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ABSTRACT: Thiz study focuses on the effect of “cychic” behaviour of pile mstallation methods on the penstration resiztance and bearing
capacity of a model pile. A seies of laboratory model tests were conducted to mnvestigate this cyclic effect by comparing three kinds of piling
methods: monctomic jack-m. pseudo-dynamic push-in and pull-out, Le. “surEms’, and vibratory driving in drv or satorated sand. Surzmg or
vibratory pile driving decreaze the pile penstration resiztance due to negative zoil dilation caused by the cyvelic shearing of the soil surrounding
the pile. Static load testz show that surping and wvibratory pile dnving provide the same or larger pile head load 2= the Jack-mn methed does.
Fuorthermore, the flucteation of the pore water pressure stronghy indicates & chanpe in 201l dilation. Both surging and vibratory pile driving
prevent positive dilation more than the jack-in method dus to differences in cychic shesring and menotonic loading

KEYWORDS: Pile mstallation method. Jeck-m, Surpmg, Vibratory pile doving. Pore water preszure

1. INTRODUCTION

Ithas become diffienlt to employ the impact hemmer method murban
and rezidentis] area becauze It causez noise -and grownd vibrations.
WVibratory pile droving and rotary pile mstallation (jack-m) methods
have been developed a5 alternatives that can metall the pile with less
noige and pround vibrations. Previous stodies about theze methods
focused on zoil resistance during pile penetration. In confrast. coly a
few studies focused om the beanng capacity of the pile installed by
theze methods: If the bearmg capacity iz clanified, these methods wall
bacome more available.

The purpose-of this sudy 13 to myvestigate the effects of different
piling methods on pile performance characteriztics zmch as
penetrahion Tesistance. bearing capacity. and load-settlement relation
during the ztatic pile load test A sigmificent factor 1= the “cyelic’
movement durmg pile penstration. Morivasu et gl (2016} compared
the pile behaviour befwesn the monotonic jack-m and zurging = dry
zand model Surging tefers to the cyclic push-in snd pull-out
movement of a pile durmg metallahion. Cyclic sheanng by surging
causes negative dilation around the pile shaft and scil compaction
below the pile tip:

Thus. thiz paper focuzed on the affects of dynamie surging on the
pile penetration resistance and bearing capacity by comparing them
with the effects of pseudo-dynamic surging. A zemes of laboratory
tests were conducted, including three kinds of piling methods
(monotonic jack-m, surging -and n'brazar} pile dnving) in two zand
condions (dry of saturated).

1. EXPEERIMENT DESCEIPTION
2.1 Model pile

An aluminium pipe pile with an outer dizmeter of 32 ‘mm_a wall
thickmess of | .3 mmy and a fenpth of 305 mm was uted az a model
pile. Regardmg the pile tip condition, #ix cazes were open ended (OF),
and one caze was closed endad (CP). Te obtan the distnbuton of
axial forces sitam gangez were attached to the pile shaft at § different
levels, with two strain ganze: on opposite faces at each level, a2
shown 1 Fipure 1{3).

The pile surface was coated with an aervlic adhesive to protect the
strain gzupes, and it was ploed wath silica zand to increaze the pile
¢haft resistance (Figure 1(b)). The sind was the ame material as the
mdel pround.
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Figure 1 Model pile

2.1 Model ground

The material for the model ground was Silics sand =6. Table 1 hists
the physical properties of the 2and. Dy ground models were prepared
in-a nigid cylindnical soil contamer with 2 diameter of 366 mm and 2
height of 380 mm with 11 soil Iavers 50 mm thick and cne layer 30
mm thick. The sand for each soil layer was put into the soil hox and
compacted by hand tamping to achieve a designated relative denzity,
D, =20 %e. Thiz procedure was repeated to complete the model ground
of 330 mm high.

Table 1 Phyzical properties of the sand

Soil particle denstiv, o (tm?) 2679
Minimum dry density. Simis (tm") 1.366
Maximum dry denstty. S (tm®) 1.620
Mazimum void ratio, Soun 0862
Minimum void ratio, 0643
hiear particle size. B (mm) G320
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Teo prepare zatirated ground models, the sodl box was filled with
water. and then sand was poursd into the so1l boxz and compacted a2
in the preparation of the drv sround models. Although D, = 80 % was
intended for the saturated sround models; onky D, = 70 % was
achieved:

23 Experimental procedure and cases

Figurez 2 and 3 show the expenimentsl apparatuses. Daring pile
penetration test (PPT), the pile waz mstalled by means of 2 motor jack
or & vibratory hammer. When the pile was penetrated to & depth of
400 mm_ the PPT waz finished. Subsequently, dorme stafic load test
{SLT), the pile head was pushed mn two or thres loading eveles. Atthe
end of the SLT. the pile extraction force was measured by extracting
the pile shghtly Fimally, come penetration testz (CPTs) were carmied
out to investizate the xoil sfrensth profile of the model ground.

