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ABSTRACT: The ciassicai design approach of excavations on soft scils usually leäos to unrealistic depth of
embedment and excessive deflection of the botlom of th€ wall. The National Working Grcup "Excavalion"
EAB of the Gennei Geotechnical Sccietv is al presenl preparing a dreft r$omiEücjation fcr the design of
excxvations on soft soils. Wi$in üe framework of the dflfi rcconrnendation, a number of comprmtive
analysis, both alallticd and numerical, h:rd beerl conölcted and a new design as well as constuction
approaches had b€D rccolc.mende.i.

i N\]'IRODUCTION
The National Wortirg Croup "Excavetion" EAB cf
the Celman Geolecfuical Scciety is at pesert
preparing a draft recoErmendnlion for '.he (tsign of
excavations on soi! soils. witr\ in the irarnework of
the dlaft reaorsmendation, a number of cointaretive
analysis. both anallticai and nunedcal, hird been
conducteC. These comparatile studies reveal that the
classical desigx approach for excavation cn sofi soiis
usually le&is tc ul.Iealistic dept'l of enbeCment and
excessive deflecticn of L\e boüom of lhe wall,
speai ly, ior deep excavations with grcurLd water
lc,cated at a shÄllow depl\ and sucharge load irom
ue ne$oy sLmcr'.res. b cJch slluauons. e\penencss
show that üe deipth oa peneüaaioD baseC cn the
cl$sical app.cach rday exceed morc ihan twice the
depth oi excavalion-

fhe or:]., rr.om-aerdcLion hxs asser,ro n-rn]
design Änd constr,rcdon cases, howe./ei the paper
shall focus ody on one cäse of exaavation as showrl
in Figure 1. The papei shall present the uncenairty
in the classical design approach, and the ne'i,/

rccorüoendel de\igr rnd consrfJct.on Lppro3ci(s
with the help of comparlrtive anal]'tical and
numericai studies and by mems of an exampie.

] CI-ASSIC,ÄI A,DPRO.{CH

T:e .lirt iter ir ne de-is.r o' il ILL:ng .inrcILr:e :
to deieEnjne the depth oi peletraticn of the wa1l.
The fre€ cr/:ind ütieC eärrh suppclt met\ods cf
detel:lilhg Cepth ol erlbedment uslally give
e.'.cessivei-v Lrrse d€pth oi peretetion for
excalldons on soir grouird incependent of üe

number of stn:ts- Figurc 1 shows a rJ?ical
excavation wirh depih of excavatioü 6 m, t*o tows
of si.dis at a spacing of 2 m anC a bottora support
eiiher in ihe iarin of soilcrcte or reinforceC conclele
beams. Toe excaration is sspponeC by a sheet pile
tyoe Eoesch 134. It was assuded that a buildirg
with apEorimate surcharge load of 50 kN/m'? exists
at a distance oi 2 ü behind lhe wali. The ttai"iic load
durlng the ccnstruction was assumed to be l0
LN/m?. The followins soil piuameten were essirmeC

for the idealized exca./ation proilie in Figure 1.:
y = 19 klvm?, q.' = 25", ö = (i/3).qs-, R,= 0.90.
m = 0.30, Ii = 1 - sir os', v = 0,37: E = 5,2 }vnü.n',

r'.e. = l0O k\/n:. E.o"a = i.ö Ntr- m:. i ' = 15.6

NINI:I:, E. = 4 Mli-/ml. The deftdtlon oi th€
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Using a CGU proeiaa, Vetban 2.l2 (4n
anailticel DrcEram ior ihe desigr and alral-rsis oi
rcurnixg stFrctües) a:ri assdüing a glo'Dai seje!:./
iäclor ci 2-0 for ih3 passi're i3sisiance. ille
penelraiion detth was iornd io be 1i.? n a:r<i

17.3 ri basei on the fiee anc fixed 3anh support
rnethods rcspectively. This va.lues are alinosr twice
and dree i'nes the depth oi excavation rcspe.tiveiy.
and rcsult ia a very large bending dtomext i[ the
wdl, which makes lh€ s;aLrclure uneconorrncai.

3 TiiE \EW DESIGN.$iD CONSTRUCTION
APPROACH

The foilcwing seciions present the ne\t
rccommended design and cons..iuctjon apFoaches in
the drall recommendatr on.

