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TEXHONOMTMU YCUNEHUA TPYHTOB OCHOBAHUA

CIT 22.13330.2016

OCHOBAHMUS 3JAHHHA U COOPYIKEHHH

r TexHOoNOrMM ycuneHmnA rpyHToB OCHOBaHUA j

3aKpenneHue rpyHToB

e  CTpynHbIli meTog: Jet-grouting

*  [nybuHHOe nepemelwnBaHne

- ALLU (rnybuHa go 2-10m),

- pyHTOLEMEHTHbIE cBan (DMM - Deep Mixing
Methods: DSM, WRS, WRE un gp.),

° TepMMLIECKMe MEeTObl

rybuHHOe nepemelunBaHue

Jet-grouting

KLEMM WRS meTtog,

Bohrtechnik
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ApmMmunpoBaHue rpyHToB

. BepTukanbHoe

- Xene3obeToHHble cBaw,

- UemeHTOrpyHTOBbIE CBaM,

- Cronbbl N3 NecyaHbIX rPyHTOB UK LLEDHS,

*  [opu30OHTaNbHOE apMUPOBaHUeE
- nepepacnpegeneHue Harpysku ycTpoicTBom
rMBKMX POCTBEPKOB

. HaknoHHoe
- YCTPOWMCTBO rpyHTOBbLIX Harenemn

lpyHTOBbIE [M6KMit pocTBepK ApmunposaHue
csan/ctonbbl Harenamm

New rllighway
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NCTOPUA

1934 ropn

Wilhelm L. Degen wu Sergej Steuermann nsobpenmu
nepsbIi rybuHHBIN BMBpOLLYN

DEUTSCHE NORM

December 2005

DIN EN 14731

ICS 93.020

Execution of special geotechnical works -
Ground treatment by deep vibration
English version of DIN EN 14731:2005

AsTop: [loaros lNasen, nHxeHep-reotexHnk, OO0 «TEOU30/1 MNpoeKT»

Ten.: +7-921-943-77-20

T?A'xfxcno_m"ndm cn»okmwym

rocywcrmmua BCECOIO3HBIA nopomuun
HAYHHO - HCCIETOBATENBCKHH HMBCTATYT
- (Cowazorumy )

METORNHECKME PEKOMEHAALIMM-

EKTUPOBAHMIO Y TEXHOMOMUM
OPYXEHVS! BEPTUKATbHBIX MECHAHBIX

Pmc.8. Yoranosxa ua Gase
BBNC 32/19 anw yerpoficrea
BepTHKANLHLIX Npes M necwa-= 4
HwX  CcBaft S W<
Lrenepatop; 2-asyxGapotan-
nas sefenka ; 3-rpaxtop
Tal40 mmu T-180; A-nanpan-
neiowes Maura; S-mnbporo -
rpymaress; 8-oGcaanan TpyGa

: Mpcxaa 1975

Yy

o» [EOU30J]

E-mail: pdolgov@geoizol.ru

rpynna KOMMaHUN



PA3J/IMYHbIE TEX nn

« reomson

KepueHcKuii
mocT

5>~ @ geopier Spezialtiefbau GmbH

Geit'.-pie.r® Impact® Rammed Aggregate Piers®
—

Pnc.8. Yoranosza ua Gase
BANC 32/10 anw yerpoicrea
BOPTHKAZBNLIX APes H HECHA~
Hux  csaft:

i xSapoadan.
Has neGeaxa ; 3-rtpaxtop
T-140 nnu T-180; 4-nanpas-
ngowaq MauTa; S-pnGporo -

Cerel f rpyxaress; 6-o6cannan TpyGa
1 4 : I .‘ i
\ 6 f { { { | Y Follow up
[ ’ / tube
Coupling
¢ Vibroflot B12 B12 B15
& hydraulic electric hydraulic U o >
‘ Motor Force Electric Motor i
: Rotation Speed pm 3000 3000 3000 3000 ~r —_>
Eccentric Force kN 170 170 190 190 Bearing - Al
Amplitude (at tip) mm 9 9 12 12 0 | R 5
2 - )
Diameter (above wear plates) mm 292 292 310 310 Ecce 1
- ’ LH
2 o Pl % PREN  N
o [ At Length mm 2840 2840 3430 3430 < SRR
S o ¢ - Weigth kg 1530 1530 1840 2200 Nose Cone —= - Spasi il
— N £ s Ol

& geopier spezialtiefbau GmbH _/
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FPYHTOBbIE CBAU-APEHbDI (no TexHonorMmu rybuHHOro Bu6poynnoTHeHuUn)

Mntocobl:

+ NO3BONAET YBE/NINYUTbL HECYLLYIO CMOCOBHOCTb OCHOBAHMUA,
+ NO3BONSAET YMEHbWUTb AePopMaLMM OCHOBAHMA

+ NO3BONSAET UCMO/1b30BaTb NPUPOAHbIE MaTEPUabI
(necok, webeHb, rpaBuin, NecyaHo-rPaBUINHYIO CMECh)

