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Abstract

Significant movement of in-situ retaining walls is usually assumed to begin with bulk excavation. However, an increasing number of
case studies show that lowering the pore water pressures inside a diaphragm wall-type basement enclosure prior to bulk excavation can
cause wall movements in the order of some centimeters. This paper describes the results of a laboratory-scale experiment carried out to
explore mechanisms of in situ retaining wall movement associated with dewatering inside the enclosure prior to bulk excavation. Dewa-
tering reduces the pore water pressures inside the enclosure more than outside, resulting in the wall moving as an unpropped cantilever
supported only by the soil. Lateral effective stresses in the shallow soil behind the wall are reduced, while lateral effective stresses in front
of the wall increase. Although the associated lateral movement was small in the laboratory experiment, the movement could be propor-
tionately larger in the field with a less stiff soil and a potentially greater dewatered depth. The implementation of a staged dewatering
system, coupled with the potential for phased excavation and propping strategies, can effectively mitigate dewatering-induced wall
and soil movements. This approach allows for enhanced stiffness of the wall support system, which can be dynamically adjusted based

on real-time displacement monitoring data when necessary.
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1 Introduction

An increasing proportion of the world’s increasing pop-
ulation lives in cities. Rapid urbanization has led to a need
to develop underground space, often involving the con-
struction of deep basements close to existing buildings
and infrastructure. Interactions between new and existing
constructions have long been a focus of research, with a
key concern being to understand the effect of a new excava-
tion on the surrounding built environment (Powrie & Li,
1991; Powrie & Chandler, 1998; Richards & Powrie,
1998; Ou et al., 2000; Hashash & Whittle, 2002; Powrie
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& Daly, 2007; Whittle et al., 2015; Faustin et al., 2018;
Zhang et al., 2018b; Finno et al., 2019; Sailer et al., 2019;
Zhang et al., 2021; Pujades & Jurado, 2021; Ong et al.,
2022; Xue et al., 2022, 2023, 2024; Yang et al., 2025;
Zeng et al., 2022a, 2023, 2024, 2022b; Ong & Chong,
2023; Ge et al., 2024; Qiao et al., 2024).

The stages of deep basement construction may be cate-
gorized into two groups (Zeng et al., 2018). The first group
comprises the construction of the enclosure structure (e.g.,
a diaphragm or pile wall) and lowering the groundwater
level by dewatering. These two stages are normally carried
out in advance of bulk excavation and may include a check
on whether the dewatering system (installed wells and
pumping capacity) will satisfy the design drawdown
requirements (Preene & Powrie, 1993; Powrie & Preene,
1994; Powrie & Roberts, 1995; Knight et al., 1996; Roy
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Nomenclature

Ass soil loss area due to ground surface settlement
Ay soil loss area due to wall deflection

C coefficient in Sichardt’s formula to compute dis-

tance of influence
C. coefficient of curvature
C, coefficient of uniformity
e void ratio of soil
E,_o, constrained modulus
H groundwater drawdown
H, final excavation depth

k soil permeability

permeability in horizontal direction
permeability in vertical direction

distance of influence

actual porosity of soil

storage coeflicient

the time taken to achieve the steady drawdown
water content

soil density

grain density

PRe N LI ~Ex

& Robinson, 2009; Bevan et al., 2010; Pujades et al., 2014;
Wu et al., 2019; Zheng et al., 2019a, 2019b; Ha et al., 2020;
Xie et al., 2021; Zeng et al., 2019¢c, 2021a, 2021b, 202lc,
2021d, 2022c; Yang et al., 2023; He et al., 2024; Sun
et al., 2024). The second group of basement construction
activities comprises some or all staged excavation (possibly
following further, staged dewatering), slab (or strut) con-
struction, removal of struts and backfilling, and recovery
of the groundwater level; all of these are carried out during
or after bulk excavation.

