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cTpoumTenbcTBeE
MBOMU NbTpPALNDAHEHTBIX BITEME impervious grout curtains aregpared
3aBecbl,
LLe Me H THEe-bIX U M1 alTe B HpEoa- mix into soil pores and cracks.t-A
r'PYyHTOB.

HacToS4dLuwee
nepcnekTwmBdams with grout curtains in hyd:
CTpounTennb technical

HaaeXHOCTHDb.

M.P. Sainov
MGSU

ASSESSMENTOF DEFORMATION
AND STRENGTH OF SOILS
STRENGTHENED BY CEMENTING

Currently there are few studies of deformation and stre!
properties of loose soilsrengthened by cementinBased on the
data of already arranged grout curtains it was determined tt
cemented gravgdebble soil there are.® % of cement, which i
less than in concretd.o assess deformation and strength of s
soils it is possibleo use the data of tests conducted by of
authors, where the effect of cement contents on-sa&mdent mix
properties was studied. Analysis of experimental data showec
cemented soil may be identified with concrete only with h
content of cement (are than 10 %)At cement content.79 % in
soil the strength deformation of cemented soil varies to a s
extent. Its deformation becomes—3 times less. It greatlyed
pends on compression stresses. The formulae are proposed
permit asessing theféect of compression and cemt content on
deformation of cemented soil. It is shown that strength
cemented soil is less than that even of the weakest concrete.
a sufficiently high cohesion, but the friction angle
approximately the same as tlwd the iritial soil.

Key words: cementing, cemented soil, deformation, <
strength, triaxial test, sarement mix, deformation modulu:
cohesion, internal friction angle.

rpyH In the construction of soil darr
B € by injecting cement andementclay

N H © bashinsk, Maynsk, @o-Tokoysk and
H e ¢ K @ F Asuan dams with broad grout curtai

VCNby DKpaas U rep- in gravel and pbble soils can serve
OCHOBAaAHUWM, 7

npusBecTMu
AcCyaHcKYyte - curtains. That's why they are cas

an example. Operating expance of
the dams shows the reliability of gro

ered the most important types oh-i
Qe penious elements in constructing hig
H a g e>xH andsper high dams.

Bpenwms However, to implement th
construction, we shou
prove their rahbility in design. And

TBM BrHpoao ki that demands ¢eulation of stress

CTpPOWUTe b Cc Tae strain state of dams, which is aiseis

B B n g ¢ problem because of insufficient stud

npoekTwup o B ing cemented soilaormation.

el

Soils cemented by injection car

€ pacuyerTodedappHAHE®LIB@A 0C ¢ be identified with concretes. The

Ho H a

M el , B

3 TOM

ny Tx- properties are considerablyfidrent,
r py H T which has a few reasons. The firsat
B p e Ms son lies in different contains of 1o
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FT'PYHT bI, 3akpenneHHBbBEe n crete and cemented soil. @wete has
pacTBOpOB, Henb3s OT O X/[meé+<optimal coarse and fine aggregate
CTBaAa 3HauyuTenbHO OT NNy amwttio. Cemented soil contents depend
KUMU NPUYMHAMMN grain contents of the @inal soil. The

pas3numunme B cocTase e difference of the ement proportion is
HOro nytTeM ULeMeHTauyuun. B also mportant. to prepare concre

MeNnKWNK 3 an ociHUTHOIWEe HNn e wme M 200 we need 200...250 kg o<
bnpaetca onTumManb meMIT u” o E ment M 400, for concrete M 100-
rpyHTa onpepgenseTtcsa 3epmo 200 kg of cement 300 Respectively,

a OyeHb Baxeigce pxadmwmy ne cement weight in concrete M 200
puroToBneHNsd 60®Hancma 9.5% of hard materials expenses, &
00..250 uementTd@0Maprun gMa incementM 100 it is 8.80. And so,
100—200k r 1 e me H T 300.m a@eaeartc M E cement weight in 1 rhof cemented

6eToHe2M@puwarc dMa U e Me H Tpa soil becomes less.

9,5 % oT pacxopga TBEeJPE One more important factor,ed
n 160—8, 5 %. Mpwu u e sHevHeT aylel fining cemented soil properties is-u
Mis akpenneHHoOr oTcmp Wie®a wm ing of concrete stone in gut kesides
BaXHbM GakTOoOpoM, on pxau cement. Concrete stone reduc
HTMWPOBAHHOT O UTPYHTRARAO mP strength and ncreases cement stol
HUU MHDBDEK L N O,HIHObMKN M@ a cueBlr deformation. Cemented soil proties
nNnb3yeTca O6OEHTOHUT. H a Aa ¢ are closer to clay cementrewete.
CTb W MNOBbWaeT eyeEHIOHMMQ The second reason of concre
KpenneHH il nei@®@Me pyHT neland cemented soils different propes
néenmxartTbca He evedaod@tey cis the difference in their pregaion
2)pasz/ekcBloncTB O6eTOoOHa wn technologies. Cement grout injectak
YHFpa3nnnuyume B TexHOINOIONWIty doesn't provide a good mixing

M 3aKkKpenneHMsa T pYyHTae-grout and emented soil with furthel
HUA LeMeHTHbBX pactTBOpOoisealing.
LW® nepeMewWnBaHMWA pacTH- It's absolutely impossible to ne
M U He npepaycmaTtTpusear®. siderthe influence of thesectars on
YyecTb B/AMAHME BCex 3T cemented soil property change. \
oncTB T pPpyHTa nrpmkiae r a peg- tried to consider cememontent as the
eTcCHd BO3MODXHBbBIM. Mbl  p e most important factor. To measu
MAHWNE TaKarBeHmao Me @K a H u e L cement weight in @nented soil we
ro, 4yTO0O6bB OULEeHUTBDb K o Hu- used the available data of groutrci
M ULeMeHTauMen T pyHTe o- tainsin Abashinsk and Maynsk dan
MWC A OaHHbBMMNU o] uewmeHa-[1—3]. In tab. 1 there is an info
HCKOW U MalhH€eB]o# N o ada- mation of contents and expenses
Ha WHGOpMayumMa @ oo eEXR injected grouts, used in damogt cu-
CTBOpPOB, MCNONb3 0B aH HW- tains.
HbiIX 3aB@®MHITUX NN If we accept that, gravel ar
Ecnm npuHAT b, 4T O A0 a3 pebble soil density before cementi
BUIAHBNEeUYHUKOBOTO T pyHKmamawas2.0/m’, than after cementing sc
nyyunm, UTO NNOTHOCTSL I p§tdensity is 2,18t/m> for Atbashinsk
nAaeTTPmA8ATO6AWNHCKON nd>mdamsand2 . 2.4Ym° And so, e-
aonsa MaWHCKOI. CooTBeEeTCT B mentweightis 8...1% of the whole.
rpPyHT pacTBOPpP.d1lc 6cC oas /Biaec Then, if we know cement pszntage
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'CHnBI01.23-83.TMNoOBbLE HOPMbB pacxopjga LemMeHTa ANA NPUFrOTOBANEHWNSA
Xeoeb3e TOHHBLIX K3 aenuwiK uCCkCPH cnTopwrEeumrmieT ga . poM. , 1985.

