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ABSTRACT The analysis of the bearing capacity of strip footings sited near an excavation is critical in geotechnics. In
this study, the effects of the geometrical features of the excavation and the soil strength properties on the seismic bearing
capacity of a strip footing resting on an excavation were evaluated using the lower and upper bounds of the finite element
limit analysis method. The effects of the setback distance ratio (L/B), excavation height ratio (H/B), soil strength
heterogeneity (kB/c,), and horizontal earthquake coefficient (k) were analyzed. Design charts and tables were produced
to clarify the relationship between the undrained seismic bearing capacity and the selected parameters.
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1 Introduction

Unsupported excavations in cohesive soils are typically
utilized in different civil engineering structures, such as
footings, piers, water and oil tanks, raft foundations, and
retaining structures. They also comprise a part of the cut-
and-cover method wused for constructing shallow
underground structures, such as underpasses and
pipelines. Sufficient undrained shear strength of cohesive
soil leads to the stability of unsupported excavations
under short-term undrained conditions. This eliminates
the need for constructing retaining walls to resist lateral
earth pressure and reduces the construction cost and time
of projects. Therefore, a precise stability analysis of such
excavations is necessary [1-8].

A geotechnical engineer may encounter situations
where a footing must be built near a vertical excavation.
This typically occurs when the basement of a multistory
building is constructed [9]. These conditions can
influence the ultimate load that a footing can resist.
Numerous researchers have investigated the bearing
capacity of footings located on the flat ground [10-14]. In

Article history: Received May 12, 2022; Accepted Sep 7, 2022

addition, some researchers have considered the influence
of slopes and excavations on the stability and static and
seismic bearing capacities of footings [15]. Kumar and
Mohan Rao [16] examined how the pseudostatic
horizontal earthquake coefficient influences the bearing
capacity of footings near slopes, considering various
ground inclinations. Azzouz and Baligh [17] assessed the
impact of strip and square loads on the stability of slopes
containing cohesive soil and provided design charts and
tables for slope stability analysis. In terms of methods
applied to estimate the bearing capacity, the stress
characteristics method has been adopted for strip footings
close to cohesionless slopes [18]. Shiau and Watson [19]
considered a deep excavation site and assessed the
bearing capacity of a footing. Georgiadis [20] employed
the finite element analysis, upper bound plasticity, and
stress field methods by concentrating the load inclination
impact on the bearing capacity of strip footings sited
close to the slopes. Georgiadis [21] used the finite
element method to determine the undrained bearing
capacity of footings close to slopes. The study suggested
that three failure surfaces can be formed depending on the
ratio of the slope height to the footing width. Shiau et al.
[9] adopted the lower and upper bounds of the finite
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element limit analysis (FELA) to evaluate the undrained
bearing capacity of a strip footing near a slope.
Experimental investigations on the bearing capacity of a
strip footing close to a cohesionless slope have also
shown that a direct relationship exists between the
bearing capacity and the setback distance, defined as the
distance between the footing and the slope crest [22,23].
In addition, the finite element lower bound approach was
applied to assess the maximum load sustained by a strip
footing on a slope [24]. Leshchinsky and Xie [25]
computed the bearing capacities of strip footings sited
near slopes consisting of cohesive-frictional soils by
applying a limit analysis (LA) using discontinuity layout
optimization (DLO). Halder et al. [26] assessed the
bearing capacity of a strip footing close to a slope by
adopting the lower bound of FELA. Zhou et al. [27]
plotted design charts for strip footings resting on slopes
using DLO. They reported that a direct nonlinear
relationship exists between the normalized bearing
capacity and the distance between the slope crest and
footing.

The aim of this study was to compute the undrained
seismic bearing capacity of a strip footing placed on an
excavation consisting of heterogeneous soil. This study
focused on isotropic soil analysis with deterministic
heterogeneity without considering the superstructural
inertial effect. The problem is first explained in the
following section. Next, a comparison of the results of
this study with those obtained by other researchers is
presented. Design charts and tables are then provided.
Finally, a design case is presented to clarify the solution
procedure.
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2 Problem definition

2.1 Model geometry

The geometric features of this study are depicted in
Fig. 1. The undrained seismic bearing capacity of a strip
footing located close to excavation is influenced by three
parameters: geometrical features of the excavation, soil
strength properties, and the horizontal earthquake
coefficient. Thus, the undrained seismic bearing capacity
of a strip footing can be written as Eq. (1):

. L H ¢ kB
% _ L
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where g, is the average value obtained from the lower and
upper bounds of FELA, B is the footing width (B =1 m),
H is the excavation height, L is the distance between the
footing and the excavation, ¢, is the undrained shear
strength of the soil, £ is the strength gradient with depth,
v is the unit weight of soil, and 4, is the horizontal
earthquake coefficient.

