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AHHOTALUMUA

BBeaeHune. PaccmatprBaeTcst 3ajaya OLEHKN BUAHUA NON3y4ecTy (BTOPUYHON KOHCONMAALMN) Ha ANUTENbHblE OCaaKu
OCHOBaHWI byHAAMEHTHbIX NAUT 6onbLuon nnowaan. Pabota npogomkaeT paHee BbIMOMHEHHOE aBTOPaMu UccriegoBaHve
PO aHN30TPONUN PUNBTPALIMOHHBIX CBOWCTB rPyHTa B MPOLIeCcce ABYMEPHOW KOHCONMAALMM N COCPeaoTOoHeHa Ha Konuye-
CTBEHHOW OLieHKe BKnaja nonsy4yecTy rpyHTOBOrO cKereta B O6LLYI0 BENUYMHY OCaaKu.

MaTtepuanbl u MeToabl. [poBeaeHO NapameTpuyeckoe YUCIIEHHOEe UCCreaoBaHNe METOAO0M KOHeYHbIX aneMeHToB (Plaxis
2D) ans ocecuMMeTpuYHOM Mogenu yHAaMeHTHOW NAUTbI Ha FMMHUCTOM ocHoBaHUW. OCyLLIECTBIIEHO CONOCTaBneHne Mo-
nenen Soft Soil (SS, 6e3 yyeta nonsyyectun) n Soft Soil Creep (SSC, ¢ y4eTom) npu BapbupoBaHum cootHowweHunsa R/H (0,5;
2,0; 6,0), mogndmumpoBaHHoro nHaekca nondyyectu p* (0,005; 0,01) n koadduLmeHTa aH130TponuK hunsTpaLmm kx/ky (1;5).
[lononHMTenbHO NCCNenoBaHO BNMSHNE FOPU3OHTaNbHbIX NMeCYaHbIX NPOCIIOEB.

Pe3ynbraThl. MNonsyyectb cnocobHa yBenuuneatb KOHeYHyto ocanky B 1,5-5,4 pasa B 3aBMCMMOCTMN OT reoMeTpumn 3agaudm
N MHTEHCMBHOCTU MON3y4yecTu (KoadduLMeHT Nn). JpeHrpytoLLme Npocron YCKOPSOT NepPBUYHYI0 KoHconuaaumio B 3—11 pas,
OHAaKO CHMKAIOT UTOrOBYO OCAAKY NPV HANMUYMM NON3y4ecTyn NnLb Ha 5—16 %. AHM30TPONNS MPOHULIAEMOCTMN HE OKa3biBaeT
CYLLEECTBEHHOTO BIIMSHMA Ha KOHEYHYI0 0caaKy (pacxoxaeHvne meHee 2 %).

BbiBoAbl. Y4yeT BTOpMYHON KoHconuaauun obasateneH npu p* = 0,005 (Ca/Cc 2 0,10), xapakTepHoM AN OpraHoMuHe-
panbHbIX FWH U 3aTOPOBaHHbLIX IPYHTOB. [OPU3OHTaNbHbIE APEHVPYIOLLME CMOW HEe YCTPaHSAT npobnemy AnuTenbHbIX
BTOPUYHbIX OCaOK.

KNOYEBBIE CITOBA: BTOpUYHas KoHconuaaums, nondyyectb, yHaaMmeHTHasa nnuta, Soft Soil Creep, MeTod KOHEYHbIX
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ABSTRACT

Introduction. This paper evaluates the effect of creep (secondary consolidation) on long-term settlements of large-area raft
foundations. The study extends the authors’ previous work on the role of permeability anisotropy in two-dimensional primary
consolidation and focuses on quantifying the contribution of skeleton creep to total settlement.

Materials and methods. A parametric finite element study was carried out using Plaxis 2D for an axisymmetric raft founda-
tion model on a clay stratum. The Soft Soil (SS, no creep) and Soft Soil Creep (SSC) models were compared while varying
RIH (0.5; 2.0; 6.0), the modified creep index u* (0.005; 0.01) and permeability anisotropy k /k, (1; 5). The effect of horizontal
sand interlayers was also investigated.

Results. Creep can increase the final settlement by a factor of 1.5-5.4 depending on R/H and p* (coefficient n). Sand in-
terlayers accelerate primary consolidation by a factor of 3—11 but reduce the creep-related final settlement by only 5-16 %.
Permeability anisotropy has a negligible effect on final settlement (difference below 2 %).

Conclusions. Secondary consolidation must be accounted for when p* = 0.005 (Ca/Cc = 0.10), typical of soft organomineral
clays, peaty soils, and silts. Horizontal drainage layers do not eliminate the problem of long-term secondary settlements.

KEYWORDS: secondary consolidation, creep, raft foundation, Soft Soil Creep, finite element method, Plaxis, time-depen-
dent settlement, sand interlayers
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BBEJAEHUE

3amada MPOTHO3UPOBAHUS UINTEIBHBIX OCal0K
(hyHIIaMEHTOB Ha CJ1a0bIX IIMHUCTBIX IPYHTAX COXpaHsi-
€T CBOIO aKTYyaJIbHOCTh Ha MPOTSHKEHUH BCEH MCTOPHH
pa3BUTHSI MEXaHUKH TPYHTOB. B paHee ommyOnmKoBaHHON
paboTte aBTopoB [ 1] mpoBeeHO mapaMeTprIecKoe Ucciie-
JIOBaHNE BIMSHUS JBYMEPHOTO XapakTepa (puiprpanun
1 aHU30TPOIHH NMPOHUIIAEMOCTH Ha CKOPOCTh MEPBUY-
HOW KOHCOJNIMAAINU OCHOBAHHMH TUINTHBIX (yHAaMEH-
TOB. BBIJIO MOKa3aHO, YTO KiIacCHUYecKasi OMHOMEpHAs
teopusi K. Tepuaru [2] npu Majibix oTHOmEHUsIX R/H
MOKET 3aBBIIIATH PACUYETHOE BPEMs KOHCOIMUAAIMN 60-
Jee yeM BBoe. TeM He MeHee pacCMOTPEHHast MOAIETb
HE yYHTHIBAJIA PEOJIOTHIECKHIE CBOMCTBA IPYHTA, U TIPO-
THO3 0CA/I0K OIPAaHMYHMBAJICS IEPBUYHON (DHIIBTPALINOH-
HOM KOHCOJIHALIUEH.