1 SNiP 5.01.28 83. Tipovye normy raskhoda tsementa dlya prigotovieniya betonov sbornykh i monolitnykh betonnykh,
zhelezobetonnykh izdeliy i konstruk{€pnstruction Norms and Remements SNiP 5.01.2383. Standard Specifications oeC
ment Consumption for Producing Concrete for Castings and Monolithic Concrete and Reinforced Concrete Products aid Constru
tions]. Civil Code of USSR on Construction, Moscow, 1985.
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M.M. CanHoB

HOro rpyHta. Tor ga, 3HaaAf-ingroutwe can calculate cementrp
Ta B pacTBOpE, MO XHO N 0ag centage in cemented soil (tab. 2).
HMne LemMeeamBHeoBM 3ragpkypH T e (T a

Tabn. 1. CocTaBbl MU pacXxoAbl MUHBEKLUMWOHHBLX pacTBOpPOB,
3aBeC HBbIX alMBO T U H a X
CocTaB WHBDBDEETUBMOOPHY MN O T H Pacxoa’sax pBimmo 1 p
MoT nHBb pa agp B
LUeme H| Be aHTK T Bog a T/3M™m paTopzaf‘ TBEp A EQ NAN
ATeauin H c i 350..475 82...59 826...852 | 1,29...1,36 0,26 181
100 140...110 | 920...930 | 1,16...1,14
Ma#c kK a g 400 120...100 | 826...830 1,33 0,42...0,60 200...240
600...500| 160...120 | 750...800 | 1,5...1,42

Tab. 1 Contents and expenses of injected grouts, used in stone dam grout curtains

Dams Injectedgroutcontentskg Groutden- Cemented soil expense for £ m
Concrete sity, t/m°
Cement stone Water grout, nt hardmateria) kg
Atbashinsk 350...475| 82..59 826..852 | 1.29...136 0.26 181
100 140...110 | 920...930 | 1.16...114
Maynsk 400 120...100 | 826...830 1.33 0.42...060 200...240
600...500| 160...120 | 750...800 | 1.5...142
Tab6bn. 2. [JaHHbe AnAa nojacyeTa copepXaHMmsas LeMeHTa B 3

OTHOCI/'Te“"mmy'efPacxo,q, TBeppp,mm‘ CopepXaHune 1

ioTuHy yementa B pac13mam1psee|v|oro M sakpenngemq%
Maep n a 1% B
ATdIN HET X 81...89 181 6,7..7,4
42..48 200..240 3,8.51
Maic kK a s 77..80 200..240 7,0..8,6
76..83 200..240 6,9...8,9

Tab. 2. Data for concrete content calculation in fastened soil

Dams Relative ce_ment content in Hard mateials expenses for Cement percen;age iec
hard materials expsas, % 1 n? of cemented soil, kg mented soil, %
Atbashinsk 81...89 181 6.7...7.4
42.48 200..240 38..51
Maynsk 77..80 200..240 7.0..86
76..83 200..240 6.9...89
N3 Tabn. 2 BWUAOHO, ye It's clear from tab. 2, thaaverage
uemMeHTa B T pPYyHTE, 3 a K p € cement content in cemented soil is 248
cTasm 7 ..8 %. Now we should assess howneent
Tenepb Heob6xopawmmo o0 e content influence soil proply change.
ro KonumyectBa UuULeMeHTa | Todothat, we used experental data o
Ana a3To0Oro ™Mb BOCDINOI/Ib 31w 1otherauthors.
M € H BHablX mccnepgoBaHUM, B Up to now, there has been a lot
appamMu. researches in cemented soil prope

KHacToOodauWewmy BpemMeHMU change [4—12], but most of theseer
KOnNmyecTBO WMUCCANennoBaH uHi- searches used sand soils instead
ToOoB npwu p[gob6asneHwunul 28 , H e macrofragmental ones, as it allows to
B COHOBHOM 3TW uUucCcCnep[oBadH  the researches in laboratory conditio
He KpynHoo6nO0OMOUYHGBIX T psy-withstandard devices.

Construction: Science and Education. 2014. Ne 3. Paper 1. http://www.nso-journal.ru
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€T NPOBOAUTDbL /MZTTORID® AU Amanullah Marri from the Unive
AX, Ha CcTaHogapPTHLX npwuob sity of Nottingham Kalaysia) [13] pe
Hanb6onee mnoppo6HbBe wm<«formed the most detailedksearches. He

O4HOCTMW KOTOPOT O NpWn addedto dry mixture of sarehdcement.
ctasnaet M@aCwersmes e4 A,6 The samples were of cylindrical for

nectlwomsofpnnoce B CYXO0 50mmindiameter and 100 mm high.
ero 8 rorosyil cMech A The researches of the received s
umMenn HunnnHApuHecky 0 M®O coment were performed in broad sst
BbIC 0 T 0 MM ML 0 O range. Compression stress of the san
McnbeliTaHusa NONYyYeHHOIO changed from 0.05 to 20 MPa, vertic
anamed 8 wnpokom Anar 3stressc:ameupt063.7MPa,andmed
ponne 0 bOKma IMGa 0N 3 MEHANC stress of the sample was up to 34.5 MF
comia 4 BeprhkaneHoe As samples there were ones w
o3.7MITa, cooTBeTcTBEeHHO (- cement content (to the relation of san
b e 3|/|U' € ecarwTaTaIlaig, 2 weight) of 5, 10, and5 %. The expéf
T dl ( (,:-, ((:)n eo,u,ToH BoamnemH CM bK) OK pMaa3 CE%H ments showed thanhereasing of cemer
content increased sand deformationdm

nNnonHeHb AMaHPBNHO TMaipip e »researched sand properties with ¢
Bepcutetre (Manainswnua) [ 1 without cement in trigial compressior
cBohcTB necka ¢ pa06aB/e devices. Under the research there \
npunelorpexocHOT 0c cc/keagmaia 1 medium sand in the interval from08 to
cpefgHeld KpynHocCcTwM, P a3oM 2mm. He used Portland ceménwith
Annacb B WHTepwmane Bo ¥k &8 compresmn resistance limit (for 28 day:
MeHTa ucnonbsoBanéanpaeafis not less than 42/@Pa. Water was
np

co

c

y

dKcnepu WMKHT3ER 1M, YTO yac¢ N .