In heterogeneous soil (Fig. 1), a direct relationship
exists between the undrained shear strength and depth, as
expressed by Eq. (2) [28-32].

M

C, = Cy +kz,
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where ¢, is the undrained shear strength of soil at ground
surface level.

2.2 Numerical analysis

The method of lower [33] and upper bounds [34], coupled
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Model geometry and typical FELA mesh. (Note: Dimensions are not on the main scale.)
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with the finite element method, was used to calculate the
undrained bearing capacity of a strip footing considering
all influential parameters, as expressed by Eq. (1). The
formulation of these methods and the general computa-
tional procedure were proposed by Sloan [33,34]. These
methods have been well-described in Refs. [13,35].
OptumG2 [36], which uses FELA and a linear
programming approach, was used to determine the
undrained seismic bearing capacity of a strip footing
adjoining an excavation. A sensitivity analysis was
conducted to determine the initial number of elements,
ultimate number of elements, and final dimensions of the
model to ensure that the results were not influenced by
the boundaries [37-39]. Consequently, the initial number
of elements was set to 5000, and the ultimate number of
elements reached 10000 in three iterations. In the most
critical cases, L, L;, and L, are equal to 9B, 10B, and 5B,
respectively (L,, L;, and L, are illustrated in Fig. 1). The
associated Mohr—Coulomb failure criterion was assigned
to the soil, and the footing was modeled by adopting a
weightless plate element [29,37,40]. The interface
between the footing and soil was modeled as perfectly
rough (6/¢ = 1) and perfectly smooth (6/¢ = 0) [41-43].
The bottom of the model was constrained in vertical and
horizontal directions. In contrast, the two sides could
move vertically (Fig. 1). The pseudostatic approach was
utilized in the model to simulate horizontal earthquakes
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Table 1 Validation of g,/(yB) (upper bound values) for homogenous
soil excavation (8 = 90°)

L/B ¢,/(yB)  Shiauetal. [9] Chen and Xiao [45] present study
0 1 1.32(1.32) 1.41 1.13(1.13)
3 5.50 (5.50) 5.48 5,58 (5.62)
5 9.50 (9.50) 9.49 9.66 (9.74)
10 19.95 (19.95) 19.50 19.68 (20.03)
1 1 1.20 (1.20) 1.29 1.07 (1.07)
3 9.01 (9.01) 8.86 8.84 (8.89)
5 16.12 (16.17) 15.90 15.88 (15.90)
10 33.75(33.79) 33.29 33.18 (33.30)
2 1 1.46 (1.46) 1.37 1.27 (1.27)
3 10.85 (10.88) 10.87 10.71 (10.72)
5 19.64 (19.65) 20.10 19.45 (19.47)
10 41.31 (41.33) 42.68 40.90 (40.98)
3 1 1.99 (1.99) 1.93 1.91(1.92)
3 12.72 (12.78) 12.98 12.57 (12.62)
5 22.73 (22.74) 23.67 22.44 (22.49)
10 4730 (47.32) 50.27 46.76 (46.84)

Note: Values outside and within parentheses correspond to smooth and
rough footings, respectively.

Table 2 Validation of bearing capacity factor, N, for strip footing on
level ground

[42,44]. kBlc,  Gourvenec and Mana [30] present study
LB UB°

3 Comparison with results of previous 0 5.144 (5.175)° 5.027(5.069)  5.196 (5.233)
studies 5 8.357 (9.818) 7.733 (9.521) 8.519 (9.977)

_ _ ) 20 14.702 (17.457) 13.433 (16.708)  15.065 (17.779)
A comparison was made'w1th the re.sults of other studies 100 40,594 (46.456) 34460 (43.439)  41.776 (47.581)
to verify the results of this study. Shiau et al. [9] adopted

200 69.563 (77.805) 60.080 (71.388)  72.196 (79.815)

finite-element lower and upper bounds and calculated the
bearing capacity of strip footings on a homogenous soil
excavation under undrained conditions (8 = 90°). Chen
and Xiao [45] proposed a solution for the undrained
bearing capacity of strip footings near a slope using the
upper bound of FELA. Table 1 presents comparisons
between the results of the upper bound analysis of this
study and those of Shiau et al. [9] and Chen and Xiao
[45]. Slight differences between the results of this study
and those of the other two studies were observed.

