286

METHODOLOGY TO DEMONSTRATE PILE CAPACITY
IN RELAXING GROUND

T. A. Peirig, B. Morri’, R. Kelly*, K. Char}

'Coffey Geotechnics, Sydney, Australia
YE-mail: Ashok.Peiris@leicon.com.au, Ashok_Peiris@gocom

2SMEC, Sydney, Australia

3GHD, Sydney, Australia (Formerly Coffey Geotechn®gdney, Australia)

Abstract: Driven pre-stressed concrete piles have been uwsadf@undation system to support abutments and
piers of a bridge constructed near Ballina in NesutS§ Wales, Australia. In order to achieve the nexl
geotechnical capacity, the piles were requiredetativen through soft clay and sand to moderatedgthered
rock. Pile Driving Analyser (PDA) testing togetheith CAPWAP analysis was performed to assess the
integrity and geotechnical capacity of the drivélep Pile damage was observed during driving. pfevent
damage a rock shoe was retrofitted to the pilesr pol installation. Reductions in pile capacity (elaxation)
were observed between end of drive (EOD) and tatgrike testing (RST). A substantial amount afiidnal

pile testing was performed at different times afteving to assess the changes in pile capacity twe. Most
piles were re-driven to achieve higher capacityle apacity could not be achieved in one pier additional
piles were installed to reduce the required pi f@ad

Keywords: Water Conservation, Rainwater, Harvesting

1. Introduction

Twin bridges have been constructed as part of tiknB Bypass Project. The bridges extend over a
length of approximately 133m (between centrelinesitmutments). Each bridge has four spans of
approximately 33m length with a carriageway width atbout 10.5m. The bridge alignment is
generally orientated on a north-south bearing egéwarine and alluvial soil deposits.

The adopted foundation system for the bridges cm®gr550mm octagonal pre-stressed concrete
piles. One row of 7 piles was adopted for the aleuiisand two rows with 5 piles in each row in a
staggered configuration were adopted for the piersorder to achieve the required geotechnical
capacity, piles were driven into moderately weatbdyedrock.

Some of the piles were damaged during driving. Taese of damage and method used to avoid
damage in piles is discussed in the following st

In addition, reductions in pile capacity (or relagn) were observed between PDA end of drive
(EOD) and restrike testing (RST) for many of théegi Data showing relaxation with time are
presented and potential mechanisms for relaxatisoudsed. Methods adopted to overcome pile
relaxation and testing performed to meet acceptantia are discussed.

2. Geological conditions and Model

Subsurface ground conditions have been assessahmiehole drilling and cone penetration testing.
The investigation results indicate that the twiidges are underlain by Holocene age estuarine clay
deposits overlying Pleistocene age sand, stiff,desidual soils and weathered Argillite (interbedd
metasiltstone / metasandstone).

The underlying Argillite is a fine grained interlulstl metasiltstone and metasandstone. The Argillite
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can be divided into three sub-units; decomposegsclaighly to moderately weathered Argillite and
slightly weathered to fresh Argillite. A long siet showing the ground conditions is presented in
Figure 1.

The bridge is oriented in a north-south directiofo the west of the bridge lies a hillside thatsdip
steeply toward the bridge location and continuedipdrom west to east beneath the bridge location.
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Figure 1.Geological long section

The geotechnical model developed for pile desigrPier 2 (northbound) is presented in Table 1 to
provide an indication of the soil and rock propestiThe geotechnical model shows that the majority
of the pile resistance comes from end bearing.

Table 1:Geotechnical model for pile design

Soil Reduced Description Undrained Ultimate Ultimate Base

unit Level at Shear Skin Resistance,f
Top of Strength, Friction, f (MPa)
Unit (m) Cu (MPa)
(kPa)
Very soft
Unit high
od 94 plasticity silty 0.01 -
clay.
Unit Loose silty
3b -5.1 sand. - 0.02 -
Usnait 81 Firm clay o5 0.03 )
Unit 141 Stiff to hard 150 0.06 i
5b clay
Highly to
Unit medium
8b 181 \yeathered i 05 15
Argillite
3. Pile Type

The foundation system for each support comprise@hB octagonal driven pre-stressed concrete
piles with a precast conical driving tip. Figurstiws the geometry of the pile.
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Figure 2:  Precast Octagonal Pile Details

4. Hammer details

Due to the close proximity of the bridge piershe treek edge a conventional piling rig was unable
to be utilised due to potential instability withthe near surface soft ground. For the purpose of
positioning heavy plant away from the creek edgeptites were driven using a free hammer attached
to a modified 50t crawler crane.

