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Abstract OThe construction of basements in urban areas is often associated with the possible damage to
existing structures and services. The varying construction processes inevitably lead to different stress unloading
patterns and therefore the dissipation of thesmess porevater pressures may lead to retandarddeformation
profiles. The three main types of basement construction processesyaredExcavation (LE) BasinExcavation
(BE) andlslandExcavation (IE) The effect of the various unloading patteras fbeen investigated kaythree
dimensional (3D) effective stress analysis methusihg the developed computer progr&dBCPEL.0. An
excavation ofength 50m, width 50m and depth 9m in a certain homogenoussatndpic saturated soft soil was
modelled. This included adiaphragm wall of 800mm thickness embedded 18m detp tire soft soil. The
different excavation deformation profiles under different excavation patternswere related to the different
unloading processthe exposure time of excavation faeed the dissipation ofnegative excess poieater
pressuresThe mostfavourable procesdor controlling the horizontal deformaticsf a retaining walbr the heave
deformation of the formation levéd suggested. The ground water potentials within the formation level are also
presented.

Keywords: Excavation patterrFinite element method~EM); Negative excess posgater pressureGround

water potential



1. Intr oduction

Excavation will causehe deformatiors of retaining structure, pit based ground surface

therefore, nmerous investigationsn the characteristics of excavatimduced deformations have

been performed. Ou and his research grdigba lot of research, thegroposed an empirical

method for predicting the spandrel and concave settlement profiles on the basis of a regression

analysis of the field observations of settlement cursieh and Ou, 1998studied building

responses and ground movements caused by an excavation usitap-tltosvn construction

method Qu et al, 2000), analged basal heave of excavations (Hs¢ll, 2008) evaluatedasal

heavestability (Do et al, 2013), and investigated extensively the behavad excavations with

cross wallg(Hsiehet al, 2012;Hsiehet al, 2013;0u et al, 2013;Wu et al,2013. In addition,

Zdravkovic et al. (2005) Kung et al. (2007a 2007b) and Finno et al. (2007) studied the

deformation behaviour of excavation in other aspects.

Excavation will also cause the variation of pore pressure due to unloading. In order to

investigate variation of poreater pressure induced by excavation, 3D effective saealysis

based on Bio§ consolidation theoryas performed.Osaimi and Clough1079) investigated

poreZDWHU SUHVVXUH GLVVLSDWLRQ GXULQJ DQ H[FDYDWLRQ

Benmebarelet al. (2006) analysed the effect of seepage flow on the lateral earth pressures acting

on deep sheet piled wall excavations in cohdegs soil using the explicit finite difference

method implemented in Fast Lagrangian Analysis of Continua (FLAC) ciduke.distribution

rules of the formation level deformations and excess-water pressure were analysed in detail

integrating the time parameter by ki al. (2008). Borgesand Guerra (2014) analysed the

consolidatiordependent behaviour of a cylindricakcavation in a clayey soil. The study
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investigated the influence of the diameter of excavation, the embedded length of the wall and the

elastic modulus of the wall material on the behaviour of the formation level.

In actual engineering, there are differ&xicavation patterns according to therrounding

environmentand the stability ofexcavation.LE is that soil is excavated uniformly from the

excavation BE is thatthe soil at the formation level centie excavated first whereas the soil

around the formation level centie excavated laterand IE refers to thathe soil around the

formation level centrés excavatedirst whereaghe soilat the formation level centie excavated

later However, as repaetl above, littlewvork hasfocusel on theeffectof the excavation patterns

(such aslE and BE) on the formation level Tan and Wang(2013a 2013) studied the

characteristics of a circular excavation and its peripheral according to ast¢algedeep

excavatios by thelsland techniqueThe study comparebottomup construction of the central

cylindrical shaft first and toplown construction of the peripheral rectanguicavationin

Shanghalf] ¥oft clay However, they concentrated éormation levelshape (central circular and

peripheral rectangular) anthe construction method (bottoorp construction and tegown

construction) via the analysis fafrmation leveldeformations.

