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ABSTRACT: The article presents the analvsis of an anchored beamless cast-m-place trench wall, In the
usual practice, the anabvsis in gquestion s 20 and sees trench wall a5 8 contmuous longitudinal structure,
faihimg to consider the vertical joints between work zones, the non-imleraction between horvontal long-
midinal reinforcement of adjacent frames, the reducing stiffness ot the trench wall due to two-directional
cracking. and the welastic behavior of the compressive zone of the concrete. Performed as part of a devel-
opment project in Moscow, Lhe caleulation of the anchored beamless cast-in-place ench wall have shown
that failure o take inlo account the above features of iis behavior may lead 1o a largely distorted stress
and strain state of the entire shoring during the erection and operation, and hence wrongly selecred rein-
forcement of the shormg, The Midas GTS N 201 8-asststled structoral caloulntions imvolved elements of
vurious bopology (203 and 302 and used 2 three-dimensional problem. Alon with shorng desien diggram,
descniption is given in the article of the gecengineenng and hydrogeolozical conditions of the constme-
tion site. The calculation data1s presented in the form of 1sofields of honzontal and vertical displacoiments
of the trench wall, and normal stresses inois planes Tor different simulation cases. Based on the resulis of
ihe numerical modelling, @ casi=-m=place shormeg desipn model 35 recommended than makes allowance for
the actual stress and strain seate.

I INTRODUCTION and mstalling of 3 tiers of temporary prosiressed
injection anchors with hornzontal spacing of 1.5m
In the analysis presented heremn, we calculited the
behuvior of an anchored beamless trench wall,

The practice of modeding the designs of shor- 2 MATERIALS AND METHODS

ing of excavations with different soltware shows

that a number of important behasioral parameters
remann neglected, lending toa major distortiion of
the actnal stress and strain state of the trench wall
during erection and operation und, hence, wrongly
selected reinforcement options

One such shoring of excavation was caloulated
as part of a development project in Moseow, This
excavition is shored with a casl-in-phice ferrocon-
crete trench wall {conerele grade B40) with a thick-
ness of 600 mum, depth of 21.3 m, reinforced with
space frames of AS0OC rods, The trench wall has
its hottom end cmbedded in a waterproof aver
to the depth of 3.85-5.95 m, which makes it work
like an advanced cutofl design. The top of the wall
ahuts a 600 x TNh) mm cast-in-place ferrocon-
crete framing beam. The stability of the trench
wall during excavation is ensurcd by embedding it
595 m deeper than the bottom of the excavation
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Geolopcally, the excavanon siie 15 composcd of
moden sl recent industrial deposits, upper qua-
ternary covering deposits. middle quaternary flu
'I."i[]gl::i[,‘i.l.ll dl:pt:l:«n'lls ol the Maoscow horieon, and
middle guatérnary morainic deposits of the Mos-
cow and Do horezon,

The modern soil 15 4 0.2 m thick ayver of s0il
and vegetation,

The recent mdustrial deposits (EGE-1) ovour at
g depth of 0.3-3.2 m and are composed of filled
soils—the sufl, vncaked clay loam with 5% con-
siruction waste

The upypétr guafernary coverine rﬁ#pril.'.'.l’f.\ Are com-
posed of 0.4-3.2 m thick semi-solid, fissile clayey
foam interlaim with stifl, solid clay loam (EGE-2),

The rrviclelle gLt terney _,I'iful'f.r:g.!r..!ﬂ'u.l' .l..l'qrm.\':{.'. if
fhe Moxeow forizon are composed ol elavey soil
and sand:



(.5-3,7 m thick, mediom density, medium and
highly water saturated sandy silt, with lavers of
clastic clay loam and clayey sand and rare occur-
rences of gravel {EGE-3);
0632 m thick, highly clastic sandy loam with
1% pravel and landwaste (EGE-4);

- U4-6.5 m thick, suff sandy loam with layers of
semi-solid clavey soil and T0% gravel and land-
waste {ECGE-5),

The piieddle qpastersiary movainie deposie of e
Moo forizen are composad of clayey soil and sand:

0.5:95 m thick, semi-solid sandy loam, with
layers of solid clayvey soil, semi-sold clay. and
105 gravel and landwaste { EGE=Ob); and

3 60 m thick, dense, water saturated gravel
sand with lavers of sty sand and lenses of
gravel (ECGE-Th)

The middle quaievnary morainic deposity of the
Bon forizon are composed of 3.3-18.6 m thick,
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Fugare 1. Escavabion shormy design,
8
Figure 2. Trench wall design schemsie: a

general confizuraton, b

sofid calcareous clay loam with 30704 gravel and
earbonouy landwaste

Hvdropeologically, the site has three ground-
witler teservoirs ol Infermoranid and Jurassic
period. The Intermoranial groundwater occurs
at a depth of 5.5-13.9 m and the Jurassic one
2R0-31.7 m.