Figure 2 Loadimg apparaties

Figure 3 Vibratory hamer model

Table 2 shows the fest cazes. Case ] to Caze 4 were camied cutin
drv ground. while Cate 3 to Case 7 were carmed out in satorated
ground. For each ground conditiom, three kinds of penetraticn
methods were emplm‘ed The jack-in method used i Case § and Case
51z 3 momotomic pile mstallation at a penetration rate of 0.2 mm's;
The surping method uzed e Caze 2 and Case 612 a2 cyelic matallation
uzing repetitions of & 2 num jack-in and 2 | mm pull-out. In thege
methods, the pale waz matalled by using the jack without pile rotation.

In the vibrahon method nzed m Caszes 3_ 4, and 7 -3 vibratory
hatmmier model was employved. As shown in Figure 3. the hammor hay
tendem rotating eccentnc weights that penerate vertical vibrations
and cancel honzomtal vibrations. The vibratory hammer has 2 weight
of 300 N and a maximum fraquency of 60 Hz The closed-ended p]I&
was uzed in Case 4, while the open-ended pile was emploved in the
ather cases.

SLT was camed out subsequent to PPT in ezch caze In all cases,
the pile penstration rate waz 0.1 mmis.

Table 2 Expermmental cases and conditions

CazeNo. 1 2 3 4 3 6 7
Mpodel zround Dy Dy Dy Dy Saturated | Saturated Saturated
Relative density, D (253 79.49 9.0 g0 80 695 643 605
Dn u:iensm letm‘J 1.568 1.568 1.568 1368 1338 1.524 1.338
PJIE 11|:| E{III.d]IIDIl Open Open Opsn Cloze Open Open Open
Penetration method Jack-in | Swgmg | Vibrafion Vibration | Jack-m | Swzing Vibration
Penetration speed durmgz PPT (mms) B G2 = = 2 g2 =
Penetration speed during SLT (mm's) 01 | 01 01 0.1 0.1 0.1 01
Vibzation ﬁequenc*. [,H.ZJ - - 20t035Hz | Wto35He - - 150208z
Statie e ; .
loading | loading Shbee tading
byVH | byVH L
FPT FPT ? : 3 . PPT PPT 1
! : z : ' Vibratory
Test b e Vibratory Vibratory 2 s =
o SII_T SIl_l praniton. | pencation SII_T LT pemtlxannn
w - | - L J L
CPT CPT SIT SIT CPT CET ::IE.T
- 1 h
CPT CPT VT

PPT: Pile Penetration Test, SLT: Satic Loading Test, CPT: Cone Penetration Test, V. H.: Vibratory Hammer
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24  Measurements

Dunng PPT and SLT, the pile head load, pile head displacement. and
pile sirains were measured. In the cases of jack-m and sargmp. the
pile head load was measured by a load cell 2=t betwveen the pils head
and the motor jack Om the other hand. in the caze of vibration, the
axial force was estimated from the strain measured near the pile head
(t:e. 8G level | m Figure 1{a}). Furthermore; a parr of acceleration
transducers waz sttzched near the pile hesd In the satursted sand
cases, poTe water pressures were meassured usmg the transducers
located as shown in Figure 4.

2.5 Mlonotonic and cyvelic triaxial shear tests of the sand

In order to mvestigate the mechanical propertiez of the zand,
monotomic ‘#nd cyclic conzolidated shear tests m dramed (CD) and
undramed (CU7) condifions were camied ont

Figure 3 shows the results of the tnaxial CD tests.of denze sand
(D =82%): (2) axal sham &oveo deviatonc: stress o and (B) & v

it o

Sl mom

volumetric ‘sfrein 5. (dilatancy corve). The specimen was
conzolidated under 2 confining pressure of 100 kPz, and then,
monptonic of cyclic shearing was carmied owt. Az the resilt of the
moneotonic loadme case, nonlmeanty and:softening behaviour are
obzarved from the stress g —strain = relstionzhip. The internal friction
angle at peak srength. @' 13 42:37 and that at the rezidus] state, ¢, 13
about 35°. Dunng the cychc loadng, & mecreazes with constant g
(Fizure 3 {a)). In contrast, & does not increase, as shown m Figure
5 (b3 These results mean that evelic loading prevents =oil dilation.
When evelie loading is rafumad to monctomic loading the g - £ and
the & - 5. relationehip refumns to the eurve of the monotonie loading
caze