In this studyto explore the effestof excavation patteson the behaviar of the formation

level EDVHG RQ %LRWIV FRQVROLGD VBDBOREND KvbsRieMelofized PR P S XWHU S

3D FEM. This was usetb perform the coupled analysis of soil mass deformation andvpeter

pressure dissipatiohE, BE andIE were moddkdrespectivelyandthe results are reportéad this

paper.

2. % L R3Wdpvisolidation finite element equatios

BLRWYTV ' FR QimtB @dnerm ¥quaRaPottsandZdravkovic,1999; Xie andZhou,



2002)can be written in the following form
> %T7TEL 4P (1)
where[K] is the elementconsolidation matriXa symmetric matrix of 3282 sincea mesh of eight
noded hexahedral isoparametric elements is used to discretize a pit geometry in this paper
<7#is the increment column matrixf @nknown terms of element nodad <.4#is the
increment column matrix of equivalent load and water runoff of element node.
Thesub matrixof the > ?matrixis givenby:
Cor CoWr |

cGpgL H

. EL sd & &; (2)
Cov FacPzuy

where ais the integration constant which ranges from 0.5 to &:Q; ¢gis the submatrix of
element stiffness matrixc ¢ ¢gis the submatrix of element coupling matrix and i the
component of element seepage maixile andZhou, 2002).
Thesubmatricesof the <72 and <42 matrices can be expressespectivelyas:
<7FL %Q ¢Ry ¢Sy ¢Li? 'EL sa& &, ©)
<AFL ey Ao Ao Hald 'EL sd& &; )
where ¢Q, ¢iy ¢Sy f T ¢Lpare the displacement increments and ploeewater pressure
increment of thé™ element node, respectivelyg4s y ¢4y ¢4ipand ¢4z pare the equivalent
load increments and the equivalent water runoff increment ¢ tdement node, respectively.
The seepage effetotducedby the wateheaddifference between the inside ath outside
of the formation levetannot be taken into accoumhen analging excavation deformation and
porewater pressureusing Eq(1). Thus a groundwater potentials introduced for consolidation
analysisof the excavation When neglectingthe solute potentiahe groundwater potential of

saturated soik defined by:



2LLEQV (5)
where P is the ground water potential of saturatedsoil, p is the sum of pressure potential
(hydrostatic pressure) and load potential (excess pore water pressure), i.e. the tatatgrore
pressurethe spatial coordinateis upwards positive,(J is unit weight of waterand (z is the
gravity potential.

Thegroundwater potentia of elementnodei attime R and R.s arerepresented by2;;.
and 234-s5. respectively Thus Egs(3) and (4) may be written in the following formwvithout
regard tahe influence osoil verticaldisplacement

<TFL %Q ¢Ry ¢Su 2ua>5:? :EL sdd &; (6)

waFL ey ealy Ay Al EL sdd & @
where (45l (4s0E ¢ o Roa;» Aol ¢hoE >o0Rua . 4ol é4iuE ¢ o Rus; and
cAsul c4aoF ack = Pua:

Based on the finite element equations derived above, a 3D consolidation finite element
program 3DBCPEL.0 was developed.In order to validate the prograngn analysis of
onedimensional consolidation for homogeneous soft soilder timedependent loadingvas
introduced(Li et al, 2008) The soil layer top is perviouand freeand the bottom is impervious
and fixed Displacements perpendicular to the boundagesrestrainedand an impermeable
condition is assignedat thevertical boundariesSoil parameters are3 R L V &iQ 170.301,
elasticity modulusE=3MPa, vertical permeability coefficiemt,=1.040 ®m/s and thickness of
soil layerH=10m. A load curve is shown in Fig.1 where maximum lggellOOkPa and time
to=70d.