Mexay TeMm mis IPUPOAHBIX MATKHX TIJIMH Je-
(hopMupoBaHKe TPYHTOBOTO CKeJleTa He MPeKpaIaeTcs
MoCJIe MOJHON JUCCHITAIUH M30BITOYHOTO ITOPOBOTO
JIaBJIeHMs. DTO ABICHNE, IMEHYEMOE BTOPUIHON KOHCO-
JUAUeN WK MOJ3y4YeCThl0, BIEPBbIE CUCTEMHO OIHU-
cano JI. beeppymom [3], mpemIoKUBIIAM KOHIICTIIIHIO
«MTHOBEHHOW» M «OTJIOKEHHO» Kommpeccun. Kommue-
CTBEHHAS XapaKTePHCTHKA HHTEHCUBHOCTH TTOJI3Y4ECTH
yepe3 orHomenne Co/Cc 6puta o6ocHoBaHa [. Mecpu
u IL.M. lopneBcku [4], ycTaHOBUBIIUMH, YTO JIJISI MUHE-
pampabIX H Co/Ce coctaiset 0,02-0,06, a s opra-
HUYECKHX TpyHTOB Bo3pactaeT a0 0,10-0,20. anbHen-
niee pa3BUTUE TON KOHLENIMU BbinonaHeHo I. Mecpu
u A. Kactpo [5].

LleHTpanbHBIM TUCKYCCHOHHBIM BOIIPOCOM B TE€O-
U BTOPUYHON KOHCOJUJIALIN OCTAeTCsl MOMEHT Hadasa
MOJI3Y4ECTH OTHOCUTEIBHO MEPBHYHON KOHCONMIAIINH.
C.C. Jlann u coaBr. [6] chopMynHpoBany JiBe aJlbTepHA-
TUBHBIE TTO3ULMN: TUIOTE3Y A (TOI3ydeCcTh HAUMHAETCS
TIOCJIC 3aBEPIICHUS IEPBUYHOM KOHCOMMIAIMHN ) U THIIOTE-
3y B, mogneprkannayto JI. Beeppymom [3], momyckaromryto
OJTHOBPEMEHHOE ITPOTEKAHUE MON3YyUeCTH U (DHIIBTpaLi-
OHHOM KOHCOIMJALUU. B oTeuecTBeHHON Hayke aHAo-
THUYHBIE UeH pa3BuBaiuch B Tpymax C.P. Mecusna [7],
C.C. Bsosa [8] u FO.K. 3apenxoro [9].

Pazpaborana Meroanka Bepr(UKaIK ITapaMeTpoB
Mozenu SSC ImyTeM CONOCTaBICHHS YHCISHHOTO MOJIe-
JIMPOBaHMsI KOMIIPECCHOHHBIX MCTbITaHui B Plaxis ¢ sa-
6oparopHbIME HaHHBIMH [10].

Yucnennas peanusanus rUnoressl B IpeiokKeHa
JI. lllykuextom [11] yepe3 M30TaxuUeCKyt0 KOHIEM-
ruro. Ha aroii ocnose I1.A. Bepmeep u X.I1. Heep [12]
paszpaboranu mozaens Soft Soil Creep (SSC), craBmryro
OIIHOW M3 Hanboee pacrpoCTPAaHEHHBIX KOHCTUTYTHB-
HBIX MOJIeNel Ui pacyeTa MoI3y4ecTH MITKUX TPyHTOB
B paMKax MeTo/ia KoHeUHBIX semeHToB (MKD). [Tapan-

nenbHo JDx.-X. n u JTx. I'paxem [ 13] npeanoxunu Ba3ko-
YIOPYTOIIACTHYECKYI0 MOJENh Ha OCHOBE THIIOTE3BI
M. Jleonu u coaBT. [14], pa3paboTaan aHH30TPOIIHYIO
Bepcuro SSC. O030p M30TaXUYESCKOTO MOIXO0Ia TPE/-
crasiner C. Jlepoyanem [15]. C.A. leraro u coasr. [16]
MokKaszajii, 4YTO apryMmEeHTbl CTOPOHHUKOB T'MIIOTE3bI
A MOIJIH CONePIKaTh CUCTEMATHYCCKYIO OIIMOKY UHTEP-
TIpeTannu.

[IpakTHyeckoe prUMEHEHHE MOJIENEH MONI3y4ecTH
K 3a1a9aM (DyHJAaMEHTOCTPOCHUS UCCIICIOBAHO B Psijie
pa6ort. I1. bxapTust u coaBt. [17] BEITOTHIIN YUCIICH-
HbIIl aHAJIM3 CBAMHO-IUIUTHBIX (pyHJAaMEHTOB Ha IIIMHU-
CTBIX TPYHTAX U MPOJIEMOHCTPUPOBAIU CYIIICCTBEHHOE
BIIMSHUE BS3KOIDIACTHYECKAX CBOMCTB Ha Iepepactpe-
nenenue Harpysku. JDx. FOanp u coast. [18] mpoBemnn
CpaBHCHHUE TUIOTE3 A U B ¢ UCIONB30BaHUEM TPEX
EVP-moneneil, noagTBEPAUB MPEBOCXOACTBO TUIIOTE3BI
B nnig nporuosa ocaziok TOJICTBIX clI0eB. MeToo0rus
MKD st 38129 QUITBTPaiOHHON KOHCOIUIAIMN U370~
xera JI.M. [lorrcom u JI. 3apaskoBud [19] Ha ocHOBE
teopunt M.A. buo [20].

[IpakTHyueckass 3HAYMMOCTD 3aa9H YCHUIUBACTCS
TEM, 9TO KpyIiible (pyHIaMEHTHBIC ITUTHI 3HAYUTEIh-
HOT'O JiMaMeTpa MIMPOKO MPUMEHSIOTCS B He(hTera3zoBoi
OTpaciii B Ka4eCTBE OCHOBAHMI BEPTHKAIBHBIX pe3ep-
ByapoB, Ta3TOJIbICPOB U KOJOHHOTO 00OpYIOBaHUS.
[Tnomanku Takux 0OEKTOB HEPEAKO OTHECEHBI K MPH-
OpEKHBIM ¥ TIOMMEHHBIM TEPPUTOPHSM C BHIPAKCHHBIMA
PEOIOrMUeCKUMHU CBOMCTBaMuU IpyHTOB. Heyuer nomnsy-
YECTH CIIOCOOEH IPUBECTH K CYIIIECTBEHHOH HEJTOOIICHKE
JUTNTETBHBIX 0CA/IOK M HAPYIIICHUIO SKCILTYaTaIlHOHHON
IIPUTOHOCTH COOPYKEHUH.