HMsS LeMeHTa NPUBOAMT KIO_uleandspef:nccohesmn.Itwasclee
<

s Mo cka, momsnenu e - (ELIOLa cement content bt san

HnAa. DBBBNAOHOL,0OKYTO Ha CXUI y '

As the researches were domader
very hgh pressures, the author coulst
sess the deformation of sand cement

(ero wmMoagynb pedopmalym )
BaeT He TONMNbKO KOAMWEAOT

caMor o nec4yaHoOro TpPYyHTa. , )
NMOCKONBbLKY MUCHBITAHUS n the interrelation of sand cement coony

BLICOKMUX nfaBAEeHU:X, y  Ke nents strength. Trieh_al compression test
H O b OUEHNWTbL B3aumocsgs Saed mass desation of cement fies
ne ouemeHTa u ero pge e Petween paicles and the destruction
M e ax Ha BCecCTOpO Homwleea - Particles thenselves,that was proved b
bu MpoBaHbL SABAEHUSN M a ¢ microscope researches. Cement ties
M e H bl X cBS93 el Me XAy y Structed at compression stress 5 MPa,
c a X 4YacTwuuy, UT o 6 bl on - pariclesdestructed at 10 MPa.
a M noapg MUKPOCKONOM. Pia- The advantage of Amanullah Mar
3 e Ha6bnwapanoch.b O MT NHAa T work is a lot of experimental aerial,
5MMa, a pas@iywterHme wan p that can be processed on one's owa,
okonMMmao cluding mist&es, and presding different
JocTonHCTBOM pab6oTssiesitrresuls.
eTca Hanuuume O6GONbLLWOT O €¢ Fig. 1—8 shows the results ¢
punana, KOTOpPbLIA MOXHO a6 Amanullah Mari's stabilometric resehlrc
HO,K /MOYyasa OwWwnoékuwu, nonyuw es of sand, sealed to specific weight
pexyaTOB, U npeacTasBw sBu KN/m’,

s —H40-4x-40

SKSZTIXIOO

2I/Icnonb3osaumgqsm,e®|:'wn#2,15\l, M3TOTOBNEHHBLIA B CcOENTIB7dT xUmicw bCc 1EB [C
cTas, TeXHMYyeckne TpebBOBAaHUA HUTOKBPUTEPUU COOTBETCTBUA 06LWMX

2 Portland CemenEEM | 42,5N was used, which was produced according to Eurocode EN 197-P sContposifion,

speci fications and conformity criteria for common cementsl.

CTpouTenbCcTBO: Hayka n obpasoBanue. 2014. Ne 3. Ct. 1. http://www.nso-journal.ru
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Ha pwn@E&. nbkxasaHb peady Fig. 1 shows triaxial compressic
MeTpuuyueckunmx AmanRynaa,n Meg (to 12 MPa) test results. It's clear that

LEeHHbX AnA necka, y n n o 1 original sand is copressed accding to
17k HA. ™ nonlinear pmciple. 5 % of full weight
Ha pwuc. 1 noka3s3aHb pecementadding reduces its volume def

BCECTOPOHHEMO chka TMMau. T 1eB- mations gunder high tensions. Nonkar
XO0OAHBIWN nNnexdKC AC mmm He nuH deformation increases. When cem:
NJo6aBneHne uyuemeHTa B K (cotentis 10%, volume deformations c

Maccb neckouemeHTa He ow sand cement decreases sharply, tv
Hble fOe qoepM@mu, MBbic 0K MUX He- comparing with sand, but deformatior
NMHelWHOCTBbL XapakTepa me progress nonlinearly. ffer adding 156
eTcCH. Mpu copgepxaHuun 1eeof sand (in dry material mass), defc
dopmMayumMmm necekoLle Meaaes—ab opl mation are very small
yeM B 2 pasa no cCcpaEpppa@
nNpoTeKkawT HEeNUWHeNnHOmEMe HNp
KonmyecTtBe 15 % (no Mae
eMHble AedOPMATUN CTaMb |
0 2 4 6 8 10 12
0 e — —
e s
1 . MPa —o—necok — L|=0%
B oo ——L|=5%
e ——U=10%
2 - = U=15%
3 - —o—sand - C=0%
A o —8—C=5%
4 ——C=10%
i - - C=15%
e, %
5
Pncl Jedopmauyuumm neckKka a- Fig. 1. Deformationsof sandandsandcementn
cToHpemM cxaTtuwu triaxial compression

HenmHeWHOCTHSDb
O6BbEMHOM cCcXaTwumn
Hon 3 asmiKkwm M 14]:

Aedopm Nonlinearity of soil deformation in tr
M O X eHr - axial compression can be demonstrated
power law [14]:

, (1)

ro® —ob6beMHas
Hanps§ax e
b

A & o @ mea Ay wheree, is volume deformations — average

M-8 ndkmenb C stressin 1 tc/fh n— power index Ey — tri-
o6bbeMHOT O

en
Eob— ™Mo payn
Huunt ctd m
[Toyily e HHble
3ynbtTaTtoB

B €eeflbl B

Ha MM

Taon. 3.

ny ee¢
3 KcnepkMmBm@A A
Tawm

€ - axial compression module in stress 1 t&/m
Eo andn results of the experiments a
givenin tab. 3.The results of volume defo

» Mation moduleE, showing the relationes

MOoaynsa o06beMHOB], neubwax tween average stress increment volunge
ro cBA3b Mexnay npwup aey formation incremenDs andDe, are also gi-
Hunbsum npumpaweHMmem o@Hdeeenthere. To calculate the module we use

De.. Ana ero BbYucCcAeHUA formulaobtained from forma (1):
noiyyeHHasa u3 dopmynb

SO9kcnepuMMeHTanbHBLIX fJaHHBLX 06 O6beMHbLX fgedopMaLHA&T NEeTAIL L E

OHMW OKa3a/iMCb OYeHb Manb. alpmneEgprerHbEe faHHbBEe NONYy4YeHb 3K
% Thereis no experimental data on volume strains of sand cement in case of 15 % cement content, because they appear to be
very small. The represented data is obtained by extrapalation

K a K
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ES=E, s" )
CpaBHMBasa E$Ham®EwWHO Comparing the result&l i t * s at
4yTO0O pJob6aBneHunme B K o wuadding 5% of cement from total mass reduc
o6bwen wmMaccb npwusBeno W-deformation 12%, and adding 106 of ce-
eMocTun nunmwb Ha 12— 4 T ment—6.5times.
6,5 pas.