Fizure § shows the relationzhip between the axizl strain, & and
the deviatoric stress, g, inthe caze of a triaxial €1 test Figure 7 shows
the relationship between £ and the excess pore water pressure, u..
Figure 8 shows the effective stress pathe. The confining pressure of
these tests was about 30 kP'a. The intemal frictional angle was 38 to
407 and the shift phase sngle was 287
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CU test (Silica £6)

CU test (Silica #6)
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Figure 6 Relahonship between the axial stram =, and the deviatonic stress, g
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Figure 7: Relationship between the axmal straim, & snd the excess pors water pressure (PWF), 2.

During evclic loading, it 1z seen from Figure 6 that = increazed az
the number of Ioading cyveles increased with each constant 7. At the
zame time, cyvelic loading generates excess pore water prezsure higher
than that in monotomic leading. At the monotonic loading stage after
cvelic Ioading, the merement of w tumed from poszirre to negative,
becanze the negative dilation changed to a positive one. The change
pomnt in cyclic leading (& = 12 %) was delaved behind that in the
czze of monotonic leadmg {5 =04 %) Therefore, cyeclic loading may
act to prevent positive soil dilation. The zoil behaviour iz referred to

dizcuss the expenmental reznbts later
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Figure 8 Effective stress channel paths

3. EXPERIMENTAL RESULTS
31 Results of Cone Peneiration Tests in the model ground

Figure 9 shows the relaionship between the vertical effective stress,
o " and the depth in the cazes of dry and satrated grounds. It iz noted
that the prownd water levelz in Cazes 5 and 7 are 100 mm below the
ground surface.

Effective vertical stress, g’ (kPa)
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Figure @ Vertical effective stress (GL: ground level)
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Figure 10 shows the CPT fip resistance. ¢, meazured in Casze 2
{dry ground) and Case 6 (saturated ground). The CPT: were camed
out after SLT. CPT profiles of other cases ave sinmlar to Fiowre 10,
The g, ix zaturated ground (Case 6) iz smaller than that m dry ground
(Caze 2} due to g smaller & in the saturated ground. Furthermore, .
mzy be influenced by the zoil behaviour du.n.ns FPT and SL.T becanse
CPT was carried out after the PPT and SLT.

CPT tip resist, G, (kPa)
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Figpre 10 CPT results (GL: ground level)

32 Results of the pile penetration tests

Figure 11 shows the time history of the aceelerstions of the pile head
and the ground surface 100 mm away from the pile axiz during the
T.'mel'-:un pile penetration m Case 4 “The dowmward acceleration iz
taken az positive. Ax shown in the fioure, the acceleration of the pile
head iz much larger than that of the ground surface. The frequency of

Pie head load, P_ (N} Pile hesd load, P_ (M}

the vibratory hammer was changed from 20 Hz to 35 Hz to enhance
the pile penstration ability of the vibratory hammer during PPT,

Time, { (s}
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Figure 11 Acceleration during vibratory penefration

Figure 12 shows the relationship hetween the pile head load. Fu
and pile kead displacement, wy, m Cazes 1 to 4 (dry ground), In Cazes
Zand 4, Pu durmg PPT iz zimilar, and at first, the pile was in=talled
by the weight of the vibratory hammer slone: When the pile could no
lenzer be penetrated by the weight of the hammer alone, &t wa = 73
mm_the operation of the v 1b1'au:un hammer was started. Unfl the pile
reached vy, = 400 mm, the frequency of the hammer was increased if
the pile penetration decreased Pr m Casez 3 and 4 (vibration) i3
zmaller than that m Cazes | and 2 once wh exceeds 200 mm