Calculating domains irx-, y- and z-direction are 1m, 1m and 10m respectivalyd are



divided into 7 meshess shown in Fig.2.
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FEM results and the analytical solution of 1D

consolidationare shown inFigs3 and 4. The

results of FEM agree very well with those of the Fig> Finite element mesh usedor
analysis of 1D consolidation

analytical solutionwhich provesthe validity ofthe

program soit can be used for effective stress analysis.
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3. Stressstrain relationship of soll

Soil behaviourwas simulated using the revised Dun€zmang modeluncanand Chang
1970; Kulhawy and Duncan 1972 in this paper. fie model assumes a hyperbolic stigtsain
relationship and a variable Poisspmatio by means ditressdependent Poissdhratio Kulhawy
andDuncan 1972.

The initial modulus is defined as:

oL A 8
ol - Lo@zl 8)

where the modulus numbirand modulus exponentare dimensionless material parameteks
is the minoprincipal stressp, is atmospheric pressuegpressed in the same pressure unitg.as

When e stresstrain relationship is employed incremental form, the tangent modulus

corresponding to any point on a stref®in curvecan be expressed as:

E:5?2qgl ;: .? ;;

¢ L BF 60amaq>6 ; qgl

6 a
C-Lls % A (9)
wherec and 3are MohrCoulomb strength parameterg is the major principal stresandR; is
the failure ratio.
When (4 £%) is less than its historical maximum, it is assuntledt the soil is under
unloading or reloading and the tangent modulus is defined as:
. a
ééL'ééLC)@ilA (10
where K, is the unloadingeloading modulus number and is always greater than the primary
loading modulus numbé.
The initial Poissor§ ratio can be expressed as:
L) F(Z @I(A (1Y

and the tangent Poiss@ratio



é‘? L ;5’_)000;. (12)

D2 :
- —_— —; andD, F andG are material parameters
A %LA B = - I'c

1Yyei 6. yi_d

where #Y L

4. Studieson the behaviar of foundation pit under different excavation patterns
4.1 Numerical example and finite element model

A formation levelof length 50m, width 50m andepth9m in a certain homogenous and
isotropic saturatedsoft soilis presentedThe diaphragnwall of 800mmthicknessis embedded
18m deep in soft soilfhe groundwater tables inside and outsideettsavation wer@ssumed to
locate on the excavated surface and the ground surface respectivelyer@call and horizontal
permeabiliy coefficients(i.e. k, andk,) areboth 1.0x10®m/s and theffectiveunit weight of soil

is 9.0kN/n? (Table 3.

Table 1 Soil parameters used during modelling

e 3 F G D Ky . k
(kPa) () (m/s) (mis)  (kN/m®)

150 0.7 085 15 35 0.15 0.35 3.5 300 1.0x10° 1.0x10%® 9

Two layer strut of reinforce concrete anespectivelysetat 3m and 6m undethe ground

surface Their crosssectional dimensionat the first tierand the second tiewere 600mm by

600mmand 600mm by 700mmespectivelyThe horizontalspaces betwedhe strutswithin the

excavation atevery tierwere 8.3m. Given that the influence scope ah excavationand the

symmetry about thdormation level centeline, the dimensions of the modéh x-, y- and

zdirectionare 100m (length) by 100m (widthy 40m(depth).Finite element meshes of soil mass

and retaining wall are shown in Figwherein the element siagas fine near the walls where

deformations and flow gradients are concentrated.



Fig.5 Mesh of finite elements

The bottom boundargf the excavationmodelwas assumed to be fixed and displacements
perpendicular to the boundariegrerestrained at the lateral boundariés. far asthe hydraulic
boundary conditionsvere concerneda noflow conditionwasassigned at the symmetrical plane
and animpermeablecondition was assigned at the vertical boundarielse bottom boundargf
the modelwas impermeablewhereas the topwas permeableand the retaining wallswere
doublesidedimpermeable