The hammer used for this operation was a 6t hydraalmmer. It applied up to 55kJ of energy with a

1m drop. Sets measured manually varied from 3mm/ixdo0.5mm/blow at end of drive (EOD).

5. Testing methodology

Project specific QA specifications cited that 10¢pibes (at least 1 test per pier or abutment) &hou
be dynamically tested at EOD and upon re-strikeT)RS8ith CAPWAP signal matching analysis.
RST testing is performed a minimum of 12 hours pastallation. These piles are termed as
representative piles and are driven prior to tmeaiader of the pile group. The remaining produttio
piles were then installed to the driving paramesetsby the representative pile.

In addition to the representative pile testing dditonal 5% of the remaining production piles were
required to be dynamically tested on RST with CAPR\&ignal matching analysis.

Acceptance criteria for pile test loads (or pil@aeity) are also stipulated in the project speatfans
that “the acceptance criteria for a restrike testaile are that the driven parameters achievest mu
be equal or better than those measured at thefatriVimg and the distribution of resistance aldhg
pile must be effectively unchanged”. Accordinghe specification, piles with lower capacity at RST
than EOD cannot be accepted.

Australian Standard AS2159 allows the geotechrst&ngth reduction factoxy) to vary with the
amount of testing performed. Based on the abovetqua of testing@,=0.8 was adopted for the
heaviest loaded piles in the group amg0.7 for the remainder of the piles in the groupeT
maximum pile test load to be achieved was 3966kN alh piles were intended to be driven to
achieve this capacity.

6. Pile damage and integrity testing

Representative piles S2-1 (i.e. Pile No. 1 of F¥2) and S2-10 were installed and PDA tested at
EOD. The PDA equipment calculates an integritydactlled BETA. This is based on the change of
impedance from one section of the pile to anothet i an indication of the reduction in cross
sectional area of the pile (Webster, 1996). ThéRBta showed that the piles had BETA values of
57% and 78% respectively. The BETA value alone n@isthe sole indication of pile integrity but
was rather used as a guide together with reviewieg force-velocity curve that a pile may be
undergoing bending and subsequent loss of integtitg given point during the driving process.
These BETA values together with a review of PDAadedicated that the piles were broken and
damaged respectively. PDA testing on these piles applied after the pile had been driven some
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distance into the founding stratum and so the stgdriving where damage initiated was not
identifiable.

For the remainder of the piles PDA testing wasidted early in the drive whilst the pile was still
being driven through the upper weak soil layergs Tvas undertaken to allow real time monitoring of
the pile integrity and inferred capacity as theepide penetrated the founding stratum. For ea&h pil
the force-velocity curve of the dynamic impact waswed for each blow and an assessment of the
pile integrity was made as the pile was being ifesta

Additional boreholes were drilled at Pier 2 to hat investigate the ground conditions and to gain
understanding of the bedrock conditions across Riefhe subsurface profile was identified to
generally consist of weak upper soil layers followsy a rapid transition into high strength bedrock.
Following a review of the borehole information aiheé PDA data on initial S2 piles it was assessed
that these piles may have been damaged as a oésutendency for the conical driving shoe to slip
down the surface of the bedrock prior to penetgative founding stratum. Bending is likely to occur
in the pile between the free tip and the pile béirlyl within a guide frame at ground surface leitel.
was assessed that there was a high level of righled in Pier N2 and S2 groups being subjected to
this mechanism and remedial action would be necgssanable the pile to drive vertically into the
founding stratum.

The original conical driving shoe was not suitatieallow the pile to vertically penetrate such a
distinct bedrock surface. A steel rock driving shees introduced which would encase the pile toe
and provide a pile base surface that would minirtiiseopportunity for the pile toe to deviate framn i
position caused by following the contours of thdroek.

The conical toe of all piles thereafter was cuttofuit the expected founding level. The purpdse o
this was to remove any unnecessary length of pdernay “whip” during driving caused by the effect
of the hammer impact and the low resistance instbak upper soil layers. It was not clear that pile
whip was affecting the pile capacity but the pikesre cut as short as possible to minimise potential
whip effects. The piles were then subsequentlsofitied with a pre-fabricated steel rock driving
shoe which comprised of a steel sleeve and amtiffesteel end plate fitted to the end of the iag
epoxy resin. Figures 3 and 4 show section and emaildespectively of the modified rock driving
shoe.
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Figure 3:  Rock Driving Shoe Section
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Figure 4:  Rock Driving Shoe Details
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Review of PDA test data during installation and seduent review of CAPWAP signal matching
analysis showed that the integrity of the modifigldés was good with BETA values of 100% on all
tests. Following adoption of the revised rock ihgyvshoe no loss of integrity was observed in any o
the piles.