Considerable attention has been paid to retaining wall and
soil deformations, as well as aspects of structural behaviour
such as strut loads associated with the second group of pro-
cesses (Burland et al., 1977; Potts & Fourie, 1986; Bolton &
Powrie, 1987, 1988; Clough & O’Rourke, 1990; Bolton &
Stewart, 1994; Hashash & Whittle, 1996; Powrie, 1996;
Richards et al., 1999; Batten & Powrie, 2000; Powrie &
Batten, 2000; Finno & Calvello, 2005; Zdravkovic et al.,
2005; Schwamb et al., 2014; Finno et al., 2015; Orazalin
et al., 2015; Whittle et al., 2015; Korff et al., 2016;
Schwamb et al., 2016; Hsiech & Ou, 2018; Zhang et al,,
2018a). Some investigations have been carried out into the
effects of retaining wall installation (Ng et al., 1995; Powrie
& Kantartzi, 1996; Gourvenec & Powrie, 1999; Richards
et al., 2006, 2007; Choy et al., 2007; Comodromos et al.,
2013; Liu et al., 2018). In contrast, only limited investigations
have been carried out into the behaviour of an enclosure
structure during dewatering before bulk excavation. Move-
ments during this stage are generally neglected and are rarely
monitored. However, if the enclosure structure has already
been installed prior to dewatering, it will be subjected to
potentially significant changes in lateral pressure associated
with dewatering and may move as a result.

Field observations during a dewatering test in soft soils
(mainly silty clays and silts) in Tianjin, China reported by
Zheng et al. (2014) and Zeng et al. (2019b) showed that
dewatering before bulk soil excavation caused deflections
of the enclosure structure and settlement of the surround-
ing ground up to 15 mm. Numerical simulations (Zeng
et al.,, 2018, 2019b) of dewatering prior to excavation
showed that the deformation of the enclosure during dewa-

tering would vary with soil permeability and compressibil-
ity, the excavation geometry and the dewatered depth. The
analyses indicated that significant retaining wall deflections
may appear much earlier than often thought (i.e., before
bulk excavation); monitoring and analysis that does not
take this into account may underestimate the effect of base-
ment excavation on the surrounding built environment.

The neglect of ground and retaining wall movements
during pre-excavation dewatering means that there is a lack
of experimental data to quantify the problem, or enable
verification of numerical analyses. Although there are some
scaling issues, simplified physical models tested in the lab-
oratory can provide at least a qualitative understanding
of the mechanism of dewatering-induced enclosure and soil
deformation before excavation.

Laboratory-scale experiments have also been used to
quantify certain aspects of groundwater flow associated
with basement dewatering, e.g., the effects of partial flow
blockage by a contiguous pile retaining wall (Richards
et al., 2016), the blocking effect of enclosure structures on
groundwater flow (Xu et al., 2014), and the response of
the soil to groundwater abstraction (Li et al., 2014; Wang
et al., 2018b). In these studies, the dewatering wells were
not modelled explicitly; rather, the water level was regu-
lated by means of a series of drainage holes in the side of
the test chamber. Wang et al. (2018a) and Xu et al.
(2019) used individual miniature wellpoints in a laboratory
investigation of the drawdown vs. distance curves achieved
by wells of different length. However, they did not investi-
gate the potential for dewatering-induced movement of a
retaining wall if groundwater lowering inside the wall is
carried out in advance of excavation. To the best of our
knowledge, this problem has not yet been investigated
through laboratory-scale experiments and the mechanism
of dewatering-induced enclosure movement before excava-
tion is still not adequately understood.

This paper reports the results of a laboratory-scale
experiment carried out to simulate dewatering before exca-
vation of the soil in front of a diaphragm-type retaining
wall. The full-scale geometry was reduced by a scale factor
of 50, and miniature wellpoints were used to achieve the
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target groundwater level reduction. During the test, the
water level changes inside and outside the basement dia-
phragm wall, the lateral movement of the enclosure struc-
ture, the ground settlement outside the excavation, and
the lateral total and pore water pressures on both sides
of the retaining wall were monitored. The experimental
results are compared qualitatively with computations by
others, and the mechanisms of dewatering-induced deflec-
tions of the retaining wall and the surrounding ground
are discussed.