Gourvenec and Mana [30] applied the FEM to calculate
the bearing capacity factors of strip footings and incorpo-
rated strength heterogeneity in their solutions. In addition,
as listed in Table 2, the values of N, for different kB/c,
ratios obtained in this study and those of Gourvenec and
Mana [30] are consistent. The values obtained in their
study are within the values obtained from the lower and
upper bounds solutions of FELA.

Moreover, values of g, /(yB) were computed using the
lower and upper bounds for a smooth strip footing resting
on the level ground under undrained conditions. The

Notes: a) LB: lower bound; b) UB: upper bound; ¢) values outside and
within parentheses correspond to smooth and rough footings, respectively.

results were compared with those of Shiau et al. [9],
Mofidi Rouchi et al. [24], and Foroutan Kalourazi et al.
[46], in which the same method used in this study was
adopted. The comparisons in Table 3 show that the results
are in good agreement.

Finally, the bearing capacity factor (N,) values
calculated for the strip footing on level ground in this
study and other studies using methods including LB, UB,
stress characteristic (SC), and limit equilibrium (LE) are
presented in Table 4. Table 4 shows that their results are
consistent.

4 Results and discussion
4.1 Seismic threshold value

The seismic threshold value is the value of k&, above
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which the strip footing slides (Fig. 2(a)). The variations in
ky, % q,/c, versus k, for a strip footing near an excavation
are shown in Fig. 2. The threshold value decreased as
kB/c, increased (Fig. 2). For instance, the threshold value
was 0.78 when kB/c, = 0 (homogenous soil), whereas it
reached 0.14 for soil with kB/c, = 20 (Fig. 2). Moreover,
as the L/B ratio increased, the threshold value decreased
to a constant value for higher ratios, and the ratio at
which this value became constant increased as kB/c,
decreased. The threshold values for soils with kB/c, = 20
and 10 remained unchanged for L/B values exceeding
0.25, and for those with kB/c, = 2 and 5, they stabilized at
L/B = 0.5. However, for soils with kB/c, = 1 and 0, the
threshold value did not change when L/B exceeded 1 and
2, respectively. Regarding the influence of H/B, when
kBlc, = 2, 5, 10, or 20, the value of & x g,/c, was not
influenced by H/B. However, when kB/c, = 0 and 1, H/B
could affect the soil. At kB/c, = 0, H/B could not
influence the soil when L/B = 3. At kB/c, = 1, the effect
of H/B on the soil became minimal when L/B = 2.

4.2 Design charts

Design charts and tables were developed for a strip
footing adjoining an excavation of homogenous or

Table 3 Validation of ¢,/(yB) under undrained conditions for the
range of ¢ /(yB) of perfectly smooth footing (L/B = 1) on level ground

¢,/(yB) Shiau  Mofidi Rouchi Foroutan Kalocl)lr azi  present study
etal. [9]”  etal. [24]° et al. [46] _—
LB UB
2 5.02 4.10 4.28 4.43 4.82
4 12.36 11.02 11.38 11.68 12.14
6 19.46 17.99 18.36 18.52  19.06
8 26.13 24.54 25.09 25.74 26.12
10 32.93 30.91 31.82 31.96 32.68

Notes: a) Average values for finite element lower and upper bounds LA; b)
values for finite element lower bound LA; c) values for finite element lower
bound LA (number of inscribed polygon vertices (np) = 24).
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heterogeneous soils. The variation in g /(yB) for k, =0,
the effect of L/B and H/B on the failure pattern, and
finally the variation in ¢ /(yB) for k, # 0, are depicted in
Figs. 3 and 4, Figs. 5 and 6, and Figs. 710, respectively.

Under k;, = 0 conditions, the rough footing had slightly
higher ¢ /(yB) values than the smooth (frictionless)
footing for a specific value of ¢ /(yB), as expected (Figs.
3 and 4). For the rough and smooth footings, the most
significant trend in Figs. 3 and 4 is the direct relationship
between kB/c, and g /(yB). As ¢ /(yB) increased from 0.5
to 5, q,/(yB) increased for all values of kB/c,, reaching
approximately 10 times as high as its initial value at
¢, /(yB) = 0.5. For a fixed value of c/(yB), q,/(yB)
converged to its maximum value at a lower L/B when
kB/c, increased. That is, for a smooth footing on soil with
¢, /(yB) = 0.5 and kB/c, = 5 (Fig. 3), q,/(yB) reached its
peak value at an L/B value of approximately 0.8, whereas
this ratio was approximately 0.3 for soil with kB/c, = 20.
The variation in the ultimate bearing capacity of the
rough footing with the L/B ratio is depicted in Fig. 5 for
soil with H/B=2, ¢ /(yB) =1, kB/c,= 0.5, and k;, = 0.25.

