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1. Introduction

Main objective of research work is to define a proper design method of DCM
column to overcome the limitation of the method, especially for the soft soil such
as Mekong Delta soil. There are several methods for designing the DCM column
for the soft soil as discussed in the references (Bengt B. Broms, 1999),
(EuroSoilStab, 2002) and (Coastal Development Institute of Technology, 2002).
In these methods, the settlement of the soil layer is calculated by the
consolidation index and the bearing capacity is checked by the strength of the
cement column and the bearing capacity of the soil. However, the method to
define the cement column properly is not specified.
In this study, the method to define the configuration of cement column, i.e. the
dimension and spacing of the cement columns within the soil layers, is proposed.
A nonlinear Finite Element Method (FEM), as programmed as commercial
ABAQUS software, is used for the detailed consideration. By this nonlinear
FEM, the responses and behaviors of the cement column during the stabilizing of
soft soil are clearly shown through the distribution of the stress both in the
cement column and in the soft soil layers. By this method, the history of
settlement for the embankment construction can be displayed.

2. Analysis for embankment

2.1. Model of an embankment

The model to be analyzed is shown in Fig. 1. The model consists of three soil
layers, i.e. 11 m soft soil layer, 4 m silty clay and 5 m silty sand, respectively. A
5m high embankment structure is constructed on soft soil layers. The
embankment is planned to pass a transportation highway. Since the model is
analyzed in two dimensional, only cross section of the model is given in Fig. 1.

The soft soil layer is one of the typical soft soil layers in the Mekong Delta.
The properties of soil are obtained by the tests of the Mekong Delta soils
(Engineering Geological Report, 2000) while the dilatancy angle is referred in
the literatures (Bengt B. Broms, 1999), (EuroSoilStab, 2002) and (CDIT, 2002).
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The traffic load on the embankment is 20 kN/m® that is recommended by
Vietnamese Standard for Transportation Road Construction (TCVN)
(Vietnamese Standards, 2000).
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Fig. 1. Cross section of the embankment model

Table 1
Material properties
Parameter Soft Silty Silty Emb. DCM
soil clay sand

Saturated unit weight, Ysu, kN/m?® 14.370 18.880 18.510 20.000 15.810
Young modulus, E, MPa 3.048 6.028 7.434 20.000 43.750
Poisson’s ratio, v 0.485 0.439 0.356 0.333 0.333
Cohesion, ¢, MPa 0.0071 0.0131 0.0024 0.0100 0.1750
Frictional angle, ¢ (°) 3.25 12.50 26.50 30.00 30.00
Dilatancy angle, y (°) 1.625 6.25 13.25 15.00 15.00
Permeability, k, cm/s 10° 10° 107 10° 107
Void ratio, e, 2.389 0.705 0.604 1.500 1.532

2.2. Simplified Method

A configuration of cement column generally depends on several factors such
as allowable settlement, soil capacity require preventing failure of civil structures
such as embankment and dimension of the cement column. The application of
the cement column for stabilizing the soft soil is reported in references (Bengt B.
Broms, 1999), (EuroSoilStab, 2002) and CDIT, 2002).

The simple method is one of limit equilibrium method where the applied load
must equal to resistant of the cement column and soil layer beneath the civil
structure, such as embankment. The resistance of the cement column which is
analyzed by Terzaghi’s equation and settlement is evaluated by using the
consolidation theory.

To obtain an optimum configuration, a series of calculation for the settlement
of the embankment and the bearing capacity of the improved soil layers are
performed by varying size of diameter, spacing and length of the cement column.
The optimum configuration is determined by using the smallest replacement area
of the cement column in a square meter of the stabilization area and the
allowable settlement.