+ OTHOCUTE/IbHO HU3Kan CTOMMOCTb

+ MHOTOKPATHO COKpaLLL@aeT CKOPOCTb CTabununsaumm

N B16pOKoNOHHa Lle6eHb BBOAUTCA BMBpPOKONOHHA COBEPLUAET NonepemeHHble
p,ecbopma (217 (KOHCOI] naa LI,VIFI) norpy»aetca ¢ Yyepes crnewLuanbHbIi [BUKEHWA BBEPX U BHWU3 ANA YNOTHEHUA
+ XOpOLLO pa60Ta IOT Ha BEPTUKA/IbHbIE U FOPU3OHTA/IbHbIE NOMOLLbIO BUBpaLMK npuBoa, 8AoNb webHsa u popmmposaHus Tena ceau. Mpum sTom

M nofaum Bo3ayxa subponorpysarens TaK¥Ke YNNIOTHAETCA M yAydLwaeTcs
Harpysku (vHorga c noa AasneHuem OKPYKaloLWMI rPYHTOBbINA MacCuB.
+ N0O3BONAET PeryanpoBaTb AMaMeTp M 06bem maTepuana B MVIHMMATEHON CHATOTO BOSAYXa
. nogavel Bogpl g
3aBUCMMOCTU OT 3a4a4YN U TPYHTOBbIX YC/1IOBUU NpoXoxKaeHUA
NAOTHbIX C/10€eB)
MwuHycbl:

- Mpun ncnonb3oBaHUM ANA YCUNEHMA KpaliHe c1abbix
IUHUCTBIX TPYHTOB TpebyeTcsa npoBeaeHne
MepPONpPUATUIA NO NpesBapUTeIbHOMY YNJIOTHEHMIO,

Iodaua é0dw1
Ianenw ynpaenenusn

e

TI'enepamop

Iozpysuux

Komnpeccop
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Q betterground http://www.betterground.com/

Engineered Ground Improvement
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YcuneHue rpyHTOB OCHOBaHUA YCTPOMCTBOM NecYaHbIX CBaii Ha CKOPOCTHOM Tpacce MockBa-CaHkT-lMeTepbypr
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OnbITHBbIU YYACTOK YCUIEHUA TPYHTOB OCHOBaHUA aBToMo6unbHo goporn A-121 «CopTtasana», pecn. Kapenusa

AsTop: [lonros MNaBen, uHkeHep-reotexHuK, 000 «FTEOU30/1 MNpoeKT» y ) rEO M3on
Ten.: +7-921-943-77-20 .

E-mail: pdolgov@geoizol.ru rpynna KOMMaHUN




OnbITHBbIU YYACTOK YCU/IEHUA TPYHTOB OCHOBaHUA aBToMo6unbHo goporu A-121 «CopTtasana», pecn. Kapenus

Pe3ynbraTbl UCNbITAHUA:

HarpyKeHne nponssogmnocb nocaenosatesibHbIMK cTyneHAMK no 20T,
MaKcumanbHaa Harpyska Ha wrtamn 3x3m - 200 Tc

Obuwee Bpema ncnbiTaHna coctasuno 35,5 vacos,

MaKcmmanbHaa ocagKka coctaBuia 53 mm

dedopmauymm ctabmansmpoBaancb U 0CTaBaIMCb HEM3MEHHbIMW HA NPOTAXKEHUU 5
4YacoB A0 Hayana pasrpysKku.

Harpyska, T Bpems, u
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YcuneHue ocHoBaHUA Aambbl MCKYCCTBEHHOTO 3eMeIbHOro yyacTka. KpecroBckuii octpos, r. CaHKT-MeTepbypr
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YcuneHue ocHoBaHUA Aambbl MCKYCCTBEHHOTO 3eMeIbHOro yyacTka. KpecroBckuii octpos, r. CaHKT-MeTepbypr