3. I Corsiactior, measure

Excavaiion with more thar 5 n <iepth of
excavation rday n€d addiiona] suppon at the
boltoni of Lhe excava{or äa leas! befor ate ilnal
excavatiori, for example after the 2od excalation
stage in Figure 1. The way in which the bottom
suppoits are insiallad. ale shovr'n scheüaticall)7 in
Figure 2. Figuie 2a shows stepwise insertion oi the
i€inforred conclete bear,s at the boüoE of the
excav3tion ai:lea tbe sgccnd constauclicn staqi- The
consEuction begins somewhere a! lhe Eiddie oi rhe
excavaiion &rd procgeds aiong ihe length of the
excavelion. lhe hoie io; rhe instclhLron "i rhe
bcttcm bean1 should be nairow enough i;1 order !o
keep the deilection of ihe wall as much as pcssibie
mini-!o'JD. ThJs ilTE oi cor':sulclion seems io i)e
more apFrcpdate for lon-,3ici,v3lions. TIle s:coni
method oi pioviding boüom slpport befole rull
excavriion :s lhe sorlciere meiiod xs >iro$n ln
Fisure 2b.

Figu. 2. S:epqise installalion of üe botioln sulpo.i

3.2 Deterninctiotx ol rhe ciepth oj embeitnetzt

.a,ccoidng i3 i:re iew drait :e.o-rdlcndltion oi:Ats
ul. -üe dTtn cf peiera:icn i:r ihe case of
exca\.3,io!rs wiih sle?\,vise intioduceC bcäodl
s!:ppori s:ii be ietenrdr(i-lelo:e:he rnrroc,rct cn
of the boiorn suppofi, ici exa,'I]pje aiier ihe 2'c

e\Ja'?jo: si3ge f:ir. ' bu! beiore jhe .nsi"lladon
oi in: :'c rolr's of q'1ri :nC bonom surprx. ihjs is
basei on ihe assumpiion liai ihe bo[oni s-t]pDoil 1pill
pror-ide sufrcient suDpon to the *aii ai öe 'oonorn

ever ailer i.he änal .x.ava!ion, Fcr the given
exa,.Eple rn Flsu!3 l. rne deprh oi pene:-oron is
foLiird to be 8.1 :n. This Denetratior deprh wili be
useC icl furlher consrr,rciion siages.

3.3 zl-e distibution oi tiv acil)e eanh- pre$ re

The aciive eanh pressu.e in excav8tions on sof! soii
deposiis anay be calcuiated baseC on the ciassical
eanh Dressure theory p: 

^ 
:ded lhat üe Ce:ormadon

of l,\e L'al1 al top is more thai lhe defo:matjon at the
bocom oi'!he exaava on Cus ro ihe i:isi eiJalrrion
phase. Orieiwise, ii on or,e hand Lhe ir;t stita is
prestressed and on the olher hand suficieri passive
resistänce is available ai the bottom of ahe wall. a
supedüposed earth tressurc, ior instance,
L:apelojdal or r3allngua: trpc disr!:b,riion. irxt be
assufiEc.

3.4 P1ssire resistaficz

Ll the case of eicavaijon v/ith stepwise insralled
bonor: .uppo:r in lhe I 'i-r: of a soricigre or
rcinfoi.ed concre€ bearn as shown in ligurc 2, the
boltocc suDpolt is ass'$ec ro s3cut: ri: iaubbl.iilrn
of ahe ioices acling on rhe wall. Fro\ided liar the
botbm ;irpport is aireaciy il posiiion befcre a
considerabie defor,nelion of the wall Ät thrs locadon
occurs, ir may be assumed tha! the origiilal ea h
piessute ai rcs! gcva-is the eanh orcssule
disüibution, even a,frei fuil exaavalior. llowever,
because oi ibe ioi-äticd cf ',he paincipai sressgs
diiecii) b3low i,\e bot cm slab, fuil idobilizaiion of
the passive pressule may be assumed in lhis zone. In
olher words. up to ihe inteisecrion poin! oi the
passive eafuh pressure distributiofl at limit siate and
the earth prassure ai rcsi, ihe oassi.r'e piesswe a!
iiioii staie govens ihe i,-action &id theieafter ihe
earth pressure ar rest is€ Fig. 3).

Figurei. Mcdificd pacsive.sis'a .

HowEvei- ir ihe cese of deep exaavaiicns in soft
deposiis ü,irh siound water located a! shällow ieptb
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aicl subjected ic an additional smhüge loaC ficm
nearbl siriictuies as shown in Fi:Ire 1, the s-dm of
ih€ igrces acting on the !cti./e side oi ih€ wall belo?
iie bctloci oi e;icavation is nuch l3ger thln the

