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CORNER EFFECTS IN DEEP EXCAVATIONS
—ESTABLISHMENT OF A FORECAST MODEL
FOR TAIPEI BASIN T2 ZONE

Chao-Hui Wu*, Chang-Yu Ou**, and Ningchien Tung*

Key words: Taipel Basin, deep excavation, wall deformation, ground
settlement.

ABSTRACT

This study attempts to establish a novel model for fore-
casting wall deformation and ground surface settlement of
deep excavations. The model is developed by considering the
corner effect and examining the data from relevant case his-
tories. The study is specifically limited to the construction
worksin the T2 zone of the Taipel Basin.

The following results were obtained: (1) The maximum
wall deformation during each excavation step was approxi-
mately 0.2%-0.5% of the excavation depth, and was influ-
enced by the corner effect. (2) The maximum ground surface
settlement took place approximately at the center of the wall;
and settlements at the corners were smaller due to the corner
effect, they were generaly 20%-60% of the maximum set-
tlement. (3) The area within a distance of two times the ex-
cavation depth had a relatively large settlement or relatively
steep slope of settlement trough, which can be defined as the
primary influence settlement area. The area at a distance of
2-3 times the excavation depth had a gentler slope of settle-
ment trough and can be defined as the secondary influence
settlement area. (4) If the analysis is carried out with theo-
retical hydrostatic pressure or with measured water pressure,
the same tendency “the deeper the wall embedment depth, the
greater the factor of safety for overall stability” isfound.

This study also makes two specific contributions. First, the
corner effectsin deep excavations are further confirmed through
more case studies. Secondly, a smple hazard analysis for es-
timating settlements induced by deep excavationsis presented.

I.INTRODUCTION

Deep excavations release stresses in the earth and redis-
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tribute these stresses causing deformation. The soil from
behind a deforming wall moves with the wall, which leads to
settlement of the ground surface. Obviously, the amount of
ground settlement is closely related to that of wall deformation.
Factors affecting wall deformation should aso influence
ground settlement. From the characteristics of excavation, we
can understand factors such as excavation depth, width, wall
stiffness, strut stiffness and preload, factor of safety against
basal heave, soil properties and so on will affect the wall de-
formation or ground settlement.

Since different foundation construction methods implicitly
imply different wall-retaining systems, they should have sig-
nificant influences on movement. Top-down construction
methods and bottom-up construction methods are two main
basement construction methods.  Bottom-up construction
methods employ temporary steel struts to balance the lateral
pressure on the excavation wall while top-down construction
methods apply concrete floor slabs to resist the lateral earth
pressure. Since these two methods apply different retaining
systems, resulting in different engineering behaviors, this
study will investigate the relationship between deformation
behavior and construction methods, based on the case histo-
ries.

Push-in and basal heave are two main failure modes for
excavations. Mana and Clough [6] found that wall deforma-
tion decreases when the safety factor against basal heave in-
creases. Clough and O'Rourke [4] further established a di-
mensionless chart describing the relationship between maxi-
mum wall movements and factors of safety against basal
heave and stiffness of retaining systems. More case histories
are certainly needed to examine the relationship. In addition,
few studies in literature regarding the relationship between
factors of safety against push-in and movement are available.

Ou et al. [7] performed a series of three-dimensional ex-
cavation analyses utilizing the three-dimensiona finite ele-
ment method and investigated the festures of three-dimensional
excavation behaviors. Close relationships existed between the
aspect ratio for excavation geometry (B/L) and wall deforma-
tion. Increasing the B/L decreases the wall deformation. In
addition, wall deformation of a deep excavation is directly
related to the distance from the corner (d): the smaller the
value of d, the less the wall deformation. Furthermore, Ou
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et al. [7] performed extensive parametric studies on the basis
of a hypothetical case with different lengths of the primary
wall (L) and the complementary wall (B) and established the
relationship between maximum wall deformation and aspect
ratio of excavation geometry. The result was verified by an
actual case history. More case histories are certainly required
to make concrete verification.