BUBPOYNNOTHEHHAA WEBHEBAA CBAA BUEPOYNNOTHEHHAA LWWEEHEBAA CBAA BUMEPOYNNOTHEHHASA WEEHEBASA CBAA
00O "TEOU3ON" (odMu.NpeacTaBUTENL KOMNaHKUKM Betterground ) O00"TEOMU30N" (odmu.NpeacTaBuTens KoMmnaHum Betterground ) O00"TEOM30N" (odmu.NpeacTaBuTens KoMnanuu Betterground )
MACMOPT CBAM NACNOPT CBAU MACMOPT CBAK
Job Site Data: Data for Column No:  63-6 Job Site Data: Data for Column No: 64 Job Site Data: Data for Column No: 59
Projectname: [AMBA YCUNEHWA Date: 1002 2015 Column length: 21,1 m Project name: QAMBA YCUNEHWA Date: 10022015 Column length: 21 m Project name: JAMBA YCUNEHWA Date: 1002 2015 Column length: 21 m
Area: KPECTOBCKMH Starttime: 120155 No. of Buckets: 11 Area: KPECTOBCKWA Starttime: 16:03:11 No. of Buckets: 8 Area: KPECTOBCKMA Startime: 18:3455 No. of Buckets: 8
Chent: ICC Endtime: 14:21:40 Loose Volume: 21,23 m* Client: ICC End ime: 17:01:53 Loose Volume: 15,44 m? Chent ICC End time: 19:28:01 Loose Volume: 15,44 m?
Contractor: TEQM3ON Total bme: 021945 Compacted Volume: 21,02 m* Contractor: [EOM3CN Total time: 005842 Compacted Volume: 15,29 m* Contractor: IEOM3ON Total tme: 005308 Compacted Volume: 15.29 m*
Machine: BC1NWUBEXEP1100 Penetration ime: 00:3234 Average Diameter: 113 em Machine: BC1MEXEP1100 Penetration time: 00:10.54 Average Diameter: 96 cm Machine: BC1 NMBXEP1100 Penetration tme: 00:09:45 Average Diameter. 96 cm
Compection tme: 013128 Compaction time: 004220 Compachon tme: 00:40:47
. 1" 1 . !
i ¥ 3 £
s 4275 B 3 b
e = ] - T4 E
b : : 4
7 7 3] B
q 4 = : o
pr 200] g pr
13 -1 -12]
o I 3 B
- 1! -15
17 1 -1 -161
178 4 l, -17 -1}
-1 4 -1 -18
-19] 50§
.
=24
= T B8 & & % © & ¥ & LIigL 0 10 400 g
g = 8 85 g 8 8B 8 35 g 88¥°°|U) m I ey
8 8 5 8 8 5§ 8 8 & 8 T -1 = =
Tame <> = =) o
5 -5 ol ¢
= 3 & 7] 5350
= [ [t
Bucket | StwtDepthof | StopDepthof|  Peak =y o @
-l | e w I
1 2150 a3 e -5 A0
2 T 1802 ) -G
3 802 nn 2 T
4 B ~1054 ™ _?
s 054 as ) g
s T am = - 250
T 20 8 ) -9 G
L] £43 45 06
9 488 ET) 100 10
0 a8 242 02
1 22 0% = -1 5 200
™ .
o -12
Max: -
= I 4 150
-14
-15 5
-16
1 Copyright 2006 - Gamper & Hatiags GmaH - GUHMA Messdatensusaerung _1? 100
2
-18
-19 50
_20 1
-21
=27 0 0
= o o o o o [ [ [ =
= = =) I= o o [ o = =
=1 o =33 = 28 & =1 s > =1
= [ 1= = ) 1= = [ = =
=1 = =1 =1 = =t =1 = =1 =1
Time ==»

AsTop: [lonros MNaBen, uHkeHep-reotexHuK, 000 «FTEOU30/1 MNpoeKT» y ) rEO M30n
Ten.: +7-921-943-77-20 .

E-mail: pdolgov@geoizol.ru rpynna KOMMaHUN




YcuneHune oCHOBaHMA HacbiNU Ha Noaxoaax K KepueHCKoMy MOCTY €O CTOPOHbI TaMaHCKOro noslyocTpoBa

koca Hywika OAVH 13 KpynHenLwnx MocToB B
Poccrn. OH cocTouT 13 napasaieNbHO
PacrnosoXeHHbIX aBTOMOBUNLHON 1
XenesHoZopoXHoW Tpacc. Ero
MPOTAXEHHOCTL - 19 KM. Tpacca
HauyMHaeTcs Ha TaMaHCKOM
MoyoCTPOBeE, MPOXOAUT MO
CyLLIECTBYIOLLIE 5-KUTOMETPOBOIA
Aambe n octposy Ty3na. 3aTeM
nepecekaet KepueHcKuin Nponms,
orvbas c ceBepa MbiC AK-BypyH, v
BbIXOAWUT Ha KPbIMCKWUiA 6eper.

o.Ty3sna

[opoXKHas HacbInb C
OCHOBaHMEM YCUIEHHbIM

o

Ty3nuHckasa YCTPOUCTBO
Koca LwebeHOYHbIX dBak
AnnHa — 224

NCcTOYHUK: most.life O F
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PACYHET OCHOBAHUA YCU/IEHHOIO
’PYHTOBbIMU CBAAMMU
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NOCTAHOBKA 3A4A4YU
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NOCTAHOBKA 3A4A4YU

BapuaHT 6e3 ycnneHua ocHoBaHMA. YyacToK goporun Boibopr-KameHHoropck
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NOCTAHOBKA 3A4A4YU

MapameTpbl MaTepnanos

Neru 3-10 3-8 5-5 MaTepunan Hacbinu Matepuan . Marepuan
rPYHTOBbIX CBaWl [rMbroro pocTeepka
CyrnvHkm CyrnvHkun fpasuiibii r"pyHT
(ZpecBsaHbIA) € 5
TAMXeENble TAXKENble Mecok cpeaHen
HanmeHoBaHwue necyaHbIm LLlebeHb LllebeHb
nblaesBaTble nblaesaTble KpynHocTH
3anosiHUTeNEm,
MArKoniacTuyHble Tekyune .
N1OTHbIN
[ e0N10rnNYecKnii MHAEKC Ig Il Ig Il glll
O6o3Haue
Mapametp Ean. nam
Hue
General (O6uwue cBolicTBa)
M ial
Mogenb maTtepuana ate:? - Mopa-KynoHa Mopa-KynoHa Mopa-KynoHa Mopa-KynoHa Mopa-KynoHa Mopa-KynoHa
model
T Drai
vin NOBEACHNA rainage - [peHnpoBaHHbIM | [peHnpoBaHHbIA | [ApeHupoBaHHbIM | [peHnpoBaHHbIA | [ApeHupoBaHHbIN | [peHUpOoBaHHbIM
maTtepuana type
YpenbHblil BEC FPyHTa
BbllLie YPOBHA FPYHTOBbLIX | yunsat KH/m3 194 17.5 21.4 18 19 19
BOJA,
YpenbHblii BEC rpyHTa
HU}KE YPOBHA FPYHTOBbIX ysat KH/m3 19.4 17.5 214 21 19 19
BOA,
Parameters (Mapametpbl)
Mogaynb tOHra E’ KH/m2 5000.0 3 000.0 47 000.0 40 000.0 38 000.0 38 000.0