2.3. Nonlinear FEM

The optimum configuration found by the Simplified Method, mentioned
above, is investigated by using the nonlinear FEM. For Model-A in Fig. 2, the
soft soil layers are not stabilized. The foundation of the embankment is improved
by using the cement column for Model-B in Fig. 3.
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Fig. 2. Embankment without stabilization (Model-A)
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Fig. 3. Embankment with stabilization (Model-B)

ABAQUS program is used to numerically analyze the problem. In the
numerical analysis, the cement columns, the soil layers and the embankment are
modeled as nonlinearly elasto-plastic materials with Mohr-Coulomb failure
criteria. The two-dimensional (2D) numerical model is used for this study. Due
to the symmetry of the problem, there is a half of the section modeled to save the
computing time. In order to explain more realistic behaviors of soft soil, two
phases coupling of solid and pore water and nonlinear of solid materials are
taking into account in FEM analysis. The nonlinearity of the material is
expressed by Mohr-Coulomb yield criterion.

A finite element mesh is constructed to simulate the sequential construction
procedure of the embankment and to calculate the resulting consolidation settlements
in the soft soil layer. The mesh includes a half of the geometry because of symmetry.
The mesh consists of the part the soft soil layer, silty clay layer, silty sand layer and
the five embankment layers. The Model-A consists of 746 elements and 807 nodes,
while the Model-B consists of 4828 elements and 6569 nodes. In the Model-B, the
0.6 m diameter of cement column with 0.8 m spacing center to center of cement
columns are embedded in the 11 m depth beneath the embankment structure. Since
the stabilization problems considering in this study require the information of both
soil skeleton and pore water inside the soil mass. The elements are pore water/ stress
four node quadrilateral elements (with bilinear displacement and bilinear pore
pressure) and appropriate for finite strain analysis.
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The cement column in FEM is assumed the continuum element, which the
elements can be used to model the widest variety of components. Conceptually,
the continuum elements simply model small blocks of material in a component.
Since they may be connected to other elements on any of their faces, the
continuum elements, like bricks in a building or tiles in a mosaic, can be used to
build models of nearly any shape, subjected to nearly any loading.

In both of models, step by step embankment construction is simulated by
applied analysis featuring of ABAQUS software, i.e. activate and deactivate
mesh of embankment structure in plane stress assumption. The embankment
structure is built in 1 m layer by layer construction; totally 5m high of
embankment on soft soil layer. The nodes on the mirror symmetrical line are
restrained as symmetrical boundary condition, while the nodes on the other sides,
are not allowable to move laterally the ground surface which is considered as
drained by applied zero pore water pressure during the analysis.

Each step of embankment construction is assumed 2 days. Totally, 10 days for
completing the embankment are considered before loaded by external load such as traffic
load. In this analysis, 20 kN/m” traffic loads are subjected to the surface of embankment
as suggested by Vietnamese standard. The models are analyzed for 1000 days after the
construction of the embankment to
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Fig. 5 and Fig. 6 show the distribution of the settlement of soft soil beneath
of the embankment for Model-A and Model-B after 1000 days consolidation
analysis, respectively.
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Fig. 5. Settlement distribution of Model-A
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Fig. 6. Settlement distribution of Model-B

The settlement history plotted in Fig. 7 shows the capability of nonlinear
FEM for evaluating the settlement of the embankment both with and without
stabilization using cement column. These results confirmed with the calculation
results using the Simplified Method explained above.
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Fig. 7. Comparison of the settlement histories

The distribution of vertical effective stresses of each cement column is
plotted in Fig. 8. The stress distributions are divided into three regions, namely
region I, II, and III. The region-I indicates the soil mass can bear the applied
load. The cement column may not be required in this region. In contrast in the
region-III, all applied load are supported by the cement column. The region-II
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shows that both of soil and cement column bear the applied load. By removing
the portion supported by soils, plotted in the region-II, we may reduce the length
of cement column proportionally to the removed portion.