2 Laboratory-scale experiment
2.1 Engineering background

The laboratory experiment was based on a deep excava-
tion for the Tianjin Metro Line 3, approximately 20 m wide

and 17.4 to 19.1 m deep (Fig. 1). The basement enclosure
was constructed from a series of diaphragm wall segments,
with a depth of 33 m and thickness of 0.8 m. The excava-
tion was divided into two sections: “Pit A” to the east
and “Pit B” to the west.

The soil at the site comprised mainly silty clays, silts and
silty fine sands to a depth of 42 m below original ground level
(BGL). The initial groundwater level was at approximately
0.8 m BGL. To protect an existing, old three-story brick
building on shallow foundations located at a distance of
8 m from the south of Pit B, the allowable lateral movement
of the diaphragm wall was limited to a maximum of 0.14%H,
(i.e., about 27 mm), where H. is the final excavation depth.
This project is described in detail by Zheng et al. (2014).

To assess the performance of the groundwater control
system, dewatering was carried out in Pit A for 10 days
before bulk excavation of the soil from the enclosure com-
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Fig. 1. (a) Plan view, and (b) cross section at A-A of deep excavation in Tianjin forming the basis of the experimental study reported in this paper.
(adapted from Zheng et al. (2014))
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menced. During this period, the dewatering pumps were
placed sequentially at depths of 4, 8, 12, and then 16 m
BGL, with dewatering continuing for 2.5 days at each
depth. At each stage, the water level inside the wells and
the excavation reached the required depth, but outside
the diaphragm wall enclosure it remained unchanged.

All of the inclinometers embedded within the diaphragm
wall enclosing Pit A showed inward horizontal displace-
ment. The maximum displacement was approximately
10 mm at location C3 (Fig. 2). This represented 37.6% of
the total allowable enclosure displacement. Limiting the
deformation due to the subsequent construction process
to the remaining 62.4% of the allowable displacement
was considered too great a challenge; hence, jet grouting
was used to stiffen and strengthen the soil to a depth of
approximately 10 m below the final excavation floor. This
was not part of the original design, incurred additional cost
and delay, and ultimately was not fully successful in that
the deflections of the diaphragm wall still exceeded the
allowable value.

This case study shows that, where deformations around
a new excavation are important, the movement of the
enclosure during groundwater lowering prior to excavation
should be considered. Reliable estimation would enable
designers to plan the works differently, e.g., by specifying
a stiffer retaining wall or more levels of propping during
excavation. It might also be possible to optimize the
sequence of dewatering, excavation, and propping so as
to minimize overall wall displacements, including those
during dewatering. However, selection of suitable methods
of calculation and mitigation requires knowledge of the
underlying mechanism(s) of soil/structure interaction dur-
ing the dewatering stage. This cannot be obtained from
the case study, as only the wall movements and lowered
groundwater levels were recorded; and as mentioned ear-
lier, a numerical model requires validation. The aim of
the laboratory experiment reported in this paper was to
determine the pattern of wall deflection, settlement of the

Wall deflection (mm)
0 2 4 6 8 10 12
0 T T r r r r
5
Inward deflection
10 .
E 15
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j=%
é’ 20
H —0— After 2.5 days dewatering to 4 m BGL
25 H —o— After 5.0 days dewatering to 8§ m BGL
v —&— After 7.5 days dewatering to 12 m BGL
30 [ —#— After 10.0 days dewatering to 16 m BGL
35

Fig. 2. Enclosure deflection at C3. (adapted from Zheng et al. (2014))

surrounding ground surface, and the changes in total lat-
eral earth and pore water pressures on both sides of the
wall in response to a change in the groundwater level inside
the excavation.

2.2 Experiment design

The geometry of the experiment was based on that of
the excavation in Tianjin shown in Fig. 1. As the main
objective was to provide insights into the generic mecha-
nisms of diaphragm wall behaviour during dewatering, it
was not attempted to replicate the soil types and layering
with appropriately scaled soil strength, stiffness, and
hydraulic conductivity, or the details of the actual dewater-
ing process on site.

The experiment was carried out at a geometric scale of
1:50. Figure 3 shows the relationship between the actual
dewatered area and the experiment, which modelled a short
section towards the middle of the long and narrow real
basement pit assuming conditions of plane flow and strain.
Using symmetry, only half of the basement width was mod-
elled in the experiment.

