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T. Nozaki

Construction Design & Planning Group, Giken Ltd, Tokyo, Japan
(E-mail: nozaki@giken.com)

Press-in Piling Method for Road/ Railway Retaining Walls

Abstract. The “Press-in Piling Method”, installs preformed piles using static loading generated
by a hydraulic press-in machine called “Silent Piler”, which eliminates disturbance from noise
and vibration. With regard to applicable piles, the Silent Piler can install most of the major steel
piles available on the global market. Also, there are four penetration modes of the Silent Piler
available depending on ground conditions and working conditions. Therefore, piling works can
be carried out without difficulties even on extremely soft/ hard ground conditions or restricted
working conditions.

The Press-in Piling Method requires only minimum working space and can also carry out piling
works even though the commencing surface for the piling works is uneven i.e. piling works
on sloping embankment or working above water, which conventional piling methods are not
considered without extensive temporary working platform.

Keywords: vibration, piles, ground, friction, excavation.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-120-126

Mechanism of the Press-in Piling Method. The basis of the Press-in Method is simple. The Silent
Piler presses a pre-formed displacement pile into the ground by static jacking force. The reaction for
the Press-in Force is generated by gripping previously installed piles. As a pile is pressed into the
ground, “A Pressure Bulb” is formed around the pile toe. Accordingly, higher bearing capacity can
be generated compared to driven piles without disturbing the ground and producing any vibration.
(Figure 1).

Press-in Mechanism

! Press-in Force
. Penetration Resistance

: Reactive Lifting Force

* Reaction Force

Interlock Resistance
(Penetration Resistance)

Skin Friction on Pile Shaft
enet

Reaction Piles

Figure 1: Press-in Mechanism

Background. The Press-in Method is applicable to most of the steel piles available on the global
market i.e. U sheet pile in single form and pair, Z sheet pile, also in single and pair and Tubular Pile
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as described in Figure 2. Wall thickness of those piles can be 0.3m to 2.5m and moment of inertia
of the wall ranges up to about nine million biquadratic cm per meter, which can deliver similar
elastic modulus EI (kNm2/m) to 2.0m thick diaphragm walls and can be utilized for extremely deep
excavations required in today’s construction industry.

U Sheet Pile

Figure 2: Applicable Pile Profile for Press-in Method

Applicable Pile Depth and Ground Conditions. There are four penetration modes available
for the Press-in Method depending on pile depth and ground conditions, which enables piles to be

installed into a range of ground conditions, from very loose/ soft ground to very hard ground such as
peat in a bog and less weathered rock.(Figure 3).

40m
£
@ 30m
(=]
2
o
20m Medium
Loo:
10m
5m ——
10 30 50 > 1000 100 200
Max. SPT N Value UCS (MPa)

Figure 3 Applicable Pile Depth and Ground Conditions (Steel Tubular Pile)
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Press-in Piling Method for Road/ Railway Retaining Walls

Various Pile Penetration Modes.

- Standard Mode installs a pile vertically by static jacking force alone and is applicable to loose/
soft ground conditions.

- Press-in with Water Jetting Mode uses auxiliary water jetting system in addition to the Standard
Mode and is applicable to from medium to very dense/ stiff ground conditions.

During the operation, high pressure water jetting prevents generation of the pressure bulb by
temporarily and locally loosening granular soil and/or softening cohesive soil. Simultaneously, the
returning water lubricates the pile surface and the interior of the interlocks, reducing their friction.
Both the water pressure and the water flow can be regulated in accordance with the density/ stiffness
of the ground to minimize ground movement. Typical water flow rates are shown in the table below:-

Table 1
Typical Flow Rate of Water Jetting
Ground Conditions Water Pressure Water Volume
Medium Dense/Stiff 2.5-5MPa 50-100L per minute
Dense/Stiff 5-10MPa 100-200L per minute
Very Dense/Stiff 10-15MPa 200-350L per minute

- Press-in with Integral Augering Mode installs a pile with simultaneous augering and can be
applied to significantly hard ground such as cobble or boulder mixed ground, and rock. Gripping
the auger casing along with a set of press-in piles, hard soil just below the pile toe is loosened by
the auger. Effective reduction of toe resistance allows the pile to be installed with minimum ground
disturbance and spoil from the augering.

- Rotary Cutting Press-in Moderotary jacking is a newly-developed approach that is a combination
of axial penetration and twisting of the pile. This mode is only applicable to a steel tubular pile. The
tubular pile with drilling bits on its toe can be installed by Gyro Piler into significantly harder ground
such as less weathered rock.(Figure 4).