Figure 13 zhows the relstionship between Fr and wy in Cazez S fo
T (saturated ground). Durmg PPT. P in Case 6 (surging) iz slichthy
smaller than that in Caze 3 (jack-n). In Case 7 (vibrztoion), Fu
decreases motably when iz increazed to 18.3 Hz at we =400 mm.
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Bile hezd load. B (N)
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Figure 12 Relahonship between the pile head load, P, and the pile head displacement. wn, in Cazez 1 to 4
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Figure 14 shows the relaticoship between the pore water pressure,
p.and pile head displacement, we, dumnz PPT. In Case 7. 7 mcreasss
with wy, and p increzses dramatically when 1= mereazed to 183 He
at-wy, =400 mm_ It 13 zeen that zpil liquefachion oceurs becanse the
eXcess pore water pressure correzpomnds to the effectivevertical siresa,
&, 2% shown m Figure 9. Therefore, Pa decrezses with 2 reduction m
o, which iz related to the soil hquefaction. As mentioned earlier, the
CT test shows that cvelic shearmg generate: hisher excess pore water
pressure than ‘monotonde loading, a8z shewn m Figure 7. If the
amphmdz of the excess pore waier pressure depends on the number
of shearing cvcles, m. it iz doticed that witmation provides more
shearing cyeles (n=3800) than mrpmp does (7= 3500

FIE'IJIH 1% and 16 show ﬂm.,crmpmt-}n of'the pile base rezistance,
Py, and the pile shaft resiztance. F. m dry and saturated cases,
respectively. Here, the pile haze resiztance. P, 1= the axial force
obtained from strain 8G3, and the pile shaft resistance, P. is the
difference between the pile head load, £ and the pile base resistance,
P,

In dry zand, a3 shown m Figure 13, Py in Ca=e 2 (zarging) izlarger
than that in Caze 1 (jack-in), while P, in Case 2 iz smaller than that i
Caze 1. From the resultz of the cyclic tmiaxial CD test it 15 presumed
that the cvelic pile movement of sursing prevents the zoil dilation
swrounding the pile, resulting n a reduchon in the effective
horizomtal stresses scting on the pile shaft Az aresult P, mCaze 1z
smaller than that in Case 1. Reparding the pile base resistance, P a2
Bolton et al. (2013) pointed ont, the cavity created

PWPE, p (kP
EI':I s l1.|:la:I

FWF. p (kPa)
30 40

below the pile tip collapees durme the upward movement of the pile,
and the zeil below the pile tip 1z compacted duning the following
dowmward movement. This cyche :nmpacnnnenhanms the pile base
reziztznce notebly. A similar sitnation ie seenin Caze 1. In the caze of
wibration {Caze 3), once wn exceeds 200 mm, P. i1z dramatically
sraaller than 1t 15 in the other cazes. A possible reazon 1= the peneration
of excess pore am pressure by the vibrated pile. Watanabe ef al. (2013}
pointed out excess pore 2ir pressure ie generated in dry sand when it
iz sheared very rapidly m the triaxial compression testing. A similar
situation may be cccurnmg durns PPT in Case 3 (vibration). In order
to clarify the hehaviour, furiher -Etw:l\ 1z meeded.

In saturated eand. as shown in Figure 16, both P, and P.in Caze 6
{surgmng) are zmaller than thoze in Case § (jack-in). This result
correzponds to the behaviour of the water pressure; p. shown m Figure
14, In Czze 3 (jack-m), the soil dilation appears clearly hecanse p
decreazes with imcreazes m w.. The occumence of zoil dilation
mcreazes the effective zoil siress and pile nstallation resistance. On
the other hand surging (Caze §) kept p relatively high with little
variation (Figure 14 (b)), Thie mdicates that the soil dilation iz small
It15 zeen from the cyclic tnaxial CU test that cyclic loading prevents
zoil dilation and generates relanvely igh pore water pressure. Az a
rezult the effective horizontal sfresses acting on the pile shaft are
reduced. Regarding vibration (Case 7), ax shown in Figure 16 (3}, P,
decreases dramatically at we = 400 mm. Az mentioned ghioe, =0l
bouefaction occurs in thiz phaze Therefore; it 1= conmidered that 2. 13
decreazed by soil lignefaction:
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Figure 14 Belstionship between the pile head displacement wy, and the pore water pressure (PWF), p, dunng PFT
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Figure 13 Comparzon of the pile baze and pile shaft resistance durmgz PPT in Cazes 1 to 3 {dry sand)
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Figure 16 Comparizon of the pile baze and pile shaft resiztance during PPT m Cases 510 7 (saturated sand)

33 Resultz of the static load fest

The static load test was camed out subzequent to the pile penetration
test. Figure 17 shows the relstionship between the pile head load.
Pu por; at the end of PPT and P =7 during the first losding cycle of
SLT. Pyper 12 defined as the pile hesd lead when the pile head
dizplacement, wy, reaches the final PPT displacement in each caze.
Py zp iz the vield point of the pile head load in the mitial loading
evele of SLT (P =1 comesponds to #1 m Figure 13}
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Figure 17 Relationship between the pile head load, P vy at the
finial stage of PPT and Py, 5, durine the first loading cycle of SLT