7. Pile Relaxation
Observations of Relaxation

Pier 3 piles were the first piles to be installadttee bridge and it was at this location that pile
relaxation was identified. These piles did notéh@voblems with integrity during driving and were
installed using the conical tip. Pier 3 piles weriginally driven to just beyond the pile testdioand
upon RST testing were found to have relaxed belog test load. Piles were then subjected to
additional driving to significantly higher capaetti in excess of the pile test load to accountHer t
extent of relaxation.

Given the experiences of pile capacity relaxatibPiar 3 the approach for driving Pier 2 piles was
adopted such that piles would be over driven tooact for the extent of relaxation. In the
northbound Pier, piles N2-1, N2-3 and N2-5 weredeld for extensive PDA testing over time since
their locations span the Pier N2 pile group andsigi® a reasonable representation of the relaxation
behaviour. These piles were driven to final EOD agaties between 4,490kN and 4,670kN. RST
testing was performed over a period of up to 63sdakiich showed that the piles had relaxed then
stabilised in capacity. Results of the testingsdrewn in Fiure 5. The maximum measured relaxation
was 840kN. CAPWAP analysis was performed on saletésts and the analyses demonstrated
similar capacity to PDA estimates. The resultsestihg show that relaxation did occur however the
final pile capacities were in excess of the indistipile test load. Once it was assessed that piées
relaxing, the piles were driven to achieve a PDdfiestimated capacity in excess of the requirkd pi
test load. In some cases piles were re-driven uprtdo achieve the desired PDA inferred capacity
which was up to 1500kN above the individual pilsttead. Samson and Authier (1986) report a case
where piles were re-driven up to 0.3m at RST tairethe required pile resistance.

4800

4600

4400

.
200 V
4000

3800

Pile Capacity (kN)

3600

3400 -+
0 10 20 30 40 50 60 70

Days Since EOD (days)

‘ ——N2-1 —8—N2-3 —¢—N2-5 ‘

Figure 5. N2 Relaxation Behaviour

In the southbound pier, piles S2-5 and S2-10 welectd for extensive testing as they had the lbwes
PDA capacities at EOD. Piles S2-3, S2-6 and S2+& akso selected for additional PDA testing over
time due to their locations along the pier grougd #ius providing a reasonable representation of the
relaxation behaviour. CAPWAP analysis was performmd selected tests and the analyses
demonstrated similar capacity to PDA estimates. rEselts of testing show that relaxation occurred
and that the final pile capacities were in excdgh® individual pile test load. Figure 6 illusteatthe
pile relaxation behaviour of Pier S2 piles and destiates the trend for stabilisation of relaxation
with time.
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Figure 6: S2 Relaxation Behaviour

The available PDA data shows relaxation occurringr @pproximately 20-30 days before stabilising.
The CAPWAP analyses for tested piles suggestedréhatation occurred on the shaft capacity and
conversely the base capacity increased with tinghaw/n in Figure 7a and Figure 7b respectively.
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Figure 7a: Pier 2 Shaft Capacity Change with Time
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Figure 7b: Pier 2 Base Capacity Change with Time

Potential Reasons for Relaxation

An assessment of reductions in pile capacity betw&i@A EOD and 1st RST testing of pier piles is
presented in Table 2. Table 2 illustrates simitdaxation range (as a percentage) for all pierspile
Given that the conical shoe was used in Pier 3tlamdock shoe used in the other piers it appeaits th
the type of driving shoe did not affect pile relaaa.

Moller and Bergdahl (1981) suggested that duringimy displacement piles into very dense sand
dilation causes negative pore pressures are dectlgpping a temporary increase in effective stresse
causing a temporary increase in capacity and Heaeffect of relaxation occurs due to the reduction
in the effective stress with time as the pore pness dissipate (York et al. 1994). The founding
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bedrock at ECC Bridge consists of a fine grainedassndstone and it may be possible that as the
piles were driven into the bedrock the material fnastured to some degree and under this change in
rock structure development of negative pore pressomay have occurred.