HecMoTpst Ha 3HAYUTENBHBIH 00BEM TCOpPETHYC-
CKHUX HCCIICIOBAaHUN, CHCTEMAaTHUYECKOE MapaMeTpH-
YECKOe MCCIIEIOBaHNE, TTO3BOIAIONIEE KOITNIECTBEHHO
OIICHHUTH BKJIAJ BTOPHUYHOW KOHCOJHUIAIMH B OCAIKY
TUTUTHBIX (D)YHIAMEHTOB OOJBIIION TUTOIIAIH C BapbUPO-
BaHHEM KITIOUEBBIX TEOMETPUUIECKUX U PEOJIOTHYECKUX
(hakTOpOB, B JIUTEpaType HE mpeacTarieHo. Llenbro Ha-
CTOAIIIEH PabOTHI SIBISIETCS BOCIIOTHEHHE STOTO Ipodera.

MATEPHAJIBI U METO/JAbI

BbraucuTenbHBIN SKCIIEPUMEHT BBITIOJHEH B TIPO-
rpamMmHOM Komrmiekce Plaxis 2D. B ocecummerpraHOiA
[IOCTaHOBKE PACCMAaTPUBAJICS KPYIIbINA KECTKUM IJIUTHBIH
(hyHIaMEHT, OIMPAIONHIiCS Ha JIBYXCIOWHOE OCHOBAHHE!
BEPXHUI MIMHUCTBIN CJIOW MOLIHOCTBIO [ U MeCcYaHblil
MOICTHJIAFOIIMIA CJI0¥; 00Iast BRICOTa pacyeTHOM o0a-
ctuy  mpuHsTa paBHOU 25 M. Tlnura 3anaBanack KoHed-
HbIM rieMenToM Plate ¢ sxectrocsivu E4 =3 - 107 kH/m
u EI=2,5 - 10° xH-M*/M; paBHOMepHasl Harpy3Ka mpu-
KJ1a/IpIBajlach Ha Ty B pazmepe g = 100 klla.
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Taodu. 1. Marpuna pacyeTHbIX BapUaHTOB

Homep Teomerpust R, ™m H, M R/IH kx/ky Monenb w*
1 A 10 20 0,5 1 SS -
2 A 10 20 0,5 5 SS -
3 A 10 20 0,5 1 SSC 0,005
4 A 10 20 0,5 5 SSC 0,005
5 A 10 20 0,5 1 SSC 0,01
6 A 10 20 0,5 5 SSC 0,01
7 B 20 10 2,0 1 SS -
8 B 20 10 2,0 5 SS -
9 B 20 10 2,0 1 SSC 0,005
10 B 20 10 2,0 5 SSC 0,005
11 B 20 10 2,0 1 SSC 0,01
12 B 20 10 2,0 5 SSC 0,01
13 C 30 5 6,0 1 SS -
14 C 30 5 6,0 5 SS -
15 C 30 5 6,0 1 SSC 0,005
16 C 30 5 6,0 5 SSC 0,005
17 C 30 5 6,0 1 SSC 0,01
18 C 30 5 6,0 5 SSC 0,01
19 D (1 mpocoit) 20 10 2,0 1 SS -
20 E (3 npocos) 20 10 2,0 1 SS -
21 D (1 mpocnoit) 20 10 2,0 1 SSC 0,01
22 E (3 npocios) 20 10 2,0 1 SSC 0,01
-8,00 —4,00 0,00 4,00 8,00 12,00 16,00 20,00 24,00 28,00 32,00 36,00 40,00 44,00 48,00 52,00
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Puc. 1. Pacuetnsie cxemsl: a — R/H=10,5; b — R/H=2,0; c— R/H=6,0; d — R/H = 2,0, onuH necyaHplit mpocioit; e — R/H =

= 2,0, Tpu necyaHbIX NPOCIIOSL

B ornmune ot pabotst [1], B KoTOpoii yunThIBanach
TOJIBKO MEPBUYHAST KOHCOIUIANNS, 3/1€Ch I TIIMHUCTO-
TO CJIOSI IPUMEHSIFOTCSI TapalIeIbHO JBE MOJICIH I'PyH-
ta — Soft Soil (SS) u Soft Soil Creep (SSC). [Tapusrii
pacdeT Mo3BOJISIET BBIACIUTh BKJIAJ MOJI3YIECTH B UH-
CTOM BHUJIC, COITOCTABJIAA PE3YILTAThl HA OAHOM U TOM K€
Ha0Ope UCXOAHBIX JaHHBIX. /I NIMHUCTOTO CII0s PH-
HSATHI CIIETyronIHe apamerpsl: v = 20 kH/M®; A* = 0,05;
k* =0,01; ¢ =20 xIla; " = 22° V' =0,15; ¢, = 0,8;
k,=1-10"*m/cyr.

JUis mec4aHoro MOACTHIIAIOUIETO CIOS MPHUHATA
Mozeib Mopa — KyioHa B IpeHUpOBaHHOI TTOCTaHOB-
K€ CO CIEAYIOMMMH Xapakrepuctukamu: £ = 40 MIla;
v'=0,3; ¢’ =1 klla; ¢’ = 35°% k= 1 m/cyT. [lonoxenue
YPOBHSI TPYHTOBBIX BOJ| IPUHATO Ha OTMETKE JIHEBHOU
TIOBEPXHOCTH.

Pacuer BemonHsIcs B ABe cTaauu: Ha iepBoi (Plas-
tic, Staged construction) Harpy3ka MnpHKJaJblBaiach
MTHOBCHHO, ¢ OOHYJIeHHEM Je(opMaIiii OT COOCTBEHHO-
ro Beca; Ha BTopoit (Consolidation, Staged construction)
MOJIEIIMPOBAJICS COBMECTHBIH TIpoLiece (pUIIbTpaliOHHOM
KOHCOJIMJALMU U MOJI3y4ecT Ha ropuzonTe 18 250 cyr.,
4T0 cooTBeTCTBYET 50 rogaM. PUKCHPOBAHHBINA BpEeMEH-
HOM MHTEpBaJl BEIOpaH HAMEPEHHO: ABTOMATUYECKUI KpH-
Tepuii Plaxis 10 MUHMMaJIbHOMY ITOPOBOMY JaBJIICHHIO
OCTAHABJIMBACT PACUET HA IPAHUIIC TIEPBUYHON KOHCOMH-
JIALK ¥ HE TT03BOJISICT MPOCIIEUTh TAlTbHEHIIIee pa3Bu-
THE BTOPUYHBIX Je(OpMariid.

