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Forces involved with the extraction of casings used in rotary bored pilin
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ABSTRACT: Temporary casings are regularly used & ¢bnstruction of rotary bed piles, to support the
pile bore in potentially unstable soihind also to prevent water ingréssn loose or water logged soils. The
preferred method of removal of casiisgby pulling with a crawler craneHowever, the magnitude of force
generated, particularly during thetial stage of casing exction, is unknown. This paper describes a series
of 509 centrifuge tests designedniodel the casing and surrounding soilidgrextraction by crane. In each
test different sized model casings werstalled at various elpedment depths into aylar of clay overlain by

a well-graded sand to provide an array of data. Tip¢hdaf granular overburdemas varied from 60 mm to
120 mm to allow for assessment of the influence ofrttagerial on the extractidiorce whilst the casing siz-
es modelled 900 mm and 1800 mm prototypes.

1 INTRODUCTION dynamic load at the point where the frictional forces
are overcome and the casing begins to ascend. The

Temporary casings are routinely used in the conextent of this force is unknown.

struction of rotary boregbiles, to support the pile

bore in potentially unstable soils and also to prever@ OBJECTIVES

water ingress from loose or water logged soils.

The extraction method of the temporary casingghe overall objective of th industry funded project
has largely been selected on the basis of the judgs to develop a series of rules of thumb, to provide
ment of experienced personnel and, in most casegractitioners with a simple and effective method for
has been successfullyorcluded. Where it is estimating extraction force. The project will be sup-
thought that casings cdme removed easily a han- plemented by a prototype scale parametric study,
dling crane is used to pull stecally. If it is thought though this is yet to beonducted and hence is not
that the casing cannot be readily withdrawn then iteported here.
can be extracted by ratag with the hydraulic rig This project did not seek to derive the magnitude
used for excavating the piles although this leads tof extraction force for give soil conditions, pile di-
reduced rates of production. If the judgment abouameter, and embedmentpdle. This was thought to
whether a casing can be withdrawn using a handlinge unrealistic owing to thvast number of variables
crane is incorrectly made the results can be catdhat could exist. Instead the primary objective was to
strophic. For example, where a crane is being usaghin an insight into the factors affecting the casing
the sudden failure of a hoisipe will in turn trigger extraction force. With this information it may be
a sudden release of load on the boom, which magossible to correlate the impact a specific parameter
cause it to fail dramatically as it whips back hardmay have on the total extraction force. For example,
against the stops and back over the cab. This may rdees the total extraction force double if the casing
sult in injury, death, damage to equipment and th@enetration into the clay is increased from 0.5 m to
works under construction or even surrounding struci.0 m?
tures (Federation of Piling Specialists, 2010). Fur-
thermore, a failure of the selected extraction method
will inevitably lead to delay and increased cost. 3 SOIL MODEL

Many piling contractors operating in London and
elsewhere extract tempoyarcasings with crawler The tests were conducted in a standard City Univer-
cranes; this operation will likely involve both static sity London plane strainentrifuge strong-box with
load whilst tension is beg applied to the casing and plan dimensions of 206hm x 550 mm and maxi-



mum soil deph of approxmately 3@ mm. Stadlard
Speswhite Kadin clay wa mixed toa water cotent
of 120% andconsolidatel in a hydraulic pres to
form a clay lagr into which model esings coull be
emledded. The clay layer was overlain with
crushed limesbne duringmodel makng.

The centrifge samplesvere prepeed from strry
corsolidated under 800kR and alloved to swellun-
der400kPa, redlting in asample at § with an over-
corsolidation mtio of 2. These consadlation streses
resuted in a sd sample bat was fim but still ena-
bled easy andaccurate madel m&ing and gae an
undrained shea strength S, of arournl 50kPa.

The materih selectedfor the oerburden vas a
grey Devonianlimestonesourced fom a quary in
Ashburton, Naevton Abbd, UK. It has been use by
previous reseathers invegating piing mat bbav-
iour (Halai et &, 2012).The limestoe was seleted
from a crushd aggregat stock pie having keing
pased throudh the crusing, washiag and scting
plant and caotained shrp, angula grains from
3.35mm downin size audl was freeof any claypar-
ticles. The oveburden wa graded taa fiftieth scale
clas 6F2 gramlar materal. A class6F2 materd is
typically crushed concre¢ with partcle sizesfrom
75mm down to dust Manual of Contract Dbcu-
merts for Highway Woks: Volumel, 2009).The
upper and lower bound grading cuves havebeen
scakd to 50g ad plottedin Figure 1.t follows that
theideal clas$F2 gradimg curve liesin betwea the
limiting curves.The actuhgrading crve for thema-
terial used forthis testiy series isalso presated.
This curve dos not replcate the idal gradingow-
ing to a lack & specific farticle sizes. Howeverthe
grading curve br the mateial used an be classa as
1:50 scale 6FXince is fds betwee the upperand
lower bounds.

