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TEXHOJIOT'HTYECKHUE CXEMBI
YCTPOUCTBA 3ABUBHBIX CBA
B IPOBUTBIX CKBAKHUHAX"

AHHOTanusA. M310XeHbl OCHOBHBIE BapUaHTHI yCO-
BEPIICHCTBOBAHHBIX U HOBBIX KOHCTPYKLHN U TEXHOJIOTH-
YECKMX CXeM YCTpoWcTBa (yHIAMEHTOB H3 3a0MBHBIX
(BmaBIMBaeMBIX) cBall B MPOOUTHIX (TIPOJIaBIEHHBIX) CKBa-
JKUHaX C YUIMPEHHBIM OCHOBAHHUEM-IISITOW, MpeuMyIe-
CTBEHHO B CJIA0BIX BJI@XHBIX (II€peyBIIa)XKHEHHBIX) U BOJO-
HACBILIICHHBIX TpyHTax. OMUCaHBI IIECTh BAPUAHTOB TEXHO-
JOTHYECKUX CXEM yCTPOHCTBA 3a0MBHBIX CBall B IMPOOUTHIX
(mponaBIEHHBIX) CKBa)XKMHAX C MEPEYUCICHUEM OCHOBHBIX
oTepanuii o yCTpOHCTBY CBaiiHBIX (yHIAMEHTOB B IIPOOH-
TBIX (IIPOAABICHHBIX) CKBAXXMHAX. PaccMOTpeHBI crOCOOBI
MIOBBIIICHNS HECYIEH CITOCOOHOCTH CBai.

[IpemnaraeMple mecTs BapUaHTOB TEXHOJIOTHIECKHUX
CXEM yCTpOICTBa 3a0MBHBIX CBail B MPOOUTHIX (IIPO/aBIICH-
HBIX) CKBa)XHMHAX 00ecledynBaloT pacIIMpeHHe 0o0JIacTH UX
MPUMEHEHHUS 10 TPYHTOBBIM YCIIOBHSIM, MOBBIIICHUE HECY-
e cmocoOHOCTH U BO3MOXHOCTh MCIIOJIb30BAaHUS BJABIH-
BAIOIUX YCTAHOBOK JJIsl TOTPYKEHHUS CBail B YCIOBHUSAX
MJIOTHOM TOPOACKOH 3aCTPOMKH.

KiroueBblie ciioBa: GhyHIaMEHT U3 3a0MBHBIX CBaii B
MpOOHUTHIX (TMPOAABICHHBIX) CKBAKMHAX, CIAOBIH Tepe-
YBIQOKHEHHBIH M BOJOHACHIIICHHBIN T'PYHT, 3a0MBHasl WH-
BEHTapHas MeTajuimueckas oOcamHas Tpyba wWIH cCBas,
GamMak-mpoOOWHUK U OalIMaK-yImIUpUTeNns, oOcanHas Tpy-
0a ¢ caMOpAacKpHIBAIOIIMMCS HAKOHCYHHUKOM, YIIHPECHHOE
OCHOBaHME M3 J>KECTKOTO TI'PYHTOBOrO MaTepuaia, 000.1-
Hacajka Ha o0caaHyr TpyOy-000I09Ky
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B panee omyOmukoBaHHBIX paborax [1-7]
YCTPOMCTBO CBaWHBIX (YHIaMEHTOB B TIepe-
YBJIIQKHEHHBIX U BOJOHACBHIIICHHBIX TPYHTAX, CBSI-
3aHHBIX C TPOOMBKON CKBaXWH, MPEAIaraioch
OCYILECTBIIATH MO 3aLIUTON 00CaIHBIX TPYO, YTO
CYIIECTBEHHO YBEIIMYUBAET TPYAOEMKOCTh (dHEp-
TOEMKOCTh) U BpEeMsl BCEro Ipolecca Mpu OJIHO-
BPEMEHHOM CHIDKCHUH HAJIEKHOCTH, OCOOEHHO
IIPH BEICOKOM YPOBHE MOJ3€MHBIX BO/I.

B »T0#i cTaThe onumcaHbl OCHOBHBIE BapHaH-
ThI TEXHOJIOTHYECKUX CXEM YCTPOMCTBA 3a0MBHBIX
CBail B IPOOWTHIX CKBAXWUHAX C YITUPEHHBIM OC-
HOBaHHEM, O HEKOTOPBIX M3 KOTOPBIX XK€ IuIa
peub B pabotax [8-10].

! Cratest mOATOTOBIEHA IPH KOHCYIHTATHBHOMN MOMOIIH J. TEXH.
Hayk, npo¢. Kpyrosa B.11. (HUMOCII um. H.M. I'epceBanoBa).
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PROCESS DIAGRAMS
FOR INSTALLATION OF DRIVEN
PILES IN PENETRATED WELLS!

Abstract. This article presents the main op-
tions of improved and newly devised designs and pro-
cess diagrams for installation of foundations made of
driven, or jack, piles in the penetrated wells with ex-
panded shoe, mainly in weak wet (waterlogged) and
water-saturated soils. The article presents six options
of process diagrams for installation of driven piles in
penetrated wells, listing the main procedures: for
well-compacted weak soils, for the case when the wa-
ter ingress is excluded, for the case when it is neces-
sary to increase the load-bearing capacity of pile's
bearing face in the waterlogged soils, for the case
when the load-bearing capacity of the pile shall be
increased both for the end and for the sides, for the
case when peat or other biogenous water-saturated
soils are present at the bottom of the well, and for the
case when there is no contracted zone nor practical
possibility to ensure the stability of the walls.

The proposed six options of process diagrams
for installation of the driven piles in penetrated wells
provide expansion of their area of application regard-
ing the soil conditions, increase of load-bearing ca-
pacity, and possibility of using jack systems for driv-
ing the piles under conditions of dense urban devel-
opment.

Key words: driven pile foundation in pene-
trated wells; weak waterlogged and water-saturated
soil; driven standard metal casing or pile; punch-shoe
and expansion-shoe; casing with self-opening head;
expanded foundation of hard soil material; attachable
rim for the casing pile
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The previously published papers
[1-7] proposed installing pile foundations
in waterlogged and water-saturated soils
under protection of casing piles, increasing
labor- and power-consumption, and the du-
ration of the process, while reducing relia-
bility, especially in case of high level of
ground waters.