All soil units were discretized using eightode hexahedral isoparametelementsand was
simulated using the revised Dune@hang modelAccording to the studs of many researchers
(Duncan and Chang 1970; Kulhawy and Duncan 1972 Ou et al,1996; Liao, 2009, the
parameter®f hyperbolic modein this paperarelisted in Table 1 In Table 1c' and 3 are the
effective cohesion and the effective internal friction angle of soil respectively. Retaining walls
were modelled witha OLQHDU HODVWLF PRGHO ZKRVH PRGXOXV RI HODV)
25GPa and 0.167 respeeiy,. RHWDLQLQJ ZDOO T \Wistieized H<hy¥Wisod H U H
nontharmony elementsA row of 0.1m thick interfacesvere used to connect soil mass and
retaining wall elements. The two sides of the retaining wall tedii8D thin interface elements
whichwere GHULYHG IURP <LQYfV U LétlaG 1996)Dov tterigbR Qﬁgle}l.f)i LQ

and cohesion=0Ka (Wang, 1994)its other model parameters are the same as thdke il



mass elementsSupportswere simulated with the linear elastic model wi#8GPa elasticity

modulusanddiscretized usingpatial bar elements

4.2 Construction process under different excavation patterns

LE, BE andIE all involved three stageand the excavateithicknessat every stagevas3m.

Constructionat every stagevas divided into three or foustagesto complete(see Figs.6-8).

Excavation intermissiaafter every excavation stageere allowed for instaktion of strutsor

castingthe formation level baseoncrete.Excavation duration each stage and the intermission

durationafter echstage undethe different excavation pattermgere also kept theame(as shown

in Tables 24).

Fig.7 Diagrams of BE process at Stage 1
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Fig.8 Diagrams of IE process at Stage 1

Table 2 LE process

Excavation Excavation Totalexcavation Strut .
Process , . . Duration (d)
stage thickness (m.  depth (m) setting

excavation(a) 1.0 1.0 Nothing 1
excavation(b) 1.0 2.0 Nothing 1

Stage 1 . .
excavation(c) 1.0 3.0 Nothing 2
intermission 0.0 3.0 Nothing 8
excavation(a) 1.0 4.0 One layer 2
excavation(b) 1.0 5.0 One layer 2

Stage 2 .
excavation(c) 1.0 6.0 One layer 3
intermission 0.0 6.0 One layer 8
excavation(a) 1.0 7.0 Two layer 3
excavation(b) 1.0 8.0 Two layer 3

Stage 3 .
excavation(c) 1.0 9.0 Two layer 4
intermission 0.0 9.0 Two layer 10

Note: excavatiomprocesses (a), (b) and (c) at the first stage are shown.t Fig

Table 3 BE process

Excavation Maximumexcavation Strut

stage Process depth (m) setting Duration (d)
excavation (a) 2.0 Nothing 1
excavation (b) 3.0 Nothing 1

Stage1 excavation (c) 3.0 Nothing 1
excavation (d) 3.0 Nothing 1
intermission 3.0 Nothing 8

excavation (a) 5.0 One layer 1
excavation (b) 6.0 One layer 2

Stage 2 excavation (c) 6.0 One layer 2
excavation (d) 6.0 One layer 2
intermission 6.0 One layer 8

excavation (a) 8.0 Two layer 1

Stage 3  excavation (b) 9.0 Two layer 3
excavation (c) 9.0 Two layer 3

11



excavation (d) 9.0 Two layer 3
intermission 9.0 Two layer 10

Note: excavation processes (a), (b), (c) and (d) at the first stage are showid in Fig

Table 4 |E process

Excavation Maximum excavation  Strut .
Process . Duration (d)
stage depth (m) setting

excavation (a) 2.0 Nothing 1
excavation (b) 3.0 Nothing 1

Stage 1 excavation (c) 3.0 Nothing 1
excavation (d) 3.0 Nothing 1
intermission 3.0 Nothing 8

excavation (a) 5.0 One layer 1
excavation (b) 6.0 One layer 2

Stage 2  excavation (c) 6.0 One layer 2
excavation (d) 6.0 One layer 2
intermission 6.0 One layer 8

excavation (a) 8.0 Two layer 1
excavation (b) 9.0 Two layer 3

Stage 3  excavation (c) 9.0 Two layer 3
excavation (d) 9.0 Two layer 3
intermission 9.0 Two layer 10