Press-in (standard) Press-in with Water Jerllng‘

Press-in with Integralhugaring‘ Rotary Cutting Prass-ln‘

Figure 4: Various Penetration Methods

Application of the Press-in Piling Method for Retaining Walls. Due to the applicability of the Press-
in Piling Method to wide variety pile profiles, a wide retained height range of retaining walls can be
achieved by the Press-in Piling Method. It can be from a couple of meters to 10m or greater depending
on project requirements. Typical bending moment capacities of the applicable retaining wall systems
are shown in Figure 5 below, which can cover from low to high retained height.
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Typical Bending Moment Capacity

== Sheet Pile Wall
= Tubular Pile Wall
l === Combi-Gyro Wall

=== Tubular King Pile Foundation

300 400 500 800 1,000 1,200 1,500 2,500
Wall Thickness (mm)

Figure 5: Bending Moment Capacity of Various Retaining Wall Systems

Retaining walls are normally constructed by either “Installation and Excavation Method” or
“Installation and Filling Method” depending on the nature of project. The Press-in Piling Method
can be adapted to both methods. In addition, the Press-in Piling Method can be carried out even
though commencing surface is not available at the top of the proposed retaining wall. The Silent Piler
self-travels along the top of the retaining wall as it installs piles. Therefore, both “Installation and
Excavation” and “Installation and Filling” types of retaining walls can easily be constructed by the
Press-in Piling Method without the need of a temporary working platform.(Figure 6,7,8,9).

Figure 6: Installation & Filling Retaining Wall (in operation at the foot of sloping embankment)

Figure 7: Installation & Filling Retaining Wall (Completion)
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Figure 8: Installation & Excavation Retaining Wall (in operation on sloping embankment))

Figure 9: Installation & Excavation Retaining Wall (Completion)

GRB System for «Minimum Temporary Work» Construction. In conventional construction
projects, great deal of cost, time and energy has been spent on temporary works, such as temporary
platforms and berms. It is said that core construction work generally accounts for around 30% of the
costs with the remaining 70% spent on temporary work.

The GRB System (Giken Reaction Base System) is one of the most advanced forms of the Hydraulic
Press-in Piling Method. Basically, the Press-in Method is applied to a continuous foundation wall i.e.
retaining wall and cofferdam, which comprises prefabricated piles and enables to carry out piling
works to be carried out on top of previously installed piles by utilizing reaction force from the piles.

The GRB System is led to the front by the Silent Piler, followed by the Power Unit as in the
standard Press-in Method, Clamp Crane, and Pile Runner. All of this equipment combines to grip
the previously installed piles which are integrated with the earth and the work is simply carried out
on top of the piles.

The process is simple. The Pile Runner transports the piles from the work base. The Clamp Crane
raises the piles and delivers them to the Silent Piler. And the Silent Piler presses the piles into the
ground. The machines move themselves forward as they carry out the work.

The GRB System, therefore, can be used to build structures above water, in locations adjacent to
roads and buildings, besides operational railway lines on slopes and uneven ground. Under bridges
and elevations, keeping transport functions are kept operational during piling work.

124 Ne 3(1 32)/2020 /LH. Tymunes amoindazor EYY Xabapurvicor. Textuxarvik eotAvimoap xare mexHor02usAGp cepusicol
ISSN: 2616-7263, eISSN: 2663-1261



T. Nozaki

Hence, the GRB System enables substantial temporary work to be eliminated and allows structures
to be built efficiently. This technology is especially effective in dealing with disaster prevention/
restoration works, in which rapid construction is always needed as the first priority.(Figure 10).

Tubular Pile

Gyrao Piler

Power Unit
- .

Pile Runner

Clamp Crane /

Figure 10: Typical Layout of GRB System

Summary and Conclusions. Retaining walls are one of the most basic structures of construction
work and are used for most types of infrastructure globally. Also, they have become diversified to
meet the transition of infrastructure status and the working environment. This diversity of retaining
wall is seen especially in dense urban areas where infrastructures are complicated and congested. In
addition, the construction process in dense urban areas tends to be complicated and sensitive, taking
into account surrounding environment.

In case of renovation or upgrading work of public transport infrastructure, such as road and rail,
it is effectively unfeasible to suspend traffic, therefore, the “scrap & build” construction method is not
practical. Under these circumstances, construction work needs to be carried out in restricted working
conditions to maintain existing traffic flow.

In general, there is only a narrow working space available along the road and railway in dense
urban areas. If the working space is not sufficiently wide, reduction of road lanes or closure of
railways is inevitable. This normally involves working at night within limited working hours and
results in lengthy construction periods.

In addition, limitation of working space is not the only major issue. Many roads and railways
are constructed above or below ground level i.e. depressed roads/railways or roads/railways on
embankments. In order to renovate/ upgrade these kinds of roads or railways by conventional piling
methods, temporary working platforms will be essential to provide working space for piling rigs
and storage yards. However, as previously mentioned, the available working space itself is normally
narrow and additional land acquisition will most likely be inevitable for the construction of a
temporary working platform with conventional piling methods. This leads to soaring construction
costs and extended construction periods. In the worst cases, a lot of infrastructures are left untreated.