Thi peodogmcal profile of the site with mgialled
trench wall 1% shown in Figure |

Toanalyze the mftuence of the above mentioned
factors on the resulis of trench wall desizn calou-
lation, we performed a series of 3D calculations
with Midas GTS NX 2018, which used 4-node
planimetric rectangulnr and E-node volumetric
prismatic linite elements lo model the cast-in-plice
ferroconcrete trench,

Staze one imvolved modelling the trench wall
design according to the conventional method
which used planimetric finite elements based on
plate bending theory and made allowanee for the
initial modolus of elasticity of concrefe due 1o
the crack opening and the melastic behavior of
cicrele 'iII- i.!.'\ OIS ssEvE woTe, 'l'i'l'llil_"ll i!’i- kIIUW'II
to reduce the bending stiiTness and distribution-
sharing capacity of shoring designs. The dimen-
sioms of the desion model, inclusive of the sl
{41 % 36 m), were assumed so that caleelation
results could not be influenced by the bound
ary conditions. The trench wall model consisted
ol plate clements (0.25 = 0.25 m). Anchors were
modellad with rod fimite elements. The design
model had a width of 9 m. The resultant modal
allowed the stress and strein stale to be analyzed
aerows The “anchor-Lrench will-sonl mass™ syslem,
taking mio pecount its three-dinensional behay-
ior and the kev stages of cxcavation wark, The
nficlds of the displacements and the normal
vertical amd horiromtal SITesses poourTing 3cToss
the structural planes after excavation are shown
i Figures 2-59.

an imge of anchonsd trench wall
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Fugure 3, Tsolields of displacerments mthe trench wall: a — horcaontal displucements; b — vertical desplaccimenits
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Figured, lsofields of normal vertical stresses actoss the planes of the trench wall-a - due to soll. b due toexamvation
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Figure 5. Trench wall desagn scheme (2 finile clement modely a - general configuration, - an image ol anchorsd
trench sall
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Figuref,  Dedichds of normal horeontal stresses senoss the planes of the trench wall: o — due iosol, b- due o escavaiim.
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Vigore 7, Isoficlds of displacements in the trench wall (313 fi-nime clement modelly 2 horizontal displacoments,
b vertical displacements.
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Figure & Isofields of normal verticsl stresses acnsss the plines of the trench wall wall (20 finide clement model§
&~ due to sml. b - due to cxcavation.
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Since our design did not wse spreader beanms and
for this reason the Jf:‘._ulliil'll wrh'i.;u_! and horizontal
interial stresses of the trench wall torned et high.,
of special concern was the quantity of horizonl
reinfomeement n space frames and s compleie
ghsence m middle part of work mones,

3 RESULTS

The 3D calculation of the strength and stability of
the trench wall that used planimetnge (2D Mnile ele-
ments did net result in the actonl siress and stram
stale of the shonng of excavation with regard to
all of the drawbacks mentioned above. 5o, o new
series of caleulations was conducted,

In the subsequent design model, the cast-in-
place trench wall modeled with volumeic (30)
Finate elements and at the parameters unaligous Lo
the those wsed in the previows model. The dimen-
sions of the 3D finite elements were 250 x 250 x
S0(ey and 250 x 250 % 2500 mim.

The analysis of the stress and strain state and
the comparison of the calculated results have
shown that the maximum horizontal displace-
ments oblaimed with 2D finite elememt model
(Fiz. 3a) equaled 37 mm and were significantly
higher than thode obtained with 30 finite element
model {Fig- 7a), which equaled 14 mm, Moreo-
ver, their isofields mdicale a great dilference; The
zones of maximunm horezontal displacements do
not eaineide in the struclural height.

Sigmhcant guahtative and gquantitative differ-
ences are also evident between the normal stresses
across the planes of the wall, as can be seen
from Figures 4 and 5 (2D finite element model)
Figures B and 9 (3D finite element model),

=TT [ T

1,

Izoficlds of pormal horzontal stresses across the planes of the trench wall wall (30 finite ebement -model);

It shioald be noted that the [errodonoreie shoring
strpcture under En:lfyﬁi:\' 15 classilred, w:lﬂing L
subsection 3135 of Builling Code 63.13330.2012,
as a massive ferroconerete design (1 mA06 m' =
167 < 2} and therelore requires, inder the provi-
sions of subsections 5.1.2 and 5.1.13 of Building
Code 63.13330.2012, the ultimate and serviceability
Fimil stiade amalyses. AL the same tme, the stress and
slrain stole 1% Lo & barge extent described by the vield
in the vertical plane perpendicular to the horzon-

al longitudinal axis of shoring, which is in many

respects similar to the behavior of a Mat-slab muli-
span continuows deck with umdirectional beams
thonzontal spread beams) ora similar beamless
design experiencing the cvenly or {occastonally)
abrupily morcasmy load dus (o the lateral pressure
of soil and groundwater and the unilateral displace-
ment of its anchors Ln this regard, the comparison
ol the results obtained with 20 and 30 Aite ole-
iments amalyses Uhat make wllowance for the fexwral
components of the stress, is a highly relevant task.

4 CONCLUSIONS

. When calculsting the desipns of cast-in-place
ferroconcrete trench walls devoird of honwontal
spreader beams, it is impartant o take into con-
sideration their three-dimensional bebavior and,
specifically, that they bend i two directions and
that 212 FEM and 3D FEM will produce twiy
different pietures of their stress and strain state
The normal stresses in the vertical and horizon-
tal plancs of the treneh wall that are obtained
with 2D moedelling (Figs 4 and 5) differ largely
from those obtained with 30 modelling {Figs, 4
and 9) - due to the assumptions of the plae

b
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bending theories (static and kinematical hypoth-
cxes), Also, g sipmificant influence on Lthe resulls
of the shoring design calculanons that are
workfow-based cun be caused by geometrical
nonlinearity. The stress and strain state of the
anchors (higher in the 2nd ter and lower in
the 3rd tier) which hus been obtained with 3D
madelmg and a2 compared to the 20 model Timge
resules, evidences the oceurmence of the bending
moaments in the above-support areas which tend
e decrease rapidly in the areas near the anchors.
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