Figure 1. Scale clss 6F2 gradig curve.

4 APPARATUS

Theapparatugor the exgriments vas an adajgtion
of asetup prewusly usedor the vetical loadirg of
micro pile grops (Rose2012) and $ shown inFig-

ure 2. A loadng beamwas attache to each asing
via Omega 5kN miniature load €lls which were
provided withuniversal pints on ether side Figure
2). This desig feature dlowed anybending geerat-
ed by misaligigment to ke accountd for, andhence
only axial loal was measred.

Figure 2. Appartus setup.

The pile caings weremanufactued from stadard
316 stainlesssteel tube The extenal faceswere
sand blastedto give thecasings auniformly rough
surface. Sincehe testsvere modelhg extracton of
the casing inmediately st concreng of the fe, it
was necessarto modelthe wet oncrete presures
exerted on hbe inside of the caing. This was
adiieved wih latex tukes that wee manufatured
with a seale@nd and towhich a thn layer ofFrac-
tion C Leightn Buzzardsand waglued (Figue 3).
The membraes were intalled insic the casigs and
filled with aFraction ELeighton Bizzad sard and
water. The water and sad inside tle latex tubs was
considered tosimulate the hydrotatic presare of
the wet conecete wheres the sandn the eterior
face of the tlhe was akirto the fricton generad by
theaggregatevithin theconcrete.

Figure 3. Sandavered latexnembranes.



A 10 mm thick Perspex guiddate (Figure 4) was the clay (Figure 6), this vgaused to retain the granu-
manufactured with a good fit with the internal facedar material when it was placed. The model pile cas-
of the strong box. This allowed accurate positioningngs were then droppedrtiugh the top of the Per-
of the pile casings. spex guide template down to the shelf in the clay

A series of cutters anguide collars were manu- sample created earlier. @sand covered latex bags
factured to allow the pile bores to be cut verticallywere inserted into the pileore and then filled with
and in the correct posgitn, and also support the cas-the saturated sand. Once this operation had been
ing before the granulanaterial was placed. completed the granular material was placed. This

Since the casings wereibg extracted from the was placed in even layers through holes cut into the
soil there were no conceroser end bearing effects. Perspex template. It wagcessary to keep the tem-

In view of this, the distnce between the bottom of plate in place until all othe granular material was
the sample and the bottom of the casing could be rg@laced, as the 10-20 mm embedment of the pile cas-
duced to less than thel §ypically used in pile model ings into the clay was not considered sufficient to
tests to avoid end bearimgfects (Craig, 1995). This temporarily hold the casing vertical.

was beneficial to the pregt since it allowed the ac-
tuator to be mountettigh on the strong box and
hence allowed for most of the length of casing to b¢
extracted from the soil. The depth of clay used wa
100 mm and this resulted in a worst case distanqEis
between the base of tegong box and the bottom of
the casing of 2@

A standpipe was used et the water table level
with the top of the clay surface.

5 TESTING PROCEDURE

The testing procedure can semmarised as follows:
1 With the model in-flignt, flood the granular
layer with water and imntkately drain to en-
sure uniform consolidation of the overburden. Figure 4. Casing guide collars.
2 Leave the model spinmg at 50 g for 5 hours
to establish pore pressure equilibrium in the
clay layer. (The overburden remained unsatu-
rated throughout the renmaer of the test).
3 Extract all casings simultaneously.

Upon removal from the ansolidation press the
clay sample was trimmed to the required level and
sealed using a small amount of silicon oil. A small
vertical drain 20 mm irdiameter and 15 mm deep,
was cut into the top of the clay surface toward the
back of the box to allow quick drainage of the
granular layer followingnundation immediately af-
ter spin up. A drain was connected to a remote sole-
noid valve via a port in a wall of the strong box.