,oessive resisiarce given h ligure 3 (see a]so Fig. 5).
Täs rcsults in an excessive and unredlisttc
deior4rador of the boäon of t]ie w.il1 itr ,nalrticai
anaiysis as sho,rn in Figl.e 4. Figlrie 4 shows the
suli ci ihe horizortal deflectioils of the wail
i11cluCing ail dle previous stages. On ihe otlher ha[d,
a compixaCve numedcirl a11alysis usitg FEL{
progüm PLAXS ve6ion 7.2 shows that üe
defi€cdcn of the witi at the bottom is irot as such
exaggerated es il was shoün i! Lhe analltical result
rFi_q. r . The err.h pressurc dr:E_'buEoc on Lhe

passive side fto1r lhe nEmerical aralysis in Fig,rre 5
jj.,. shous : Llere sh I e,i'st a hrgher pa:<i,e
rcsistirnce tban it was assumeC in üe modiiied
rDDrticl. Sasei on lhe ri_o e lec:s. ile prss..e
prcssure diaglatri in Fig.rre 3 was oice äoat
licdified io ricluCe e srb-ei{G €action in crde. tc
prcvide an additional ieactio.r at ihe botiora of ihe
walj xs showr in Fig're 5. The suirgrade rcactiot L
mr-./ be apprcxiiured iioin

E

E

a

(i)

,1 co.anar:ison ci ihe honzontal öi]ection at lhe
boiioir oi',he ,-r!]l ir..r il1aiyicill enall'sis (r iih a._d
wihout ihe snb.siäie reactioü) and ncraerical
iaethcd is shown in Figrre 7. Figurc 7 does noi
lnclude the hollzcotal deflecion of rhe ,ral1 ir ihe
pre.rious excavatioa stages. It appe3$ fro.lr Figuie 7
tl:at lier€ is a gocd ageesrenl bet"reen lhe mal-Jlicai
r*ücd wiih the sübgrade rcacioE and nBi:ericai
r:'uli.. SiTilrrli. F:gure\ 3 6nc f.i.!o sh.r./ .i
ielaii'r'e fnir agreemenl be$r'esi and_tica1 aid
oumerical rcsults of L\e passive eaih p{.ssue and
ihe bending ri:,omeni disiributions ci rrle wdi
fesDectivel./.
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vanants includ€d in the siudy were: 4 €xcavations
v.iih differni &pth ol excavatioos and adangertrent
oi tile struts, with and wilrout grouDd water, \r,iiir
and without building load, and fleüb1e and rigiC
wells.
The rccommended desigä approach shall onl_v

a.rplied in comection to tha conscucaion measües.
ramely the installation oi the botloln support before
considerable moveme[t of the wall occüs a! the
bottom of th€ excavation.

150

-300 0 300 500 940 1200 150c
gending momeni IkNm/ml

Figurc 9. Ccr,par:son cf lhe eiding Eonst of $e e'll

.4.ccording ihe draft reccmmendatjon, however,
ihe reacrion Cue to Lhe subsrade reaction rr,ul'riplied
by the global safety factor shouid not exceed the
difference ii the areas of the passive eanh pressure
diegra$ at 'üE1ir state and the earth prcssure at rcst
diagraft, i.e.,

-10c .50 o 50

Earih pressure fkN/ml
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tll LAB 300? Dral rccwndation ior
coßtu.tiot oJ rctai,its i*Etuft on

Figure L Tbe palsive reststüce with dd withou a subglde

+ &= 630,9 kl\/F3

APPiNDLX I. \'OTATION

The folloving slbbols 3nd abbreviadons wete usec
in rhe lext and diasrams.
o. ,- = .frt rive t-iction lhat include th3 efsrl of ccbesion
6 = wau ficrion
1 = sar'rffec uüit weigh ofüe soil
m = stress exPoncnt
Rr = thc .rtio oi üe sh.d stress ar failure ed $e

ulrimare shenr süess Hlrdemng Soil Model
PLA)(S

.i = canh pr6sur€ ar r.l! exretuiing üom the surfrce
e"s = active earth prcssure due 10 soil weigit

= active e.rth prcssure dü€ ro surcharge load

.! = fJly mbilizcd passiye sflh pllssE

]p = glob!: s.IeD frcbr for ?.ssiv. rcrssce
ed.d6d = dtodüied passive erth lressüreE, = thc lEa of the passive presslre di4rm al limit slaie
E0 = üe area of the canh pt--ssü! !r i.sr diaeim
& = Soil rcrctror duc ro snbemde rencdon
k, = lhe subctade reacDon
E, = corsüained Dodulus of elasticiry
E$+ = rcfcrence seca moduius of clasticiry at 50td thc

haximDm deliabric sE:ss and at a rcferenc.
press@ of lm klvD:

E = idtial üodulus ofel.sicity ar a refedce prcssure
of 100 kN/m.

E " = the nodülus of elasncity for loading and unloading
at a refseic. pr€ssue of 100 kN/m'
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4 COI.{CLUSION

(r)

The recon'lrended approach ior t.te desisn of
ietaining sfuciures is a restlit oi a nuIaber of
ccmpäralive enal','ticäl ä-ad rulneical stldies ani the
iuge expeiences in il-is aiea ci '.te members of ihe
Working Gicüp ,Exca.raiion" EAB of the Ge- an
Society of ceolechnical Engineeing. The tl'pe of
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