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ABSTRACT: In the new pneumatic caisson method (NPC), soieaiton and removal is completed remotely by walaar the ground.

In 2007, this method was successfully applied fareel shaft in Shanghai. Combined with the consitsaexample, field monitoring and
measuring has been conducted. Typical monitoradtsesuch as the working pressure, lateral eahspire, reaction pressure, and ground
movements, were presented and analyzed. In addiiomumerical approach considering the soil distnde during construction was
proposed to predict the soil movements inducedhleyNPC construction. It was successfully implemernitethe three-dimensional finite
element method (FEM) codes. Calculated soil movésnerere examined and verified by the field measergm In the meantime, these
results were compared with the ones obtained fitoentwo-dimensional approach proposed by the authotise previous study. Results
showed that, they agreed well with each other, iangkeneral the three-dimensional analysis resylfgaached the actual situation more

closely.

1. INTRODUCTION

The pneumatic caissons are similar to open caisdnrissealed at
the bottom to create a working chamber. Soils acavated in the
chamber, and the groundwater is kept outside bydngressed air
inside. In the traditional pneumatic caissons, woskhave to
conduct excavation inside the working chamber untiégh
pressures, high temperatures, and high humidityileNth the new
pneumatic caissons (NPC), soil excavation and remadsa
completed by the remotely controlled equipmentss Thethod is
applicable to various ground conditions. Moreoweérallows the
excavation face to be video-monitored directly amgroves the
safety for its unmanned work. The pressure of th@pmessed air
inside the working chamber can prevent the grourademfrom
inflowing, stabilize the groundwater table, and ¢eeminimize the
disturbances to the environment. Therefore, itbheen regarded as
one safe and effective underground excavation netho
Pneumatic caissons have been constructed in mamyrézs and
regions, especially in Japan. The advanced autorsgdiem for the
pneumatic caisson construction has been developddpat into
practice (Kodaki et al. 1997). In China, there avene traditional
pneumatic caissons completed many years ago. lid, 286 NPC
method was applied to construct one tunnel shahianghai, China
for the first time. Preliminary studies referring its environmental
impacts have been conducted (Peng et al. 2009h Wt wider
application of the NPC method, more and more de@awations
have been/will be constructed in the sensitive andtable soft
ground, which results in sharply increasing risksd aadverse
impacts on the environment. To ensure the consbruciccuracy
and safety, field monitoring and measuring is adisipensable
procedure. It is also essential to the remote-cbmiork by the use
of captured videos and monitored environmental rpaters in the
working chamber. Besides, it is of vital importartoeinvestigate
and predict its impacts on the surrounding straid adjacent
structures during the process of the caisson ginKime authors
have proposed a kinematic mechanical model foruewialg the
ground deformation induced by the NPC construction the
previous study (Peng et al. 2011). This model wasrporated into
a two-dimensional finite element program. Its aecyr and
reliability were verified through comparison of tbalculated results
with the field measurements. However, in this asialymodel the
caisson structure itself was not taken into accoogither were the
three-dimensional effects of the practical problefarthermore,
soils around the caisson were subjected to repedistdrbances
during the caisson sinking, mainly because of Kie-Siction drag
of the caisson walls and extruding of the -cuttingge

Unfortunately, this fact was not considered in tive-dimensional
analysis.

In this study, combined with a shaft constructi@mng the NPC
method, typical monitored results at the site wanalyzed. The
purposes of this study are to summarize the figdttimentation for
the NPC construction, interpret the field measuredults, and
propose a three-dimensional FEM approach consiglettie soil
disturbance to predict the ground movements indumethe NPC
construction.