Note: excavation processes (@), (c) and (d) at the first stage are shown in&-ig

4.3 Deformation behaviaur of excavation

Excavatios will cause the horizontal displacement of retainingalls, ground surface
settlemerdg aroundthe excavatiorand heae of the formation levelThe excavationdeformations
underLE, BE, andIE areanalysed and investigated likie comparson of the following
1) The horizontal displacement of retainiwgll,
2) The ground settlement around foundationapitd
3) The heave of pit base

Fig.9 shows the horizontal displacement comparisothatx=0 sectiorandatthe third(final)
excavationstage The maximum horizontal displacements untherdifferent excavation patterns
all occur atapproximately2m underthe excavation surfacé.e. 11m undethe surfacelevel). In

the case ofBE the maximum horizontal displacememnltecreases by2.4% and underlE it

12



increases by.5%compared with_E. The different horizontal displacementstbé retainingwall

underthe excavation patternsereinduced by charigg the process o&pplying theearthpressure

acting on the retaining structungthin the excavation Takethe first excavation stagir example

the exposure timef the retaining wallwithin the excavationat the end of the firsexcavation

intermissionis shown inTable 5 The horizontal displacement comparisorihatx=0 sectionand

at the end ofthe first excavationntermissionis indicated in FidlO. The retaining wall has a

cantilevertype deflectiorbecausehe excavatiornwas carried owvithout a strut installatiorat the

first stage. It can be seen frorMable 5 and-ig.10 that the lateral displacementstbg retaining

wall underBE are smaller thathose underLE andIE. Since the exposure time ofhe retaining

structurewas the shortest und&E (0-2m depth rangethe durationthatthe lateral earth pressure

acting on the retaining wall inside tle@cavationwas zero was the shorte$he moment acting

on retainingwall wasinduced by the lateraarthpressure outside thexcavationat 02m depth

rangewhichis larger than the one at3n depth range. Thaurationthatthe lateral earth pressure

acting on the Bm depth range of retaining wall inside tlecavationunderlE was zerowas

slightly larger than undetE leading tothe lateral displacements tife retaining wall undetE

andLE beingvery close Therefore, the soil arourithe retaining structure inside thexcavation

under BEwas excavated later and the exposure timahafretaining walldecreasg This was

more favairablefor controling the deformation of retaining wall.

13
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Fig.9 Displacement of retaining structure at the third excavation stage
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Fig.10 Displacement of retaining structureat the end of the first excavation intermission

Table 5 Exposure time of retaining wall

Depth range
o BE (d) LE() IE(d)
of retaining wall

0~1m 10 11 11
1~2m 9 10 10
2~3m 8 8 9

Fig.11 showsthe ground surface settlement arouhd formation leveht the x=0 section

underthe three different excavation patterafier the third excavation stagkt.can be seen from

Fig.11 that the maximum settlemeatcured at 15m from thdormation levelandthe settlement

14



profileswereconcave gimilar toHsieh& Ou, 1998. Theexcavation patternsavelittle influence

onthe ground surface settlement. Within 6m fromftivenation levelthe settlement valugander

BE, weresmallerthan those ofE. IE hadlarger settlementdbecauseahe wall deflectioneffects

the soil near théormation level The wall displacements undBE were smaller than the ones

underLE andIE (Figs.9 and 10) and so the lateral pressures of the soil outsideetkeavation

under BE were larger. The vertical stress of the soil outside #xeavationunder the three

constructiorpatternsvereapproximately the samee. the smaller horizontal displacement means

the largerconfining pressure of the soil outside @iyecavation. Thisvill inhibit the settlement of

the soil outside thexcavatiorthusthe ground settlemestinderBE weresmaller tharthose from

LE andIE. Beyond 6m away from théormation leve] the settlement valsainderBE werethe

largest Settlement valueanderLE and IE were smalleror approximatethe same This was

becausehe ground settlemestar from theformation levelweremainly influenced by the change

of the effective stresgrom the changein excess poravater pressureg(Figs17-19). The

distributions of excess poseater pressureutside theexcavationwere similar and the negative

excess porgvater pressures undBE wereslightly larger according beneath the retaining wall.