Some investigators have proposed, according to case stud-
ies, empirical and semi-empirical procedures for forecasting
the extent of ground surface settlement and its distribution
pattern because theories cannot predict the settlement effec-
tively. Similar formulas have been developed for excavations
in Taiwan and room exists for improvement, especially for the
consideration of corner effects.

This study collected and investigated data of deep excava
tion case histories without ground improvement in the Taipei
Basin T2 Zone. These excavations are characterized accord-
ing to excavation wall type, wall thickness, excavation depth,
wall length, wall deformation, ground surface settlement and
corner effect. Charts and tables for future forecasts are made
by utilizing the soil datafrom all cases.

1. DESCRIPTION OF SUBSOIL PROFILESAND
CASE HISTORIES

The geological stratum beneath the Taipei basinisalluvium
over agravel layer. The alluvium is composed of six layers,
where the firgt, third and fifth layers are silty sand while the
second, fourth and sixth layers are silty clay, forming a sand-
wiched geological structure with an aternating stratum of both
silty sand and silty clay soil deposits. The thickness of each
layer demonstrates a more advanced regularity with a further
distinguishing layer separation at the center of the basin, but
such adistinguishing layer of separation is disordered at areas
near the edge of the basin.

Due to the various depositional features of different rivers,
thicknesses of the aluviums differ within the Taipei Basin.
The ten case histories illustrated in this study are located in
Zone T2, near the Tamshui river and a sub zone of the Taipei
basin, where the soil profile exhibits six distinguishingly al-
ternating layers of sand and clay deposits. The fourth layer,
silty clay, in this zone, is approximately 5-10 meters thick
while the fifth and third layers are relatively thick, around
15-20 meters thick. Generally, sandy layers become thicker
when closer to the river while clay layers are thinner. The
gravel stratum in this zone is about 40-50 meters below the
ground surface. Table 1 summarizesthetypical characteristics
of each layer. More information regarding the properties of
the soilsin the T2 zone of the Taipei basin can refer to Cheng
[3], Wu [15], and Hulme et al. [5].

This study gathered ten typical excavation case historiesin
the zone that utilized slurry walls as retaining structures for
their foundation excavation; seven cases used open-cut, inner
braced, bottom-up excavation techniques while three cases
used top-down methods. Figure 1 illustrates the excavation

Table 1. Typical characteristic for each stratum of the

Taipel Basin.
Geological profile  Stratum
(Start fromthe  thickness  Description of soil characteristics
ground surface) (m)
. Yellow-brownish top soil with
Sixth stratum 38 ray-black silt. o = 30-35%
) Gray silty sand, even granular, with
Fifth stratum 15-20 30-40% silty fine.
Gray silty clay with a sand content of
Fourth stratum 5-10 less than 10%.
. : Yellow-grayish plastic, silty fineis
Third stratum 15-20 25% @ = 25%
Grayish silty clay, medium com-
pacted soil with amedium to low
Secondstratum — 0-19 o -sicity. Silty fine F = 45-70%,
o =25%
Medium-to-compact gravelly sand
First stratum 0-15 with afine content of 20% in general

or dightly higher.

w: natural water content
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Fig. 1. Layout of excavation geometry and positions of inclinometer of
the analyzed case.
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e BT 00m o Table 2. Basic data for excavation case histories.
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: 10.0m cL
4m Method of
No2oe lle— 124 Case : H t | Gnre L B H, Numbq of
20.0 m CLMH  fq195m —_— 162m excavation excavation
Ne3 217m 200m ] _CLN-414 . (m) [(cm)| (mm) | (m) (m) (m) stoges
SM 22m
300m] _MIN_712 | e A B-U |340| 70667 | 62 43 |21.70 8
CL, MH
N=723  D340m 00m B B-U 220 |70]79% | 9 61 |16.20 5
CASEL CASE2 C T-D 30.0 | 80 |10.50 82 34~42 | 17.35 4
00my —— 6om D| TD |280|70[540 | 54 | 365 |1360| 4
CL
NZ4 N=6-10 E B-U |28-30| 80 | 5.25 84 41 |17.10 6
nom s oom s e e F B-U | 280 | 70 | 440 |40-53.5| 22~48 | 12.50 4
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N=4-14 <— 130m N=6-15 125m
20.0 m N S}e e 200m 52_13
CL N=5-11 —
SM N=1420 0 280 m \I:SI\;]—ZS 2.6
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Fig. 2. Soil profilesand position of final supportsin studied cases.

shape and locations of monitoring instruments for wall de-
formation and Fig. 2 presentsthe excavation profile along with
soil profile for each case history. Table 2 lists the construction
procedures, description of geology and basic excavation data,
and soil profiles of the case histories.