YHucrneHHoOe HCCleI0BaHNe BKITIOYaeT 22 BapraHTa
U TIOCTPOCHUE 110 MaTPUYHOM CXeMe C BapbHpPOBaHU-
€M 4YeThIpex (PaKTOpOB: COOTHOLICHUS PAINyCa IIIUTHI
M MOIIHOCTH IMHKCTOTO ¢iiost (R/H =0,5; 2,0 u 6,0), ko-
sddurmenTa aHu30TpONHN HUIBTPALUH (kx/ky =1ubh),
MOAN(HUINPOBAHHOTO WHEKCA TTON3ydecTH Uu* (3Haue-
aus 0; 0,005 u 0,01; HyneBoe 3HaYCHHE COOTBETCTBYET
Mojienu SS) U HaJIWYMsI TOPU3OHTAIBHBIX MMECYAHBIX
MIPOCI0EB MOUIHOCTBIO 10 0,5 M — O/IMH NPOCIIOi B ce-
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penuHe cios MO0 TPHU PaBHOMEPHO PaCIIpeelICHHBIX
(reomerpust B). BoiOpannsrit quanaszon p* = 0,005-0,01
cootHocuTes ¢ otHomeHueM Co/Ce =~ 0,10-0,20, xapak-
TCPHBIM JJI1 OPraHOMUHECPAJIbHBIX ITIMH U SaTop(I)OBaH-
HBIX TpYHTOB [4, 5]. I[lonHas MaTpulla BAPHAHTOB CBE-
JieHa B Ta01. 1, COOTBETCTBYIONIME PACUCTHBIC CXEMBI
MIpEICTaBICHBI Ha puC. 1.

PE3VJIBTATBI HCCIEJOBAHUA

Pe3yabTaThl YHCJIEHHOTO MOJAEJIUPOBAHUS

Ha puc. 2 npuBeneHs! rpadukn pa3BUTHSI OCATKH
LEHTpA TUIUTHl BO BPEMEHH Ul TPEX MCCIIETOBAHHBIX
cootHomrenwit R/H mipu p* = 0 (SS), 0,005 u 0,01 (SSC)
U IBYX 3HAYCHUIA kx/ky.

XapakTep KpUBBIX JUISI BCEX T€OMETpHil 00HapyKH-
BAeT eIMHYIO0 3aKOHOMEPHOCTB: BAPHAHTHI SS JOCTHTAIOT
CTaIMOHAPHOTO 3HAYEHUSI OCAJIKH T10 3aBEPILICHNH JICCH-
ALK TOPOBOTO JIaBJIEHMs, Tora Kak kpuBbie SSC MOHO-
TOHHO HapacTaloT B TeUEHUE BCero SO-JIeTHEro ropu3oHTa
MozeIupoBaHus. VIHTEHCUBHOCTL pocTa BTIOPUYHOM KOH-
COJIMZIALIMH BO3PACTAET POIOPLIHOHAIBHO LU¥, 4TO cora-
CYeTCsI C TeOPETHYECKUMU TToToKeHmsmH [ 12, 15].

UnceHHbIe 3HaUEHNS] KOHEYHBIX 0Ca/I0K CHCTEMATH-
3UpOBaHEI B Ta0M. 2. /I KaKIOT0 BaprUaHTa BEIYHCIICHBI
OTHOCHTENBHOE MPUPAIIEHHE AS = (S o — S¢o)/s¢s * 100 %o
1 Oe3pa3MepHBIi KOYPPHUIIUCHT YBEITMICHHUS OCAIKHA 1) =
= SSSC/SSS'

Awnanm3 Ta0n. 2 MoKa3bIBACT, YTO CTEIICHB BIMSHUS
TIOJI3y4YECTH B OOJIbIIIECH CTENIEHH OTIPE/IEIISIeTCS TEOMETPH-
eit pacuetHoro ceuenws. J{is rydokoro ciost (R/H=0,5,
H=20wm) xoadpurment n mpu p* = 0,01 nocruraer 5,4 —
MOJI3yYEeCTh YBEJIMYMBACT OCA/IKy 0oJiee YeM BISTEPO.
IIpu npomexyTtounoit reometpuu (R/H = 2,0) n = 2,5,
a 1t ToHKoro cinost (R/H = 6,0) n = 1,6.

dusnyeckas MpUYMHA JaHHOH 3aBUCUMOCTH CBsI3a-
Ha C MacIuTaboM BPEMEHHU NEPBUYHON KOHCOIHMIALINH.
B ycrmoBusx 00NbIIONH MOIIHOCTH CKUMAeMOHN TOJIIH
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JIUCCUTIALNSI [TOPOBOTO MABJICHUS 3aHMMACT MHOTHE
TO/IBI, ¥ TIOJI3Y4eCTh, NCHCTBYOMIAs MapajliebHO (TH-
motesa B), HaKamIMBaeT IOTOJTHUTEIBHBIE AehopMa-
un. [Tpu kopotkux myTsix ¢unsrpannu (onbinue R/H)
TIepBUYHAST KOHCOIHUIAIINS 3aBepIIacTcs OBICTPO, U Ha-
KOIUICHUE BTOPUYHBIX JiehopMarinii orpaHuueHo.

BiusiHue aHU30TPONMK IPOHUIIAEMOCTH Ha UTO-
TOBYIO OCaJIKy 3a 50-JICTHUIT TOPU30HT OKAa3al0Ch Ipe-
HEOPEKUMO MAITBIM: PACXOXKICHAEC MKy BApUAHTAMH
k/ky =1lwu kx/ky = 5 He npessimaet 2 % I BCEX reo-
MeTpuil. YCIOBHS JPESHUPOBAHKST KOHTPOIUPYIOT JIHIIb
CKOPOCTH MEPBUYHON KOHCOJHIAINH, TOT/IA KaK KOHEU-
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0,00
—— C,R=30,
-0,100 k/k =1
—— C, R=30,
kJk, =5
—— C,R=30,
0,200 kx/ky =1, m002
C,R=30,
k/k =5, m002
—0,300 —— C, Iyg =30,
= kJk, = 1, m005
= —— C,R=30,
0,400 k/k, = 5, m005
—_— C, R= 30,
kJk, =1, m01
—a— C, R= 30,
0,500 \ k/k, =5, m01
-0,600 \
MMM—I
-0,700 |!