Vertical stress, S22 (KN/m2)
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Fig. 8. Response of the cement column

The last FEM model as shown in Fig. 9, Model-C, is analyzed by the load
used in the previous models and the result of settlement distribution as shown in
Fig. 10. Comparing the maximum settlement occurs on the Model-B and Model-
C, as plotted in Fig. 11, the configuration of Model-C is concluded as the
optimum configuration for the case in this study.
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Fig. 9. FEM Model of reduced cement column length (Model-C)
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Fig. 10. Settlement distribution of Model-C

Distance (m)
0 2 4 6 8 10 12 14 16 18 20

0.05 | ‘ ‘ ‘
——Model-B - on DCM at level 0
| | —=Model-B - on Soil at level 0 f

0.00 A
—s—Model-C - on DCM at level 0 r‘fll
—+—Model-C - on Soil at level 0

-0.05 ‘l‘/,:"’. /

i
k

Displacement (m)
=)
]
|

-0.20

-0.25

Fig. 11. Comparison of maximum settlement beneath of the embankment structure

4. Conclusions
Based on the analytical study described above, the conclusions of this study

are listed as follow:

The optimum configuration of the cement column to stabilize an embankment
is determined by the Simplified Method in which the settlement and bearing
capacity are estimated by the formula used in the current design. The flow-chart
of the method is shown in Fig. 4.

By FEM analysis for Deep Mixing Method using cement column, the stress
distribution and the differential settlement are estimated. By the result of the
analysis, more detailed configurations of cement column are suggested.

Comparing the results of the Simplified Method and FEM analysis, it is
suggested that the stress distribution and the deformation in the foundation
improved by Deep Mixing Method are important to determine the optimum
configuration of cement column.
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Nguyen Ngoc Thang, Nguyen Anh Tuan
NONLINEAR FEM ANALYSIS OF CEMENT COLUMN CONFIGURATION IN THE
FOUNDATION IMPROVED BY DEEP MIXING METHOD

The soil stabilization method, called Deep Mixing Method, is often applied for the soft soil layers in
the alluvial plain, such as the Mekong Delta. In this study, the configuration of the cement column for
Deep Mixing Method, which is embedded in the soft soil layers, is investigated for the different sizes of
diameter, spacing and length of cement column. To obtain the optimum configuration of the cement
column, the settlement of the structure and volume of cement are compared. In this study, a new method
to find out the optimum configuration using the formula in the current design is proposed as the
Simplified Method. The stress distribution and the deformation in the foundation improved by Deep
Mixing Method are analyzed by using nonlinear FEM in which the stress-strain relation is elasto-plastic.
The stress distribution in cement column and the differential settlement obtained by the FEM analysis
are applied to more detailed specifications of the configuration of cement column.

Keywords: Deep Mixing Method, soft soil, cement column, FEM, Simplified Method.

Heyen Heok Txane, Heyen Anux Tyan
HEJITHIMHUI MCE AHAJII3 KOH®ITYPAIII HEMEHTHOI KOJIOHA B
MII®YHIAMEHTHIA OCHOBI, IMOJITIIEHIA METOIOM MMOTJIABJIEHOTO
3MIIITYBAHHS

Meroj crabinizauii IpyHTY, 3BaHUi METOJOM IIMOOKOr0 3MilllyBaHHsI, 4YaCTO 3aCTOCOBYETHCS VIS
M'SIKHX IIapiB IPyHTY B JOJIMHAX 3 aIOBIaJbHUMH I'PyHTAMH, TAKHUX SIK JebTa piukd MekoHr. YV maniit
poborti jociipkeHa KoH¢irypamisi GETOHHOI KOJIOHH, L0 BOYIOBYETbCS B M'SKi LIapH TI'PYHTOBOI
OCHOBH, TOJIIIIEHOI METOJIOM TJIMOOKOrO INepeMilllyBaHHs, Ul PI3HUX PO3MIPIB J1iaMeTpiB, JOBXKHUH
KOJIOH 1 BifcTaHeil Mk HumH. J{J1si OTPUMAaHHS ONTHMAajbHOI KOH(Irypamii KOJOHH ITPOBOJUTHCS
MOPIBHSHHS BUTPAT OETOHY. Y IbOMY JJOCHIJUKEHHI B SIKOCTi CIIPOIEHOI0 METOY IIPOIOHYETHCS HOBHI
METOJ] BH3HAUCHHS ONTUMANbHOI KOH(Irypamii 3 BHKOPHUCTaHHSM OTPHMAHUX CIIiBBiJHOIIEHS.
Posmozin HampykeHb i nedopManiii OCHOBH aHAN3yIOTbCS 3 BHKOpHCTaHHsAM HerniniliHoro MCE, B
SIKOMY 3aJIKHICTh HampyXeHHs-iedopMallis BIINOBiZa€e MNPYXKHOIUIACTUYHIN Moznemi. Posmomin
HanpyKeHb, OTpuMaHHii 3a gornomoroo MCE, 3acTocoByeThest Ut yTOUHSHHS KOH(DIrypartii KoJIoHH.