Tabn. 3. M3 MeHeHUE MOAY Tab. 3. Volume deformation moduE[‘,j charg-
Eg B 3aBumucumocTuM OT COJfaepxa ingdepending oncement content

CmepxaHwne LUbe meH
MokaszaTensb CementweightC, % Index
0 5 10 15
El, “opm=1 T/ M™m 2400 920 4000 | (200 000) EJ, tc/m, at 1 tc/m
MokaszaeBaAMWUCT 0,67 0,50 0,60 (0,95) Powerindexn
Mo gy nb npupauweH Volume deformation in@ment
gechbo pma uy mm,p uMIMI] a 163,7 | 184,0 1057 (2518) module, MPa, a¢ =1 MPa

1 tod 3§ yBdzeccjk.o 6k ax nNpuBesea By al Note. In brackets there are guess values
3HauyeHNsA.

In fig. 2—4 there are there arex-e
perimental data of sand and sand cen
deformation in deviator loading section.

Fig. 2, Q 3,Q 4,Q 5, b demm-
strate the dependence of cylindricad- ¢
ample axial deformatiom, on the difer-
ence of axial stress; and lateral cm-
pression stresss. It is clear from the
figures that cement content leads to ¢
strenghening and deformation decrea:s
Sand and sand cement deformation .
strength depend on compsen stress ir
nearly all he tests. However, the more
cement content the less is the comnspi
sion influence. The relation betweernrp
ticles made by @nent stone, gives hig
shift modules even in low ogpression.

Fig. 2, b; 3,b; 5, b show the chang:
of volume deformation edepenling on
axial deformation g in deviator loading.
In sand tests (fig.,d) axial deformation
increase lead to volume deformation
crease, that means there was no dilata
there was only adraction. Lack of sanc
dilatancy can possibly been explained
high compresion stresses during tes
(froml1lt o 12 MPa). I
note that sand post compaction in dist
tion takes place even in high stresses
initial compression.

Sandandcement deformation &
haviour differs from sand deformatic

Ha pwe. ndPumBegeHb 3KC
LaHHbBEe o0 pedgopmMaymax n
YyUKE®E fJeBUMaAaTOPHOTNO Harpy

Ha pu@3Q2,Q5bnokas3aHua

MOCTb OCeBONe, nE@apEmpUu DR
pasuyoB HMUTL bIp @ CE€BOT 81 UH &HBERF
XeHunsa 60KOBGIHaH@&XaEBMILI0O
fLepXaHne uemMeHTa Bepger
yMeHbHEeHe PO P MU P Y edumronc TN
ONbITOB Xa&ApPAaRB@PMUIMOLCHGBC A
bopmMupwaemaoempnana (e&ea, T
NecKOLEeMeHT)e H NCAT OHOoaXIapT U
obxxaTtTunma yBenunyumsaeTcCcsa T
LedopmMmpyemMocThb. O 4 H a Kpo-
XaHWa uemMeHTa ponb 06X
MeXAy 4Yacaymamm|,a ad,e MeH
obecneynBamOLBBICOCABUT A -
KOM an @ x.
Ha pwe3,bj22bnokas3aHo uWBH
HONW [fedPPMAgGBEMUCUMOCTN-
pMaaymmn [feBUATOPHOM @ :
TaHMAax ne kpoCpwunoc alwl
n K YyBEe/unuyeHlIeipo povoablen
6nwpganace TONbKO K OH
oncxopguna. OTCcyTCTBUE-
eTCBY 4uMo MYy, Tewm, 4y TID-
Cb NPUW OYEHDLEHBMBIXO IOWXK a
MIRa ) . MHTepecHOYDMM®E R
Ka npwun pgedopmMaymnax e
T paxXe nNpwu CcTOoONb BblCAG
NbHOamsAO 6 X

0]
<

25
T O

LI O oIT3IT W
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XapakTep
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Bcer ga

nOe dopmupoB &t behaiour. In sandandcement tests ther

XxXapakTepa
neckouLueMeHTa
KBrpakuuaynawoa Hmc nas; 4(spy ©..
pacwmpeHmne
HanpsaxeHunakiabxBbpuwne-
Npowunc X oKa
HanvaHeevn onpaB o0 YWV HM

M €DXCAY® 7
ped Py M6 pasuyoB.

cBAaA3ei

‘0,03, MPa
25 1
20 -
15 1—
54 e % 10
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 14

(0]
Punc. 2. JedopmupoBaHue-

12 4=

was not only contraction but also dilate
cy (fig. 3, B; 4, B; 5, Q. In compressior
stresses of 1 and 4 MPa there was-
tancy expansion of the material. In sge
es of 12 MPa only contraction took plac
Dilatancy led to destruction of cemer
bonds between particles and to furtl
sanples destruction.
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Fig. 2. Sand deformation in deviator loadil