Koadpdpuument MNyaccoHa v - 0.35 0.35 0.30 0.30 0.30 0.30

CuenneHue C KH/m2 12.0 3.0 2.0 2.0 1.0 20.0

Yron BHyTpeHHero TpeHua $ rpag. 10.0 6.0 41.0 38.0 40.0 40.0

AsTop: [loaros lNasen, nHxeHep-reotexHnk, OO0 «TEOU30/1 MNpoeKT»
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NPOCTPAHCTBEHHbIA PACYET YCU/IEHHOINO OCHOBAHMUA

HepocTtaTtku:
- TpebyeT HaBbIKOB NPOCTPAHCTBEHHOIO MOAENINPOBAHMUSA,

- 3aTpaTHbli N0 BPEMEHMW,
- HeT BO3MOHOCTU AanbHeNLWeN NPOBEPKN aHANUTUYECKUMM METOAAMM

AsTop: [loaros lNasen, nHxeHep-reotexHnk, OO0 «TEOU30/1 MNpoeKT» ‘. I-EO M3on

rpynna KOMMaHUN
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YnenbHoe cuenneHune
Yron BHyTpeHHero TpeHua 7

Moaynb gedpopmaumm ®
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ONPEAENEHUE MPOYHOCTHbIX XAPAKTEPUCTUK YCUNIEHHOIO MACCHUBA

The Design of Vibro Replacement
Heinz ]. Priebe
Foundation Preszure 130.00 kMim* Column Matertal ?iﬂf& O O O O O

Celumn Dustanss i5lm Uit Waight 19.00 ke, balow 160 m Depch  12.00 KN
Row Dimance illm Consirained Moduls 100.00 MM
Grid Arca L0 m* Friction Angle 4000 Daproe:
Lesad Lavel A00m Prazz. C. -1
Column Dapth 1000 m
Coesiderad Diepch 00 m
Subsoil Strata
Mo. TopL Do AAC DS DODS pewm my  phl € Groand WatarTasks 160 m

W =l MNlis] febi] [dogrec] [Khil] = Top Lovel of Stratum Canzomsd

Colemn Diameter
1 A0 m s D0 1im 15.00 ) EE.EKI o0 Grid Area Rasp. Refarance Arsa
1 m 7 483 1000 500 1800 33 B £ Crems-sartional Area of Colemn
3 M T 453 | 5000 1600 ) 00 2500 Constral
ned Modubs of Bacdill
4 100 75 481 100 AW 100 33 00 2000 Comraingd Modden )
] 1.0 .75 453 1.00 10000 500 a1 00 20000 [ i
& B0 &0 708 1000 WK 700 3 00 300 e | efsal
7 90 &0 708 0 500 200 33 3000 i Fricvon Anghe i
B 1 W s 1000 500 5.00 i3 0 0 Cohesian )
] MM m s 00 500 2.00 i3 300 0
Sail Improvement
Mo, o) dAIAC) ni omi o phd el # a1 mt phi 2
[Hogres] [kNI] [dcgrac] [kNim] Section

1 Layer wrhout Stona Cdumn:
1 134 447 M 50 314e 14% 188 & 1147 15
3 134 5 3 57 154 1034 1.6 8 & Tm 934
4 134 111 57 I5H4 aal i 181 &5 M4 T
5 134 05 231 57 54 RA 117 194 .66 1RSB  EBOD
& iw® i a2 19315 7T# 114 113 B MM {405
7 i 47 165 40 34315 oo s 157 3 1350 o
8 Laper weithcut Saone Columns!

Tha Froporoonal Loads en Colenns are Approxemeted tom =1 - in

Bazie Improvemmant Factor
Addrion to the Area Ratio [Calums Compresibility)
= Improwement Factor (with Colemn Comprassialey)

|—> Recommended for Falura Analysez ol < nd)
il = Drpd| Factor (Owerbarden Constraint)
[ssas —2» Ovarriddan by Control Chesking!)
nk Impmwrmm Factor (Add with Owerburdon Constrane)
mi.2 Proporeional Load oe Cokemns
phil = Fr\cron.ﬁqkd Compound ; Artmbutabla ta ni rag n2 na Vs Sandar
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“The Dasign of Vo Repl

As an approximation, the compressibilty of the column materal can be considered in
reduced improvement factor n, which results from the formula developed for the;
improvement factor ny when the given reciprocal area ratio /A is increased by an addi
amount of A(AIA).

1
'] A ANATAGA[A)

AAA)=

In using the di Figure |
‘coordinates on the abscissa which denotes the area ratio A that the improvement fac
o be drawn from the diagram, begins with the ratio of the constrained moduli and not wi
an infnite value The additional amount on the area ratio A(AJA) depending on the ratio,
‘constrained moduli D/D; can be readily taken from the diagram in Figure 2.

4 Consideration of the Overburden

Tha neglact of the bulk densities of columns and soil means that the mnnl pressure dif

ich creates
foundaton ko . on eolurmes and 50l and et it s conant l over th cluren ongth
matter of fact. to the external loads the weights of the columns W and of the soil Wy
possbly exceed the extarmal aads considersby has o be added Under consdeaton of

In other words, with
lateraly and threfore,can provide more beermg apcy.