Distance from the retaining wall (m)

0 10 20 30 40 50 60 70 80
— o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
£

S

IS

2 —

£

o

2

u ——LE

3 ——BE

© ——|E

Fig.11 Ground settlement at the third excavation stage
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The comparison oformation levelbasl heave atthe x=0 sectionandunder three different

excavation patternat the third excavationstageis shown in Figl2. It can be seen from Fitp

that within 21m from theentre of the formation levéhe heave values tiiebase undeBE were

the largest The equivalent values resulting frobE werelargeror almost equal anthe values

under IEwerethe smallestHowever,within 21-25m from theformation levelcente the heave

values under different excavation pattewere very approximate and they all decrecsbarply

close to the retaining wall due to the friction between soil and retairaigher LE the soilwas

excavateduniformly from the excavationand the selfjyravity stresswas therefore released

uniformly. This leads to the uniform heave dbrmation levelbase. ForBE the soil at the

formation levelcentrewas excavatedirst, whereas the soil around tf@mation levelcentrewas

excavated ker, so largeheavevaluesoccurat thecentre The process dE is opposite taE and

smaller heave occurs at tieentre Compared with the maximum heave value fué formation

level base undekE (within 15m from the pitcentrg the BEvalueincreasedy 136% andunde

IE the valuedecreases b$2%. Therefore, as far as the heave stabilitythef formation levels

concernedE is morefavourableandBE is leastfavourable To further analge the differenceof

formation levelheavefrom thedifferent excavation patterribe heave and the exposure time of

excavation face at the end of the first excavation intermissene examinedqseeTable 6 and

Fig.13). The unloading othe soil mass decreases the total stress of the soil betheatkcavation

face and induces negative excess pueater pressuse The longer the exposure time of

excavation facevas the more the negative excess paaer pressurelissipatd, thereforethe

decrease ireffective stress beneathe excavation facevasgreaterandthe heave of pit baseas

larger It can be seen from Table 6 andy.EB that (within 8.3m from theformation levelcentrg

16



the exposure time under Bias the longesandthereforethe heave othe basewasthe largest
During IE the thick soil layerin the formation levelcentrewas excavatedater (as mentioned
abovg and the negative excess poweater pressusedissipate slowly. Therefore,the heave

deformations under Iveresmaller than those under LE and BE.

10

2 —e—LE —e—BE ——|E

Heave of formation level (cm)
N

o I I 1 I I 1 I I 1 I I 1 I I 1 I I 1 I I 1 I I 1 I I )
0 3 6 9 12 15 18 21 24 27
Distance from the formation level centre (m)
Fig.12 Heave of formation level at the third excavation stage
~— 8 i
IS
o)
E 6 - —*
<
i)
g 4% & & & brd
5 . +
kS
() 2 L
§ —e—LE —e—BE ——IE
T
O L L 1 L L 1 L L 1 L L 1 L L 1 L L 1 L L 1 L L 1 L L J
0 3 6 9 12 15 18 21 24 27

Distance from the formation level centre (m)

Fig.13 Heave of formation level at the end of the first excavation intermission

Table 6 Exposuretime of excavation face at the end of the first excavation intermission

Distance from centre/r LE (d) BE(d) IE (d)

0-8.3 8 10 8
8.316.6 8 9 9
16.625 8 8 10
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4.4 Pore-water pressureof excavation

