally a hold at the
maximum test load.
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Figure 6: Average Head Displacement vs Applied Load
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Figure 7. Average Pile displacements vs Time.

As can be seen from the results above, failure of
the pile was not reached at the maximum allowable
test load. It was not therefore possible to directly
measure the ultimate pile capacity from the static
pile test.

At the end of the pile testing the following
information can be summarised as per Table 4.
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Table 4. Static Load Test Summary

Parameter Value
Maximum Test Load 6,000 kN
Settlement at Maximum Test Load 20mm
Load at Settlement of 15mm (Ps) 5,500 kN
Load at failure settlement (60mm or | Not reached
0.1D)

4 BACK ANALYSIS OF PILES

4.1  Back analysis methods

The back-analysis methods for the failure at pile
load were taken from the recommendations by
Fellenius (Ground Engineering, September 1980).
The Chin and Brinch Hansen 80% criteria statistical
methods were compared in this case and contrasted
with results from the pile analysis software D-Pile.

The Chin method assumes that the shape of the
load movement curve at failure is hyperbolic. The
load values are divided by the corresponding
settlement or movement value and plotted against
the recorded movement. The results, disregarding
the initial values, fall on a straight line and the
inverse slope of this line represents the Chin Failure
load.

The Brinch and Hansen (80% Criteria) method
postulates that the ultimate load is equal to the load
that produces four times the pile settlement at 80%
of that load.

The back analysis using D Pile (Deltares) was
carried out using T-Z curves in combination with
consideration of pile elasticity and base response
using a prescribed base load settlement curve. The
back analysis was carried out using a combination
of typical yield values for sands and correlated
values of shaft and base resistance. The shaft and
base resistance values were modified within
reasonable limits until a close match between the
load test results and the D Pile load settlement
curves were made. Following this the D Pile test
load was increased until the failure point, based on
10% of the pile diameter, was reached.

4.2 Back analysis results

The results of the calculation of the ultimate
geotechnical capacity using the above hand
calculation methods (Chin and Brinch Hansen) are
summarised in Table 5.

It should be noted that the back-analysis methods
by Chin and Brinch Hansen have different
definitions of ultimate failure based on the
construction of the failure curves. Within this paper,
each of the methods have been assessed against a



simple definition of failure as displacement at the
pile head equal to 10% of the pile diameter. This
ignores the elastic shortening of the pile but allows
for a simple and easily comparable definition. The
modified ultimate geotechnical capacity using
interpolation of the curve fitting methods and D Pile
analysis are presented in Table 6. The curves
generated from each of the methods are shown on
Figure 08.

As D Pile relies on the input of shaft resistance
and end bearing capacity, these have been included
in Table 5. The T-Z curves were based on a linear
elastic/plastic response with yield occurring at
3mm. The base response was modelling using the
recommended formation provided in the Dutch
code (NEN 6743, for CFA piles. The curves have a
yield at 20% of the pile diameter.

Table 5: Summary of calculated ultimate capacities
Chin Brinch | D Pile
Hansen

Ultimate  Geotechnical | 9,500 10,500 | 9,400
Capacity (kN)

Geotechnical Capacity at | 8,500 8,900 8,000
10% diameter

Ultimate Shaft | N/A N/A 50-150
Resistance (kPa)

Ultimate Base Resistance | N/A N/A 19.5
(MN) (16.5)*

* Value at 10% Pile Diameter
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Figure 8: Test pile back-analysis chart

5 COMPARISON WITH EMPIRICAL DESIGN
METHODS

Assessment of the CFA design capacities from the
static load testing was compared to estimates of pile
capacity from the in-situ CPT testing.

The methods reviewed for this analysis were
Bustamante (LCPC Method), and the Eurocode 7
method as these both accounted for the CFA method
separately from conventional bored piles.

The following general equations are used in both
of the methods to determine sleeve friction (qs) and
end bearing (gb) from interpretation against various
reduction factors.

q

Eqligs =

Eq2:qy =qca-kc

Where:
gs = Ultimate shaft resistance of pile
qv = Ultimate base resistance of pile
qc = Cone Tip Resistance at depth of pile shaft
qea = Equivalent cone resistance at the pile toe
o = shaft reduction co-efficient
ke = bearing capacity factor

The equivalent cone resistance for calculation of
the base capacity is defined differently within each
of the methods. Figure 9 shows an example of how
the average cone resistance is calculated using the
LCPC method, with “clipping’ of peaks in the CPT
trace as described by Bustamante.

A summary of the reduction factors to apply to
the above equations provided in Table 6 below.
These have been simplified for the purposes of

comparison.

Table 6: Summary of Side and End Bearing Reductions for
CPT methods

Method Bearing Reduction, Shaft Reduction,
(ke) (o)

LCPC

Method 0.3 150

Eurocode 0.4 167

Applying the equations and limitations presented
in Table 6 the following ultimate capacities derived
from empirical methods are provided in Table 7.
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Figure 9: Derivation of Base Capacity using averaging of CPT
Data in LPCP Method (Bustamante, 1982)



Table 7: Unit and Ultimate Pile Capacities based on direct
CPT correlation methods

Estimated Capacities (kPa)

(based on CPT closest to test pile)
LCPC Method Eurocode 7
(Bustamante)

Upper Sand, 60-140* 90*

gs

Lower Sand, 150% 90*

gs

Ultimate

Base 11,000 10,200

Resistance,

qb

Ultimate

Geotechnical

Capacity 7,600 6,100

(kN)

* Capped value based on recommendations within the

method.

The estimated capacities derived from the
Eurocode and LCPC methods differ mainly as a
result of the defined limiting shaft resistance values
in each method. However, both methods provide
significantly lower values of capacity than
interpreted from the test pile.

Based on the D Pile analysis the shaft capacity
appears to be of a similar magnitude, with the
greater capacity from the test pile being achieved
from higher base resistance.

6 CONCLUSIONS

The results of the static load testing undertaken as
part of this assessment show that the CFA piles
constructed within the Perth sands provide a
capacity  exceeding that obtained using
conventional CPT design methods.

Achieving high capacities within the piles
heavily relies on good construction practices during
installation. Large variations are known to occur
within piles that are poorly installed. It is important
to check that all CFA piles have been installed with
working instrumentation and careful execution.

Following installation of all CFA piles, the
designer should review the instrumentation records
to ensure pile construction has been completed to
within industry standard tolerances.
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