The Design of Vibro Replace

Heinz J. Priebe

Vibro Replacement is an accepted method for subsoll imy

provement,
lumns of coarse backfill material are installed in the soil by means of

Henz | Pricbe

It may be emphasized: The design method refers to the improving effect
soil which is otherwise unaltered in comparison to the initial state. In
established by which stone columns improve the performance of the su
the state without columns. According to this improvement factor the dg
the composita system is increased respactively settlements are reduced.A
refer to this basic value.

In many practical cases the reinforcing effect of stone column
with the densifying effect of vibro compaction,

The ing of

determinable by simple |nvsugzmn methods like soundings, and th
are not suitable for design purposes. However, theoretically, the effi
Replacement can be reliably evaluated. The method elaborated on a
described in this contribution, is easy to survey and adaptable to dif
the separate consideration of significant parameters. Practically, it co

for all frequently occurring applications.

I Introduction

Vibro replacement is part of the deep vibratory compaction techiqu
soft soil is improved for building purposes by means of special depth
techniques as well as the equipment required is comprehensively des
Contrary to vibro compaction which densifies noncohesive soil by h
improves it thereby directly, vibro replacement improves non com
the installation of load bearing columns of well compacted. coarse g
The question to what extent the density of compactible soil will be
compaction, depends not only on the parameters of the soil being di
also on the procedure adopted and the equipment provided. Howe
reliable prognosis s balanced by the fact that the improvement achie

easily by soundings.

W¥ith vibro replacement the conditions are more or less revers. Con
like large-scale load tests can prove the benefit of stone columns. He
conclusion can be drawn about the degree of improvement which re
of the stane columns only without any densification of the soil betwe
because the essential parameters attributable to the geometry of the

densifies the soil between. In this cases. first of al the densification
and enly then - on the basis of soil data adapted correspondingly - the desig
follows.

A gda area fosd resp
b foundsnon width s sememene

¢ coheson W wegn

4 improvement depth w  redueson e
ds  depth of ground flure v e
D constramed moduu N sty s
o depenmaor W Poisson's ran
K cosffcient of eareh pressure oy bering cpac
™ proportional load on stone column: ®  icronange

N improvemen: facor

means soil WIth the exception of K s coeficient for arth pressure at rest (K,
subscrips 0 means  basic respectively an nical value.

2 ination of the Basic

Factor

The fairly complex system of vibro replacement allows a more or less at
for the well defined case of an unlimited load area on an unlimited columy
coll with the area A is considerad consisting of a single column with the cf
attributable surrounding soil

Henz | Prisbe

The improvement of a soil achieved at these conditions by the exists
evaluated on the assumption that the column material shears from
surrounding soil reacts elastically. Furthermore, the soil is assumed to b

3 Consideration of the Column Compressibility

the column installation to such an extent that its initial resistance corres I\ 111
i.e.the coefficient of earth pressure amounts to K = 1.The resulcof y _ .
as basic imy fac ¢ W\Y-.= 80
provement faccor ng. g
< =425
A [+ : NS
A [ =400
Ly {K‘ Tl A /A) g
3 Ll g-375
e 9,=350°
oty A/A) = (Ha) (ZA/A) 2
2 rAA B
K o= tan’ (45 /2) %
A poisson's ratio of is = 1/3 which is adequate for the state of final i
leads to0 2 simple expression. . 2 a4 s s ® % @ w o

LAl soAga )
A 4K 1-A A

1,

The relation between the improvement factor ny, the reciprocal area
angle of the backiill material @ which enters the derivation, is illust
diagram of Figure |

|

Improvement Factor n

Constrained Modulus Ratio D, /D,

Figre 2 Consideration of colurmn compressibilty

The compacted backfil material of tha columns is still compressible. Therafore, any load causes
settlements which are not connected with bulging of the columns. Accordingly. in the case of soil
replacement whera the area ratio amounts to A/AC = 1. the actual improvement factor does not
achieve an infinite value as determined theortically for non compressible material, but it coincides
at best with the ratio of the constrained moduli of column material and soil. In this case for
compactad backfill matarial as well as for soil a constrained modulus is meant as found by large
scale oedomater tests. Unfortunataly,in many cases soundings are carried out within the columns
and wrong conclusions about the modulus are drawn from the results which are somtimes vary
moderate only.

Itis relativaly oasy to determine at which area ratio of column cross section and grid siza (Ac/A),
the basic improvement factor m, corresponds to the ratio of the constrained moduli of columns
and soil D/Ds. For example. at s = 13 the lower positive result of the following expression
{with n, = D /Dy) delivers the area ratio (Ac/A), concarned.

material can be determined fairly good. In such a prognosis the propl  Fyrtharmora the following idealized conditions are assumad: 2 $K (-5 1[4 K ,-D+5] 16K, (=1
SQUPMEN: a1 the procedure piay an IIrect role ony NG ML M 1y oy bacod on a rigd layer — el w2 ] L
of the column diameter. N . o - - o
Basically.the design method described herewith was developed somf  ~ 11 O™ _““::l: “m’:v:m_“'b'em ot 1
- Jumn and soil is nesle T >
Heine | Priche The Design of Vro Repacement If g | Pricve “The Design of Vo Repiacement
The installation of are difficult

A
A

pe_ Y20 AFA)

pe/ps

5 Compatibility Controls

allin accordance with their compressibiiy.