The Perspex template was placed above the clay
and the guide collars pushed through the guides InHglgure 5. Shelf left in clay after removal of collar.

the clay. The collars served two functions, firstly to Once the granular material had been placed and

accurately contro_l the em‘.”“‘e”t of the casing and compacted the Perspex template was removed and
secondly to provide a guide for when the pile washe casing extraction apparatus was attached to the
bored out. The collars can be seen in Figure 4. strong box. The loadells were loweed toward the

The pil_e was bored using thin walled steel tUb_Ehead of the casings and atiad simply with a single
cutters using the collars as guides. The shelf left if;g polt.

from the clay surface and hung from the top of thgaple at the top of the clay whilst a second water feed
strongbox. A plywood former was placed on top of



was used to provide water to the top of the granula8 TEST RESULTS
material.

When the centrifuge had reached 50 g the wateThe results of a total of two centrifuge tests have
feed at the top of the sample was turned on allowinpeen conducted and thesuits are presented here.
the granular material to become fully saturated, thi€ach centrifuge test consisted of four test sites and
was monitored by the on-board cameras. Once fulliilence a total of eight dag extraction tests were
saturated the solenoid valve was opened thus draiparried out.
ing the granular layers. The motivation for doing this In each test two casings with 35 mm outer diame-
was to assist in compacting the granular material angr (OD) and two casingwith 17.5 mm OD were
helped to ensure consisterelative density through- used. Of these, one casing which had a clay em-
out the model. The package was left in the centribedment of 10 mm and the other an embedment of
fuge for 5 hours until theore pressures within the 20 mm. At prototype scalghis is approximately
clay had become hydrostatic. At this point the mod1800 mm and 900 mm outside diameter and clay
el was ready for testing. The casings were extractesinbedment of 500 mm and 1000 mm.
at a rate of 10 mm/min and were extracted by ap- In Test A the granulaoverburden was set at
proximately 140 mm. The displacement was meast20 mm and reduced to 60 mm for Test B. This
ured by correlating the time in the data file to fixedscales to 6 m and 3 mspmectively. The bulk unit
speed of the actuator. weight of the overburden measured after each tests

was 18.76 kN/rhand 17.22 kN/rhfor Test A and B
respectively. The tests undertaken are summarised in
Table 1.

Test A - 120 mm overburden thickness

Casing diameter Casing embedment in clay
35 mm 10 mm 20 mm
17.5 mm 10 mm 20 mm

Test B - 60 mm overburden thickness

Casing diameter Casing embedment in clay
35 mm 10 mm 20 mm

17.5 mm 10 mm 20 mm
Table 1. - Summary of tests undertaken

Figure 8 shows the loadgjilacement curve for Test

B. As expected, the extridan force peaks early in
the test and this maximum force gradually decreases
as the casing is extracted and has less surface area it
contact with the soil. The spike in the extraction
force probably reduces dbke fictional forces and
suctions are overcome. As predicted the largest di-
ameter casing with the greatest embedment showed
the highest extraction force. The graph shows that by
doubling the embedment there is a marked increase
in the peak extraction force for both small and large
diameter casings.

Load displacement curves presented in Figure 9
are for Test A where the overburden was 120 mm
(twice that for Test B). The effective of doubling
embedment for both small and large casings can be
seen and is similar to that of Test B. The increased
overburden has had littléfect on the shape of the

Figure 7 shows the post-test deconstruction of théad displacement curve and seems to have only af-
model where the model casings and most of théected the magnitude of the extraction force.

granular soil have beeremoved leaving the sand For the purpose of casing extraction, for obvious
covered rubber membranes protruding. reasons, the most critical force is the peak force,

which occurs almost imnaéately after extraction

Figure 6. Perspex template used to hold casing vertical.

Figure 7. Post-test deconstruction of the model.



commences. @ble 2 shows the pealextractionforc-
es br each testonducted.

Figure 8. Extractia force for ® mm overbuden test.

Figure 9. Extractia force for 20 mm overlurden test.

Diameter Embedment Overburan Pek
(mm) (mm) height force (N)
(mm)

35 10 60 2025
35 10 120 3136
35 20 60 2413
35 20 120 3733
17.5 10 60 880
17.5 10 120 1203
17.5 20 60 1317
17.5 20 120 1832

Table 2 - Peak exaction forces

7 DISCUSSDON

It is clear fran the testsconductedthat the maxi-
mum extraction force reslts from acombination of
thedead weigh of the camg, the fritcional forces in
the granular ad clay naterials andsome sugon.
The casing dianeter, erbedment ad the heidnt of
oveburden hae all beenvaried. Bycomparingthe
pe& extractionforces fran these vaables, renark-
able consistenies can beseen. Thaloubling d the
oveaburden haht from @ mm to 20 mm hasthe
following effed on the pek extractio force:

Casing dia xembedmeh Increas in force

35 mmx 10 mm 155%
35 mmx 20 mm 155%
17.5 mmx 10 mm 137%
17.5 mmx 20 mm 139%

Table 3. — Effecof overburde.