2. TUNNEL SHAFT CONSTRUCTED BY THE NPC
METHOD

The completed vertical tunnel shaft was locatedua56.0 m away
from Huangpu River. According to the site explomti@sults, the
subsoil at the site consisted of silt of low pleisyi (ML) in the
upper 7.5 m below the ground surface (BGS), folldwy clay of
high plasticity (CH) to a depth of 13.5 m BGS. Ditgdielow the
CH layer, silt of low plasticity (ML) was encounteréo a depth of
24.0 m BGS, underneath by clay (CL) till the terntio of the
field exploration. The ground water table was ledaat 0.5 to 1.0 m
BGS. Figure 1 shows the transverse profile of thaftsand soil
conditions, in which the soil properties are listedluding the unit
weighty , cohesiort, friction angleg , water conterd, , and liquid

limit LL.
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Plan dimensions: 25.2 m x 15.6 m
Figure 1 Transverse profile of the shaft and soiilditions
The shaft construction to be presented in thisystuaks one part

of the shield tunneling project of Metro Line 7 $fanghai, which
would be used as a shield work shaft initially @&sda ventilation
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shaft while in operation. This shaft was completsd the NPC
method, which was the first time to be used in @hirhe shaft was
a fully embedded reinforced concrete caisson witle éxternal
dimensions of 25.2 m (length) x15.6 m (width) x722¥ (height),
which included a working chamber. Its total sinkidgpth was
around 29.06 m. Pre-built tunnel portals were mfadethe shield
launching or arrival and the outer wall of the saiswas configured
with no friction cut. In addition, two vertical géron walls were
installed in the transverse direction and one ie thngitude
direction, creating several compartments.

In this project, the caisson shaft was built insdgments on the
ground surface. First, eight anchor piles arournch erner of the
caisson were cast in place, which were used taaigbon sinking;
second, one shallow excavation of about 4.0 m desep made for
the treatment of shallow ground such as sand replant; third, a
working chamber, including the cutting edge andiregislab, was
cast and then construction equipments for the NPG:, (eaisson
excavators and manlocks) were attached to thengesliab; finally,
caisson fabrication continued. When the first thsegments (a total
of 7.6 m high) were made the caisson sunk by 3.0lmmthe
following, the caisson sunk in three phases (fter ¢he caisson was
extended by the segment each time, the sinkingm)e@epths of
sinking in each phase were 4.20 m, 8.80 m, and 6100}
respectively. Figure 2 shows the NPC under construct-rom
Phase 2, compressed air was pumped into the workiagnber
from the air-generators. The air pressures wereartly and
automatically adjusted according to the groundwéegel in the
chamber.

Figure 2 NPC under construction

During the construction, all the work of soil exatien and
removal was done by the remotely controlled syst®itting in the
control room on the ground surface, the constractworkers
manipulated the handles to operate the caissorvatara and other
devices easily and comfortably, just gazing on $heeen videos
captured in real-time by the cameras installed hie torking
chamber. The construction started in Nov., 2006 emdkd in Oct.,
2007. The total time spent on caisson sinking vi&® days, and an
average sinking depth of 20 cm per day was achieved

3. SITE MONITORING AND PERFORMANCE

3.1 Field Instrumentation

Monitored items for the NPC mainly included the daling aspects:
a) geometrical parameters of the caisson, sucheaglan and depth
position of the caisson, sinking rate, tilting ratnd so on; b)
mechanical behavior of the caisson structure, niefgrto loads,
internal forces, and deformation; ¢) environmemmabacts caused
by the construction (e.g. the ground water tabkfpmnations of
surrounding soils, buildings and pipelines). Intigatar, air leakage
from the working chamber should be checked; d) remwental
parameters in the working chamber (e.g. air ingmetdi, pressures,
and temperature). The last aspect was unique asehtés to the
NPC construction, compared to other commonly useacedat

excavation methods. Monitored data could be acduire
automatically or manually. The typical field ingtmantation in the
NPC is shown in Figure 3. To be noted that, in tbastruction

example mentioned above, the caisson tilting waasomed by the
elevation differences of the four caisson corn&tee skin friction

was obtained based on the measured lateral eatisype and the
friction factor between the caisson wall and sdifs.addition, as

required by the remote excavation, some camerasasrd scanners
were installed in the working chamber. Thus, cdodg of the

ground and excavators were under surveillance attime, by

videos or digital display on the monitoring scréenet al. 2010).
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Figure 3 Profile of field instrumentation in thé®

3.2  Monitored results of the caisson shaft constrtion

In the above mentioned caisson construction progiet monitoring
was conducted through the caisson sinking prodeshis section,
selected monitored results, ever reported by Warad ¢2011), will
be analyzed.