This article presents the main options
of process diagram of installation of the
driven piles in the penetrated wells with ex-
panded base. Some of them were already
considered in papers [8-10].

! The article was prepared with consulting assistance of
Doctor of Technical Sciences, Professor Krutov V.1. (Gerse-
vanov Research Institute of Bases and Underground Struc-
tures (NIIOSP))
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Ilepsas cxema (puc. 1). OCHOBHbBIE TEXHOJIO-
THYECKHUEe Ofepaluy B JOCTaTOYHO XOPOIIO YILIOT-
HSEMBIX CIa0bIX TPYHTaX OCYIIECTBISIOT B CIIETY-
IONIEH ITOCIIENOBATEILHOCTH

¢ IpOOMBAIOT (MPOJABIMBAIOT) CKBAXKUHY 3
KOMPOBOW WJIM BAABIMBAIOLICH YyCTAaHOBKOM Ha 3a-
JTaHHYIO TIIYOMHY MHBEHTapHOU 00caaHoil TpyOoii 1,
cHaO)XeHHOM B  HIDKHEH 4YacTH  OalMakoM-
poOOHHUKOM 2 ¢ BHYTPEHHEH MOJIOCThIO U 00pa3o-
BaHHEM IO BCEMY MEPUMETPY CKBAXKHUHBI 3 YILIOT-
HEHHOM 30HbI 4 (cM. puc. 1, a);

®BO  BHYTPEHHIOIO  MOJOCTh  OamiMaka-
nmpoOoiHNKa 2 BCTABJSIIOT OalliMak-yImupuTedb 5
(eM. puc. 1, 6), Hampumep, JeOeAKONH KOMPOBOM
YCTaHOBKH;

® BHayaJIe B HIDKHIOK YacTh 00CaTHOW TPYOBI
(wmu cpazy Ha BBICOTY, OOECIEUHBAIONIYIO IMOJHOE
3aMoJIHEHWE CKBAa)KWHBI IOCJIE H3BJICUEHUS 00cai-
HOW TpyOBI) OTCHIMAIOT O€3 YIUIOTHEHUS >KECTKH
TPYHTOBBIM Marepuan (mebeHb, TpaBuid U T.I.) 6,
MOBEPX KOTOPOTO OTCHINAIOT MECTHBINM CHIY4YHIl Ma-
Tepuan / (IMecoK W T.II.), Yepeaysl ero ¢ dKOoJorude-
CKA YHUCTHIMH OTXOJaMH TMPOMBIIUICHHBIX MPOU3-
BOACTB (Hampumep, (GOpMOBOYHOW 3eMjed W T.II.,
T.. ONM3KUMHU TIO TPaHYJIOMETPUYECKOMY COCTaBY
MeCYaHbIM IPYHTaM), KaK MoKa3aHo Ha puc. 1, 6;

® 3BJICKAIOT M3 CKBAXUHBI 3 00CagHYIO
TpyOy 1 u 3a0uBaioT (MOrpyXaroT) B 3acChIIaHHYIO
CKBa)KHHY, B T.4. C HCIIOJIb30BaHUEM BJ/IaBIMBAIOLIECH
YCTaHOBKH, CBat0 8 ¢ (OPMHPOBAHUEM YIITUPEHHOTO
OCHOBaHUS 9 B HM)KHEW 4acTH CKBAXMHBI U JOIOJI-
HUTEIBHOU YIUIOTHEHHOM 30HBI 10 (cM. puc. 1, 2).
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Puc. 1. [lepBag TexHoJOrHYecKas cxema yCTpOHCTBa
3a0WBHOI cBan

Diagram One (Fig. 1). The main pro-
cess operations in well-compacted weak
soils shall be performed in the following
order:

ewell 3 is penetrated (pushed) with
pile-driving or pressing unit to the design
depth with standard casing 1, equipped with
driving shoe 2 with internal cavity in the
lower part, and contracted zone 4 is created
along the complete perimeter of well 3 (see
Fig. 1, a);

eexpansion shoe 5 is installed in the
internal cavity of the driving shoe 2 (see
Fig. 1, b) by means of, e.g., winch of the
pile-driving unit;

o first, hard soil material (chip, gravel,
etc.) 6 shall be spilled to the lower part of
the casing pile (or directly to the elevation
that provides for complete filling of the pile
after the casing is removed) without con-
traction; then, on top of it, local bulk 7
(sand, etc.) shall be spilled, interlaced with
environmentally safe industrial waste (e.g.
loam, i.e. the waste closely similar to sandy
soils in their gradation), as shown on the
Fig. 1, c;

e casing 1 shall be extracted from the
well 3, and pile 8 shall be driven into the
filled well, using, if necessary, the pushing
unit, creating expanded foundation 9 in the
lower part of the well, and additional con-
traction zone 10 (see Fig. 1, d).
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Fig. 1. First process diagram of installation of
driven pile
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Bmopas cxema (puc. 2). OHa noaxoauT AJisi Coy-
Yas, KorJa B mpoliiecce MpOOUBKU CKBaYKUHbI, YCTAHOB-
K1 OaliMaka-ylmmpuTelss W 3achlIKd B CKBaXHHY
KECTKOTO U PYTOro CHIMTY4Yero rpyHTOBOIO MaTepuasa
MPAaKTHYECKH TIOJHOCTHIO HMCKIIIOYACTCS MPUTOK IOJI-
3eMHBIX BOJ B CKBa)KHMHY 3a CUET 00pa30BaHUsl YILJIOT-
HEHHOMW 30HBI TPYHTa ¢ HU3KOH (UIBTPALIMOHHON CHO-
cobHocTbIO. TexHonornyeckue orepanyuu OCYIIEeCTB-
JSIOT B CIENYIOLEH MOCIIEA0BaTENbHOCTH:

* MpoOuBaOT (MPOJABIUBAIOT) CKBAKHUHY 3 C
MOMOIIIbI0O WHBEHTAPHON HJIM COOpHOM Kene300eToH-
HOM cBau | ¢ yCTaHOBKOM MX TOPIIOB BO BHYTPEHHIOIO
noJjiocTh OamMaka-npoboitHuka 2 ¢ oOpa3oBaHUEM
YVIUIOTHEHHOW 30HBI 4 BOKPYI MPOOUTOW CKBAKUHBI
(cm. puc. 2, a);