TOPHOTNO HarpyxeHmusa no pe3sy sectionaccording test results
_ 4
301 00, MMa | TR e
-0,—03, MPa -4 —amna MmpPa o 2
25 T1Ma  MPa = 5 g 127446 g 200 22
0
20 o :
""" ey, D/DE
2
15 -
7 4 —
Z  —12MNa MPa oy
1017 —8MNa MPa =
7, 0 6 1 —4Mna MPa
5 {4/ e, % —1MMa MPa
17 TS R i |
- i 8 —
0~ — e,, %
0 2 4 6 8 10 12 14 16 18 20 22 24 10 -
(0] b
Pnec. 3. JedopmupoBaEWe Fig. 3. Saneandcement & = 5 %) defamation
ydyacTKe pAeBMUaAaTOpPHOT O Har py indeviator loading sectiorceording to test results
pMMeEeHTORB
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Pnc. pdbpmvmii@oBaHne nec¥k)ouy Fig. 4. Saneandcement §=10 % deformation
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H a r py indeviator loading section according to test results
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6 35 To,—0o3, MMa
4 i ——— =1 30 |o1-63, MPa
25 4
-2 7
q 3 3 § 1 12 i4 20 [
0 — 1
= e, % 15 ,I,/ —12MMa MPa
2 — ERED 10 17/ Ziwna viea .
R ] i —1MNa MPa en %
—12MMa MPa e 5 —
4 —~ —8MMa MPa 7
&% i wea 0
6 - : ! ' 0 2 4 6 8 10 12 14
o b
Punc. 5. Le dpopmupos aHm%) Fig. 5. Sanéhndcement ¢ =15 % defa-
Ha y4yacTKe pfgeBuMaTOpHOT O Hca mation in deviator loading section according to t
nNepuMeHTOB results
MpeacTtTaBneHHEepw@.adg The presentefigures (fig. 3, 4) help tc
MOoO3BONAIWT onpepenuntb calculate the change of sand and sand
caABUTanneeermoOLULeMeHTaydcement shift module in loading goess. The
XeHWunS4a. Haun6onbwmnmim nHet- size of the initial shift module, that is the sk

nNnMnynmHa HadvanbHOTro ™MoA module at the very beginning of deviat
caoBuMura B CcaMOM Hauyareeloading is of great interest. The resu
Hn4. OnblTbl NOKaasanwu, o+ showedthat this size depends on thetia
HayanbHOro o6xatwusa ( p compression (fig. 6, tab. 4).

1100 16, MNa
1000 {G, MPa
900
R IRt S TE PR —o— 3akcnepumeHT — L|=0% —m— 3KkcnepumeHT — L=5%
800 g o —a— aKcnepuMeHT — Li=10% —B— aKcrepMMEHT — L=15%
oy — = mogenk - L=0% — = mogene - U=5%
700 , o~ — — mogens - LU=10% — — mopens - U=15%
600 1+ -~
U
500 = -+ —o— experiment — C=0% —&— experiment - C=5%
400 — ! _-—i; e —— experiment - C=10% —o— experiment - C=15%
= =] T — = model - C=0% — = model - C=5%
300 ] g — - model - C=10% — — model - C=15%
200 L+ T
100 L by . " G, MMNa
0 T =T o, MPa
0 2 4 6 8 10 12 14
Pun . M3mMeHeHNE BENUYNUHLE Fig. 6. Change of initial displacement modul
casnra B 3aBuMCUMOCTMKU OT HE value depending on prestress and content of tihe
HUA LeMeHTa crete
TabA.. BenunyunHbel HauyanbH Tab. 4. Initial shift module for sand and sar
MMagpnsa nNneckaveydH Trnae c K 0 L, andcement, MPa
CopepxaHune% uGEmantcontent, % .
Hanpsaxemmuess o Mf OA b 5 £% M 10 15 > Compression stress MPa
1 316 724 2278 5192 1
4 536 1498 4103 7756 4
8 1037 1927 3794 7880 8
12 1473 3024 5226 6104 12
Ona onwnmcaHuMa 3aBucwH To show the dependence of shift anc

GoOT HanpsaxeHA( N /oY6 @ By- ule G on compression stress(or s3) we of-
N O XMW nNwub3nocenaot/b Gy H K y n it ferthe following function
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G=G +@ ™ ©)

roneG — MOAY Nb cCABMUT a n whereGq is a shift module at stress=
s=0Tc¥DG,—npupaweHume Mo a)=0tc/m’; G — shift module incremen
Hanpaxsedna? m—3 MNuUpUYecax-at stresss =1tc/m; m — empirical
TenNb CTeneHMU. power index.
B e nwnuy@,Hba, m, MONYYeH WbeE In tab.5 there are the results G,
noomopnq@aeepdgb B Tabn. 5. G1, m, obtained by try and error method
Tabn. 5. MNapamemp@ocTun, o 1 Tab. 5. Dependence parameters, show
UMNHY HayvyanbHOTrNo Moaynsa c gBwur initial shift module
Co g e pxaHunel, % EeCamentgodentd, %

MokaszaTens ) 5 10 15 Index
HauyanbHBbI MO 4,y Initial shift module tc/rf,
Tcqmps=0 T2/ M 1980 5500 16000 45500 ats = 0 to/rt
MpunpaweHne Hawyd Initial shift module ince-
na cpamecimpu=1 TC 10,7 21 250 9500 ment, tc/m, ats = 1 tc/n?
MoKk a3 aweeeasUN C T 1,00 1,00 0,70 0,20 Powerindexm

CpaBHOKIKAIepUNMEHTanbHE Comparing experimental date wi
JaHHbLX MNOoOKa3bBaerT, 4y T am - estimated data shows, that formyld)
cbiBaeT JAaHHbe onbTayasmaadequally describes testlata, except fo
LU=15 % (cwm. pwuc. 6) . O [ the case when cement content is %5
KcnepunmeHTanb Hole mpaaeiwHw (fig. 6). However, the experimental de
XapakTep. in this case are contradocy.

AHanwus f[aHHblXbl BTaaedrn,. BiS The analysis in tab. 5 shows tF

neHne HebGoONbwWOTr o K &) un ys adding 5% of cement increases sh
ymBgaeT MOAYANb cABUT a Be-module 2.8 times. Compression stress
Hnma o6xaTwma ©O601bwe c K a3 that influences sft module more thar
Aynsa cpaBogregp,KawHaeie ale meHT cement content. When cement conten

cogpepxaHumum uvuemMeHTa (10a.-10..15 %, compr e ®s
eTaBInsasHOBRMNYEeCTBA LU eMeHer-creases, and cement amounfluences
pecHO OTMETMUTHb, YyTeaokbaeMi ncreases. 't s ir

Hue 5 % UueMeHTa y B &¢1 B adding of 5% of cement increaseSy
2,8.2,9 pasa. Ha ocHoBOe-2.8..2.9 ti mes. At