2.3 Test chamber

The test chamber, shown in Figs. 3 and 4, was 2.0 m
long, 0.5 m wide and 1.0 m high. 0.5 m portion of the
2.0 m length was occupied by a water tank, separated from
the soil by a perforated plate to allow free flow of water.
The water level in the tank was maintained constant at
4 cm below the level of the soil surface, simulating a
recharge boundary at a distance of 65 m from the edge
(75 m from the centerline) of the real excavation. The test
chamber was constructed from steel plate, except for the
Perspex front wall that allowed observation of soil and dia-
phragm wall movements during testing. Stiffeners attached
to the outer sides of the test chamber increased its rigidity
to minimize out-of-plane deflections. Lubricated plastic
films on the inner sides of the soil box, following Powrie
and Daly (2007), reduced the side friction coefficient to
about 0.1 times the effective friction angle of the soil.

The experiment was carried out in a uniform medium
sand of measured permeability k& ranging from
1.53 x 107 to 2.55 x 10~ m/s (Table 1). For a drawdown
H = 0.26 m as expected in the experiment, Sichardt’s
empirical formula,

Ly=C-H Vk (1)

yielded an influence distance L, of 4.82-6.23 m, taking C =
1500 (m/ s)*l/ 2 for plane flow. This is rather larger than the
distance to the recharge boundary of 1.3 m in the test
chamber. However, the diaphragm wall enclosure reduces
the influence distance of an individual well (Bevan et al.,
2010), and the 1.3 m influence distance matches that exper-
imentally determined by Xu et al. (2019) in a laboratory-
scale model dewatering experiment with similar soil and
excavation geometry.
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Fig. 3. Area simulated in the experiment and the model test chamber.

2.4 Dewatering and monitoring systems

Figure 4 shows the layout of the miniature wellpoints
used to lower the groundwater level inside the model dia-
phragm wall enclosure and the monitoring points at which
pore water pressure, total lateral pressures, and wall/soil
movements were measured.

The miniature wellpoints were formed from 20 mm dia.
PVC pipe, with ~4 mm dia. holes drilled in it to give an
open area ratio of about 8%, which is within the range of
4%-20% for typical real wellscreens (Yao et al., 2000).
The buried sections of the miniature wellpoints were
wrapped in gauze to prevent the pumping of soil grains.
Water was removed from the miniature wellpoints using
a suction pump, although no vacuum was applied to the
soil.

Clear Perspex L-shaped manometer tubes (labelled T1-
T20), 10 mm in diameter, were used to manually observe
pore water pressure heads along the base of the soil box.
The horizontal sections were inserted into the sand at the
bottom of the soil box, and the vertical sections were
mounted on the sidewall (Fig. 4(b)). Scales on the vertical
sections of the manometer tubes enabled direct measure-
ment of changes in piezometric level at each of the moni-
toring points.

Total and pore water pressure transducers (DMT50 and
DMKS50) were mounted on both sides of the model dia-
phragm wall to monitor changes in total stress and pore
water pressure during the experiment. Digital dial gauges
with a resolution of 0.01 mm (GuangLu312-103-10) were
used to manually record the settlement of the ground sur-
face and the horizontal displacement at the top of the
model diaphragm wall. Wall deflections were also moni-

tored by digital image analysis of photographs captured
using a digital camera (Canon EOS 5D Mark IV) to obtain
the deflection of the wall at different depths.

2.5 Model soil and diaphragm wall

As mentioned above, the main objective of the experi-
ment was to investigate the mechanism, rather than to
make an accurate prediction, of dewatering-induced dia-
phragm wall and soil deformations. Hence, the compli-
cated multi-layered soils present at the Tianjin site were
not reproduced in the experiment, which was carried out
in what may be described, according to the Unified Soil
Classification System (USCS) on the basis of its grading
curve (Fig. 5), as coarse sand (SW). Grading and other
parameters are summarized in Table 1. All the parameters
were obtained using appropriate conventional test meth-
ods, as indicated in Table 1.