The single steps of the design procedure are not connacted mathematically and they contain
simplifications and approximations. Therefore, at marginal cases compatibiliy controls have to ba
performed which guarantee that no more load is assigned to the columns than they can bear at

At increasing depths, the support by the soil reaches such an extent that the columns do not
bulge anymore. However, even then the dapth factor will not increasa o infinity a5 resuls from

assigned to each.In the first place this second control applies wi
pretty loose or soft.

A
Cpafe

L. T

I has o b observed that the acual rea ratio A(tn has to ba
the AJA. Becausa of the ani

6 Shear Values of Improved Ground

The shear performance of ground improved by vibro replacen
under shear stress rigid elemencs may break successively,stona
has been transferred to neighbouring columns. For example,a
baaring capacity of the total group of columns installed has
recaive an ineraased portion of the total load m thereby whi
und the improvement factor n.

m=(n-1+A A)/n

Simplfying, the recommended design procedure does not

surrounding soil caused by the bulging of the columns Theref
ratio, the soll receive a greater portion of the total load than

resistance of averagl
on columns and soil. the proportional load on the columns

Since th
rig oot prossura dfferenca and the ona dependmg on depth - expressed as
factor f, - delivers a value by which the improvement factor ny increases to the final impr

factor m, = f; x ny on account of the overburden pressure. For example, at a depth whe
pressure difference amounts to 50% only of the intial value, the depth factor comes to f
The depth factor , i calculated on the assumption of a linear decrease

approximation seems o be adequate:

m'=(n-1)/n

The diagram in Figure 5 shows in sold lines the proportions
dashed lines the not reduced one m.

as it results from the pressure lines (p + Te'd)K,c and (ps + Yye) (Ks
considered that with decreasing lateral deformations the coef

‘columns changes from the active value K, to the value at rest Kyc. Up to the depth wher
straight line assumed for the pressure difference, meets the
fator s o the sfesde n pracica cass he reamant dpth £ mosly s

Ten.: +7-921-943-77-20
E-mail: pdolgov@geoizol.ru

Fgue 3 Detzrmination of the dpth factar

According to the proportional loads on columns and soil th
the composice system can be readily averaged.

ng=

(-tan @ +(1- ') tan

Since in most practical cases possible lines of sliding cover
survey. it is recommended to consider the depth factor in ck
usually with a load portien of the stone columns m,” refaced
the increased factor ny = fyms.

pe KTl AcfA) the assumption of a inearly decreasing prassure difference Therefore, the first compatibilicy control
limits the depth factor and thereby the load assigned to the columns so that the setdement of
L W, =y, -Ad), W, =iy the columns resulting from their inherent compressibilty does not exceed the settlement of the
(AcfA), i In the first place this when the existing so is pretty
dense or stif
Koe=l1-sing,
h a shifting of the origin
The simplified diagram in Figure 3 considers the same bulk density  for columns and
noton the safe side. Therefore for safety reasons,the lower value of the soil v should ba
in this diagram aways.
020
S
e =1 Ty, -Ad)
Ko Pe e
5
012
i
\ g
the bulging is re § oo
the columns are better supy - \\ z
A
;o
£ o0
g 1
o7
= 1) Howeverthas &
ficient of earth pressure fro T Tl Rewed Lt e of the cepth facuor
actual asymptotic line, the! Lo 1 11—
on e sl Mm“ e The maximum value of the dapth factor can ba drawn also from the diagram in Figure 4. By the
0z wammhm,gumwmmumsmma even though it may result from the calculation.
1 2 2 B 5 s 7 s pa e rolates to th
Lot vi]ue of the Ina certain way th first one. It guarantees

The cohesion of the composite system depends on the propa

that the settlament of the columns resulting from their inherent comprassibity does ot exceed
the satement of the surrounding soil resulting from its comprassibiity by the loads which are

e=(1-AJA)-¢,

AsTop: [loaros lNasen, nHxeHep-reotexHnk, OO0 «TEOU30/1 MNpoeKT»

o survey. For safaty reasons, it seems to be advisable to consider the cohesion also proportional
o the loads. L e. pratty low. although this proposal i not based on soil mechanical aspocs.

¢=l-mhg

Dashed Lines:
m=(n-1+A.JA) /0

[
|

Solid Lines:
m=g-1)/n

Fgure 5 Proportionsl oad on stzre columrs

7 Settlement of Single and Strip Footings

It is not (yet) possible to determine directly the performance of strip footings on vibro
replcemenc. Th dosgn enses fom the pqrformanm o nlked ol grid below an
unfimited load area. The total setcem
is readil e o p
the depth d.

n, as an avarage

Diagrams which ara given in Figure 6 and Figure 7, allow to concluda from this value the stt-
lements of single or strip footings on groups of columns. These diagrams - with the diameter of
the stone columns D as one parameter - are based on numerous calculations which considered
load distribution on one side and a lower bearing capacity of the outer columns of the column
group below the footing on the other side.
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MPOYHOCTHbIE XapPaKTEPUCTUKM yCMNeHHOoro maccuea. DC-Vibro