I11. SPECIAL CONSIDERATIONSIN THE
ANALYSES

1. Corner Effect
Ou et al. [7] established the relationship between plane

0 5 10 15 20 25 30 35 40 45 50
Distance from the corner, d (m)

Fig. 3. Relation between plane strain ratio (PSR) and site aspect ratio

(B/L) and distance from the corner (d) [7].

strain ratio (PSR) and (B/L) and d (distance from corner) based
on theresults of parametric studies, asshownin Fig. 3. PSRis
defined as the ratio of the maximum wall deformation of the
cross section at d (&) to the maximum wall deformation in the
plane strain conditions of the same geometry (ds), i.€., PSR =
O/ ds, as shown in Fig. 4. Higher values of PSR represent
sectionsthat are less affected by the corner. The sectionisina
plane strain condition when PSR equals 1.0. This study util-
izesFig. 3 and PSR to verify if thewall of an excavationisina
plane strain condition.
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Fig. 4. Configurations of the notation of the PSR, B, L, and d.

Inclinometers are usualy instaled at the periphery of the
excavation in atypical excavation, which does not necessarily
locate at the center of thewall. Thewall deformation behavior
a the inclinometer position is therefore not necessary at a
plane strain status and all depends on the relations between the
aspect ratio for excavation geometry (B/L), the distance from
the corner (d) and the thickness of the wall (t).

Though Fig. 3 was verified by an actual case history, it may
still contain some inaccuracies because it was established
purely based on an assumed excavation condition and nu-
merical studies. Considering that most of excavations may not
always be in the plane condition, even though the inclinome-
ters are placed at the center of the wall, their PSR may not be
equal to 1.0. Therefore, we assume that when the magnitude
of PSRisequal to or greater than 0.8, i.e., PSR > 0.8, thewalls
where the inclinometers are installed are in the plane strain
condition. Thus, the way to determine whether the position of
the inclinometer isin a plane strain status is to first determine
the B/L and d values at the cross section where the incli-
nometer located. Then determine their corresponding posi-
tionsin Fig. 3 and see whether the corresponding PSR values
are equal to or greater than 0.8. This study considers the fol-

n: the floor amount of adjacent building
q=98kN/m?>xn

PAbvyeiivyy

/ axb \
/ \

/ \
/ \
/ \ o'
/ Ad' \

vVVYVY

final exacavation surface

Ad= q (axb)
(a+H)x(b+H,)

lateral earth pressure (without adjacent building) oH,'= Ko

lateral earth pressure (with adjacent building) oH,'= K(a)' + Ad")

oH,' Koy oy’

oty - K(oy' + Ad') B (o' + Ad')

normalized corrective coefficient =

Fig. 5. Thenormalized corrective coefficient of adjacent building.

lowing conditions to determine the PSR values of each lateral
deformation observation tube of the wall:

(1) Should a cross section of B/L and d value correspond in
Fig. 3 with a PSR > 0.8, then the maximum wall defor-
mation of that cross section is set to dps. The maximum
wall deformation of another cross section in the site is set
as on, then the real plane strain ratio should be PSR =
5h/5ps.

(2) If al the inclinometer positions correspond to Fig. 3 with
PSR values less than 0.8, then the value of Jps is absent
and therefore thereal PSR values of other positions cannot
be calculated, and hence data of that site is not utilized by
this study at all.

2. Load of Adjacent Buildings

Adjacent buildings at different locations in each individual
case history have different influences on an excavation com-
pared to asite with an open surrounding. From statistics of the
observed results in this study, the wall deformations in a site
with adjacent buildings tend to be larger.