3.2.1 Working Pressure

The working pressure in the working chamber wasustdf

accordingly with the progress of caisson sinkingue Trecorded
values of the pressure with respect to the consbrudime are

plotted in Figure 4, in which the sinking depthtloé caisson is also
incorporated.
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Figure 4 Working pressure and depth of sinking

From the graph we can see that, the working presgoew
linearly with the sinking depth. The compressedpaiissure was set
about 32 kPa smaller than the theoretical pore watssure at the
caisson base. For the soft clay in Shanghai, theabpore water
pressure could be considered significantly lowantthe estimated
static water pressure because of low permeabilitfay, which was
consistent with field measurement results (Liule2@00).
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3.2.2 Lateral Earth Pressure on the Caisson Wall

In the NPC construction, a total of 14 earth pressells were
installed along the depth direction to investigtie lateral earth
pressures on the caisson wall. On the short edgheofcaisson,
seven cells were placed denoted as from CP11 to G which

CP13 was damaged by the construction in the thirkirey phase;
while on the long edge, four of seven cells weremalged.

Therefore, layout of the cells and measured resultthe short edge
are presented in Figure 5. As shown in the grapd,pressures of
installed CP11, CP12, and CP13 varied little in fiist phase.

However, in the following phases, pressures ofcalls increased
with the sinking progress. The pressure of CPIdatkxd close to the
cutting edge, was the maximum of all monitored guess and
finally reached 284 kPa.
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Figure 5 Lateral pressures on the caisson wall
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3.2.3 Reaction Pressure on the Cutting Edge

At the caisson base, a total of ten earth presslie were installed
beneath the cutting edge denoted as from SP01 10,3f obtain
the upward reaction pressures on the cutting eSgene typical
monitored data are plotted in Figure 6, in whicte trelative
locations of each cell are also added.
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Figure 6 Reaction pressures on the cutting edge
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According to the graph, the reaction pressureatlSand SP06
were larger than those at other cells. Pressur&P@8 and SP07
were the smallest, and the pressure at SP05 rankée middle.
Thus, the reaction pressures on the cutting edge ma distributed
uniformly and significant spatial effects existedhe reaction
pressures at the caisson corner were biggestwediadoy those in
the middle of the short edge, then in the middlehef long edge.
The pressures of SP01 and SP06 (both at the caitssoer) were
close initially; however, in the following, the m®ire of SP01
increased gradually, while the pressure of SPOGimed the same
and even decreased. This phenomenon could beugttiiio that,
the reaction pressure distribution was easily affibcby the

nonhomogeneity of ground and uncertainties of tbastruction
control.

To be noted that, the pressure of SP03 initiallg Wwelow zero,
and then increased with the caisson sinking. Initiigal stage,
because of shrinkage of concrete cutting edgeptbssure cell was
not closely in contact with the caisson, and thusegative earth
pressure was recorded. With the construction pssgrihe caisson
pressured the cell and the positive pressure veasded.

3.2.4 Ground Movement Around the Caisson

To investigate the impacts of the NPC constructiam the
environment, some monitoring points or verticaldimles were laid
out around the caisson before caisson sinking.l@ymut of the in-
situ measurement is shown in Figure 7. The momigppoints for
surface settlements (designated as D) were arraatgadrements of
5.0 m away from the caisson wall, in four direcidrom D1 to D4.
These points were surveyed by total station instnisn The
boreholes (designated as T) were 35.0 m deep, inchwh
inclinometer casings were installed for measuringossirface
horizontal movements.