0,00 2,00E3 4,00E3 6,00E3 8,00E3 10,00E3 12,00E3 14,00E3 16,00E3 18,00E3 20,00E3
Bpewms, nens

c

Puc. 2. KpuBeble «ocajka IeHTpa IHTHI — BpeMs» uist: @ — R/H = 0,5 (reomerpust A); b — R/H =2,0 (reomerpus B); c — R/H =

=6,0 (reometpus C)

Tabu. 2. Pe3ynsraTsl mapaMeTpHUUecKOro UCCIIe0BaHMs (KOHEUHBIe 0caaKuy mpu ¢ = 50 ner)

Howmep R/H kx/ky Sgo MM | s(p*=0,005), mm | s(u* =0,01), mm As(0,005), % | As(0,01), % | n(0,01)
1 0,5 1 668 1990 3592 198 438 5,38
2 0,5 5 673 1990 3664 196 444 5,44
3 2,0 1 620 972 1538 57 148 2,48
4 2,0 5 618 972 1536 57 148 2,49
5 6,0 1 437 469 679 7 55 1,55
6 6,0 5 433 470 677 9 56 1,56

Hast 0cajika MpH HAJIMYHMHU MOJ3Y4eCTH ONpeieNsieTcs pe-
OJIOTUYECKUMH CBOHCTBAMHU TPYHTA.

Ha puc. 3 npencraBneHs! KpUBbIEC JUCCUITAITIH HU3-
OBITOYHOTO TIOPOBOTO JABJICHUS B LIEHTPE TIIMHUCTOTO
CIIOA.

JlonOJTHUTEIFHO MOYKHO OTMETUTb, YTO IIpHMeya-
TEIbHON YepTOH MOIyYEHHBIX PEe3yJbTAaTOB SIBISETCS
NPEBBIIEHUE HAYATBHOTO 3HAYeHUs P, Haj TpuUo-
KeHHOH Harpy3koii (¢ = 100 kIla) B pacyeTax ¢ MoaenbIO
SSC. pu R/H = 0,5 u p* = 0,01 mukoBoe MopoBoe AaB-
JIeHUe B cepeiuHe ciosi coctapisier nopsiaka 160 kIla.
Otot 3 dekT orpaxaetr MexaHu3M SSC: BSI3KOILUIACTH-
yeckas AeopMalusi CKeleTa CTPEMHUTCS ONEepeauTh
CKOPOCTh (PUIIBTPALIMOHHOTO OTXKATHSI BOJIbL, TIOPOXK/Iast
JIOTIOTHUTEIRHOE TPUPAIICHHE TIOPOBOTO JaBICHHS, T.C.
WIDTFOCTPAIIIO TUIOTE3H! B [3, 6, 17]. J1ng ToHKOTO CItost
(R/H = 6,0) m30BITOYHOE TTOPOBOE TABICHHE TUCCUITAPYET
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3a ~500 cyt. maxxe pu u* = 0,01, Toraa Kak 0CaaKu mpo-
JIOJDKAIOT HapacTaTh HAa MPOTSHKCHUH ECSATHUIICTHI.

PesyneraThl pacdeToB /sl BAPHAHTOB C MIECYaHBIMU
npociosmu (Ne 19-22) comocTaBieHb ¢ OJHOPOIHBIM
OCHOBaHHEM B Tab0i1. 3 u Ha puc. 4.

BBaenienue necyaHbIxX MpociIoeB KapAWHAIBHO YCKO-
psIeT NEePBUYHYIO KOHCOJIMIALHMIO: BPEMs CTAl[MOHAPHO-
ro cocTosiHus o Mozaenu SS cokpamraercs ¢ ~1700 cyT.
10 ~540 cyT. (onuH mpocioi) u g0 ~150 cyt. (Tpm
npociosi). Koneunas ocanka SS ymeHsmraercs Ha 4,5
u 14,2 % coOTBETCTBEHHO.

Jast monenmn SSC ¢ p* = 0,01 ocaznka cocrasisier
1463 mmM (1 mpocnoit) u 1286 MM (3 mpociiost) BMecTo
1538 MM mpu OZTHOPOHOM OCHOBaHMH. Kilto4eBoOi BbI-
BOJI: «XBOCT» TOJ3YYECTH COXPAHIETCS — CKOPOCTh Ha-
pacTaHusl BTOPHYHBIX Je(hopMaIiii IpaKTHIecKy He 3a-
BUCHT OT HAJIMYUS JPCHUPYIOIIIX JIEMECHTOB.
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Puc. 4. Kpussie «ocaaka — BpeMs» 1t R/H = 2,0 mpu 0THOPOJTHOM OCHOBAHHU M OCHOBAHUH C TECUAHBIMH MPOCIOAMH

AHaJu3 1 00cy:K1eHue pe3ybTaToB

[TomyueHHBIE Pe3yIbTaThI MO3BOISIOT CHOPMYITH-
pOBaTh HHKEHEPHBIN KPUTEPHI 0053aTENEHOCTH ydeTa
BTOPUYHOH KoHcomumanuu: p* > 0,005 (uto »KBHBa-

neatHo Co/Cc > 0,10). Yxe mpu p* = 0,005 npupoct
ocaJiku kojeoneTcs ot 7 % [yt ToHkoro ciost (R/H = 6,0)
1o 198 % mns momHoTO (R/H = 0,5); ipn yaBoeHn# pL*

110 0,01 sToT e auanazoH pacumpsiercs 10 55-438 %.
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Ta6u. 3. Biusinue necuansix npocnoes (R/H = 2,0, k/ky =1)

Homep VYenosus Mopnens S, MM As, % Liop CYT. n
7 be3 npocinoes SS 620 - ~1700
19 1 mpocnoii SS 592 4,5 ~540 -
20 3 npocnost SS 532 —-14,2 ~150 -
11 be3 mpocnoes SSC, u*=0,01 1538 - - 1,00
21 1 mpocmnoit SSC, pu*=0,01 1463 -4.9 - 0,95
22 3 mpociost SSC, p*=0,01 1286 -16,4 - 0,84

OTcroma BUTHO, UTO JJIs 3aMETHOM JTOJTK PEaTbHBIX TPYH-
TOBBIX YCIIOBHI OTKa3 OT ydeTa MOJI3y4eCTH BEJET K Cy-
IIIECTBCHHON HEIOOICHKE MMPOCKTHBIX 0CAJIOK.

MOHOTOHHBIH POCT 1| ¢ yMeHbIIICHHEM R/H 00BsICHS-
€TCsl JUTUTEITHHOCTHIO TIEPBUYHOM KOHCOITMIAIIIH: B MOIIT-
HOM TJITHHUCTOM CIIO€ (DIIIBTPAIMOHHOE OT/KATHE BOJIBI
pacTSIHYTO BO BPEMECHH; W TMOJ3YYECTh, ACUCTBYIOMIAS
TI0 TUTIOTE3¢ B OHOBPEMEHHO C IEPBUYHOI KOHCOII IA-
IMEH, yCTIeBaeT HaKOIIUTh 3HAYUTEIBHBIC Je(hOpMAIIUTL.