The flow of ground watedependson soil waterpotentialand defined athe sum ofexcess

porewater pressuréhydrostatic pressure arlde gravity potentialln order toanalysethe flow of

ground water inside and outsittee excavationunder different excavation patteriise contours

of the soilwater potentia inside and outsidéhe excavationat the x=0 sectionand at the third

excavatiorstageare shown in Fig$4-16, wherethe datum for the elevation head is at the bottom

boundary of modellt can be seen fronkigs14-16 that thesoil water potentials outside the

excavation werall larger than the ones inside undbe three excavation patterrag the third

excavation stageTherefore,ground water flowsnto the excavationfrom the outsideFor BE

ground water not only flowsto thecentreunder excavation face but alsbservablyflows into

the area near tileretaining structureSince the soil close ttheretaining wallwas unloaded later

and the soil water potentsalvere also correspondingly less than teuesunderLE. Similarly,

the soilat the formation levelcentreunderlE was excavatedater andthe dissipation othe soll

water potentiaht the centrewas slow Thereforethe ground watemwas more aptt flowing into

the excavatiomttheformation levelcentrethanduringLE.

Fig.14 Distribution of the soil water potentials under LE (unit: kPa)
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Fig.15 Distribution of the soil water potentials under BE (unit: kPa)

Fig.16 Distribution of the soil water potentials under IE (unit: kPa)

Figs.17-19 show the contous of the excess porgvater pressugeinside and outside the

excavationunderthe three patternatthe x=0 sectiorandat the thirdexcavatiorstage It can be

seen from Figl7-19 that at the third excavation staghe horizontaldistribution rangeof the

negative excess poweater pressusebeneath excavation faeederLE were the smallest. The

valuesunderBE werethe largestand thevaluesunderlE werebetween these twdiowever, the

vertical distribution range ahe negative excesgore water pressusebeneath excavation face

underlE wasthe largestand thevalueunderLE wastheleast The comparisommong the values

of negative excess poweater pressure under different excavation patterns sithet the

dissipation ohegative excegsorewater pressure und# wasthe slowest.

19



Fig.17 Distribution of excess porewater pressures under LE (unit: kPa)

Fig.18 Distribution of excess porewater pressures under BE (unit: kPa)

Fig.19 Distribution of excess porewater pressures under IE (unit: kPa)

The distribution difference of excess pevater pressure is related to theloadingprocess

of thethree excavation patterns. The unloading process afda$iiniform andthe exposure time

of thewhole excavation fac&askeptthe sameThis was favourableto the uniform dissipation of

excess porgvater pressur@nd so its scopenvas small. During the process of BE and Ifhe

20



unloading above the excavation fages noruniform. The unloading under B&as from the

formation kvelcentreto the retaining wall and wasjust contrary under IE which ismfavourable

for the dissipaion of the excess poreater pressuge Thenegative excess poweater pressures

under BE and IE dissipatslower and their areagerelarger.In theprocess of BE larger negative

excess poravater pressugaweregeneratedn thenearby retaining structure than Weduesunder

LE as the result of the later unloading nearby retaining structure under \B&reover,the

process of |IBvas contrary to thene of BEandso its negative excess pesater pressureat the

formation levelcente werelarger than the LEalues

5. Conclusions

3D effective stress analysis of an excavation under Lay&asin andisland Excavation

processewasperformedand reportedh thiswork. This haded to he following conclusios

(1) The soil around retaining wall was unloaded later under BE which dettkassxposure

time of the retaining structure and induced small horizontal displacements. titeiefore,

favourable when controlling the deformation of a retaining wall. The soil at the formation level

centre was unloaded later under IE which decrb#is® exposure time of excavation face and

causé small heave of base and can be considdaedurable when controlling any heave

deformation of the formation level.

(2) The settlement of the soil near the retaining wall was related to the wall deflection;

however, he settlement of soil at a reasonable distance from the wall was related to théiatissipa

of negative excess poveater pressure. For example the greater the negative excessgtere

pressure was then the greater the effective stress of soil was and resulting in larger soil settlement.

(3) The distributios of total soil water potentighnd negative excess poweater pressure
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were bothvery similarunder the three excavation patterns. Since the order of unloading inside the

excavation was different then the scope of the negative exceswgigrepressure was larger (at

the excavation fa) for the soil which wasunloaded last.

In this work only the excavation patterns were focused amydver, excavation is an

overconsolidation problem due to unloadinbtherefore, oveconsolidation problem should be

considered when choosinganstitutive model of soil in future investigatsn
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