In dry zand. sz shonn mFigure 17; P oy m Cazes | (jack-m}and
2 (surmmg) are zmaller than P ger 1n these cases. A poszible reason
iz g difference m pie pepetrafion rate Watanabe ‘et 3l (2013)
investipated that the fatlure strength end deformation modulus of sand
increases with mereaszing loading rate: & similar behaviour may be
occmrring. kere. In confrest Fis in Cazex 3 (vibratien) and 4
{vibration. closed-ended pile) are larger than Py pyy in thesecazes As
mentioned m 3.2, By pn may dramiaticslly decreasze by the generation
of excesz pore zir pressure. Dunng SLT, the excess pote 2 prezsure
dizappears and the effective soil resiztance is recovered
In the zaturated zand. P. o of Case 3 (jack-in) 15 smaller than
2y wvr. On the othier hand, P 511 of Casze 6 (surgig) and Caze 7
(vibration) are larger than Py . Az mentioned in 3.2, durimg PPT,
the cyclic pile movement of Cazes 6 and 7 prevents the-zeil dilatiom
When the SLT i3 started after the PPT, the loading manner 13 changed
from cvelic to monotonic. This switch causes zoil dilation, based on
the result of the tnaxial CUtest. A= aresult s considered that Py w7
bacomes lerger than Pu zer.

Figure 18 {2} shows the comparizson of the load-settlement curves
between Case 1 (jack-n) snd Casze 2 (surging) m dry sand. It should
be noted that the origin of the vertical amiz in Figure 13 (1Le. the pile
head dizplacement during ST, wi s11) 12 the final valee of wy during
FPT due to adjusting for the different values of final wy among the
cazes. #1 1 each figure means the yield pomtin the Ist loading cyele,
and #2 stands for the snd point of increasing load.

Az shown m Figore 18 (a), the inthal pile head stiffnezs in Caze 2
{mzrzing) ie higher than thet m Case 1 (jack-in), and the vield load
{=1) mn Caze 2 iz larger than that in Caze 1. Figure 19 shows the
charige m pile shaft resistance and pile base resistence from =1 to =2,
The pils base rezsistance P._in Case 2 (surging) it higher than thatin
Case 1. Az mentioned sbove, since the zurging durning PPT compacts
the zoil beneath the pile tip. P» duning SLT becomes higher than that
in jack-m

Figure 18 (b) shows the load-zeftloment curves of Case [ (Jack-
m}, Case 5. and Caze 4 (vibration). The vield loads (1) m Cazes 3
and 4 (vibration) are larper than that in Case 1. However, a softening
behaviour oconrs: ie. Pi increases to 3878 N at =1 and drops
immediately to P = 3604 W with a small increasze m wy, 504- It can be
zeen from Figure 19 (2) that the pile shaft resistance m Caze 4
decreases with increasing wy s (from 71 to %2}, while the pile base
Teziztance Increasesz. Thiz iz not related to zoil plugsing because the
behaviour occurs with both open-ended piles (Caze 3) ard clozed-
ended piles (Case 4). From the shove-mentioned results. the zoil
conditions in the vibrahon case are presumed fo be as shown m
Figure 20. Thiz figure explains that the zo1l surrcunding the pile and
beneath the pile tip 13 compacted by the large number of cyvelic pile
behasiours, while the zodl o the outer zone 15 loosened. If such 2 so1l
condition 1z formed, then P at the begimnine of SLT becomes high
due to the compected zoil surrounding the pils. After = pile is nstalled
by & large amount of Wi 54, the compacted soil zone reaches plastic
state; and the outer =01l zone contnbutes to pile registance: If the 3ol
strength of the outer zone iz smaller than that of the compacted =nil
zone, Phmay decrezse. More study iz needed to claniy this bypothesis.