Hanwmane apeHUpyIOmIX MpoCIOeB YCKOPSET Iep-
BUYHYIO KOHconuAauuio B 3—11 pa3, oqHako Ha KOHEY-
HYIO 0CaJIKy TIPU HAIMYXH TTOI3YYECTH BIHSCT C1abo —
€e CHIDKCHHE COCTaBIISIeT Bcero 5—16 %.

SJAK/IIOYEHUE U OBCYXJAEHUE

[Non3ydecTs IMHUCTOTO IPyHTA CHOCOOHA YBEIH-
YUTh KOHEYHYIO OCAJIKy IUTUTHOTO (pyHIaMeHTa B 1,5-5.4
paza. MakcuMabHOE BIHMSHUE 3a(UKCHPOBAHO NP Ma-
161X R/H (TiyOOKMIA CIT0¥) ¥ BRICOKUX 3HAYCHHSX [U*.

AHuzoTponHs QUIBTPANUN (kx/ky = 1-5) He oxa-
3BIBAET CYLIECTBEHHOI'O BIMSHHS HA KOHEYHYIO OCAJIKY
3a 50-netHu# nepuos. OnpenensronuMy SBISIOTCS PEO-
JIOTUYECKHE CBOMCTBA IPyHTA.

Monens SSC Bocpon3BoanT 3(GEeKThl THIIOTE3BI
B: n30bITOUHOE TIOPOBOE JIaBJIEHHE NPEBHIIIAET PHJIIO-
JKEHHYIO HarpysKy, a JUCCHIIAIMS TOPOBOTO JIABICHHS
3amemsieTca. Dddext Hambosee BRIpaXKeH MPH MaJbIX
R/H u BBICOKHX P*.

[Necuanbie mpocIion, yCKOpsist IIEPBHYHYIO KOHCOJH-
nmaruio B 3—11 pa3, CHIDKAIOT HTOTOBYIO OCAJKYy JINIIb
Ha 5-16 %. [opuszoHTanbHBIE IPEHUPYIOMINE CIOU
HE OKa3bIBAIOT 3HAYMTEIBHOTO BIMSHUS HA KOHEUHYIO
0Ca/IKy B OCHOBAHUSX M3 MOJ3YyYHX IPYHTOB.

Yuer BToprYHO# KOHCOMHMIAIAH 00s13aTeICH pu ¥ >
> 0,005 (Co/Cc>0,10), xapakTepHOM TSI MSTKHX OPTaHO-
MHHEPAIBHBIX IIMH, 3aTOP(QOBAHHBIX TPYHTOB U WIIOB.
Pexomennyercs npumenenue moaenu SSC mim aHalo-
TUYHBIX BSI3KOIUIACTHYECKHX MOJIEIIECH.
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INTRODUCTION

The problem of predicting long-term settlement
of foundations on weak clay soils has remained a key
issue throughout the history of soil mechanics. In a pre-
viously published paper by the authors [1], a parametric
study was conducted into the influence of two-dimen-
sional filtration and permeability anisotropy on the rate
of primary consolidation of slab foundations. It was
shown that K. Terzaghi’s classical one-dimensional theo-
ry [2], for small R/H ratios, can overestimate the calculat-
ed consolidation time by more than a factor of two. Nev-
ertheless, the model considered did not take into account
the rheological properties of the soil, and the settlement
prediction was limited to primary filtration consolidation.

Meanwhile, in the case of natural soft clays, the de-
formation of the soil skeleton does not cease once the ex-

cess pore pressure has been fully dissipated. This phe-
nomenon, known as secondary consolidation or creep,
was first systematically described by L. Bjerrum [3], who
proposed the concept of “instantaneous” and “delayed”
compression. A quantitative characterization of the creep
intensity via the Ca/Cc ratio was established by G. Mes-
ri and P.M. Godlevski [4], who found that for mineral
clays, Ca/Cc ranges from 0.02 to 0.06, whilst for organic
soils it increases to 0.10—0.20. This concept was further
developed by G. Mesri and A. Castro [5].

The central point of debate in the theory of second-
ary consolidation remains the timing of the onset of creep
relative to primary consolidation. S.S. Ladd et al. [6] for-
mulated two alternative positions: hypothesis 4 (creep
begins after the completion of primary consolidation)
and hypothesis B, supported by L. Bjerrum [3], which al-
lows for the simultaneous occurrence of creep and filtra-
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tion consolidation. In Russian scientific literature, similar
ideas were developed in the works of S.R. Meschyan [7],
S.S. Vyalov [8] and Yu.K. Zaretsky [9].

A methodology has been developed for verifying
the parameters of the SSC model by comparing numeri-
cal simulations of compression tests in Plaxis with labo-
ratory data [10].

A numerical implementation of hypothesis B was
proposed by L. Shuknecht [11] using the isotach concept.
On this basis, P.A. Vermeer and H.P. Neer [12] developed
the Soft Soil Creep (SSC) model, which has become one
of the most widely used constitutive models for calcu-
lating the creep behaviour of soft soils within the finite
element method (FEM). In parallel, J.-H. Yin and J. Gra-
ham [13] proposed a visco-elastic-plastic model based
on the hypothesis of M. Leoni et al. [14], and developed
an anisotropic version of the SSC model. An overview
of the isotach approach is presented by S. Lerouel [15].
S.A. Degago et al. [16] demonstrated that the arguments
put forward by proponents of hypothesis 4 may have
contained a systematic error of interpretation.

The practical application of creep models to foun-
dation engineering problems has been investigated in
a number of studies. P. Bhartiya et al. [17] carried out
a numerical analysis of pile-slab foundations on clayey
soils and demonstrated the significant influence of visco-
plastic properties on load redistribution. J. Yuan et al. [18]
compared hypotheses 4 and B using three EVP models,
confirming the superiority of hypothesis B for predicting
settlements in thick layers. The FEM methodology for fil-

Table 1. Matrix of design options

tration consolidation problems is set out by D.M. Potts and
L. Zdravkovich [19] based on the theory of M. A. Bio [20].

The practical significance of this problem is height-
ened by the fact that circular foundation slabs of consid-
erable diameter are widely used in the oil and gas indus-
try as bases for vertical storage tanks, gas holders and
column-type equipment. The sites of such facilities are
often located in coastal and floodplain areas with distinct
soil rheological properties. Failure to account for creep
can lead to a significant underestimation of long-term
settlement and compromise the operational suitability
of the structures.