This study assumes that a surcharge of 9.81 kN/m? for each
floor of the neighboring buildings act on the ground surface,
which will be spread to the depth of excavation bottom by a
ratio of one horizontal to two vertical. g9 and ¢' denote the
effective overburden pressure at and the increment due to
surcharge acting on the depth of the excavation bottom.
Figure 5 shows the proportional corrective coefficient of lat-
eral earth pressure (Kog'/K(ag' + ¢')). Since thisis a propor-
tional relation, the coefficient of lateral earth pressureK in the
formula will be canceled in both the numerator and the de-
nominator, thus yielding (oo/(co + ¢')) as the normalized
corrective coefficient. (SeeFig. 5)
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Fig. 7. Factor of safety against basal heave (Fy).

This study identified the magnitude of lateral deformation
of the walls at the position with adjacent buildings. Next, the
effective overburden pressure on the excavation bottom a¢
and stress increment ¢ due to the adjacent buildings were
calculated, respectively. Finally, the lateral wall deformation
measurement was connected by multiplying the normalized
corrective coefficient (oq/(og + 0')). After correction, al cases
can be treated on the same basis as if there was no adjacent
building.

3. Factorsof Safety for Overall Sability

The push-in and the basal heave failures are the two main
overall failure modes of excavations. According to Fig. 6, the
push-in failure is caused by the earth’s pressure, reaching the
limiting state, on both sides of the excavation wall, which is
thereby mainly moved toward the excavation zone (especially
the part embedded in the soil) until leading to the full-zone
faillure. The analysis views the excavation wall as afree body
and the external forces on the wall and internal forces of the
wall arein equilibrium. Calculating the factor of safety against
the push-in failure follows:

PL,

= z)
P PALA_MS ()

where Fp = factor of safety against push-in; P, = resultant of
the active earth pressure on the outer side of thewall below the
lowest level of strut; L, = length from the lowest level of strut
to the point of action P,; M = allowable bending moment of
the excavation wall; Pp = resultant of the passive earth pres-
sure on the inner side of the excavation wall below the exca-
vation surface; Lp = length from the lowest level of strut to the
point of action Pp.

The basal heave failure arises from the weight of soil out-
side the excavation zone exceeding the bearing capacity or the
shear strength of soil below the excavation bottom, causing the
soil to move and the excavation bottom to heave so much that
the whole excavation site collapses. Figure 7 showsapossible
form of basal heave, adopted by the Japanese and Taiwanese
building codes. Calculating the factor of safety against basal
heave follows:

X j;%” 5, (X do)

w. X
2

Fy (b)

where S, = undrained shear strength of clay; X = radius of the
failure circle; W = total weight of the soil in front of the ver-
tical failure plane and above the excavation surface, including
the surcharge on the ground surface.

Both the Japanese and Taiwanese building codes suggest
that Fp and F, should be equal to or greater than 1.2. Ac-
cording to the drilling reports of the case histories, together
with the soil’s basic properties (unit weight y, water content w,
specific gravity Gs and porosity n) and soil shearing parame-
ters (c and ¢), a separate calculation Fp and F,, for each case
history was made. Sandy soils utilize effective stress analysis
while total stress analysis is employed for clayey soil. A
normalized value of S/, = 0.3, which is generally consid-
ered to be a reasonable value in the T2 zone, for clayey soils
was utilized.

For cohesionless soils, to compute the active earth pressure
on the back of the excavation wall and the passive earth
pressure on the front of the wall, adopt Caquot-Kerisel’s [2]
earth pressure theory, because the failure surface assumed by
the theory is close to the actual failure surface. According to
the theory, both Caquot-Kerisel’s[2] coefficients of active and
passive earth pressure correlate with ¢ closely. Considering
the process of trench excavation and concrete casting of the
construction of diaphragm walls, the borders between trenches
and soil are often rugged and the assumption that 6 = ¢' seems
to be reasonable for sandy soils. However, to be conservative
in analysis and existence of stabilizing fluid in trenches, ¢ =
2¢13is utilized for the active side and ¢ = ¢/3 for the passive
side, respectively.

