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 In this study,the facestability analysisof a shallowtunnel embeddedin cohesionlesssoils

were analyzedin variouscondition, which is excavationangle(α),cover diameter ratio

(C/D), and internal friction angles of soil (ϕ). The coupled Eulerian-Lagrangian(CEL)

techniquewasvalidatedusingexperimentaltest.

 Fig. 1(a)showsthe collapsefailure modethat the motion of the soil is directedtoward the

face (Horn, 1961). It was confirmed the both the fore pole installed in front of the

excavationsurfaceand the earth pressuredue to the inclinationof the excavationsurface

couldreplacethe pressureappliedto the tunnel face.

 Fig. 1(b) showsfailure mechanismof shallowtunnel facewithout fluid pressure,and the

variationof parametersin numericalanalysis. Thegeometryanalyzedwith singlefrictional

layeredsoils,where C is the cover depth, D is the tunnel diameter, is internal friction

angleof soil,βis excavationangle. In order to analysisfacestability, the parameterswere

modified. Thevariationof parametersissummarizedin Table1.

» A series of numerical analysesand small scaled model tests were conducted to

investigatethe facestabilityof a shallowtunnel in variouscondition.

» As the excavationangledecreased,settlement of surfacedecreased,and in the caseof

the excavationangleis 30°, it wasconfirmedthat the settlement of the groundsurface

decreasedsharply.

» Theresult showthat the largerC/Dandϕ,andthe smallerα,the smallerthe settlement

occurred. It can be expectedto minimizethe settlement due to excavationthrough the

interactionof excavationangleandinternal friction angleof soil.

 DassaultSystemes, Abaqusanalysis manual, DassaultSystemes, 2016, Providence, RI, USA. 

 Horn M. HorizontalerErddruckauf senkrechteAbschlussflächenvon Tunneln. Landeskonferenzder ungarischenTiefbauindustrie; 1961, Budapest (German translation, STUVA, Düsseldorf)

 This work was supported by National Research Foundation of Korea(NRF) grant funded by the Korea government(MSIT) (No. 2020R1F1A1076193).

Fig. 1 Problem definitions (a) Conceptual mode of face failure (b) Problem notation of a face failure

(a) (b)

Parameters Symbol Values

Cover diameter ratio C/D 0.8, 1.4, 2

Internal friction angle of soil 20, 25, 30, 35, 40°

Excavation angle β 30, 45, 60, 75, 90˚

Table. 1 Material Properties
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 Thesmallscaledmodeltestswereconductedto confirmthe effect of the inclinationof the

excavationsurface. Asshownas Fig. 2, the front part of the soil box and the sidewhere

pull-out of the soil box is carried out are made of acrylic material so that internal

deformationcanbe confirmed. Anacrylicboxsimulatinga tunnel excavationwasmodeled

asan inner box and an outer box. Thefaceof the outer box is open,and the faceof the

inner box is closed. Tosimulatethe different excavationangle,the faceof the inner boxes

weremadeto havedifferent angle(30, 45, 75, 90°).

 Thegroundsurfacesettlementat different times for in excavationangleis 90 are shownin

Fig. 3(a). It was confirmed that the measuredvalue of the LVDTinstalled on the ground

surfaceincreasedasthe innerboxwaspulledbackin the caseof anexcavationangleis90 °.

 Fig. 3(b) shows the ground surface settlement measured by five LVDTsin different

excavationangle.

 In this study,numericalanalyseswereperformedto investigatethe behaviorof excavation-

inducedsettlement in both failure and post-failure stageusingABAQUS/Explicit(Dassault

Systems2016) whichprovidesCELtechniques.

 Asshownin Fig. 4, the soil is typicallycomposedof the soil part in the lower part and the

voidareain the upperpart.

 Representativeresultsof the FEanalysisand smallscaledmodel testsare shownin Fig. 5.

The results show that the numericalpredictionsmatch the experimentalmeasurements

quite well for groundsurfacesettlement.

Fig. 4 Numerical model for face stability analysis

 Fig. 6(a): the maximumsettlementwasmeasuredwhenthe excavationanglewas90 °, and

asthe slopeof the excavationsurfacedecreased, the amountof settlementon the ground

surfacedecreased. When the angleof the excavationsurfacewas30 °, settlement of the

groundsurfacehardlyoccurred.

 Fig. 6(b): the maximumsettlementwasmeasuredwhen the coverdiameterratio was0.8,

and as the cover diameter ratio increased, the amount of settlement on the ground

surfacedecreaseddueto the geostaticstress.

 Fig. 6(c): the maximumsettlementwasmeasuredwhenthe internal frictional angleof soil

was20 °, andasthe internal frictional angleof soil increased, the amountof settlementon

the ground surfacedecreased. It was confirmed that the smaller the internal frictional

angle,the faster and larger the groundsettlement occurred. Thiswasconfirmedthrough

CELanalysis,whichisa largedeformationanalysis.

Fig. 6 Ground surface settlement: (a) excavation angle (ó), (b) cover diameter ratio (C/D), (c) Internal 
friction angle of soil
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Fig. 2 Laboratory test; (a) schematic diagram, 
(b) soil box
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Fig. 3. Groundsurfacesettlement; (a) with different
times for exactionangle of 90°, (b) with different
excavationangles
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Fig. 5 Comparisonresult of numerical
analysisresultwith laboratorytest
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