XapaKTepucTmKm XapaKTepuCTMKM ycuaeHHoro rpyHTa. LWar XapaKTepuCTMKM ycuaeHHoro rpyHTa. LWar
NPUPOAHOro rpyHTa 2.6x2.2 2.2x1.9
Yron
YpenbHoe
BHYTpeHHer | YOenbHoe cuennexue, [ Yron BHyTpeHHero [ YpenbHoe cuennexue, [ Yron BHyTpeHHero
No U3 HanmeHoBaHue cuensieHue,
Na 0 TpeHus, KMa TPEeHUs, rpas, KMa TpeHuA, rpag,
K
rpas
CYyrVHKM TAKenble
3-10 nblaesaTble 12.0 10.0 7.67 -36.1% 22.57 +125.7% 6.67 -44.4% 25.2 +152%
MATKOMNAaCTUYHbIE
3-8 CyrmHk TAKENbIe 3.0 6.0 191 | -363% | 2042 | +2403% | 165 -45% 2348 | +2913%
nblNeBaTble TEKyyme
[paBUAHBINA TPYHT
5-5 (apecssaHbIN) ¢ necyaHbIM 2.0 41.0 1.43 -28.5% 40.72 -0.68% 1.34 -33% 40.67 -0.8%
3anonHUTENEM, NAOTHbIN
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YnpouieHHaa meToamKa onpeaeneHns XxapakTepmucTUK YCUNEHHOro MaccuBa,
OCHOBaHHaA Ha meTtoge Priebe

5-A. /A ' '
n=1+%- 4Kac'(ff'°b/A) -1 (1) K, =tan*(45° — ¢, / 2) 3) c'=@Q-m)-c; (5

m=(n-1)/n ) tang=m-tang, +(1-m')tang,  (4)

(), -yron BHyTpeHHero TPeHWUA rpyHTa A - nnowaab WwebeHoOYHOW cBau,
c

¢C -yron BHyTpeHHero TpeHna matepuana LI.I,eﬁeHO‘-IHbIX CcBau AS - nAOWaab BANAHNSA LI.I,e6EH0LIHOﬁ cBau,

) ~ o
M’ - NponopuUMOHaNbHbIA NapameTp, onpeaensemblit no ¢opmyse (2) Kac - KO3pPUUMEHT aKTUBHOIO AaBAEHUA MaTepuana

uebeHoUHbIX cBald, onpeaensemblit no popmyne (3)
N — K03QPUUMEHT yCUNEHMA, KOTOPbIA PACcCUNTLIBAETCA B 3aBUCUMOCTM OT

OTHOLEHMA niolaen webeHoUHbIX CBal M YCUIEHHOTO MaccuBa 1 onpeaensembli C

s -YAenbHoe cuenneHune rpyHTa
no ¢opmyne (1)

C -yAenbHoe cuenjeHne ycnaeHHoro maccmaa

CpaBHeHMe pe3ynbTaToB pacyeTa B nporpamme DC-Vibro v ynpoweHHbIM meTog0m

XapakTepuctuki XapaKTepuUCTUKN yCUNeHHOro rpyHTa. LWar 2.6x2.2 XapaKTepUCTUKN YCUNEHHOro rpyHTa. LWar 2.2x1.9
NpPUPOAHOro rpyHTa
S Yron YpenbHoe cuennenue, kla Yron BHyTpEHHEero TpeHua, rpaj, YpenbHoe cuennenue, klMa Yron BHyTpeHHero TpeHus, rpaj
BHYTpEHHer
Ne Urs HanmeHoBaHue cuenseHue, YnpouieHH | CooTHowe YnpouweHH | CooTHowe YnpouieHH | CooTHowe YnpouwieHH | CooTHowe
H o TpeHusa, | DC-Vibro P n DC-Vibro P » DC-Vibro P Lu' DC-Vibro P u"'
KMNa bl MeToz, Hue bl MeToq, Hue bIi MeToz, Hue blh MeToz, Hue
rpaa
CYrNVHKK TAXKENble
3-10 nbinesaTble 12.0 10.0 7.7 7.5 -1.7% 22.6 229 +1.5% 6.7 6.5 -2.6% 25.2 25.7 +1.8%
MSATKOMNIACTUYHbIE
3-8 CyrauHkm Txkenble 3.0 6.0 19 19 -1.3% 204 207 +1.4% 17 16 -1.6% 235 238 +1.5%
nblaesaTble Tekyyme
[paBWIHbIN FPYHT
5-5 (apecBaHbIN) c necyaHbim 2.0 41.0 1.4 13 -12.1% 40.7 40.6 -0.22% 13 1.1 -19.2% 40.7 40.5 -0.3%
3anoIHUTENeM, NAOTHbIN
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ONPEAENEHUE MOAYNA AEPOPMALUUN YCUTEHHOIO MACCUBA

2D, Axisymmetric

Muowage Bauanua A=5,72 M2

Ap
Eoed = —
oe Ae

E’' = Eoed X 8

=1—
B 1—v
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CpaBHeHUe pe3ynbTaToB onpeaeneHns moayna Aedopmaumnmn B NAOCKON U NPOCTPAHCTBEHHOW MOCTaHOBKeE