For cohesive soils, considering the existence of the adhe-
sion between excavation walls and the soil, the earth pressures
can be calculated as follows ( Padfield and Mair [10]):
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depth (H.) of each excavation stage.

B-U (bottom-up method); T-D (top—down method).

o,=0,K,—2cK_

Koo = [Ka(1+22)
C

o,=0,K,+2cK

K, = /Kp(l+%)

where o, op = total active and passive earth pressures; ¢ =
cohesion intercept; ¢ = angle of shear strength resistance; ¢, =
adhesion between the excavation wall and soil; K, = coeffi-
cient of active earth pressure; Kp = coefficient of passive earth
pressure.

Ou and Hu [9] found that the adhesion (c,) between dia-
phragm wallsand clay could be reasonably assumed to be 0.67
S, and that between stedl sheet piles and clay be assumed to be
0.5 §, for stahility analysis of excavations.

4. Water Pressure

The excavation walls in the investigated case histories are
typicaly implanted into silty clay and silty sand strata, and
seepage from the outside excavation into the excavation zone
would not occur under such circumstances. Therefore, seep-
age was not considered in the analysis. Accordingly, calcula-
tions on pressure distribution of pore water equal to hydro-

static pressure were conducted, which are normally employed
in engineering practice. For comparison, this study also util-
ized the actual water pressure measured at the excavation site
to compute the factors of safety.

IV.CHARACTERISTICS OF WALL
DEFORMATION

1. Depth of Excavation

Figure 8 shows the relationship between the excavation
depth (He) and the ratio of the maximum wall displacement to
the excavation depth (J,max/He). FOr consistency, the data at
an early stage of excavation having cantilever type of wall
deformation are not adopted in this study. AsshownintheFig.
8, thevalues of J, max/He fOr al stages are approximately 0.2%
to 0.5% for the excavationsin the T2 zone, which mostly have
alayered sandy soil and clayey soil deposit.

Additionally, observation from the chart and a comparison
with the top-down and bottom-up methods reveal that at the
same excavation depth, the top-down method has a tendency
of producing larger wall deformations. The reason is that the
top-down construction method applies the concrete floor slab
to balance the lateral earth pressure whereas the bottom-up
method applies the temporary steel struts. With the top-down
method, considerable time is usually required to erect molds,
cast concrete and wait until the concrete hardens enough.
Under such circumstances, creep of soil may occur, which
causes the soil to move during this period. Consequently, the
top-down method causes more wall deformation than the
bottom-up method.

Figure 8 reveals that the maximum wall deformation with
an observed PSR > 0.8 is generally larger than the maximum
wall deformation with an observed PSR < 0.8 regardless of
what method, the top-down or bottom-up method, is utilized.

2. Plane Srain Ratio

Asmentioned earlier, the PSR-B/L-d relation chart in Fig. 3
deduces purely from theories. More case histories are re-
quired to assess the corner effects even though one case his-
tory verified the accuracy (Ou et al. [8]). Figure 9(a) shows
PSR-B/L-d for each case history. The PSR values, theratio of
observed maximum wall deformation at a section to observe
maximum wall deformation in the plane strain condition are
consistent to the theoretical values.

Theoretically, wall thickness (t) is an important influencing
factor affecting the magnitude of the corner effects on the wall
deformation. Figure 9(b) shows the PSR-B/L-d/t relationship
for each case history. Comparing Fig. 9(b) with Fig. 9(a), the
general pattern or tendency is similar. The variation of wall
thicknessfor the case histories collected in this study islimited,
only 0.6 mto 0.8 m.

3. Sability Factor for Deep Excavation
Figures 10 and 11 show the relationships between &y, max/
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(H-He) and 6y max/He and the factors of safety (F, and Fp) for
overall stability, respectively. As shown in the figures, when
Fyand Fp for overall stability approach 1.0, the maximum wall
displacement increases substantially, which may imply the
excavation is on the verge of failure. Moreover, the figures
also indicate that the tendency of variation between assumed
hydrostatic water pressure and measured water pressure is
similar. The 6y max/(H-He) has a better correlation with the Fy,
or Fp than dpmax/He.