The model diaphragm wall was constructed of Perspex
plate, 9 mm thick, with a Young’s Modulus of 3.37 GPa
measured in uniaxial compression. Its bending stiffness EI
roughly satisfied scaling requirements in being 50° times
less per linear metre in the model than in the real struc-
ture (800 mm in thickness with a Young’s Modulus of
30 GPa). The buried depth of the Perspex plate was
660 mm, representing 33 m in reality. In order to avoid
the groundwater behind the diaphragm wall flowing into
the foundation pit inside through the side edges of the
wall, plastic films were stuck on both the diaphragm wall
and the test chamber, as shown in Fig. 6. The plastic films
were folded and a small amount of displacement was
reserved to facilitate the free movement of the diaphragm
wall.
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Fig. 4. Dewatering wells and monitoring points. (a) Plan layout, and (b) vertical section 1-1 (note: the excavation process was not performed while only
pre-excavation dewatering was simulated). (adapted from Zeng et al. (2021a)).

Table 1

Grading and other parameters of the soil used in the laboratory model (adapted from Zeng et al. (2021a)).
Parameter Symbol Test method Value

Soil description - PSD Coarse sand
Coefficient of uniformity C, PSD 4.04
Coeflicient of curvature C. PSD 1.48

As placed soil density p (Mg/m?) Cutting-ring method 2.07

As placed soil water content  w (%) Oven-drying method 31.3

As placed grain density ps (Mg/m?) Pycnometer method 2.67

As placed void ratio e - 0.69

Darcy permeability k (m/s) Constant head permeameter 1.53 x 107 to 2.55 x 107 (mean: 2.1 x 10™* m/s)

Constrained modulus

E 0.1:0.2 (MPa)

Oedometer test over stress range 100-200 kPa

9.63
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Fig. 5. Grading curve for the soil used in the model tests obtained by Zeng
et al. (2021a).

2.6 Test procedure

The soil was placed and compacted into the box in lay-
ers, each 100 mm thick, up to the total depth of 800 mm.
The weight of each layer was controlled during filling,
and a small static penetrometer was used to confirm qual-
itatively the consistency of compaction. The dewatering
wells, the model wall, and the total stress and pore water
pressure transducers were installed during placement of
the soil, followed by the dial gauges in the locations shown
in Fig. 4.

Following placement, the soil was saturated by gradu-
ally raising the water level in the tank, slowly enough to
maintain a near-horizontal level in the soil box, as observed
in the manometer tubes. When the water level in the soil
box was close to the soil surface (approximately 4 cm below
the soil surface was observed), the water supply was turned
off and the model was left to stand for a period of 24 h.

Side edges of test
chamber

Plastic films

Vaseline

Foundation pit
mside

Diaphragm wall

Before starting the experiment, the initial reading of
each sensor was recorded. Pipes were then inserted into
the two miniature wellpoints to a depth of 320 mm BGL
(280 mm below the original groundwater level) and
pumped using a suction pump. The water in the tank was
kept at its initial level, and the readings of each sensor were
recorded until a steady state was reached. Pumping then
ceased and the water level was allowed to recover.

3 Experimental results and analyses

3.1 Pore water pressure head along the base of the soil box
and water flowrate

Figure 7 shows the pore water pressure head along the
base of the soil box at different times after the start of
dewatering.

It took about 10 min for steady-state conditions to be
achieved, after which the pore water pressure heads along
the base of the box were essentially stable. This is consis-
tent with the laboratory-scale dewatering experiment in a
medium sand stratum with a similar well layout, as
reported by Xu et al. (2019). According to Preene et al.
(2016), for plane flow in an unconfined coarse-grained soil
with permeability k greater than about 5 x 10~ m/s, the
time taken to achieve the steady-state drawdown (7) may
be estimated as

8LIS
— 2
27Hk’ @)

where S is the storage coefficient (defined as the volume of
water released from the soil pores per unit area per unit
drawdown), H is the drawdown, and L is the distance of
influence. For Ly = 1.3 m, H = 0.26 m, k ranging from
1.53 x 107 t0 2.55 x 10~* m/s, and ¢ = 10 min, Eq. (2) sug-
gests a storage coefficient S in the range of 0.05-0.08. This
is significantly smaller than (~12%-20% of) the actual