The Press-in Piling Method is effective to overcome abovementioned issues and is widely used in
dense urban areas. Because of the advantages of the Press-in Piling Method in difficult working space
i.e. minimal machine size and self-travel function, the Press-in Piling Method enables the piling work,
without need of a temporary working platform, reduced traffic flow or night work. As a result, both
construction costs and duration can be minimized without disturbing existing traffic.
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XKoa Temipxoa Tipey KaObIpradapbiHa KajalapAabl CBIFBIMAAY dAici

Angarna. «Kagaaapapl npecrey agici» - llly Men AipiaaiH kegepricin >KOATBIH» YHCI3 JKMHAFBIII « A€Ml aTa-
AaTBIH IMApaBAUKAaABIK IIpecTey MalllMHachl JKacaFaH CTaTMKAABIK JKYKTeMeHi KOJAJaHa OTBIPHII, aAAbIH aja
’KacaaraH Kadaaapabl opHaty. KoagaHblaaTeIH Kagaaapra KeAeTiH 00caK, YHCI3 SKIMHAFBIII 91eMAiK HapbIKTa
KOAXKeTiMAi Herisri 004aT KajdadapAbIH KOIIIidiriH opHata aaaapl. COHbBIMEH KaTtap, >Kep acThl JKarjalidapsl
MeH >KYMBIC JKaFjalidapbiHa OaifAaHBICTBI ABIOBICCHI3 JKMHAFBIIITHIH eHyiHiH TopT pexxnmi Oap. Ocblaarinia,
Kajdazap eTe >KyMcak/ KaTThl TOIIBIPAK, >KarariblHAa HeMece IIeKTeyAl SKYMBIC JKaFAailblHAa Aa KUBIHABIKCBI3
>KacaAybl MYMKiH.

Kaaaaapar 6acy aaici TeKk MIMHIMAaAABI JKYMBIC KEHICTITiH Ka>keT eTei, COHBIMEH KaTap, KajalapAblH Oacra-
Kbl OeTi Teric eMec H604ca 4a, Kadalap JKyYMBICTaphIH OpBIHAAIL alaabl, AFHN Koabey yitinaizeri Kadadap HeMece
Cy >KYMBICTaphl, Oya KajadapAbIH 94eTTeTi 94icTepi YAKeH yaKbITIIIa KYMBIC I11aT(POPMaChIHCHI3 KapaCThIPhIA-
MamApbl.

Tyiiin cesaep: Aipia, Kagaaap, TONBIpaK, YiiKeic, JKep >KyMbICTapBL.

T. Hozaknu
Cmpoumervias npoexmuo-naanuposoutas epynna Giken Ltd, Toxuo, Snonus

C110c00 IIpeccoBaHMsI CBall 4451 A0POKHBIX/ Ke1e3HOA0POKHBIX IO ATIOPHBIX CTE€HOK

AnHoTamus. «MeToj rmpeccoBaHus cBali» - 9TO yCTaHOBKa IIpejBapuTeAbHO C(POPMUPOBAHHEIX CBall C MC-
[10Ab30BaHMEM CTaTUIeCKOl HaTpy3KH, CO3JaBaeMOl IMApaBAMIecKOll IMpeccyioell MalluHOM, Ha3hBaeMoil
«OecITyMHBIM 1ITabeaepoM», KOTOpasl yCTpaHseT IToOMexXu OT IyMa u BuOpanuu. Yto KacaeTcst TpMMeHNMBbIX
CBaif, TO OecITyMHBIN IITabesep MOXeT YCTaHOBUTh OOABIIMHCTBO OCHOBHBIX CTaAbHBIX CBall, AOCTYITHBIX Ha
MMPOBOM priHKe. Kpome TOro, cymiecTsyeT yeTsipe pexkuMa OecIIyMHOTO ITPOHUKHOBeHNs ITabesepa B 3aBU-
CMIMOCTHU OT TPYHTOBBIX YCAOBUI 1 ycAOBMI paboThl. Takmm oOpasoM, caifHbIe paOOTHI MOTYT BBITTOAHATHC
6e3 Kakux-A100 TPYAHOCTeI Ja>ke B OUeHb MATKIX/ TBePABIX TPYHTOBBIX YCAOBUAX MAY OTPAaHNYEHHBIX YCAOBH-
sIX pabOTHI.

MeTtog npeccosanus cpait TpeOyeT AMUIIThL MUHMMAABHOTO pabOYero mpocTpaHCcTBa U ITOCPeACTBOM €ro MO-
IYT BBIIIOAHATLCA CBaliHbIe pabOTHI, 4aXkKe eCAM MCXOAHas IIOBEPXHOCTD AAs CBAHBIX pabOT HEpOBHAasl, TO eCTh
cBaiiHbple pabOTHI ITPOBOAATCS Ha HAKAOHHOIN HACBIIINM MAM Haj BOAON, B TO BpeMsI KakK IIPY OOBIYHBIX MeTOAaX
ITpoBe/eHIIe CBalHBIX paboT He paccMaTpuBaeTcs 6e3 OOIIMPHOI BpeMeHHOM pabodeit 11AaTPpOPMBEIL.

Karogesnie caoBa: BUOpams, csal, TPYHT, TPeHNe, 3eMASHbIe pabOTEHI.
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