* U3BJICKAIOT CBal0 | M3 CKBaXXWHBI 3, yCTaHAaB-
JTUBAIOT BO BHYTPEHHIOK TOJIOCTh  OamMaka-
npoOoiiHuKa 2 GamMak-yImupuTeas 5 (cM. puc. 2, 0);

* OTCBHINIAIOT BHAYalie 0€3 YIUIOTHEHUS B HUXK-
HIOIO YaCTh CKBa)XHWHBI 3 KECTKUW TPYHTOBBIA MaTe-
puan (uebeHp, rpaBuil U T.I.) 6, MOBEPX KOTOPOTO
OTCBHIMAIOT JUCKPETHO 0€3 YIUIOTHEHHUS] MECTHBIH
TPYHTOBBIM CBIIY4YH Marepuan 7, HalpUMeEp IECOK,
gyepeays ero ¢ TeM K€ KECTKUM I'PYHTOBBIM MaTepua-
JoM 6, BKJIIOYAsh YCTOMUYMBBIC, HE MOJBEPKCHHBIC
pacniany (pasiioKeHHIO) YKOJOTUYECKH YHCThIE OTXO-
Ibl TIPOMBIIIICHHBIX MPOU3BOACTB (Hampumep, ¢op-
MOBOYHYIO 3€MJIM U T.II.), 9YTO CIIOCOOCTBYET UX yTH-
nu3aiuu (CM. puc. 2, B);

* 3a0MBaOT (MOTPY’KAIOT) B 3aCHITIAaHHYIO CKBa-
KHMHY, B T.4. BIABJIHMBAIOIIEH YCTaHOBKOM, eme300e-
TOHHYIO CcBal0 8 ¢ (popMHpPOBAHUEM YUIMPEHHOTO OC-
HOBaHUS 9 B HW)KHEW YacTU CKBAKWUHBI U JOTOJIHU-
TEIBLHOHN yITIOTHEHHOM 30HHBI 10 (cM. puc. 2, ).
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Puc. 2. Bropas TexHOJIOTHYECKasi cXeMa yCTPOMCTBa 3a-
OWBHOH cBan

Diagram Two (Fig. 2). This diagram
is suited for the case when ingress of
ground waters in the well is excluded al-
most completely during the penetration,
installation of expansion shoe, and filling
the well with hard and other bulk soil, due
to creation of contracted soil zone with
low filter properties. The procedures shall
be performed in the following order:

ewell 3 shall be penetrated (devel-
oped) using standard or assembled rein-
forced concrete pile 1 with ends installed
in the internal cavity of the driving shoe 2,
creating contracted zone 4 around the
penetrated well (see Fig. 2, a);

epile 1 shall be removed from the
well 3, and expansion shoe 5 shall be in-
stalled in the internal cavity of the driving
shoe 2 (see Fig. 2, b);

e lower part of the well 3 shall be
filled with hard soil material (chip, gravel,
etc.) without contraction 6, then with local
bulk material 7, e.g. sand, interlaced with
same hard soil material 6, including stable
non-dissolving (non-braking) environmen-
tally safe industrial waste (e.g. loam, etc.),
contributing to recycling the said waste
(see Fig. 2, ¢);

e reinforced concrete pile 8 shall be
driven into the filled well, using, if neces-
sary, the pushing unit, creating expanded
foundation 9 in the lower part of the well,
and additional contraction zone 10 (see
Fig. 2, d).

[

Fig. 2. Second process diagram of installa-
tion of driven pile
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Tpemwvsi cxema (puc. 3). Korma neobxomaumo
YBEJIMYUTh HECYILYIO CIIOCOOHOCTH CBaH IO €€ TOp-
Iy B 0OBOJTHEHHBIX TPYHTAX, TEXHOJIOTUYECKUE OTIe-
paly MO HW3TOTOBJIEHUIO CBau OCYIIECTBISIOT B
clIeyIolel mocae0BaTeIbHOCTH:

e MpoOMBalOT (IIPOJIABIMBAIOT) HWHBEHTAPHOM
obcamgHol TpyOoi 1 ¢ GammakoM-TpoOOWHHUKOM 2
CKBa)XXMHY 3 ¢ 00pa3oBaHHEM I10 €€ KOHTYpY YIJIOT-
HEHHOM 30HbI 4 U TIOCTIE YCTAaHOBKHU BO BHYTPEHHIOIO
MmoyiocTh  Oammaka-mpoOoiiHuka 2 OamMaka-
VIIUPUTENS 5 OTCHINAIOT B HUXKHIO YacTh 00cai-
HOW TpyObl 1 Hayx GamrMakoM-yIIMpUTENIEM S KecT-
KU TPYHTOBBIM MaTepuan 6 (mebdeHb, rpaBuid U T.I1.
WM KECTKYIO OETOHHYIO CMeCh) (cM. puc. 3, a);

® opMUpYIOT YIIMPEHHOE OCHOBaHHME 8 WH-
BEHTApHON WM 3a0MBHOM cBacil 7/ TpH MPHUIIOIHS-
TOM Ha BBICOTY OTCHINKH (OOBIYHO TIO TIOJITOpA-IBa
IraMeTpa CKBaXUHBI) oOcaaHoi Tpyode 1, o6opymo-
BaHHOI Ha Toplie, HAIPUMEpP, CbeMHBIM HAaKOHEYHH-
KOM C COOTBETCTBYIOIIMMHU YIJIaMU 3a0CTPEHUS
o6pryHO B mpenenax 30...180° myrem mocioifHO#
OTCHIIIKK W BTPaMOOBBIBaHUS HEOOXOIUMOTO II0
pacueTy JKECTKOTO TPYHTOBOTO MaTepuana-iieOHs
(cm. puc. 3, 6). [Ipu HEoOXOAMMOCTH JIST TIPENOT-
BpAILlICHUsI BO3MOYKHOT'O TOCTYIUIEHHUS TOA3EMHBIX
BOJI BHayaje B HIDKHIOIO 4acThb 00CaaHOM TpyOHI, a
3aTeM B CKB)XHMHY NpU (HOPMHPOBAHUM YIIMPEHHO-
IO OCHOBAHMS IMOCIOHHYIO OTCBHINKY, HampuMmep, U3
meOHS OCYILECTBIISIOT C MPEABAPUTEIHHON MPOIHT-
KOI ero mpoayKTamu neperoHku Hedtu (OutymHas
AMYJIBCHS, KUAKUI OUTYM U T.I.) UJIU YACTUYHO HC-
MOJIB3YIOT TEXHOJOTHUIO YCTpOUCTBA cBal DpaHKH B
BOJIOHACBIIIIEHHBIX TPYHTaX C CO3[aHUEM BBIOHWBac-
Mo MpoOKM B HMKHEW yacTH oOCagHOU TpyOBl M3
’KECTKOI OCTOHHOI cMecH;