Plastic
films

Vaselme

Fig. 6. Plastic films sticked on both diaphragm wall and test chamber to facilitate the free movement of diaphragm wall.
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Fig. 7. Distribution of pore water pressure head along the base of the soil
box at different times after the start of dewatering.

porosity of the model soil (n = ¢/(1 + ¢) = 0.41), but is con-
sistent with the drainable porosity for a drawdown of
about 0.3 m established in a laboratory draining cylinder
test. However, this is an aspect of the model behaviour that
would not scale quantitatively to field conditions.

Figure 8 compares the measured steady-state head along
the base of the box with that calculated on the basis of a
conventional plane flownet in a uniform soil, for effective
water levels in front of the model diaphragm wall of 22,
26 and 28 cm below original groundwater level (i.e., 26,
30 and 32 cm below original ground level).

An effective drawdown inside the diaphragm wall of
26 cm gives the closest overall fit between the computed
and measured water heads on both sides of the wall. The
effective drawdown of 26 cm in front of the diaphragm wall
for the purposes of the flow calculation may be compared
with a steady-state water level inside the mini dewatering
well of about 28 cm below original groundwater level,
and the extrapolated location of the point of zero pore
water pressure against the wall (Fig. 13) of approximately
16 cm below original groundwater level. These differences
are due to the details of the flow pattern into the individual
wells and head losses at entry into the well (Chenaf &
Chapuis, 2007; Zeng et al., 2019a), which are neglected in
the flownet calculation. Contours of equal head (equipo-
tentials) for a drawdown of 26 cm inside the diaphragm
wall, together with illustrative flowlines, are shown in
Fig. 9.

Figure 10 shows the cumulative water yield and total
discharge flow rate against time. The flow rate showed a
slight decrease during the experiment to a steady value of
about 5 x 107 m’/min. The cumulative water yield
increased approximately linearly, indicating that the varia-
tion in flow rate after the startup transient was small.
Matching the flownet calculation (with 2 flowtubes, 10.4
head drops, an overall head drop of 0.26 m and a tank
width of 0.5 m) to the measured steady-state flow rate
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Fig. 8. Comparison of measured and calculated (flownet results) steady
state heads along the base of the soil box.

implies an equivalent isotropic soil permeability of
3.33 x 107 m/s. Assuming a small degree of anisotropy
such that k, = 4k,, gives a transformed section flownet
with 2 flowtubes and 11 head drops and an implied equiv-
alent permeability v/(kynk,) = 3.53 X 10~* m/s and a vertical
permeability of 1.76 x 10~* m/s, which is within the mea-
sured range of 1.53 x 107 to 2.55 x 107 m/s.

3.2 Enclosure deflection and ground surface settlement

Figure 11 shows the measured profiles of diaphragm
wall deflection and soil surface settlement behind the wall
at the end of the experiment. Upper and lower bounds to
the observed soil surface settlement are shown, reflecting
the limit of resolution of the digital dial gauges of 0.01 mm.

The wall deforms as a cantilever, consistent with the
field observations described in Section 2.1. Within the lim-
its of resolution of the digital dial gauges, the swept areas
of the deflected shape (i.e., the volume loss or gain per unit
length along the excavation) are similar (14.6 to 22.6 mm®/
mm soil surface settlement behind the wall, and 18.6 mm?/
mm deflection of the wall to the front). This suggests that
the predominant mode of deformation is shear at constant
volume owing to the movement of the retaining wall
(Milligan & Bransby, 1976; Bolton & Powrie, 1987; Hsieh
& Ou, 1998). Any consolidation settlement owing to the
reduction in pore water pressure (increase in effective
stress) is, as would be expected with a sand, relatively
small.

The maximum settlement or wall deflection per unit
drawdown in the experiment (0.06 to 0.07 mm per
260 mm, or 0.023% to 0.027%) is of the same order as
the settlement of 3.4 mm for a drawdown of 16 m
(0.021%) obtained by Zeng et al. (2018) in a numerical sim-
ulation of the project described in Section 2.1; although
their calculated wall deflection (9.7 mm or 0.06% of the
drawdown) was rather greater.
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Fig. 10. Time history curves of cumulative water yield and discharge flow
rate.