Observed data at the surveyed points or borehoéeshown in
Figures 8 and 9. For simplicity, some data are techjtfor they
show similar values or trends.
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Figure 7 Layout of the surveyed locations
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Figure 9 Measured subsoil horizontal displacements

From these graphs, it can be observed that thesarais
construction caused very small soil movements i fitst three
sinking phase. Within the areas from 5.0 m to 10.@way from the
caisson wall, the surface settlements decreasedifisamtly.
Beyond 10.0 m from the caisson wall, the constractiad very
limited impacts on the ground settlements, and theasured
settlements were no more than 30 mm. Most of tHeswetace
horizontal movements at the boreholes were neggigibo more
than 10 mm. However, in the last sinking phasentbasured values
increased dramatically, and even some measuredspaiound the
caisson were damaged by excessive settlementgréhter sinking
depth in one phase, easily leading to greater hoilizontal
movements due to caisson tilting, might attribudethie relatively
large ground deformation. Fortunately, its adjadeaildings and
pipe lines were free from damage.

4. THREE DIMENSIONAL NUMERICAL ANALYSES OF
THE NPC CONSTRUCTION

4.1  Calculation Model and Simulation Techniques

The three-dimensional numerical analysis was impleed in the
commercial finite element analysis program Plais Rundation.
A three-dimensional calculation model, with a si#el50 m x 150
m x 60 m, was established to simulate the whole N&truction
progress. In this model, the caisson structure2(2%.x 15.6 m x
29.0 m) and its surrounding strata were incorpdtatée size of the
calculation region was determined from the expegeonf open
caissons construction. Its finite element mesth@aw in Figure 10
(a). The soil elements to be “excavated” were atstuded in the
mesh. The basic soil elements adopted in this tbédemwere the
15-node wedge elements. In addition, 6-node andd&nplate
elements were used to simulate the behavior ofdisson walls and
slabs. Moreover, 12-node and 16-node interface exi&srwere used
to simulate the interaction behavior between thgsoa wall and its
surrounding soils, as shown in Figure 10 (b).
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(b)
Figure 10 The 3D calculation model and its integfalements

Therefore, in the three-dimensional numerical asiglythe
stress-strain state of the caisson and soils, &ed irteraction
between them could be obtained. To simplify thelymis the
horizontal displacement and tilting of the caisseere not taken
into account in this model. Besides, the ground wsgepage was
considered small enough and neglected becauseistéroe of the
compressed air.

In the FE analyses, firstly the initial stresses tioé entire
stratum, assumed to be normally consolidated, \gereerated by
using gravity loading. Herein, the coefficient ddtdral earth
pressure at rest K, was determined from Jaky's

—
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Figure 11 Disturbed soils around the caisson

Obviously, the unloading zone formed as a resukxafavation
of soils above. The compacted zone consisted & being (or had
ever been) extruded by the caisson cutting edge shibar zone was
induced by the skin-friction drag of the caissonllwén the
following, effects of these disturbances would #leet into account
in the numerical analysis by adoption of modifiedodal or
parameter values.

Due to unloading, soils beneath the caisson behdifstently
from them before excavation. To model the soil béramore
accurately, the advanced elasto-plastic constéutivodel
Hardening-Soil (HS) model was employed. The HS rmbdes the

formulaK, =1-sing . Afterwards, the caisson sinking process wagbility to simulate the advanced behaviors of maays including

modeled by four continuous phases based on thetrootisn
records. For simplification, the shallow excavatiand the
following sand replacement in the initial periodreveot taken into
account. Thus the sinking depth in the first phaas defined as 6.0
m. The depths in the following three phases wer@ b, 19.0 m,
29.0 m, respectively. In each phase, correspontirgavated” soil
elements were deactivated, and structure elemédontg avith the
interface elements were activated in the phasenitiefi. In the
program the stiffness and weight of the deactivateili elements
were automatically set to a value of approximateo zia the
calculation and thus the state of stress of theesglements was also
reduced to zero by the application of equivalerdatdorces to the
surrounding nodes. Also, the steady state porespres in these
elements were set to zero, but the phreatic lemmbined the same,
taking the air pressures into account.