efocie OOpa3oBaHMs HIDKHETO YHIIMPEHHOTO
OCHOBaHHS TTOBEPX €ro B 00CaaHYIO TPYyOy OTCHINa-
I0T Cpa3y Ha BCIO BBICOTY C YY€TOM IOJIHOTO 3aro-
HEHUsI CKBRXUHBI TTOCIIE U3BJICYCHUS 00CaTHON TPY-
OBl MJIM JUCKPETHO MECTHBIA CHIMYYHM T'PYHTOBBIN
MaTepuai, 4yepeays ero, Halpumep, co meOHeM HIH
OTXOZaMHU TPOMBIINIJICHHBIX MPOU3BOACTB 9 (CcM.
puc. 3, 8);

® B 3aCHIMAaHHYIO CKBOXHHY 3a0MBaioT (TOTpy-
KaroT) Jkene3o0eToHHyto cBaio 10 ¢ morpyxeHuem
ee Topla B YIIUPEHHOE OCHOBAaHUE U 00pa30oBaHUEM
JOTIOJTHUTEILHOM YIIJIOTHEHHOM 30HBI 11.

Diagram Three (Fig. 3). In case it is
necessary to increase the load-bearing ca-
pacity of pile's bearing face in the water-
logged soils, the procedures of creation of
the pile shall be executed in the following
order:

estandard casing 1 with driving shoe
2 shall be used to penetrate the well 3 creat-
ing the contracted zone 4 at the contour of
the well, after expansion shoe 5 is installed
in the internal cavity of the driving shoe 2,
hard soil material 6 (chip, gravel, etc., or
hard concrete mix) shall be spilled into the
lower part of the casing 1 above the expan-
sion shoe 5 (see Fig. 3, a);

eexpanded foundation 8 shall be cre-
ated using standard or driven pile 7 with
casing 1 lifted to the height of the fill (nor-
mally by one and a half or two diameters of
the well); the casing shall be equipped with
removable head with proper cutting angles,
typically within 30...180 ° by means of by-
layer filling and contracting the volume of
hard soil material-chip as per design (see
Fig. 3, b). If ingress of ground waters into
the lower part of the casing, and, later, into
the well should be prevented, then the by-
layer filling with chip shall be performed
with the said chip treated with the petrole-
um products (asphalt emulsion, coal tar,
etc.). Otherwise, Franki pile installation
technique can be partially implemented for
water-saturated soils, with installation of
drive-out hard concrete plug in the lower
part of the casing;

eafter completion of the lower ex-
panded foundation, local bulk soil shall be
spilled into the casing to the full height, tak-
ing into account the space remaining after
extraction of the casing, or intermittent
with, for example, chip or industrial waste 9
(see Fig. 3, ¢);

ereinforced concrete pile 10 shall be
driven into the filled well, lowering its end
into the expanded foundation and creating
additional contracted area 11.

CTponTenbcTBO: Hayka 1 obpasoBaHue. 2017. Tom 7 Beinyck 1 (22). CT. 2. http://www.nso-journal.ru
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Puc. 3. TpeTbs TexXHOJOTHMYECKAass CXeMa YCTPOWCTBa
3a0MBHOM CBau

Yemesepmas cxema (puc. 4). OCHOBHBIC TEX-
HOJIOTHYECKUE OTepaly OCYLIECTBISIOT B CIEIy-
IONIEH ITOCIIENOBATEILHOCTH

¢ IpOOMBAIOT HMHBEHTAPHOM METAJUINYECKON
TpyOoil 1 ¢ camopacKpbIBarOIIMMCS HAaKOHEYHHKOM
B HIDKHEH YacTH, BCTaBISIEMbIM BO BHYTPEHHIOIO
MOJIOCTh OamMaka-npoOoWHuKa 2, CKBAXHHY 3 C
o0pa3oBaHHEM MO BHEIIHEMY KOHTYPY CKBa)KMHBI
YILIOTHEHHOH 30HBI 4 (cM. puc. 4, a);

®B HIDKHIOIO 4YacTh oOcamgHou TpyOwml 1 ycra-
HaBJIUBAIOT OallIMaK-yIIUpUTEIb, HANpUMEp, C I0-
MOIIBIO nedeaxku KOIPOBOM YCTaHOBKH
(cM. puc. 4, 6);

® OTCHIMAIOT MOBEPX OalMaka-yImpuTens 5 B
HIDKHIOIO YacTh 00camHoi TpyObl 1 BHawame *ecT-
KU TPYHTOBBIN Marepuain 6 (Win cpa3y Ha BBICOTY,
Kak U B TPEThEM IMYHKTE MEPBON TEXHOJOTHYECKOM
CXEMBI), Yepeaysl €ro C MECTHBIM CBIITYYUM T'PYHTO-
BBIM MaTepHalioM WJIM OTXOAAMU IPOMBIIIICHHBIX
MPOU3BOJICTB 7, TOCJE YEero M3BJIEKAIOT 00CATHYIO
TpyOy, Ipr HEOOXOAUMOCTH C MPUIOKEHUEM K HEl
BUOpAIK WM C TIOMOIIBI0 00paTHOM paboThl yaap-
HOro MoJioTa (CM. pHC. 4, 8);

® [IOTPY’KAIOT B 3aCBIIAHHYIO CKBAXHHY cOOp-
HYIO JKEJIe300€TOHHYIO0 cBat0o 8 ¢ oOpa3oBaHHEM
VIIUPEHHOTO OCHOBaHMA 9 U JIOMOJIHHUTEIHHOU
ymiotHeHHOM 30HbI 10 (cM. puc. 4, 2).