PesynbTaTbl onpegeneHna ogomeTpuyeckoro moayns aepopmaumm Eoed, KH/m2

LWar cBali ycunenuns 2.6x2.2

Lar cBalt ycuneHus 2.6x2.2

Nenrl

HanmeHoBaHue

3D

2D

%

3D

2D

%

3-10

CyF}'IMHKM TAXenNble
nbinesaTtble
MArKonnactTuyHble

11 675.68

11 428.57

2.1%

13 432.84

13 043.48

2.9%

CYrIMHKM TAXKenble
nblnesaTble Teky4yne

7 474.05

7272.73

2.7%

9137.06

8 750.00

4.2%

5-5

[pPaBUNHbBIN TPYHT
(apecBAHbIN) c necyaHbim
3anosHUTENEM, NIOTHbIN

61 891.12

61 855.67

0.1%

61 224.49

61 403.51

-0.3%

AsTop: [loaros lNasen, nHxeHep-reotexHnk, OO0 «TEOU30/1 MNpoeKT»

Ten.: +7-921-943-77-20

Mo pe3ynbTaTam nposeaeHmA MCNbITAHUN YNCNEHHbIM METOoA0M,

3HaYeHUA OJOMETPUYECKOTrO MOAYNA B NIOCKOM 0CeCMMMeTpUYHOM noctaHoske 2D
o1 2,1% o0 4,2% MeHee nonyyeHHbIX B NPOCTPaHCTBEHHOM NOCTaHOBKe
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MapameTpbl YCUNIEHHOIO rPyHTa

XapaKTepuCTMKM NPUPOAHOTO rPyHTa XapaKTepucTukm ycuneHHoro rpyHTa. Lar 2.6x2.2 XapaKTepucTukm ycuneHHoro rpyHTa. Lar 2.2x1.9
YpenvHoe Yron Mogaynb
Ne UM HavmeHoBaHue cuensieHue, | BHyTpeHHero |aedopmal, Yaenshoe Yron eHyTpenHero Moayne YAensHoe yron BHyTpeHHero Mogaynb aedopmaummn
- ! cuenneHue, KMa TpeHus, rpag, aedopmaummn cuennieHue, KMa TpeHus, rpag,
KMa TPeHUA, rpag, um
CYrNUHKRM TAXeNble
3-10 nbliesaTble 12.0 10.0 5000.0 7.7 -36% 22.6 126% | 8491.4 70% 6.7 -44% 25.2 152% 9691.3 94%
MAFKOMAACTUYHbIE
38 CyraMHKA TANENbIe 3.0 6.0 30000 | 19 | -36% | 204 | 240% | 54036 | s0% 1.7 -45% 235 291% | 65013 | 117%
nblaeBaTble TEKyune
[paBUIAHbIN FPYHT
5-5 (ApecBAHbI) C necyaHbim 2.0 41.0 47 000.0 1.4 -29% 40.7 -1% |38536.1| -18% 1.3 -33% 40.7 -1% 38254.4 -19%
3aNONIHUTENEM, NIOTHbIN

Mo pe3ynbTaTaM PacyeTos,
* YpenbHoe cuenieHne yCUAeHHOro MaccMBa YMEHbLIMUIOCh,

e Yron BHyTpeHHero Tpenua yeeanumnnca ot 126 % po 291 %
s Mopaynb gedopmauum ysennumnca ot 70% po 117%
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CPABHEHWE PE3Y/IbTATOB PACYETA B NJI0CKOWX U NPOCTPAHCTBEHHO NOCTAHOBKE

War 2.6x2.2 LWar 2.2x1.9
3Tanbl BO3BEAEHWA HACLINK (BbLICOTA), M 3Tanbl BO3BEASHUA HACbINK (BbICOTA), M
0 1 2 3 4 5 6 7 3 0 1 2 3 4 5 b 7 8
"~ i si\*\
3 3
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lpaduueckme pesynbTaThl pacyeTa Npu ware 2,2x1,9 m

3D Hacbinb 6 m Hacbinb 7 m Hacbinb 8 m
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BbiBOAbI

1. MNpeactaBneHHaA B Npe3eHTauum ynpoLlLeHHaa meToamKa onpeaeneHna NPOYHOCTHbIX XapaKTePUCTUK

YCUIEHHOro MaccuBa NO3BONAET ONPeAeUTb XapaKTePUCTUKM € TOYHOCTbIO +3% B cpaBHEHUM C OPUTUHANBHOM
aHa/IMTUYECKON METOAMNKON

2. OnpepeneHne moayna pepopmaumm ycuneHHoro Maccmsa METOAOM KOHEUYHbIX 31eMeHToB BO3MOXHO
B NJIOCKOM NOCTaHOBKe C oceCMMMETPUYHbIMU FTPAHUYHbIMU YCTOBUAMM. Pa3HMLI,a B MOJZIy4E€HHbIX
pe3ynbtatax 3D u 2D coctasuna ot 2,1% 00 4,2%

3. Mpu 1Ucnonb30BaHMM NPEACTaBAEHHbIX PEKOMEHAALMIA:
PasHuLUa mexay NpoCTpaHCTBEHHbIM M MJIOCKMM peweHnam B Npeaenax NIMUHEeMHOM 3aBUCMMOCTU

nedopmauuin He npesbiwaeT 10%, npu onpeaenernnn gedopmauuii

4. NMpwm pacyete HacbineMu svicotoii 60N€e 6 M Ha cnabom oCHOBaHMM NPU YCUAGHUM OCHOBaHMA
rPYHTOBbIMU CBaAMM, PEKOMEHAYETCA BbINoHATL pacyeTsl B MPOCTPAHCTBEHHOM NOCTAaHOBKE
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