Figures 10 and 11 also display that the factors of safety
based on the assumed hydrostatic pressure, routinely carried
by practicing engineers, are on the safe side. Thisis because
the assumed hydrostatic water pressure is larger than the one
measured in this region.
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Tpe ® Measured Water Pressure
°
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T
<
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0.6 ©
© (@] .
- o °
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Stability factor for heave, F,
(b)

Fig. 10. Relation between the wall maximum horizontal displacement
and the stability factor for heave at each excavation stage.

V.CHARACTERISTICS OF GROUND SURFACE
SETTLEMENT

1. Relationship Between Ground Surface Settlement and
Distance to Wall

Figure 12 shows the relationship of normalized ground
surface settlement and distance from the excavation wall, with
respect to the excavation depth. Also displayed in the figure
for comparison are the envel opes suggested by Peck [11]. The
figure also illustrates that most of the settlements fall in the
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Fig. 11. Relation between the wall maximum horizontal displacement
and the stability factor for earth pressure balance at each ex-
cavation stage.

range of zone I, which is classified as very soft to soft soil.
Furthermore, the figure also reveals that settlements caused
by the top-down method tended to be larger, compared with
the extent of settlements in the top-down with bottom-up
methods. Thisisagain possibly due to the effect of soil creep
for the top-down method.

2. Relationship Between Ground Surface Settlement and
Wall Deformation

As described elsewhere, the amount of wall deformation
heavily relatesto ground surface settlement, and the amount of
ground surface settlement closely relates to the soil property

D/H,
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g
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1.5 —
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0
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Fig. 12. (6/He—D/H,) relations.
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Flg 13. (6v,max_5h,max) relations.

and the distance to the wall. Many investigators, such as
Clough and O'Rourke [4] and Ou et al. [8], have established
the relationship between maximum wall deformation (nmax)
and maximum ground surface settlement (d,m). They found
that dymax = (0.5~0.75) Jhmax, and lower limit for sandy soils
and upper limit for clayey soils. For very soft soils, 3y max may
be equal or larger than Jn max. Figure 13 shows that the Taipe
T2 zone, which in nature is a layered sandy and clayey soil
deposit, d,mx and is about equal to 0.68 o max -
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Under the undrained condition, the area of wall deforma-
tion is approximately equal to that of surface settlement.
Figure 14 illustrates the relationship of wall deformation and
ground surface settlement for layered sandy soil and clayey
soil deposits as the stratum in the T2 zone, ratios of the areas
of wall deformation (Ay) to those of ground surface settlement
(A) for some case histories. The figure also shows that ratio
of A,/A, isabout 0.8-1.3, with an average of 1.18. The area of
soil settlements in the adjacent areas to the excavation sitesis
approximately equal to the area of the inward movement of
wall deformations, even in layered sandy soil and clayey soil
deposits.

3. Relationship Between Ground Surface Settlement and
Distanceto Corner

Generally, settlement measurement points are alocated along
the walls surrounding excavation sites. In this study, case
histories having settlement measurement points parallel to the
peripheral walls were analyzed. Figure 15 shows the connec-
tion between d/L and 6,/dy max ., in Which d denotes distance to
the corner, L length of thewall, d, settlement at adistance of d,
Jdvmax,L. Maximum settlement in a direction of wall length
(parallel to the excavation border).

In Fig. 15, the amount of ground surface settlement is af-
fected by the corner effect, the closer to a plane strain condi-
tion a settlement measurement point is (being farther from the
corner), the larger the amount of ground surface settlement
that will occur. Therefore, in most cases, the maximum
ground surface settlement took place at the approximate mid-
dle position of the wall, and settlements in corner positions
were comparatively smaller due to the arching effect with a
magnitude of 20%-60% of the maximum settlement.

4. Ground Surface Settlement Envelope

According to the studies by Ou et al. [7, 8], ground surface
settlements are of two types: (1) Concave type and (2) Span-
drel type. In either type, the settlement trough consists of a
primary influence zone and a secondary influence zone. The
slope of the settlement curvein the primary zoneis steep, and
more heavily influences adjacent buildings. Meanwhile, the
slope of the settlement curve in the secondary zone is rela-
tively flat, and has aminor influence to buildings.