Table 2:Reductions in Pile Capacity Between PDA EOD ah&1S Testing
Pier EOD capacity S{RST capacity Relaxation (%)
1 4075kN to 5142kN 3000kN to 4500kN 9 to 30 (averafj20)
2 4057kN to 5157kN 3066KkN to 4920kN 4.6 to 26 (agerof 13)
3 4125kN to 4821kN 2959kN to 4316kN 1 to 32 (averafl4)

Samson and Authier (1986) presented two case stwdiere reduction in capacity of toe bearing
piles on shale bedrock has been observed. Thesepédre driven through soft strata into hard rock
which is a similar stratigraphy to that encounteaiethis bridge.

Low shaft friction and high end bearing may be gibaonditions that favour pile relaxation.

8. Pile group design revision

The 2 representative piles on Pier S2 were disdeglirom the pier group after it was confirmed that
the piles were damaged beyond acceptable contribtti the group. Consequently a new pile layout
was adopted by flipping the original layout plaretmable installation of 10 piles (S2-1 to S2-1@pin
new locations whilst not being obstructed by thdistegarded piles. The new configuration of Pier S2
is shown in Figure 8.
3.1

|[«——]

® @ 0 @ ®
VO O @ ®

Defective pile

Figure 8: Revised Pier S2 Pile Configuration

Original pile configuration

Relaxation made achieving the original pile tesdldlifficult. Continually redriving and retestitige
piles was taking time and costing money. There avagyh risk that the piles would not achieve the
required pile test load and as such an additiomaliles were incorporated into each pile group to
reduce the individual pile loads. The final pilenfigurations for Pier S2 and Pier N2 are as shawn i
Figure 9a and Figure 9b respectively.
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Figure 9a: Revised Pier S2 Pile Configuration with 12 Piles
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Figure 9b: Revised Pier N2 Pile Configuration with 12 Piles
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Foundation designs for the revised pile group aurfitions were carried out. Table 3 shows the
revised ultimate limit state loads and the assediatdividual pile test loads (i.e. maximum ultimat
limit state load/appropriate geotechnical reducfemtor).

Table 3:Revised Pile Test Loads for Pier 2

Pier N2 Pier S2

Pile No. ULS Load Pile Test| Pile No. ULS Load Pile Test
(kN) Load (kN) (kN) Load (kN)

N2-1 2800 3500 S2-1 2850 3563
N2-2 2330 3329 S2-2 2580 3225
N2-3 2230 3186 S2-3 2320 2900
N2-4 2080 2971 S2-4 2350 3357
N2-5 2420 3457 S2-5 2740 3425
N2-6 2420 3457 S2-6 2740 3425
N2-7 2080 2971 S2-7 2350 3357
N2-8 2230 3186 S2-8 2320 3314
N2-9 2330 3329 S2-9 2580 3225
N2-10 2800 3500 S2-10 2850 3563
N2-11 2420 3457 S2-11 2850 3563
N2-12 2420 3457 S2-12 2850 3563

9. Acceptance of pile capacity
Pile Capacity Acceptance Procedure

The procedure for accepting piles was developedrdow to the following sequence:
)] Revised pile test loads were allocated to eaclviddal pile based on the pile group analysis.
Individual pile test loads are shown in Table 1

i) Selected piles were extensively RST tested oveerig of time to establish the extent of
relaxation, that relaxation ceases over time andhtmw that the pile capacity at the lower
bound of relaxation is above the individual pilstti®ad

i) Spot checks were performed by RST testing othezcsed piles to demonstrate the pile
capacity is in excess of the individual pile testd

iv) For piles without RST testing the lower bound mitgacity has been represented by nearby
piles which have similar EOD capacities to thoséctimave been extensively RST tested

Shown in Table 4 is a summary of the developedgaaization of piles according to the acceptance
criteria listed above.
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Table 4:Categorization of Pier 2 Piles with respect to Anteece Criteria

Category Description Pier N2 Pier S2

A Piles subjected to RST testing which N2-1 S2-3
demonstrate stabilisation of relaxation oy o
above the individual pile test load S2-8
S2-10
B Piles which were subjected to RST N2-4 S2-1
testing a similar time after EOD to those Eig 25;
in Category A to demonstrate pile N2-12 S2-11

capacity in relation to individual pile test

load

€ Piles which were only subjected to EOD N2-2 S2-4
. . . . N2-6 S2-7
testing at final drive of which are N2.7 S212

represented by nearby piles in Category  n2-10
A N2-11

Northbound Pier (N2) Piles

Piles N2-4, N2-8, N2-9 and N2-12 were selected R&T testing between 24 and 63 days post
installation. The piles were driven to final EODpeaities of between 4,530kN and 4,860kN. Results
of the RST tests show that the piles relaxed a maxi 830kN to level in excess of their individual
pile test loads. The amount of relaxation on thegiées was shown to be less than the maximum
relaxation demonstrated by Category A piles. Thekes were not subjected to ongoing RST testing
but demonstrated that over time the extent of eglar is similar to Category A piles.