Fig. 3. Third process diagram of installation
of driven pile

Diagram Four (Fig. 4). The main
procedures shall be performed in the fol-
lowing order:

estandard metal casing 1 with self-
opening head installed in the internal cavity
of the driving shoe 2 shall be used to pene-
trate the well 3 creating the contracted
zone 4 along the contour of the well
(see Fig. 4, a);

eexpansion shoe shall be installed in
the lower part of the casing 1 using, for ex-
ample, the winch of the driving unit
(see Fig. 4, b);

e on top of the expansion shoe 5 in the
lower part of the casing 1 (or at once to the
same height as stated in the p.3 of Process
Diagram One) first, the hard soil material 6
shall be spilled interlaced with local bulk
soil materials or industrial waste 7, then the
casing shall be extracted, if necessary, us-
ing vibration or normal operation of the
jumper bit (see Fig. 4, c¢);

e assembled reinforced concrete pile 8
shall be driven into the filled well, using, if
necessary, the pushing unit, creating ex-
panded foundation 9 and additional contrac-
tion zone 10 (see Fig. 4, d).

Construction: Science and Education. 2017. Vol. 7 Issue 1 (22). Paper 2. http://www.nso-journal.ru
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Puc. 4. YerBepras TeXHONOTHYECKas CXeMa yCTPONUCTBA
3a0MBHOM CBau
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Kpome toro, B ciiydyae HEOOXOIMMOCTH TIOBBI-
IIIEHUE HECYIel CIIOCOOHOCTH CBau MOJ €€ TOPIIOM B
paccMaTpuBaeMOM ciydae Takke MOXeT ObITh OCy-
LIECTBJICHO, KaK B MPUBEJICHHON HA PUC. 3 TEXHOJIOTH-
yeckoi cxeme. [Ipy HEOOXOAMMOCTH YBETMYEHHS He-
CYILIEH CIIOCOOHOCTH CBaM Kak IO TOPILY, TaK U IO ee
OOKOBOW MOBEPXHOCTH, HAMPUMEP, B c1a0OM YacTHU-
HO 3aTOp(OBAHHOM, 3aUJICHHOM U T.II. [PYHTE C OTHO-
CHUTEJIbHO HU3KUMH 3HaYEHUSIMU MIPOYHOCTHBIX XapaK-
TEPUCTUK B OJHOM CJIy4ya€ BBINOJHAIOT IIOBTOPHOE
NOTPY’KEHHE MHBEHTApHOW 00CamaHOW TpyOBI C camo-
PacCKpBIBAIOIIMMCS] HAKOHEYHUKOM C TIOTPYKEHUEM €€
TOpIIAa B HIKHIOIO YaCTh CKBAXHHBI B OTCBHITAHHBIN
KECTKUH TpPYHTOBBI Marepuain Haja OaliMakoM-
yumpureneM (cM. puc. 4) wim nocie GopMHUPOBAHUS
HIKHETO YIIUPEHUS JI0 €ro KpoBiH (cM. puc. 3) ¢ mo-
CJICYIOIUM 3allOJJTHEHUEM TPYOBI CHITYYHUM TPYHTO-
BbIM MaTe€pUalioM, B T.4. JAUCKPETHO MO BBICOTE, W3-
BJIEYEHUEM €€ U 3aTEM IOIPYKEHHEM TOpLA >KEJIe30-
OCTOHHOM CBaW B HIDKHEE yIIUpeHHE. TakuM o0pazom,
B JAHHOW CXE€ME€ YaCTHMYHO HCIIOJIb3YIOT M3BECTHBIN
TEXHOJIOTUYECKUN IPUEM IIOTPYKEHUSI MHBEHTAPHOU
00caiHOi TPYObI C CaMOPACKPBIBAIOIIMMCS HAKOHEY-
HUKOM B HWXKHEW YacTW MpPU YCTPOMCTBE BEPTHKAIb-
HBIX MECUaHbIX ApeH (CBaii), UMEHYEMBbI B MPAKTHKE
CTPOUTEIBCTBA «CBAsl B CBAIOY.

Ilsmasa cxema. Ilpy Hanuyuy B OCHOBAaHUH 3a-
TOp(OBaHHBIX U APYTUX OMOTEHHBIX BOJAOHACHIIIEH-
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Fig. 4. Fourth process diagram of installation
of driven pile

In addition, the load-bearing capacity
of the pile under the end can be increased,
if necessary, in the same way as shown in
Process Diagram, Fig. 3. If the load-bearing
capacity of the pile shall be increased both
for end and for the sides, for example, in
the weak partially peaty, silty, etc. soil, with
relatively low values of the strength param-
eters, the standard casing with self-opening
head shall be driven for the second time
into the lower part of the well, into the hard
soil filling above the expansion shoe (see
Fig. 4), or after completion of the lower ex-
pansion to it top (see Fig. 3), later filling the
casing with interlacing bulk soil. After this,
the casing shall be extracted, and the end of
the reinforced concrete pile shall be low-
ered into the lower expansion. Therefore,
this method partially utilizes a well-known
process of lowering the standard casing
with self-opening head in the lower part
during installation of vertical sand drains
(piles) called in practice “pile-in-pile"
method.

Diagram Five. In case peat or other
biogenous water-saturated soils are present
at the bottom, leading to practically non-
existent contracted zone during the process
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HBIX TPYHTOB, KOTJa MpuU MpoOWBKE (MpOAaBIHBA-
HUM) CKBYXUHBI JI0 MOICTHJIAIOIIETO HECYIIETO CII0s
MPAKTUYECKH OTCYTCTBYET YIUIOTHEHHAs 30Ha, TeX-
HOJIOTMYECKHE OIEpPALMHU 0 YCTPOUCTBY CBAWHOTO
(dbyHIaMeHTa MOTYT BBIMIOJHATHCA IO YETBEPTOM
CXeMe; WM e MPH COOTBETCTBYIOUIEM OOOCHOBa-
HUM PEKOMEHAYETCS OCYLIECTBIATh WX IO YIPO-
IIEHHOW CXeMe, MPUBEICHHOW Ha PHC. 5, YaCTUYHO
UCIOJIb3YSl TOT K€ TEeXHOJOTMYECKHH MpUEM H3ro-
TOBJICHHSI IECYAHBIX CBAM, T.€. 10 TEXHOJOTUH «CBas
B CBaI0», OIMCAHHOM BBIIIIE:

® [IOTPYXKAIOT HHBEHTAPHYIO 00CaJHYI0 TpyOy
1 ¢ camopackpbIBarOUIMMCSl HAKOHEYHHUKOM 10 He-
cymero (MUHEPaJIbHOIO) CJIOSI TPYHTA 2 ¢ YacTHY-
HBIM €T0 3ariy0JIeHHEM B 3TOT CIIO CKBaXXUHY 3 U
o0pa3oBaHMEM YIUIOTHEHHOH 30HBI 4 MO TOPLIOM
o0OcaHOM TPyOBI B HECYIIEM CJIO€ TpyHTa 2. 3aTeM
OTCBHIMAIOT B HWXXHIOK 4YacTh oOcamHOM TpyOsr 1
BHAYaJIC )KECTKUI TPYHTOBBIN MaTtepuas S5 (0OBIYHO
HE MEHEe IMOIYTOpa-IBYX TUAMETPOB CKBAKUHBI B
HUKHEH 4acTH), MOBEPX KOTOPOTrO OTCHINAIOT Chl-
nyyuii Marepuasn 6 (Hampumep, MECOK) cpazy Ha
BCIO BBICOTY, KaK MTOKa3aHO Ha puC. 5, a, WK 4yepe-
Iys €r0 C )KECTKUM TPYHTOBBIM MaTepuaaoM, Kak u
B TPETbEM IIYHKTE YETBEPTOHW TEXHOJOIMYECKOU
CXEMBI;

® U3BJIEKAIOT 00CaIHYI0 TPYOy € OJHOBpPEMEH-
HBIM TIOJHBIM 3allOJIHEHHEM CKBa)KHMHBI uepe3 pac-
KPBITBIA HAKOHEYHUK 00CaIHOW TpyObl TPYHTOBBIM
MaTepHaoM, TOCJIe Yero MOBTOPHO MOTPYXKAIOT €€ C
(hopMHUpOBaHWEM YIIMPEHHOTO OCHOBaHUSA [, IO-
MTOJTHUTEJIPHOW YIUIOTHEHHOW 30HBI 4 B HIDKHEH Ya-
CTH CKBaXXHHBI (CM. PHC. 5, 6) 1 ecyaHOl 000T0UKH
8 mo OOKOBOI MOBEPXHOCTH CKBAXHHBI. JTOT IMPO-
necc (opMHUpOBaHUS YUIMPEHHOTO OCHOBAHMUSA U
YIUIOTHEHHON 30HBI B Cllydyae HEOOXOJIHMMOCTH OCY-
LIECTBIISIIOT HECKOJIBKO Pa3 J0 COCTOSHUSI «OTKa3a»
Ha OCHOBAaHHWH PE3YNIbTATOB OMBITHBIX pPaboT (cM.
puc. 5, 8);

©3a0MBalOT (BAABIMBAIOT) B 3aCHIIAHHYIO
CKBO)XHHY COOPHYIO JKele300€TOHHYIO cBaro 9 ¢ 1o-
TPYy’KEHHEM €€ TOplia B YIIUPEHHOE OCHOBaHUE [ C
OKOHYATENIbHBIM €ro (hOpPMHpPOBAHHEM U YIJIOTHEH-
HOU 30HBI 4, oOecreunBaroe HEOOXOTUMYIO He-
CYIIIYIO CIIOCOOHOCTH CBaM (CM. puc. 5, 2).

of penetration of the well to the load-
bearing sublayer, the procedures for instal-
lation of the pile foundation can be per-
formed as per diagram four; or, if proper
justification is present, they are recom-
mended to be done per simplified process
diagram presented on Fig. 5. It utilizes, par-
tially, the same process of creation of the
sand piles using the "pile-in-pile” tech-
nique, described above:

estandard casing 1 with self-opening
head shall be lowered to the load-bearing
(mineral) soil level 2 inserting it partially in
this layer, penetrating the well 3 and creat-
ing the contracted zone 4 under the end of
the casing in the load-bearing layer of the
soil 2. Then, hard soil material 5 shall be
spilled into the lower part of the casing
(normally, at least one and a half — two di-
ameters of the well) in the lower part of the
casing 1, and bulk material 6 (e.g. sand)
shall be spilled to the full height as shown
on Fig. 5, a; otherwise, the bulk material
can be interlaced with hard soil material as
in the p. 3 of the Process Diagram Four;

ethe casing shall be extracted, while
simultaneously filling the well completely
with soil material through the open head of
the casing; after that, it shall be lowered
again, creating the expanded foundation 7,
additional contracted zone 4 in the lower
part of the well (see Fig. 5, b), and sand
casing 8 along the side surface of the well.
This process of creating the expanded
foundation and contracted zone, if neces-
sary, shall be used as many times as re-
quired to refusal, on the basis of the test
works (see Fig. 5, ¢);

eassembled reinforced concrete pile
9 shall be driven into the filled well, low-
ering its end into the expanded foundation
7, completing the foundation and contract-
ed zone 4, which would ensure the re-
quired load-bearing capacity of the pile
(see Fig. 5, d).
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Puc. 5. [IaTas TeXHOIIOTHYECKAsT CXEMa YCTPOMCTBA 3a- Fig. 5. Fifth process diagram of installation
OMBHOI CBaU of driven pile
Llecmasn cxema. llpu HanTU4YUK B OCHOBAaHUU Diagram Six. In case partially water-

JacTHYHO 3a00JI0YCHHBIX OMOTeHHBIX cinaObix Bogo- logged biogenous weak water-saturated
HaCBHIIIEHHBIX (OOBOJHEHHBIX) TPYHTOB, Korja mpu SOils are present, when there is no contract-
npoaaBiuBaHuK (0Opa3oBaHMM) CKBakKWHBI 10 moi- ed zone nor practical possibility to ensure
CTHJIAIOILETO HecyIlero ciiost B HUX orcyrcTByer He the stability of the walls of filled and con-
TOJIBKO YIIOTHEHHas 30Ha, HO M mpakTudeckas Bo3- tracted soils after the casing is extracted
MOXKHOCTh oOOecIiedeHust ycTroiunBocTH creHok oT- during penetration of the well to the load-
CBHINTAaHHBIX M YIUIOTHEHHBIX TPYHTOB TOCje u3Binede- bearing sublayer, it is recommended that
HUS NPUMEHsieMol oOcamHoW TpyOwl, TexHonorude- procedures for installation of the pile foun-
CKME oOmepandd IO  yCTpo#cTBy  cBaitHoro dation as per diagram presented on Fig. 6
dyHIaMeHTa peKOMEHIyeTCsl BBIMOMHATH mpu cooT- With proper justification shall be imple-
BETCTBYIOIIEM O0OCHOBaHHMH IO cxeme, mpuBeicH- Mented, in the following order:
HOH Ha puc. 6, B CIIENYIOLIEN IOCIEI0BATEIbHOCTH: estandard casing 1 with self-