The numerical analysis was carried out in termseféctive
stresses. In PLAXIS 3D Foundation, it was possitilespecify
undrained behavior in an effective stress analysiag effective
model parameters. This was achieved by identifyimg type of
material behavior of a soil layer as undrained.aided information
on the special option could be found in the PLAXI3 Foundation
Material Models Manual. Thus, the short-term bebawf soils
during construction could be well simulated.

4.2 Model Parameters Considering Soil Disturbance

Unlike other commonly used braced excavation mettsath as the
diaphragm, the caisson structure was always inanadiuring the
NPC construction, and soils around the caisson walgected to
more intense disturbance. Generally, there werelpndiree types
of disturbed soils, including unloading zone, cootpd zone and
shear zone (see Figure 11).

soft and hard soils. According to the test resulte material
parameters of drained type used in this analygissammarized in
Table 1, in whichgy is the reference stiffness modulus
corresponding to the reference confining pressiire ande is the
reference Young modulus for un-/reloading (Schanz et al. 1999).
According to the laboratory test results, the ditaty behavior of
soils at the site was not observed, and henceildtancy angle was
set to zero for all the soils.

In the compacted zone, the soil density was sicanifily
increased, which was associated with increasefiest$. Laboratory
test results showed that, the compression indexf remoulded

soft clay in Shanghai was approximately 23% - 40%alter than
that of the undisturbed soils (Chen 2008). Thuscdasider the
compaction effects, in the model a soil-compacteg-wall closely
around the caisson was designated by an increa88%f of soil

modulus (i.eEl¥ andE!® ) within this ring, as shown in Figurel2.

It was assumed that, the influence depth of soihmaction was
located where the additional stress was 20% oféhetion pressure
under the cutting edge. In addition, consideringt tthe addition
stress due to the caisson self-weight spread dowdswat a 45-
degree angle, the width of the ring was set to ewticat of the
caisson cutting edge, i.e. 2.4 m. Its height intldegpproximately
equaled to the sinking depth from the ground setfapdated with
the progress of caisson sinking in each phase.
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Figure 12 Plan view of the disturbed soils

As mentioned previously, interfaces between thectire and
its surrounding soils were designated at both safethe caisson
wall in the calculation model, to consider the alibince of soils in
the shear zone. In PLAXIS 3D Foundation, the iriegs are mainly
composed of interface elements of eight pairs afesp compatible
with the 8-noded quadrilateral side of a soil eletme&long the
degenerated soil elements, interface elements @argpased of 6
node pairs, compatible with the triangular sidetted degenerated
soil element. The strength properties of interfameslinked to the
strength properties of a soil layer. Each soil dat has an
associated strength reduction factor for interfad®g,. The
interface properties are calculated from the soipprties in the
associated data set and the strength reductioor fagtapplying the
following rules:

Table 1 Soil Parameters used in the FEM Analyses

Submerged . - . ) . ref
. S Cohesionc Friction angle  Poisson’'s  Dilatancy Es “ (IN/m? el
; N/
Layers of soil unl(tkv':/lc/erlgsr;t % (KN/m?) () ratiov,  anglew(’)  (n/m?) Exr (kN/m%)  p*® (kPa)
ML 9.3 9 25 0.2 0 17940 71760 100.0
CH 8.2 15 10 0.2 0 6030 24120 100.0
ML 9.2 6 30 0.2 0 24000 96000 100.0
CL 9.0 16 18 0.2 0 10320 41280 100.0
q = |%ntercsoil (1)
tan¢i = I%ntev tar‘¢soil = ta'¢soil

whereg, andc, are the friction angle and cohesion of the intexfac
In general, for the actual soil-structure interactihe interface is

4.3.1 Surface Settlements

Both the FEM results and field measurements in flinactions (i.e.,

weaker and more flexible than the associated sgiérl which D1, D2, D3, and D4) are presented in Figures 13 &adfor
means that the value Bfer should be less than 1. In the absence cdomparison. They show the results upon the conapiaif caisson

detailed information it may be assumed tRaf, is of the order of
2/3 (Brinkgreve and Swolfs 2007). For the momenty fudies

sinking at each phase. In these graphs, the x-twiedis the
distance away from the outside wall of the caiso); which was

referring to determination oR., for the case of the interaction normalized by the total depth of sinking)( andh is the depth the

between the sinking caisson and its surroundinty $0iShanghai
soft ground are available in literature. Thus,his analysisRiy., Of
the interface was empirically set to 0.75.