CTPONTbL 3MNUpPpUYeEeCKUEe Fata. 5 iibte toscongtrocs esnpirice
NnnuBHn DG B 3 aBucmmaoe pea- depedences ofGy and G, from cement
MEHT a. Okasanocho, 4y T 0 wo- content. It turned out that exponentiak(
CMMOCTMW HBHIKT/MOMHEI 0 BUAga, pendences are most suitable as t
TOUYHO annpok Cc mmerpTyaoTb b e Sharply approximatexperimental data

G, =1986 exp(20,8,) G, =1986 exp(20,9 | 4)
DG, 40,5 6,29exp(68/3) DG 0,5 8,29exp(68th (5)
B a9T1Tux dld p-NOYyr/HEOXC U T € Nfb- In these formulasC is a relative
XaHMWe uyemeHTablgonsa OT cement content, part of unit.
QKCcNnoOHeHUMANbHbBW BUMD- Exponential functiong4) and (5)

powo wuMAanwcTpUupyeT Yy c K ou- illustrate well the speeding ahacter of
yeHMsa wMopaynemnw cpgBwuaga p xp shift module ncrease at cement conte

LemMeHTa. increasing.

MocTpoeHNe 3aBssypmMm@aal Construction of dependencé€k)—
BBMOXHOCTb nocTtpoutbennmp (5 made possible to construct val
ES n GyaB 3aBUCUMOCTMN oT - curvesE{ andG, ,.depending on cemel
(pnad. 7 content (fig.7, 8).
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Punc. 7. M3 MeHeHUE MOMWYLH Fig. 7. Changing of sara@ndcement volume
pedopmayuniih necgBagameMDdaTum deformation module depending on cement content
uemMe HT a
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Punc. 8 . M3 MeHeHUE MOAY! Fig. 8. Changin@f sandandcement shift md-
3aBMcuMMOCTUN OT copgepxaHwusa uledepending oncement content

| Gy M ot
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—— obGmarue 1 MMa
— —ofxatne 4 MMa

— - obxarne 10 MMa
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3Hada 3TN BenNuyuHBbI, With these variables, we can also cal
BenNunmuynmHy wMoaynsa N unHead- late linear deformation module, which is mc
pbii 6o0nee ypob6eH AN a3 -suitable for the analysis. Fig. 9 present
MeHeHUM mmoscarBm O T € o A4 e graph of its variance depending on cem
npueefgeH Ha pacnp®. cd,content. We can sethat linear deformatiol
uemeHTa 15 % moagynb @imodule is up to 300
cTuraer 3MMa,...3 510 ® C 0 cement content corresponds to soft atfk
cnab6bomy nonyckanbHOMY or soil cement concrete. But this is less tl
rpyHtouemMeHTOOGeTOHY. 0-4concrete deformation module. For examy
oynb pedcdopmMayunmum 6eToH the softest sand concrete with compress
cnaboro necuyaHWDOH ®C TOber ¢« strength 10 MPa, deformation module i
Tne MOAa MOAYy b nedcdopm 7000MPE.

7000M M &
4000
3500 - :
3000 - —— obwarne 1 MMa
JOUSUE SYOTIUN SOV IO S I — - o6warme 4 MNa
2500 - | = - obmarme 10 MMa
2000 T
1500 - —— compression 1 MPa
B e e 4 compression ¢ WP
S R SO e — - compression 5 MPa
500 4==—=="
0
0 5 10 15
Puc. 9. M3 MeHeHUNUE MOAY. Fig. 9. Changing of sarandcement linear e

neckouemMeHTa B 3aBucemmataun formation module depending oernent content

MocTpoeHNe 3aBUCUMO Construction of graphs and dependen
BO3MOXHOCTSbL o0npelgeqyevngre helped to estimate saahdcement defo
pyeMoCcTWN MNeckKOLeMeHTRA- mation parameters in the specific interval

‘BCH71—70.TexHMYEeCKMUE yKa3aHUA NO NPUMEHERHOHMERNOEI O@PBBC BbiX]C
cTpouMmTenbcTBE. M. : MUWHTpaHCTpOIW, 1971.

4 VSN 171—70. Tekhnicheskie ukazaniya po primeneniyu melkozernistykh (peschanykh) tsementnykh betonov v dorozhnom
stroitel'stve [Branch Construction Norms 3+#10. Engineering Instructions d¥pplication of Fine Grain (Sand) Cement Concretes
in Road ConstructionMoscow, Mintransstroy Publ., 1971.

CTpouTenbCcTBO: Hayka n obpasoBanue. 2014. Ne 3. Ct. 1. http://www.nso-journal.ru




M.M. CanHoB

BanagepxaHmda uyuemeHtTa ( cement content (7..9
Tabn. 6. Tam xe pgndgaMrlHa intab. 6. For compression stres#MPa there
BblHMCNEeHb 3HauyueHWA Oa- arevalues of more usual deformation inde»
Teneun pecdopmumpyemMocTaea-linear deformation moduleE and relative
bopmMaBEwmnM K o3 ddu y une HTTbad cross section deformation coefficiemi{Pois-
nonepevyHohnw pedopmMauyuumm-son’s ratio).
C 0 HNA )

Tab66nr MNapameTpb pgedopMHP Tab. 6. Sanéindcement deformation param

Ta B 3ajaHHOM pguana3s3oHe c tersin the given range of cementntmt, and sanc
naapeTpb JgedopmMumpyemocTwn ne deformation parameters

CopepxaHueld%ewm
MokaszaTensb Cementcontentd, % Index
0 7 8 9

Moaynb o065beMHO I e 2400 | 1123 | 1387 | 2295 | Volume deformation module, tcfm
nps=1 Tt%c/ ™ s =1 tc/nf
MokaszaTenmw cTeneH| 0,67 0,50 0,51 0,56 Powerindexn
Ha q_a nb zi bl MoUmoinm 1080 | 8564 | 10552 | 13003 Initial shift module, tc/fy s = 0
np#=0 T%c/ ™ tc/n
MnpaweHne Hayan Initial shift module increment
casuwrcdmpu=1 T2c/ M 10,7 48 9 137 tc/m?, s=1 tc/nf
Moka3zaTenm cTenewH 0,70 0,91 0,85 0,78 Powerindexm
Mooy nb npupatueHIien Volume deformation incremer
dbopmMagMMan p:um=1 Mlla 164 225 260 321 module, MPas=1 MPa
HadanbHbn moMyIARD | o5 | 447 | 145 | 180 Initial shift module s=1 MPa
s=1 Mla
s%g hpuuynenTt  Ny==ld o415 | 0277| 0,264 | 0,264 Poi ss o sldPa
Moaoynb nNnuMHeWHOMIMNA 184 303 357 441 Linear deformation module, MP:
npsu=1 MMa s=1 MPa