KarwuoBi cioBa: MeTon rimOOKOro 3MmilllyBaHHS, M'SKMH TpyHT, IeMeHTHa KoyioHa, MCE,
CIIPOIIEHUH METO.

Heyen Heok Txane, Heyen Anux Tyan
HEJMHENHBIA MK3 AHAJIN3 KOHOUTYPAIIMA IEMEHTHOM KOJIOHHBI B
NOJ®YHIJAMEHTHOM OCHOBAHUH, YIYYIIEHHOM METOAOM I'’TYBOKOI'O
CMENINBAHUSA

Merox cTabuim3aluu TpPyHTA, HA3bIBaeMBI METOIOM ITyOOKOrO CMEIIMBAHHS, YacTo
IIPHMEHSIETCS] JUI MATKUX CJIOEB IIOYBEI B PAaBHHHAX C AJUIFOBHAIBHBIMH TPYHTaMH, TAKUX KaK JiebTa
peku Mekonra. B nannoif pabore uccnenoBana KOHGHUIypanus OSTOHHON KOJIOHHBI, BCTpaHBAaeMOH B
MSATKHAE CJIOH TPYHTOBOIO OCHOBAHMH, YIIYYIIEHHOrO METOJOM INIyOOKOrO HepeMEIIMBAaHHS, LT
Pa3IMYHBIX Pa3MEpPOB JUAMETPOB, JUIMH KOJOHH U PACCTOSHUH Mexny HuMH. [l IONydeHus
ONTHMAJBHONH KOH(UIYypallMH KOJOHHBI IIPOBOJMTCS CpaBHEHHE pacxoja OeroHa. B asTom
HCCIEIOBAHHE B KadecTBE YIPOIIEHHOTO METOJa Ipe[yIaracTcss HOBBIH METOJ OIpeIeNcHUs
ONTUMANBHOH KOH(HIypallld ¢ HCIOIB30BAaHUEM IIOTy4YEHHBIX COOTHOIIeHuil. PacmpenencHue
HaNpsDKeHHH U AedopMaluy OCHOBaHHS aHAIM3HPYIOTCS C HCIONBb30BaHMEM HemuHeiiHoro MKD, B
KOTOPOM 3aBHCHMOCTb  HaIIpsDKCHHE-Ie(OpMaIis COOTBETCIBYET YIPYrOILIACTHYECKOH MOJENH.
Pacnipenenenne HampsbkeHWH, ImoiaydeHHoe ¢ mnomolpto MKD, mnpumeHstoTcs Uii  yTOYHEHHS
KOH(UTr'YypaIuH KOJIOHHEL.

KiroueBble ci10Ba: MeToJ IIyOOKOr0 CMEIINBAHUS, MATKasl [I0YBa, IleMeHTHasl KooHHa, MKD,
YIPOIIEHHBIH METO,.
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The configuration of a concrete column has been studied, which is built into soft layers
of the ground base, improved by deep mixing, for different diameters, lengths of columns
and distances between them.

Tabl. 1. Fig. 11. Ref. 7.

YK 539.3

Heyen Heox Txame, Heyen Anx Tyan. Hemmueiinblii MKD anaim3 koHpurypamuun
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Hayd.-Tex. coopH. — K.: KHYCA,, 2018. — B 100. — C. 18-26. — Anri.

Hccnedosana xoungueypayus 6emonHOll KONOHHbL, KOMOPAs 6CIMPAUBAemcs 8 mazKue
CNIOU 2PYHMOBO20 OCHOBAHUS, YIYHULEHHO20 MemOOOM 21yOOK020 hepemeuiusanus, Ol
PA3IUUHBIX OUAMEMPO8, ONUH KOLOHH U PACCTNOSHUL MeHCOY HUMU.
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