Clough and O'Rourke [4] also suggested different settle-
ment envelopes for various geological conditions by using
D/H. as the horizontal coordinate and ,/0,ma as the vertical
coordinate.

Figure 16 illustrates values of the plotted case histories for
establishing a suitable settlement envelope using the parame-
ters as suggested by Clough and O'Rourke [4]. Thefigurealso
shows the envelope suggested by Bowles [1] for comparison.
The envelopes suggested either by Clough and O'Rourke [4]
or Bowles [1] may not be applicable in our case histories.
However, through the scattering of the observation points, in
the Taipei T2 zone the primary ground surface settlement lies
within a distance of two times the excavation depth, and the
secondary ground surface settlement lies within a distance of 2
to 3 timesthe excavation depth. Figure 16 showsin solid lines
that by combining al the observation data, the approximate
settlement envelope for the T2 zone of the Taipel Basin is
established.

VI.ESTABLISHMENT OF A FORECAST MODEL
FOR WALL DEFORMATION AND GROUND
SURFACE SETTLEMENT

By employing charts, this study provides a simple and
easy ways for engineers to estimate the wall deformation and
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Fig. 16. The normalization of the ground surface settlement [14].

ground surface settlement for excavations affected by corners
in a soil similar to the Taipei T2 zone, which naturally is a
layered sandy and clayey soil deposit. The procedure is de-
scribed as follows.

(I) To determine the wall deformation

1. Calculate the aspects of safety of the excavation for
overall stability, F, and Fp.

2. Estimate the maximum wall displacement in the
center section of the excavation (dnmax) Utilizing the
empirical charts, such as Figs. 10(a) and 11(a), or
the numerical method, such as the beam on eastic
foundation method or finite element method.

3. Determine the plane strain ratio (PSR) for a section
affected by corners by referring to Fig. 9(b) based on
thevaluesof B, L, d andt. Then by employing dps as
equal to dnmx derived from the above step and the
definition equation PSR = d/dps, 1, can thus be de-
rived, where dy, is the maximum wall displacement of
the section with a distance d to the corner.

(I1) To determine ground surface settlement

1. Estimate the maximum ground surface settlement
(dvmex) With the assistance of Fig. 13 based on the
valueof onmx. Figure14isalso applicableaslong as
an appropriate function for settlement trough is
specified.

2. Compute the settlement (o) at the various distancesd
from the wall utilizing the envelope suggested by the
authorsin this study (Fig. 16).

Setting d as the position for analyzing the ground surface
settlement, together with L and J,max, by using Fig. 15, the
ground surface settlement o, of other cross section positions
(not the centerline cross section) can be deduced, and thus,
furnish the correction to the ground surface settlement caused
by the corner effect.

VII. CONCLUSION

1. The maximum wall deformation induced by excavation for
each excavation stage is approximately 0.2%-0.5% the ex-
cavation depth for the sections near the excavation center,
i.e., in the plane strain condition. Based on our studies, the
wall deformation at a section relates to excavation depth
and the distance to the corner. Carrying out the prediction
of wall deformation or ground surface settlement may re-
quire to consider the corner effect of the excavation.

2. This study establishes preliminary relationships between
the ground surface settlement and the distance to the corner.
The maximum ground surface settlement takes place near
the center of the excavation; and settlements at the corners
are smaller due to the arching effect, they are generally
20%-60% of the maximum settlement.

3. According to the results of the excavation case study of the
analyzed area: the area within a distance of two times the
excavation depth is the primary influenced settlement area.
Meanwhile, that at a distance of 2-3 times of the excavation
depth is the secondary influenced settlement area.

4. A similar tendency exists for the relationship between
onmax/He @nd the factors of safety against basal heave or
push-in failure with the assumption of hydrostatic pressure
or measured water pressure. A similar tendency of alarger
factor of safety for a deeper embedment depth was found,
and this is even more distinct when h max/(H-He) is below
0.5%.

5. The proposed simple and easy-to-use evaluation of exca
vation hazard analysis provides a design approach for
working in layered sandy and clayey soil deposits, such as
the Taipel area.
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