As for the caisson structure, the values of pararaeire given
by Table 2. The caisson structure was composed@phrts: upper
wall (10.2 m in height), lower wall (18.8 m in hhijy, transverse
partition wall, longitudinal partition wall, and tiom slab. Their
thicknesses were 1.2 m, 1.6 m, 0.6 m, 0.4 m, ar&l i,
respectively.

Table 2 Parameters of the caisson structure

Elastic

Material ~ Thickness  Unit weight Poisson's
3 modulus ( -
model (m) (kN/m*) KN/m?) ratio
Linear 12,16,
. 0.6, 0.4, 25 3.000E+07 0.15
elastic
1.6
4.3 Calculated Soil Movements Versus Field Measuresnts

In this section, calculated soil movements of tee¢-dimensional
(3D) analysis and field measurements upon completib each

construction phase at some representative measargmts or

bore holes were presented and compared in terihe @fvo aspects:
surface settlements and subsurface horizontalatispients. In the
meantime, corresponding FEM calculation resultsioled from the
two-dimensional (2D) approach proposed by the asthio the

previous study (Peng et al. 2011) are also incluthidxbled with the
superscript “*” in the following graphs.

caisson has sunk.

From these graphs it can be seen that, the threendional FE-
calculated surface settlements in each phase nihtebl with the
field measurements in most cases, except the suskittiements in
D4 direction of Phase 4. However, at the same@®gctiiscrepancy
in D2 direction is much smaller. The final surfaetlement profile
obtained from calculation behaved as a paraboth ttaa settlement
decreased rapidly d3 increased. The results also indicated that,
the caisson sinking progressed, the settlemeneased and the
influence zone on the ground surface was widenedugily and
finally reached approximately 1.5 times the totapith of caisson
sinking. In addition, both the calculated and fieléasured results
showed that, the settlements in the transversectiire were
significantly greater than those in the longitudidaection. It was
verified that three-dimensional effects actuallyseed during the
NPC construction.

There were few discrepancies between the three-ttadwo-
dimensional numerical analysis results. Howeverwds noticed
that, for the two-dimensional calculated valuesgeréh were
significant upheavals of the ground surface wHatd was around
0.75 to 1.50, while the three-dimensional calculatesults showed
slight upheavals just in the first sinking phasenr&bver, the field
measurements indicated that this phenomenon wasigusficant in
D3 direction. This could be attributed to the thdémensional
effects and the fact that caisson “scraping” agatsssurrounding
strata caused more ground subsidence in the tnaessection than
that in the longitudinal section. Therefore, theethdimensional
results approached the field measurements morelglda addition,
it was found that, the surface settlements arobadcaisson corners
were significantly smaller than those close to thieldle of the
caisson walls.

as
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Figure. 13 Comparison of the FEM results and teasured
surface settlements in the longitudinal direction
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4.3.2 Subsurface Horizontal Displacements

A large number of data referring to subsurface Zwoal
displacements have been obtained from the fieldsorements.
Herein, both the FEM results and the field measergmat holes T1
in the transverse section, which were 5 m away fthencaisson
wall respectively, are illustrated in Figures 16can be seen that
both the calculated values and measurements weyesrall and in
good agreement with each other. As the caissonngjricogressed,
the subsurface horizontal displacements increaseduglly. The
calculated maximum horizontal movement was no niben 10
mm, while, the maximum measured value reached 3p tom.

The distribution pattern of the horizontal movenseist highly
dependent on the depth of caisson sinking. Thesmghgralso show
that with the caisson sinking, the soils abovedepthH, tended to
move towards the caisson and the maximum displateoatweurred
at the surface, whereas the soils beldytended to move away
from the caisson and the displacement increasdtietanaximum
and then decreased to zero gradually.