The remaining piles in the group were subjecteB@® PDA testing only. These piles were driven to
EOD capacities of between 4,570kN to 4,770kN ancewensidered to be represented by the nearby
Category A piles which were driven to a similar Y@wver EOD capacity. The extent of relaxation
shown by piles in Category A demonstrated that withilar relaxation the final capacities of the
above piles were in excess of their individual pést load.

Southbound pier (S2) piles

Piles S2-1, S2-2, S2-9 and S2-11 were selectedRBF testing between 8 and 46 days since
installation. The piles were driven to final EODpeaities of between 4,700kN and 4,830kN. Results
of the RST tests show that the piles relaxed a maxi of 1,100kN to levels in excess of their
individual pile test loads. The RST tests perfornwed these piles showed that the amount of
relaxation was less than the maximum relaxationarestnated by Category A piles, their behaviour
over time was similar to Category A piles and tthegtir capacities were greater than the individual
pile test loads.

The remaining piles in the group were subjecteB@D PDA testing only and were driven to EOD
capacities of between 4,850kN and 4,910kN. Theles piere represented by the nearby Category A
pile S2-8 which was driven to a similar yet lowdDE capacity of 4,840kN. Findings of the extensive
testing on pile S2-8 showed that the relaxationdtabilised at a level above the individual pilstte
load for these 3 piles.

12. Concluding remarks

Piles were driven through challenging ground coodg that created problems with pile relaxation
and attainment of pile capacity. Piles with précamical driving shoes are not suited to beingetri
through low strength soil deposits onto a highraitke sloping rock surface. Under these conditions
the retrofitted ribbed flat plate driving show wiasind to allow the pile to be installed without thgi
damaged.

Ground conditions where limited shaft capacity andtrong fine-grained founding stratum exist
appear to be associated with pile relaxation. Meehanism for pile relaxation is not clear but may
be associated with dissipation of negative poreganee around the base of the pile.

The type of driving shoe did not appear to affeetiinagnitude of relaxation.
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To avoid retesting every pile over a period of tiaweeptance criteria have been developed to relate
piles tested at EOD to the performance of pilestesver a longer time period. However, many piles
require testing over a long period in order to depeonfidence that the less tested piles will acéi

the design intent.

Continual redriving and retesting of piles to dewstoste capacity in relaxing ground is a time
consuming process. In these circumstances instalaf additional piles to reduce the pile testdo
provides the fastest method to achieve desigmrieritd he time savings are reflected in cost saing

Acknowledgements

The authors would like to acknowledge the Roads @araffic Authority of New South Wales,
Australia for permission to publish data from thedlBa Bypass.

References

43. Moller, B., and Bergdahl, V. (1981). “Dynamic pqueessure during pile driving in fine sand.” Prddth
Int. Conf. on Soil Mech. And Found. Engrg., A. AalBema, Rotterdam, The Netherlands, 2, pp 791-794.

44, Samson, L., and Authier, J. (1986). “Change in Bidgacity with Time: Case Histories.” Can. Geotekh.
23, pp 174-180.

45, Webster, S., Teferra, W., September, (1996). Pdea@ge Assessments Using the Pile Driving Analyzer.
Proceedings of the Fifth International Conferenodal® Application of Stress-wave Theory to Pile96:9
Orlando FL; 980 — 990.

46. York, D., Brusey, W., Clemente, F., and Law, S.94P “Setup and Relaxation in Glacial Sand.” Jolafia
Geotechnical Engineering, Vol 120, No. 9, pp 14983

About the Authors
T. A. PEIRIS, B.Sc. Hons. Moratuwa., M.Sc. London, DIC, D.Engkyi@ MIE (SL), C.Eng. Senior
Geotechnical Enginner, Coffey Geotechnics, SydAegtralia.

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



296

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010