Figure 18 (c} shows the load-displacement curves in Cases S0 7
{zatmrated gromed). The initial pile head stiffness in Caze 6 (zurzing)
iz comparsble to thatin Case 3 (jack-in), and that in Caze 7 (vibration)
iz hugher than those in Cazes 3 and 6. Converss to the resalts in Cases:
3 and 4 (drv ground), the decrease in P dunng the 1st loading cycle
dees not occur fr Caze 7. As shown in Figure 19 (), the pile baze
teziztance valses in Caze 6 {surging) and Caze 7 (vibration) are larger
than that 10 Casze 3 {jack-in). The pile zhaft resistence also increases
with the merease mowh i (from #1 to #2). Addifionally, when the
pile waz extracted at the final stage of SLT, the exfraction resistance
was obtzined. It can be seen from Figure 18 (c) that the extraction
tesistance values in Caze 6 and Case 7 are comparsble to that in
Caze 5.
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Figure 21 shows the pore water pressure, p. dunng SLT. 5t can be
geen: from Figure 21 () that p in Caze J (Jack-in) ie clozely related to
the sodl dilation. Negative p{Le. pomitive z0il dilstion) increments are
penerated when the pile 13 loaded mio the compressed direction, while
positive p (Le negative zoil dilstion) increments are penerated when
the pile was unloaded to zero:

Althoush the magmitudes of pore water pressures m Case 6
(surzing} and Casze 7 (vibrahon) are smaller than those m Caze 3
(jack-in), they have a similar trend to those in Caze 3. Furthermore, p

m Caze 7 iz comperable to the other cazes although the =zoil
liguefachion cocurs at the final stage of PPT. Hence, 1t 1z thought that
excess pore water pressure dissipates and the ground 1 reconsolidated
during the preparation work for SLT.

Az mentioned i 2.3, 1t can be zeen in the CU text that cvelie
ghearing prevents positive soil dilation. If 2 similar situstion ccemrzin
the leboratory pile load test, the cyelic pile movement dunne PPT m
Case § (surgme) and Caze 7 (vibration) may prevent the positive soil
dilatiom duning SLT.

Figure 20 Schemanc of chariges in the =01l condibons during cyvelic pile penstration
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CONCLUSIONS

In ofder to mvesfigate the effects of cyclhic pile miovement on the
penetration resistance and bearing capacitv, a-senies of laboratory
made]l tests were conducted with different piling methods. ie.

monotonic jack-m, surgme, and vibratery pile dnving: m dry or
saturated sand. Furthermore, triaxial CU tests of the sand used for the
maodel ground were carriad out to compare the so1l behavicurs under
monotonic of cyclic shearing. The findings sre as follows.

1) In the pile penetration tests n dry zround, the pile head load
{penetration resistamce) in the soreng piline method =
comparable to that m the jack-in piling method The pile
peneiration resistance in vibratery pile doving iz smaller than
thosze in the jack-in and the swremg piling methods. 4 pozsible
reazon for thiz iz the ‘generation of pore air pressure in the dry
ground, stthoush more imvestigation iz needed.

In-the pile penefzation tests m saturated pround, the pile head
load {penstration remistance) i the surging piling method was
smaller than that m the jzck-in pilmg method The pile
penetration resiztance in the vibratory pile doving method was
dramatically redoeed due to the occurrence of soil hguefaction.
Cyclic pile movement: may cause negative soil dilation
surrounding the pile judging from the resultz of cvelic shearing
m the traxial CU test Vibratory pile dnvine may cause negative
zoil dilation that 1z higher than that of surome owing to the large
number of loading eveles in vibratory pile dnving

In the static load tests in dry and saturated grounds, the pile head
loed of pilez matalled b surging or vibratory pile dnving 15 the
same of larger than that of piles matalled by jack-in In the casez
of surging in saturated sand and vibratory pile driving i both
dry and saturated zand, the yield load u:lunng 8LT h:.gher than
the pile head load at the end of PPT. Bazed on the results of the
triakizl O tests, the reason iz considered to be the change of
loading manmer from eyclie during PPT to monotonie during
SLT. After cyclic loadimg by surging and wibratery dnving
prevent zoil dilation, the monotonic Ioading during SLT cauzes
zo1l dilation and increases the soil resistance,

During the SLT in exturated pround, the pore water pressures sre
rarehy changed m the cases of surging and vibratory pile driving,
while negafive pore water pressures are clearly chserved m the
caze of the jack-in piling method Since nepative pore water
pressure means positive soil dilation, the piles installed by jack-
mn causze positive soil dilation dunng SLT. In contrast, surging
and vibratory pile doving prevent zoil dilation durng SLT due
to the evelic movement during PPT.

4.

1)

From these findines. it can be sawd that surping and vibratory pile
drving mstall piles by cansing nepative zoil dilation. Further, the
bearme capacity of vibratory pile driving iz comparable to that of the
jack-in piling method because the cyclical pile movement enhances
the pile base resistance.
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