Figure 12 shows the maximum enclosure deflection,
maximum surface settlement and the water head changes
inside and outside the diaphragm wall measured during
the experiment as functions of time.

Distance from enclosure structure (cm)

Movements and drawdowns are broadly correlated,
with rapid initial rates of change and reaching steady val-
ues within about 10 min. Multiplying by 50 to account
for scale effects (assuming drainage by air entry rather than
by consolidation), this would correspond to just over 8.3 h
in the field for a soil of the same permeability (1.53 x 107
to 2.55 x 107 m/s). Even at full scale the wall and ground
movements were small (i.e., about 3.5 mm). However, the
dewatering depth in the experiment was limited (only
13 m at full scale); in a project with a greater dewatered
depth and less stiff soil, wall and ground movements would
be larger (Zeng et al., 2019b).

If it is necessary to restrict wall movements, for example
to protect adjacent sensitive structures, a progressive
switch-on of the dewatering combined with close monitor-
ing of drawdowns and movements would enable dewater-
ing to be paused should unexpectedly large movements
occur. Consideration could then be given to staged dewa-
tering, excavation and propping to increase the effective
stiffness of the wall support during bulk excavation.

Enclosure deflection (mm)
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Fig. 11. Measured diaphragm wall deflection and soil surface settlement during experiment.
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Fig. 12. Time histories of maximum wall deflection, maximum surface
settlement and groundwater level changes inside and outside the
diaphragm wall.

3.3 Changes in lateral total stress inside and outside the
diaphragm wall

Figure 13 compares the distributions of pore water pres-
sure measured on both sides of the wall with those calcu-
lated from the flownet. Error bars are based on
variability noted during transducer calibration.

As would be expected (and is calculated from the flow-
net), there is a reduction in pore water pressure behind
the wall owing to a reduction in the rate of increase in pore
water pressure with depth, consistent with the development
of downward seepage.

In front of the wall, there is a reduction in pore water
pressure associated with a lowering of the effective ground-
water level; the rate of increase of pore water pressure with
depth increases, consistent with the development of upward
seepage in this region. However, as has already been noted,
the extrapolated depth of zero pore pressure on the wall
inside the enclosure is approximately 16 cm below original
groundwater level (i.e., 20 cm below original ground level),
compared with an effective drawdown of 26 cm (i.e., 30 cm
below original ground level) used in the flownet calculation
and a drawdown of 28 cm measured in the miniature
wellpoints.

Pore-water pressure behind wall (kPa)

7 6 5 4 3 2 1
0 L e L

00
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Figure 14 shows the change in lateral total stress on
both sides of the diaphragm wall at the end of the experi-
ment, from an assumed initial condition (the initial lateral
stress could not be measured reliably with the type of trans-
ducer used, owing to the disturbance of soil filling). Given
the measured overall forward movement and rotation of
the wall shown in Fig. 11, it is difficult to posit a rational
physical explanation for the large reduction in lateral total
stress measured in front of the wall at a depth of 35 cm
below original ground level. It is assumed that this is due
to a transducer malfunction, and is discounted from the
remainder of the discussion.

Lowering the groundwater level inside the diaphragm
wall led to a reduction in the total lateral stress on both
sides of the wall. Discounting the assumed erroneous trans-
ducer reading, the reduction in lateral total stress was gen-
erally small except behind the wall over its upper 20 cm.

Figure 15 shows distributions of lateral effective stress
behind and in front of the wall, calculated as the difference
between the measured changes in total lateral stress and pore
water pressure shown relative to the notional initial line.

Below 20 cm depth, ignoring the assumed erroneous
data point, the lateral effective stresses increased on both
sides of the wall. Above this depth, the lateral effective
stresses outside the enclosure reduced, consistent with the
observed pattern of wall movement. Dewatering-induced
wall movement is to be triggered by a reduction in lateral
total stress in front of the wall because of the reduction
in pore pressure due to dewatering. As the wall then moves
towards the enclosure in unpropped cantilever mode, equi-
librium is restored by an increase in the lateral effective
stresses in front and a reduction in the lateral effective stres-
ses behind the wall, over its upper portion.