Despite a considerable body of theoretical research,
no systematic parametric study has been presented in
the literature that allows for a quantitative assessment
of the contribution of secondary consolidation to the set-
tlement of large-area slab foundations, whilst varying
key geometric and rheological factors. The aim of this
study is to fill this gap.

MATERIALS AND METHODS

The computational experiment was carried out us-
ing the Plaxis 2D software package. In an axisymmet-
ric configuration, a circular rigid slab foundation resting
on a two-layer subgrade was considered: an upper clay
layer of thickness H and an underlying sand layer; the to-
tal height of the analysis domain y_was taken as 25 m.
The slab was modelled as a Plate finite element with stiff-
nesses EA =3 - 10 kN/m and El = 2.5 - 10° kN-m?*/m;
a uniform load of ¢ = 100 kPa was applied to the slab.

Number Geometry R, m H,m R/IH k/k, Model e
1 A 10 20 0.5 1 SS -
2 A 10 20 0.5 5 SS -
3 A 10 20 0.5 1 SSC 0.005
4 A 10 20 0.5 5 SSC 0.005
5 A 10 20 0.5 1 SSC 0.01
6 A 10 20 0.5 5 SSsC 0.01
7 B 20 10 2.0 1 SS -
8 B 20 10 2.0 5 SS -
9 B 20 10 2.0 1 SSC 0.005
10 B 20 10 2.0 5 SSC 0.005
11 B 20 10 2.0 1 SsC 0.01
12 B 20 10 2.0 5 SSC 0.01
13 C 30 5 6.0 1 SS -
14 C 30 5 6.0 5 SS -
15 C 30 5 6.0 1 SSC 0.005
16 C 30 5 6.0 5 SSC 0.005
17 C 30 5 6.0 1 SSC 0.01
18 C 30 5 6.0 5 SSC 0.01
19 D (1 layer) 20 10 2.0 1 SS -
20 E (3 layers) 20 10 2.0 1 SS -
21 D (1 layer) 20 10 2.0 1 SSC 0.01
22 E (3 layers) 20 10 2.0 1 SSC 0.01
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Fig. 1. Design diagrams: « — R/H=0.5; b — R/H=2.0; c — R/H=6.0; d — R/H = 2.0, one sand layer; e — R/H = 2.0, three

sand layers

Unlike the study in [1], which considered only pri-
mary consolidation, this study applies two soil models
in parallel to the clay layer: Soft Soil (SS) and Soft Soil
Creep (SSC). This paired analysis allows the contribution
of creep to be isolated in its pure form by comparing the re-
sults based on the same set of input data. The following
parameters are adopted for the clay layer: y =20 kN/m’;
A*=0.05; x* = 0.01; ¢' = 20 kPa; 9" = 22°v' = 0.15;
€, =08k =1" 10 m/day.

For the sandy subgrade, the Mohr — Coulomb model
is adopted in a drained configuration with the following
parameters: E'= 40 MPa; v' = 0.3; ¢'= 1 kPa; ¢’ = 35
k =1 m/day. The groundwater level is assumed to be at
ground level.

The calculation was carried out in two stages: in
the first stage (Plastic, Staged construction), the load was
applied instantaneously, with deformations due to self-
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weight reset to zero; in the second stage (Consolidation,
Staged construction), the combined process of filtration
consolidation and creep was modelled over a time hori-
zon of 18,250 days, corresponding to 50 years. This fixed
time interval was chosen deliberately: Plaxis’s automatic
criterion based on minimum pore pressure terminates
the calculation at the boundary of primary consolidation
and does not allow the further development of secondary
deformations to be tracked.

The numerical study comprises 22 variants and is
structured according to a matrix scheme, with four fac-
tors varied: the ratio of the plate radius to the thickness
of the clay layer (R/H = 0.5; 2.0 and 6.0), the filtra-
tion anisotropy coefficient (kx/ky =1 and 5), the modi-
fied creep index p* (values 0; 0.005 and 0.01; a value
of zero corresponds to the SS model) and the presence
of horizontal sandy interlayers, each 0.5 m thick —
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either a single interlayer in the middle of the layer
or three evenly distributed interlayers (geometry B).
The selected range p* = 0.005-0.01 corresponds to
a Ca/Cc ratio of =~ 0.10-0.20, characteristic of organo-
mineral clays and peaty soils [4, 5]. The complete matrix
of variants is summarized in Table 1, and the correspond-
ing calculation schemes are shown in Fig. 1.

RESEARCH RESULTS

Results of numerical modelling

Fig. 2 shows graphs of the time-dependent settle-
ment of the centre of the slab for the three R/H ratios
studied, where pu* = 0 (SS), 0.005 and 0.01 (SSC), and
for two values of k /k .
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Fig. 2. “Centre of plate deflection versus time” curves for: « — R/H= 0.5 (geometry A); b— R/H=2.0 (geometry B); c — R/H =

=6.0 (geometry C)

Table 2. Results of the parametric study (final sedimentation at ¢ = 50 years)

Number | R/H kx/ky S mm | s(u*=0.005), mm | s(u*=0.01), mm | As(0.005), % |As(0.01), % | n(0.01)
1 0.5 1 668 1,990 3,592 198 438 5.38
2 0.5 5 673 1,990 3,664 196 444 5.44
3 2.0 1 620 972 1,538 57 148 2.48
4 2.0 5 618 972 1,536 57 148 2.49
5 6.0 1 437 469 679 7 55 1.55
6 6.0 5 433 470 677 9 56 1.56

The behaviour of the curves for all geometries re-
veals a consistent pattern: the SS variants reach a steady-
state value for settlement once pore pressure dissipation
has ceased, whilst the SSC curves increase monotoni-
cally throughout the entire 50-year simulation period.
The rate of secondary consolidation increases in propor-
tion to p*, which is consistent with theoretical findings
[12,15].

The numerical values of the final settlements are
summarised in Table 2. For each scenario, the relative
increase As = (54 . — 5. )/s¢ - 100 % and the dimension-
less settlement increase coefficient n = s /s, have been
calculated.

An analysis of Table 2 shows that the extent of the in-
fluence of creep is largely determined by the geometry
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of the design cross-section. For a deep layer (R/H =
= 0.5, H=20 m), the coefficient | at u* = 0.01 reaches
5.4 — creep increases the settlement more than fivefold.
For intermediate geometry (R/H = 2.0), 1 = 2.5, and for
a thin layer (R/H = 6.0), n = 1.6.