Bnagwvwwm, YT O pgobGaBNeHMU- We can see that adding.9 % of

yecTtBe 7..9 % yBenunuywunoe-cementto sand increased its linear
dopmMmauyumm nanmwb B 1,6..2,6-formation modul e
WNno B OCHOBHOM 3a cu4ye® vIt happened maly because cemer
MeXAay 4YacTuuyuamum 0 o3 BeaAMIbonds between picles provided soil
cABUT OBbLIM paAedopmauunsam, KUdresistance to shift defmation that is
yeHMemM MoOAYyNSa GeipHbpxa weedida confirmed by increasing of volumesd
nunwb B 1, 4 .yn4ap a&3zassm réa..mopm formation maul e onl y 1

Tenepb nNnpoaHanumi3upyee;andshiftmodule—4 ..6 t i mes
HHNe uUeMeHT&TID MPOOKOIW ah3 Now let us analyze how ceme
npumuBeageHb NOCTpPoeHHSbLBE Ha adding influences sand shgth. Fig.
npepenbHOro conportTwuBsnne®yr10—13 show stress circles for ultima

pasuyos. shearing esistance of test samples
25 7, MNa -
1, MPa e e e o
20
::szror:::ﬁuan

15 - — aKgmamy YR HoPe
10 ,,/ i S s!ret;clrcles toui

e <l ] N —_— :I.I:Vl I:T:i:;";: loping
5 - /T”: '/ b -_— : w' l.ol(:oulomh
0 T fop }

0 5 10 15 20 25

Punc. 10. M3 mMeHeHNE cCcoONf Fig. 10. Sand shift resistance changing delpe
3aBUCMUMOCTM OT HOPMaAAbHBLX ingonnormal stresses
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MflocTpoeHUe Kpyros Me
yecKuU onpepgenunTb MNPOYH
n neckKkoLeMeHTa: yrojmwu
yABHODEe cuennedHune c. Oon
6onblmmBEC a8 BYywWTr nbatwwaA
nmeeT KPWUBONUHeWHYIW o
U=15 %. MfocTpoeHNne T pua
MocTwun Kl molHtagt B 03 MO XH O

NOrTrpewHOCT AMM. Mo s T o my-
HellHble OTruvbalomum.e KPyrmn

Mapampeal, XapakTepusy
KpuBonuHelWHBEe Ofr 16 a.lLen-
AeHb B Tao6bn. 7.
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Fig. 13. Changing ofsandandcement shift
resistancey = 15 % depending on normal stses

Construction of stress circleslaved
estimating graphically sand and saantht
cement strength parameters: internatitiion
anglej and specific cohesion c. Howa,
in most cases enveloping stress circle i
deflected position, especially when ceme
content is 15 %. Construction of Coulor
linear dependence graph isspible only to
tolerances. Therefore, we constructed &u
linear enveloping stress circles.

Paraneters, characterizing linear ai
curve linear enveloping stress circles
given in tab. 7.
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Tab/m. N3 MeHeHNE nNoKalzaTie Tab. 7. Changing of strength index degieg
MOCTW OT coOpgepxXaHWUsA LeMeHT e oncementcontent

Copepma uUelBHT
MokaszaTens Cemenftcontentd, % Index
0 5 10 15

Yron BHYy Tpewm=e, ¢ 4
NMWHENHOoHWeor)n 6 a

Internal friction angle, grac

30,0 315 28,0 28,0 . :
(for linear enveloping)

YapenbHoe cMlka(l oaen wel Speific cohesion, MPa

0,2 0,5 2,0 3,5 X .
(for linear eveloping)

HOino@nouwe )
HauyanbHBN YT On eBWS
rpa@ansa KpwuBso MoOHE I |

Initial internal friction angle, grac

39 315 38,0 41,0 : .
(for curve linear enveloping

HauyanbHbBIE yr on eBIHS
r pa(ga nsa JKUPHAEBIOH O HALL, €Oir

Initial internal friction angle, grac

29 315 26,5 23,0 : .
(for curve linear enveloping

YnenbHoOe .cMkeaf me s e
NMHelHBAWDE M6

Specific cohesion, MP:

0 0,5 15 1,8 . .
(for curve linear enveloping

Bunaum UTO yCHEXOMH. We see that internal friction angle
yron BH y TpeHHEr O, TPEO U original sand according to Coulomb38 ,
NNACIR@OTr o T[PYHT a’ O Ha that is usual for sand soils, however, °
bUeHb BBHICOK o—eOZcMﬂIIeln n dlipanc cohesion is very high at that 0.2 MPa.
AMHelWHOW Or U6 a’1 o L e |7| n e(,ﬂ:_There is no sand cohesion at curve lin
aerT OnHAaKO SPAM ay b e Biis enveloping, though initial internal frictio
o T ’ e H p'mm cioCMA B Y]B bl C O - angle is39 . When stresses are more tt
0 s X P (6o0ne e' 5 IaMI‘Ia7 Mb 5 MPa it lowers t029. So we can sa
" that this sand is well compacted and he
OBOPUTbL O TOM, 4T O 'D'Ta'highstrength
© Hﬂ 0M6 aoBim;a;ﬂMbaekeorH 2”"6"3 ;1) :en(;g H Adding just 5% of cemat leads to
5 % noUBOAMUT K 0o s eMila value of cohesior— 0.5 MPa, and interne
c OOI'IT pEH H e'qr o TDEeHus H eHm friction angle increases to 2.5 times. Tde
32/5 F_Il_a Y 6 P fore, small amount of cement not or
S) - akum 0ODASPMAHIMA changes soil deformation slightly, but al
HE TONbKO MEPOPMBMESMET slightly influences its strength.