e [IOTPYXKAIOT MHBEHTapHYIO0 oOcamHyio Tpyoy opening head shall be lowered to the load-
1 ¢ camopackpsIBalOIIMMCsS HaKOHEUYHHKOM Jj0 He- bearing (e.g. mineral, sand) soil level 2
cymiero (Hampumep, MHHepajbHOro, MecuyaHoro) inserting it partially in this layer by 2-2.5
ciost TpyHTa 2 ¢ 3arayOienneM ero B 3TOT cjioii Ha diameters of the casing or to refusal, pene-
2-2,5 nuametpa TpyObI WM 10 «0TKa3a» B ckBaxxuHy trating the well 3 and creating the con-
3 u ¢ oOpa3oBaHHEM YILIOTHEHHOM 30HBI 4 o Top- tracted zone 4 under the end of the casing
oM o0caiHO# TpyOBI B HecyieM cioe rpyHTa 2. 3a- in the load-bearing layer of the soil 2.
TEM OTCHIMAIOT B HUXKHIOK YacTh o0cagHoi Tpyosr 1 Then, hard soil material 5 (chip, gravel,
0e3 yIJIOTHEHHWs BHauayie XeCTKuM rpyHTOBbIH ma- Stiff mix, etc.) shall be spilled to the lower
tepuan 5 (mebeHs, rpaBuii, )xecTkas 0eronHas cmech part of the casing 1 with bulk soil material
U T.I1.), IOBEPX KOTOPOTO OTCHIMAIOT chimyunii mate- 6 (€.g. sand) to be spilled to the full height
puan 6 (mampuMep, IECOK) cpa3y Ha BCIO BbicoTy, as shown on Fig. 6, a, with regard to the
KaK I0Ka3aHo Ha puc. 6, a, ¢ yuerom nocnexaytomero later complete filling of the casing 7 with
MIOJTHOTO 3aIOJHEHHS UM TPYOBI-000JI0UKH 7 the same bulk;

® [IOTPYXAIOT 00CAaIHYI0 TOHKOCTEHHYIO TpPY- ethin-wall casing pile 7 made of
Oy-o0oJyiouKy 7, W3rOTOBJICHHYIO H3 moiuMepHbix polymers, metal, reinforced concrete,
MaTepuajoB, MeTallla, jKele300eroHa, acbOecrore- transite, etc., reinforced, if necessary, with
MEHTa | T.Il. ¥ YCUJICHHYIO B ciiyuae HeoOxonumoctu  Steel rims, shall be driven, its end partially
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CTaNbHBIMH OaHIaKaMU C YACTUYHBIM 3ariIyOJIeHHEeM
ee Topla B Hecylnuid (MUHEpAIbHBINA) CIOW IpyHTa 2
(06bryHO Ha 10...15 cm), 11g yero oO6OPYyAYIOT €ro
METANINYECKUM 000/J0M-HacaaKod 8 ¢ pexymien
KPOMKOH CHelUaNbHOW KOHCTPYKIMH (CM. y3en 4 Ha
puc. 6, 6). KoncTpykiuwo oboxa-Hacaaku 8 mpuHH-
MalOT C Y4eTOM oOOecleuyeHus: MPaKTUYECKOro HC-
KJIFOUEHHUS (32 CUET OTXKATHUS-BBITECHEHHUs) TPH TIO-
IPYKEHUHU TPYOBI-000JI0UKH 7 TPYHTA U3 3aTPYOHOTO
MIPOCTPAHCTBA HAa KOHTaKTe ¢ obOcamHoi TpyOou 1.
Huamerp obcanHoi TpyOs! 7 (pa3Mep B MONEPEUYHOM
CEUYCHHMH) NMPUHUMAIOT MPUMEPHO B MOJITOpa-IBa pa-
3a OoJblle, 4eM auaMmeTrp odcamaHou TpyOwl 1, T.e. ¢
Y4€TOM MaKCHUMallbHO BO3MOKHOW CTENEHH YIUIOT-
HEHUS WM JI0 33JJaHHOTO MPOEKTHOTO 3HAYEHUS OT-
CBIMIAHHOTO TPYHTA TMOCJE U3BJIEUEHUS OOCaTHOM
TpyOBl 1 M mOCHeayIOmero morpyXeHusi B Hero xe-
J1e300eTOHHOI cBau 9;

e 13BJICKaOT oOcamHyro TpyOy 1 c omHOBpe-
MEHHBIM TIOJIHBIM 3aIIOJTHEHHEM uepe3 ee camopac-
KpPBIBAIOIIUNACS HAKOHEYHUK TPYOBI-000JOUKU 7 B
HIDKHEH YacTH JKECTKUM 5 U MOBEPX €ro CHITy4YUM
IPYHTOBBIM MaTepHuaiom 6 (cMm. puc. 6, 8);

©320MBaIOT (32/1aBJIMBAIOT) B 3aCHIMTAHHYIO 00-
cagHylo TpyOy-000704Ky 7 COOpPHYIO Kene300eTOoH-
HYI0 CcBal0 9 ¢ MOTrpyXEHHEM ee TOpIa B OTCHINaH-
HBIW KECTKUH TPYHTOBBIH MaTepual, GOpMUPOBaHH-
eM ymupeHHOTo ocHoBaHUs 10 W momomHUTETHHOM
YIUIOTHEHHOW 30HBI B HECYLIEM MHHEPAIbHOM ClIO€
rpyHTa 4 (cMm. puc. 6, 2).
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Puc. 6.
3a0MBHOM cBau

[llectast TexHoNOrHYeckKas cxeMa yCTPOMCTBa

inserted into the load-bearing (mineral)
soil layer 2 (normally by 10-15 cm); for
this purpose, it shall be equipped with
metal rim-head 8 with a cutting edge of
special design (see Assembly 4 on Fig. 6,
b). The design of the rim-head 8 shall be
adopted with due consideration of practi-
cal removal (due to displacement) of the
soil in the annular space at the contact
with the casing pile 1 during the driving of
the casing pile 7. Diameter of the casing
pile 7 (cross-section size) shall be at least
one and half-two times larger than the
diameter of casing pile 1, i.e. taking into
consideration the maximum possible con-
traction, or to the design value of the
spilled soil after extraction of casing pile 1
and further installation of the reinforced
concrete pile 9;

e the casing pile 1 shall be extracted
while simultaneously filling the casing
pile 7 with hard 5 in the lower part and
bulk 6 material above it through the self-
opening head (see Fig. 6, ¢);

eassembled reinforced concrete pile
9 shall be driven into the filled casing pile
7 with its end driven into the spilled hard
soil, and with creation of expanded foun-
dation 10 and additional contracted zone
in the mineral soil layer 4 (see Fig. 6, d).