The physical reason for this relationship is linked to
the timescale of primary consolidation. Where the thick-
ness of the compressed formation is large, the dissipation
of pore pressure takes many years, and creep occurring in
parallel (hypothesis B) accumulates additional deforma-
tions. For short filtration paths (high R/H ratios), primary
consolidation is completed rapidly, and the accumulation
of secondary deformations is limited.

The effect of permeability anisotropy on the total
settlement over a 50-year time horizon proved to be neg-



Effect of secondary consolidation on long-term settlements of large-area raft foundations

P. 64-81

0.00 3 PR T S
o a—F Asieet + B i B S0
'.- W
, (//:;,,s"" —e 4, SS,
~20.00f P kJk,=1
—— 4, SSC,
~40.00 kx/ky =1, m01
—— B, SS,
k/k =1
. —60.00 B, SSC,
£ k/k =1, mol
Z S &
80,00 ——GSS,
k/k =1
Q_,g —— C, SSC,
~100.00 k/k =1, mo01
~120.00%
-140.00
—160.004
—-180.00
1.00E3 2.00E3 3.00E3 4.00E3 5.00E3

Time, day

Fig. 3. Dissipation of excess pore pressure for geometries 4, B and C: solid lines — SS; dashed lines — SSC (u* =0.01), kﬂg, =1

0.00
-0.100 e B.SS
—0.200 without layers
| —— B, SSC mo01,
—0.300 without layers
—0.400 —— D, S8,
0500k 1 layer
—U.500] \ E,SS,
-0.600 )"‘}‘-‘@ e 3 layers
g L e P P —— D, SSC mO1,
—0.700 1 layer
—0.800r —— E, SSC m01,
' 3 layers
—0.900
[ 1
-1.00
~1.10 \\\"‘m..
~1.20 “*“*H
. ‘—“'-—-—-..___.._._,___’___.__H_‘__*_‘—_‘_’_‘_H‘——‘q
-1.30 s :
‘-‘-.""h- -
~1.40 e —
0.00  2.00E3 4.00E3 6.00E3 8.00E3 10.00E3 12.00E3 14.00E3 16.00E3 18.00E3 20.00E3

Time, day

Fig. 4. “Settlement — time” curves for R/H = 2.0 for a homogeneous subgrade and a subgrade with sandy layers

ligible: the difference between the kx/ky =1lm kx/ky =5
scenarios does not exceed 2 % for all geometries. Drain-
age conditions control only the rate of primary consolida-
tion, whilst the final settlement, in the presence of creep,
is determined by the rheological properties of the soil.

Fig. 3 shows the curves of excess pore pressure dis-
sipation at the centre of the clay layer.

It is also worth noting that a notable feature of the re-
sults obtained is that the initial value of P, exceeds
the applied load (¢ = 100 kPa) in the calculations using
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Table 3. Effect of sand layers (R/H = 2.0, k /k = 1)

Number Conditions Model s, mm As, % Lo day n
7 Without layers SS 620 - ~1,700 -
19 1 layer SS 592 —4.5 ~540 -
20 3 layers SS 532 -14.2 ~150 —
11 Without layers SSC, pu*=0.01 1,538 - - 1.00
21 1 layer SSC, pu*=0.01 1,463 -4.9 - 0.95
22 3 layers SSC, pu*=0.01 1,286 -16.4 - 0.84

the SSC model. At R/H = 0.5 and p* = 0.01, the peak
pore pressure at the centre of the layer is of the order
of 160 kPa. This effect reflects the SSC mechanism: vis-
coelastic deformation of the skeleton tends to outpace
the rate of filtration-induced water discharge, generating
an additional increase in pore pressure, i.e. an illustration
of hypothesis B [3, 6, 17]. For a thin layer (R/H = 6.0),
the excess pore pressure dissipates over ~500 days even
at u* = 0.01, whilst precipitation continues to accumulate
over decades.

The results of the calculations for the variants with
sand layers (No. 19-22) are compared with those for
a homogeneous subgrade in Table 3 and Fig. 4.

The introduction of sand layers significantly acceler-
ates initial consolidation: the time to reach a steady state,
according to the SS model, is reduced from ~1,700 days
to ~540 days (one layer) and to ~150 days (three lay-
ers). The final settlement of the SS is reduced by 4.5 and
14.2 % respectively.

For the SSC model with u* = 0.01, the settlement
is 1,463 mm (1 layer) and 1,286 mm (3 layers) instead
of 1,538 mm with a homogeneous subgrade. Key conclu-
sion: the “tail” of creep persists — the rate of increase in
secondary strains is virtually independent of the presence
of drainage elements.

Analysis and discussion of the results

The results obtained allow us to formulate an en-
gineering criterion for the necessity of taking secondary
consolidation into account: u* > 0.005 (which is equiva-
lent to Ca/Cc > 0.10). Even at p* = 0.005, the increase
in settlement ranges from 7 % for a thin layer (R/H =
=6.0) to 198 per cent for a thick layer (R/H = 0.5); when
p* is doubled to 0.01, this range expands to 55-438 %.
It is evident from this that, for a significant proportion
of real-world soil conditions, failing to take creep into

account leads to a substantial underestimation of design
settlements.

The monotonous increase in 1 as R/H decreases is
explained by the duration of primary consolidation: in
a thick clay layer, the filtration of water is a protracted
process; and creep, which, according to hypothesis B, oc-
curs simultaneously with primary consolidation, has time
to accumulate significant deformations.

The presence of drainage layers accelerates primary
consolidation by a factor of 3—11, but has little effect
on the final settlement in the presence of creep — the re-
duction is only 5-16 %.

CONCLUSION AND DISCUSSION

The creep behaviour of clayey soil can increase
the final settlement of a slab foundation by a factor
of 1.5-5.4. The greatest effect has been observed at low
R/H ratios (deep layer) and high values of p*.

Filtration anisotropy (kx/ky = 1-5) has no significant
effect on the final settlement over a 50-year period. The de-
termining factors are the soil’s rheological properties.

The SSC model reproduces the effects of hypothesis
B: the excess pore pressure exceeds the applied load, and
the dissipation of pore pressure is slowed down. This effect
is most pronounced at low R/H ratios and high p* values.

Sand interlayers, whilst accelerating initial consoli-
dation by a factor of 3—11, reduce the final settlement by
only 5-16 %. Horizontal drainage layers have no signifi-
cant effect on the final settlement of foundations on creep
soils.

Consideration of secondary consolidation is manda-
tory when p* > 0.005 (Ca/Cc > 0.10), which is charac-
teristic of soft organomineral clays, peaty soils, and silts.
The use of the Soft Soil Creep (SSC) model or similar
viscoplastic models is recommended.
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