4 Conclusions

A laboratory-scale experiment was conducted to investi-
gate wall and soil movements associated with dewatering
around a diaphragm wall enclosure before excavation of
the soil from inside. During the test, the water level changes
behind and in front of the diaphragm wall, the lateral
movement of the wall, the lateral stresses and pore water

Pore-water pressure in front of wall (kPa)
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Fig. 13. Distributions of pore-water pressure on the wall outside and inside the excavation.



C.-F. Zeng et al. | Underground Space 22 (2025) 355-368 365

Lateral total pressure behind wall (kPa) Lateral total pressure in front of wall (kPa)

10 8 6 4 2 00 2 4 6 8 10
O T T T T T T T T 0
£ N E]
R Initial value o
o 10 —o— Steady state (Measured) In front of wall 110 3
& 2
E E
5 20 420 3
2 2
) )
2 2
T 30F 430 <
2 2
E Behindwall —jii |1 Initial value For E
5 40 o Steady state (Measured) 140 <
S Trend line of the measured data &
A P (Discounting the assumed erroneous reading) N A
50 50
Fig. 14. Changes in lateral total stress behind and in front of the diaphragm wall.
Lateral effective pressure behind wall (kPa) Lateral effective pressure in front of wall (kPa)
7 6 5 4 3 2 1 00 1 2 3 4 5 6 7
0 T T T T T T T T T T T T T T T T T T T 0

10| Behind wall

20

E In front of wall

Depth below the ground level (cm)
Depth below the ground level (cm)

30 430
"""" Initial value .
—o— Steady state (Measured) | | Initial value ~
40 o Steady state (Measured) 40
Trend line of the measured data
/ (Discounting the assumed erroneous reading) “ o
50 50

Fig. 15. Distributions of lateral effective stress on the wall outside and inside the excavation.

pressures on both sides of the wall and the settlement of the
ground surface outside the wall were monitored. The mea-
surements and their analysis have shown that:

tained by an accompanying reduction in the lateral
effective stresses behind the wall over its upper part
and an increase in the lateral effective stresses in
front.

(1) Scale modelling at normal gravity is able to repro- (4) At this stage, the wall is supported only by the soil.

duce broad mechanisms of groundwater level draw-
down and wall movement, and the interactions
between them. However, some details (for example,
seepage face effects) do not scale, and the movements
and changes in pressure that have to be measured are
small.

(2) During the experiment, measurable wall movements

were observed as the steady-state drawdown devel-
oped in response to pumping on miniature well-
points, over a period of about 10 min. This is quite

Although in the laboratory experiment the associated
lateral movement was small, in the field with a less
stiff soil and a potentially greater dewatered depth,
the movement could be proportionately larger.
Dewatering-induced wall and soil movements could
be reduced by commissioning the dewatering system
in stages, with the option for staged excavation and
propping to increase the stiffness of the wall support
system should displacement monitoring indicate the
need.

rapid, and suggests that—at the relatively low suction
heads associated with the model—the drainable
porosity of the soil at a drawdown of up to about
30 cm was only 10%-20% of the total. This is an
aspect that would not scale directly to the field.

(3) Dewatering reduces the pore water pressure on both
sides of the wall—particularly in front (inside the
enclosure), where the drawdown in groundwater level
is greatest. In response to these changes in pore pres-
sure, the wall tends to move towards the excavation
in unpropped cantilever mode. Equilibrium is main-

It should be noted that a generally qualitative study was
performed through a laboratory-scale test in uniform sand
soils; thus, the above qualitative results or conclusions
could be kept for reference in the practical engineering
while the quantitative results are not suggested to be used
in practice. In the future, further tests in multi-layered soils
could be performed to better reveal the response of dia-
phragm walls to excavation dewatering, based on which
some quantitative equations may be obtained to evaluate
the diaphragm wall behaviour.
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