Fig. 6. Sixth process diagram of installation
of driven pile
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Crnenyer OTMETUTB, YTO TOTPYKEHUE B HECY-
UK CJIOM TPyHTa OCTaBIIeMON 00CamTHOU TPYOBI-
000J104KH ¢ 0007J0M-HacaIKo B HEOOXOIUMBIX CITy-
gasgXx MOXET OBbITh OCYILECTBIEHO C IMOMOINBIO H3-
BIIEKAEMOW WHBEHTApHOW CTalIbHOU TPYyOBI, TOpeI]
KOTOpOH OMHUPAalOT Ha BHYTPEHHHUE WM Hapy>KHbIE
BBICTYIIBI 0001a-HaCaIKU.

[Ipumensiemble OamMak-mpoOOWHHUK W Oari-
MaK-yIIUPHUTENb BBITIOTHSIIOT METaUIMYeCKUMH, Oe-
TOHHBIMH WJIM B KOMOWHALMU C APYTMMH MaTepua-
JaMHU C COOTBETCTBYIOIIUMH KOHCTPYKTHUBHBIMHU
O0COOEHHOCTSIMU U ONTHMAJIbHBIMU YTJIAMH 33a0CTpe-
Hus, oOecreunBapmUMH Haubonee 3P(HEeKTHBHBIC
MPOOMBKY CKBa)XHHBI, 00pa3oBaHHUE YIJIOTHCHHOU
30HBI ¥ YITUPEHHOTO OCHOBAHUS.

Jliist mpeloTBpalleHus] BO3MOXKHOTO MOCTYILJIe-
HUS CBOOOJHOW BOJIBI BO BHYTPEHHIOIO MOJOCTH 00-
cagHOW TpyOBl TIpu mMpoOuBKE (MPOJABINBAHUN)
CKB)XMHBI Ha KOHTaKTe ¢ OamMakoM-mpoOOHHUKOM
YCTaHABIUBAIOT MPOTUBODUIBTPALMOHHYIO  IIPO-
KIIAJIKY.

OnucaHHbIE BBIIIE TEXHOJOTUYECKUE CXEMBI
yCTPONCTBA 3a0MBHBIX CBall B MPOOUTHIX (TIPOJABIU-
BAaE€MbIX) CKBOXKMHAX B MEpPEyBIaXHEHHBIX U BOJIOHA-
CBINIEHHBIX (OOBOJHEHHBIX) CIIA0BIX TPYHTAX MO3BO-
JSIOT CYLIECTBEHHO YBEJIHWYUTh HECYIIYIO CHOCO0-
HOCThb CBail, CHU3UTHh TPYJOEMKOCTh M BpeMs Ha UX
M3TOTOBJIEHHE, a TAK)KE PaCIIMPUTh 00JIaCTh MpUMe-
HEHUS 110 TPYHTOBBIM YCJIOBHSIM.

Kpowme Toro, mpu cooTBeTcTByIOIIEM 000CHO-
BaHUU TMpeajiaraéMble TEXHHUYECKHUE PEIICHUs II0
YCTPOUCTBY CBaWHBIX (YHIAaMEHTOB B MPOOUTHIX
CKBQXMHAX MOTYT OBITh pEaIM30BaHBI B YCIOBHSIX
IUIOTHOM TOPOJCKON 3aCTPOMKU BAABJIMBAIONIUMH
yCTaHOBKAaMHU Kak B Tporecce (HOpMUPOBAHUS
CKBa)XUHBI, YIJIOTHEHHON 30HBI, YIIUPEHHOrO OC-
HOBaHWS, TaK U MOTPYXKEHUs cBau. BO3MOXKHBI Tak-
K€ BapHaHThl yCTPONCTBA 3a0MBHBIX CBall B MPOOH-
THIX (MPOJIAaBIMBAEMbIX) CKBaXXMHAX B COYETAHHUH C
ApYyrUMH TUNamMu (yHIaMEHTOB, HampuMep IUIUT-
HBIMU U T.II.

[IpencraBieHHble TEXHUYECKHUE PEUICHUS MO-
IyT OBITh HUCIOJIB30BAaHBI B THUAPOTEXHHUYECKOM U
TUAPOMEINOPATUBHOM CTPOUTEIBCTBE, B YACTHOCTH
IIpU YCTPOMCTBE JIOTKOBOW CETU HA MPOCAJOYHBIX U
3a00JI0YEHHBIX TPYHTaX.
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It is necessary to note that the casing
pile with rim head to be left in place can
be driven in the load-bearing layer of the
soil, if necessary, using extractable steel
pile set on internal or external protrusions
of the rim head with its end.

The driving shoe and expansion
shoe used for the process shall be metal,
concrete, or combination of other materi-
als with proper structural features and op-
timum cutting angles that provide for the
most efficient driving of the well, creation
of contracted zone and expanded founda-
tion.

In order to prevent possible ingress
of free water into the internal cavity of the
casing during penetration, anti-filtering
seal shall be installed at the place of con-
tact with driving shoe.

The process diagrams for installa-
tion of the driven piles in penetrated wells
in waterlogged and water saturated weak
soils described above allow to significant-
ly increase the load bearing capacity of
the piles, reduce labor-cost and time-cost
required for creation of the piles, and ex-
pand the application area regarding the
soil conditions.

In addition, with proper justifica-
tion, the proposed process solutions for
installation of pile foundations in the pen-
etrated wells can be implemented under
conditions of dense urban development by
means of pushing units both in the process
of creating the well, contracted area, ex-
panded zone, and driving the pile as well.
Other options for installation of the driven
piles in penetrated wells are possible, in
combination with other types of founda-
tions, e.g. piled basements, etc.

The proposed process solutions can
be used in hydrotechnical and irrigation
and drainage construction, specifically for
installation of gutter system on collapsible
and waterlogged soils.
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