Like the surface settlements, the three-dimensionmherical
analysis results also show few differences withtihe-dimensional
results. However, the distribution curve of thesuface horizontal
displacements in the three-dimensional analysmlish flatter and
slimmer. This might be caused by compaction ofssailound the
cutting edge, and thus formed self-stability of ttmmpacted soil
ring-wall.

5. DISCUSSION

For the surface settlements, the calculated valegmted from the
measurements at the first phase of caisson sinkifigis
phenomenon could be attributed to the fact thahtiveerical model
did not take certain factors into account, suchtlas shallow
excavation and backfill, and instability of caissturing the initial
sinking. It was verified that the calculated valuese in agreement
with the measurements in the following processrufisg.

The patterns of subsurface horizontal displacemémtsthe
calculated values and field measurements were ainaihd there
existed some differences between the calculatedttemaneasured
displacements. In fact, there were tilting and mmtal movements
for the caisson during sinking. This partially riésd in the
differences between the calculated values and figddsurements.
Through the process of caisson sinking, the sudimgnground was
subject to some complicated and unexpected act@musthe cutting
and extruding action of the caisson cutting edgelavalisturb the
soils repeatedly. Although no friction cut was desid for this shaft
caisson outside the caisson wall, some gaps bettheeraisson and
its surrounding soils occurred during the proce$sadjusting
caisson position. Therefore, the soils abélyemoved towards the
caisson due to the weight of soils and surchargerat the caisson.
The cutting edge which extruded soils out of théssmn also
explained why the soils beloly moved away from the caisson.

Generally, the observed discrepancies between fald and
FEM results are acceptable in most cases from atipah
engineering point of view, except in Phase 4. lis tphase the
sinking depth reached 10.0 m, which was far beytha range
between 2.0 m and 4.0 m in one phase commonly edaptJapan.
The greater sinking depth in one phase, easilyinga greater soil
horizontal movements due to caisson tilting, migtitibute to the
relatively larger discrepancy.

Through comparison of the three- and two-dimendianalysis
results, it was found that, the three-dimensioealits approached
the actual situation more closely. Moreover, théawior of the
caisson structure, along with the interaction wit# surrounding
soils could be obtained. Nevertheless, from a malcengineering
point of view, the two-dimensional approach progbsa the
previous study is effective and efficient enoughptedict the soil
movements induced by the NPC construction. Mostloft is more
cost-saving and tends to be safer to evaluate ntéranmental
impacts.
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6. CONCLUSIONS

Based on the analyses of the field measurements REd
calculation results for a NPC construction exanipl&hanghai, the
following conclusions can be drawn:

(1) Monitored results of the construction exampdeich as
working pressure, lateral earth pressure, reacpogssure and
ground movements were analyzed. The NPC method grivbe
an efficient and safe construction method in degm@mwation and it
can minimize the disturbances to the surroundingrenment.

(2) The three-dimensional FEM-predicted soil movetse
caused by the NPC construction were in good agreewign the
measured ones and also the two-dimensional predartes, which
verified the validity of the proposed three-dimemsil simulation
method. In the three-dimensional analysis the apeffects and soil
disturbance were considered and it approached dtualasituation
more closely. However, the horizontal displacemesmd tilting of
the caisson were not taken into account.

(3) Results showed that, the environmental impadtshe
pneumatic caisson construction were closely reltdethe depth of
caisson sinking. The influence zone on the groundase was
approximate 1.5 times the total depth of caisspkisg. The surface
settlement decreased rapidly with the increase istice away
from the caisson. The subsurface horizontal digplents were
very small and caused limited environmental impacts

(4) In the three-dimensional analysis, the behawfdhe caisson
structure, along with the interaction with its swmding soils could
be obtained. Nevertheless, from a practical engingepoint of
view, the two-dimensional approach proposed inpitexious study
is efficient enough and more cost-saving to prediog soil
movements induced by the NPC construction.
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