HO anoMB/MAET Ha €ro npc When cement content is 10 % s

Mpun coAepXxaHun LE€MEF ohesioni ncreases s ha
rpyHrTa pesko BoMplacndlp MPa. Internal friction angle decreas
yr-on BHYTPpEeHHETO TPEHN slightly at that. At cement content of ¥b
Mpu BLCOKOM CoOpepYH U the strength will have further increase

: 2 ﬁ I) ; Ny c? I\leJ,e o g g gmeusequnm;e:N;Twof “ But the increase is mainly due to higf
¥ cohesion. In high stresses shift resista

Mp V; c 2 l)’('c OMKaMTXe :2” Fc))KﬂBo)KBeroH Mm;\/ﬁ ofallthematea|l s i s near |
y P 7 P clear from fig. 14, where all the curvedin

polo BuAHO Ha puc. 14, ar stress circles are superimpased
KPMBONUMHEWHBE OTr wpbaa.oWwm e
25
Topen: MIMa
20 {Typen MMa = ::';’/
I —U=10%
13 /— . i = U=15%
—
10 1 i - "
/ 1 ] —C=5%
5 i MAa < CT10%
= o.MMa ~—C=1%
0 - — }
0 5 10 15 20 25 30 35
Punc. 14. M3mMeHeHUNUEe cong Fig. 14. Changing of sand and seartbcemen

neckouemMeHTa B 3aBwucumoc T K shift resistance depending on normal stresses
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3Hada yAaenbHOe cCcUueTHR If we know specific cohesion and inte
Hero TpeHUSd, MO XH O noo- nal friction angle, we can calculate saantt
KouemMeHTa Ha cXarTwue nccementcomgession strength by formula
=2Ler ©®)
1- sin |
MoOXHO noagcuuTasm»%PR A We can calculate that whan is 5 %

cocTtaBnsvdma, 1 ,n8& A0 %] — compression strength is 1.8 MPa, w@at=
6, 1.MMN&, a=mpu-74 9. MIla =10%—6. 1 ..6. 7 M&al5%ar
MosToMy Tonbko npu @el. 7..11.6 MRlEencerBent qaemnt
MEeHTa (>10 %) neck oL ismore than 10 %, sarahdcement can bt
NPOYHOCTMKM CcO Ccna&@wBb O compared in strength to weak concrete |

B7,5MMa) . Mpun WHTepaeawceyao class or B7.5 MPa). At cement conte
uemeHTa %7 .MOpOYHOCTHD n (7.99) sandandcement compressio
cxXaTtTmne HaxoagumtcaMBa.npestrength is in the
lmTots@at . Kak ©n cnepja@as Conclusions 1. According to expeat
bnnomeTpuyeckme wncnbYy ¢tions, stabilometric tests, made by other
rMmyvmmn pasmaQ nokasanwu, thors showed that adding of cement to ¢
rPYHT uULemMeHTa CHMWMXaeT decreases its deformation and increases
yBenunuunpmeaT bl.poOgHak o strength. However, this changing depel
CUWNIBbHO 3aBUCMUT oT K @ F highly on cement amount: adding% of ce-
MeHTa: pobaBneHLwLeT ale M5 ment from total mass does not change m
Maccbl Mano M3 MeHSAeT oc solproperties, adding 1% of cement it turns
6aemmm B T pPYHT aameH 1l:toweak concrete. Its deformation has non
npeBpawaeTcs B Capd@ouia ear character.
nNpoTeKawT C IMACDBHIOHE N As cement content in cemented soil
Tak Kak npwn uewmeHda-7.9 %, than cemented soil, than cemen
HTa B T PpPYyHTe cocTaw-soi l can’t be i dentt
poOBaHHBW T PYHT HenNe:ing in contrast of concretig don’ t
M . Mpmauwwemesd 0T NuMYa+«maximum degree of mix and soil thiake
A Henb 3 4 LOoOOGMTBLCA ing. Cantent of bentonite in injection mixe

NoOTHeHMWA cMecu paca-resist Strength increase and deformation
0 NMQEOWH MW CHWUXEHMWNI [crease are.
enaTcTBYyeT TOT dhakT 2. In usual range of cement content
CTBOOpeapxKkucTr c 4 6eHTOoHWU cemented soil (79 %), its volume defe
2. B o06b4HOM A wWauma : mation takes pace imonlinear form. After
HTa B 3aulLeMeHTMPpOB atadding cement volume deformation modi
beMHOe pagedopmMupoBaiM- increases only 2 times. In such materiahd
HO. Mpwn BBeAEeHUMN U e M« tancy properties may appear. Cement adc
pLedopmMauummw B EBEOA N n wb increases shift resistance. When cemenmt (
2pa3sa. B T ankeo B omsavToexpHuo tent increases, shift module grows quicl
n AnnatTaHTHBbX C B 0 n B T i than volume deformatn module.
npexpe BCero, yBennmymi Cemented soil shift module depends |
ry. TMNMpwuw yBenuuyeHwunun ogyy s onlyoncement content, but also on conspi
caBunura pacTerT 6 bIC T p e e sion stress. At cement content 5 % corsp!
fLedopmMayunn. sion influences shift module more thap-«
3. BennuunHna wMopAgynsa -ment content. When cement content
NEeHHOro uyuemMeHTOM, 3 am- 10...15 %, influence of compression deease
XaHuveme mT a, Haon pw X e ’m 1 M es, and of cement content decreases.
Mpun Manom copgepxXaHwUwMa- We offer functions of sandndcement
Tue ©OGoOnNee CUAbHO C K aos- initial shift module changing depending «
ayns caoBur a, 4yeM COf4 cement content and compression stress-
6onbwoM copgepxaHuu uye pendence of initial shift module on comgre

ScoI<zIIAHZ
DT SISOS®

o =
o\ @
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9. Ismael N.F.Influence of artificial cement content c
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Hanpasa»xewHMWuadbl-

dy H K
O €epXaHW s— 3uKeovmegHATaan b H O

byHKUMEN.

npun pac
LAaHHBbBM C3-
neckKkouemMeHI1
KonnmyecTtBe 7 ..
NN Wb

363 Bl 6
FmpaoporTex HO6Q Hec.lC.o

,Bos B deey e
nnot MWHBC A TKnaplL
FmopoTexHNYEE2kNe 42

a —KBoB/t sion stress can be evaluated by powerct

tion, andcement content dependenee by

By exponential function (or degree) function

yanbHOro Moayna cam-A 4. Cemented soil strength can bb- (
MOCTMW OT COJAepxaHune- tained by cohesion strengths, internal fricti
A ob6xBwmBAMOGT b Haua angle can be neglected in calculation.

5. Judging by sanrdndcement researc
experimental data, aduy 7..9 % of cement
to soil leads to only.23 % of its deformation.
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