The greate depth of overburda had a sbhtly
greater effecn the extaction force required ér the
smeller casig. The efect of dowling the @sing
embedment irthe clay fom 10 mmto 20 mm en be
seen in Tabled.

Casing dia xoverburde Increag in force

35 mmx 60 mm 119%
35 mm x120 mm 119%
17.5 mmx 60 mm 150%
17.5 mmx 120 mm 152%

Table 4. — Effecof clay embemert.

Table 4 sggests thatthe extradbn force o the
smeller dianmeter casingis more havily influenced
by increasedembedmen in the d¢ay than or the
larger diamedr casing.

The Fedeation of Piling Speciabts (2010) pro-
pose a theorétal calcuétion for the total extection
force of thecasing by onsideringthe casingsize,
embedment ad overbuden. Themethod take into
account the fdlowing cantributing factors:

x The fiction fromthe wet cocrete presures,
x the skn friction against theclay layer,

x the skn friction against thesand layer ad,

x the séf-weight o the casing

The adhesiorfactor betveen the chkaand the asing
was taken ad).2. The &2 materid is estimagd to
have a critich state angg of friction of 45°, and the
coefficient of friction between thewet concrez and
casing or in tis case thd.eighton luzzard sad was
taken as 0.1The FPS rethod doesiot make ay al-
lowance for ay suctiongeneratedy the extection
of the casingFigure 10 $iows the heoretical &trac-
tion force fora 17.5 nn casing, enbedded 2 mm
with a 60 mnoverburd®; also pldted is themeas-
ured extractiom force with displacenent. By canpar-
ing the two arves it isevident tlat the theostical
calculation $ows reasnable corelation to actual
ted data. Thanitial or peak forceis slightly under
predicted; thedifferenceis around 8%. Towad the
erd of the tet where tle casing isnealy fully ex-
tracted the diferencebetween theheoretical pedic-
tion and meaged extration forceis marginal.This
can be reasosbly expeced as in th latter stges of
extraction theself-weight of the caing is thedomi-
nant resistingforce.



Figure 10. Comprison of theoretical andactual extration
forcefor 17.5mm casing embdded 20mm in clay and 60mm
in 6F2 overburden

Figure 11 shws the theretical anl measuredest
dataof the extaction for@ against tsplacemenfor
a 35mm casig, embeddd 20 mm,with a 120mm,
overburden.

In comparisa to FigurelO the theretical calwla-
tion in Figure 11 over pedicts thepeak forcere-
quired to extact the casig. Moreover, the difer-
enes betweerthe theordcal and neasured awes
aresignificantly greater thn for thel7.5mm darre-
ter casing with60 mm ofoverburde. The initial or
pe& force is sightly over predicte; howeverthis
difference isaround 146. The béaviour would
suggest the theretical extaction force predicton is
heavily influence by thecalculationfor the canpo-
nent of resistace from he 6F2 naterial. Furber-
more, it seemsthe theordcal calcubtions reasna-
bly predict thepeak extration force.

Figure 11. Comprison of theoretical andactual extration

forcefor 35 mm asing embeded 20mm inclay and 120nm
in 6F2 overburden

8 CONCLUSION

A limited nunber of tes$ were coducted tha in-
volved simultmeously a&tracting bur model pile
casngs from asoil sampé that conssted of a havi-
ly over consolilated clayoverlain by a 6F2 grding

crushed lime®ne overbirden. In ech test tvo cas-
ing diameterseach witha differingclay embement
were used. Tathicknessof the 6F2overburda var-
ied betweentests. Theresults tha were obéined
were consistat and shwved that he effect ofdou-
bling the embedment & the cagig into the clay
caused the pak extracton force tosignificanty in-
crease. Comgarisons hae been maeto the thereti-
cal prediction of extracton force and suggetsthat
the theoreti@ calculatons appea to reasoably
predict the pek extractian force.

9 FURTHER WORK

To further irnvestigate tk influenceof each copo-
nent of resisance to ekraction afurther sems of
teds is beingplanned. Itis proposd to constler an
intermediate casing sizeof 26 nm diameterwith
clay embednants of 5,10, 15, ad 20 mm,with a
constant ovepurden 120mm of 6R. It is envsaged
tha this will give greaterinsight inb how casng di-
ameter and mbedmentmfluence tle total extection
force.
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