Furthermore, //B can impact g /(yB) in soils with low
kB/c, values, regardless of whether the footing is rough or
smooth (Figs. 3 and 4). When kB/c, = 5, 10, and 20, only
one curve appeared, indicating that for a fixed L/B ratio,
q,/(yB) did not change as H/B varied. In contrast, the H/B
ratio influenced ¢,/(yB) in soils with kB/c, = 0, 1, and 2.
The impact of variations in H/B was more significant in
homogenous soils than in heterogeneous soils. Figure 6
shows the effect of H/B on ¢ /(yB) for a rough footing
with L/B = 1.5 on soil with ¢ /(yB) = 3, kB/c, = 0.5, and
k, = 0.05. At ¢ /(yB) = 0, the footing can only be
constructed near excavations with H/B = 0.5 or 1.
However, as ¢ /(yB) increases, the footing can be sited
adjacent to excavations with higher H/B values, that is,
H/B = 10, although the ¢ /(yB) values are the lowest for
such H/B.

Table 4 Validation of bearing capacity factor, N,, for perfectly smooth and rough footings [35]

soil-foundation interface ¢ (°) Ukritchon Hjiaj Kumar and  Kumar [50] Kumar and Veiskarami  Pakdel 1zadi present study
etal. [47] etal. [48] Kouzer [49] Chakraborty [51] etal. [13] etal. [52] etal. [42]
LB” UB” LB UB" UB e LB LB LE LB LB UB
perfectly smooth (§=0) 10 0.27 0.30 0.28 0.30 0.31 0.28 0.29 0.29 0.33 0.29 027 0.29
20 1.52 1.73 1.58 1.67 1.74 1.57 1.59 1.59 1.62 1.59 1.54 1.71
30 7.18 8.54 7.62 8.08 8.47 7.65 7.58 7.85 7.9 7.85 7.56 8.28
40 38.5 542 42774542 50.38 43.08 41.95 43.9 4425 41.59  40.17 49.53
perfectly rough (6 = ¢) 10 0.41 047 043 046 0.49 0.43 0.43 0.44 0.47 0.44 0.42 048
20 2.67 327 2.82 2.96 3.16 2.82 2.82 2.88 3.12 2.89 275 3.8
30 132 174 14571524 16.64 14.68 14.53 15.03 15.25 15.06  13.72 16.92
40 69.9 111.1 83.3388.39 98.53 85.01 81.8 70.62 717.75 79.19 7596 97.83

Notes: a) Lower and upper bounds limit analyses combined with finite elements and linear programming; b) lower and upper bounds limit analyses

combined with nonlinear programming.
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Fig.3 Mean values of g,/(yB) for smooth strip footing adjoining excavation (k, = 0.0). (a) ¢,/(yB) = 0.5; (b) ¢, /(yB) = 1.0; (c) ¢, /(yB) = 1.5;

() ¢,/(yB) = 2.0; (€) ¢,/(yB) = 2.5; (F) ¢,/(yB) = 5.0.
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LB: g,, = 44.664 kPa
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Fig.5 Effect of L/B on ultimate bearing capacity (H/B =2, ¢ /(yB) = 1, kB/c, = 0.5, k, = 0.25, rough footing). (a) L/B = 0.5; (b) L/B = 1;
(c) L/B=2;(d) L/B=4.
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Fig. 6 Effect of H/B on ultimate bearing capacity (c/(yB) = 3, kB/c, = 0.5, k, = 0.05, rough footing). (a) L/B = 0.25; (b) L/B = 0.5;

(¢)L/B=1;(d) L/B=2.

However, when k;, # 0, H/B and ¢ /(yB) impact ¢, /(yB), footing cannot be constructed on homogenous soil owing
similar to the &, = 0 conditions. At a specific &, and kB/c,, to stability problems (kB/c, = 0) (Figs.9 and 10).
q,/(yB) increased 10-fold when ¢ /(yB) increased from Similarly, at k, = 0.2 and ¢ /(yB) = 0.5, the excavation in
0.5 to 5 (Figs. 7-10). In addition, the H/B ratio can homogenous soils becomes unstable (Fig. 8).
influence soils with kB/c, = 0, 1, and 2 (Figs. 7-10). Moreover, the effect of L/B on g /(yB) decreased with
However, when &, > 0.2 and c¢/(yB) = 0.5 and 1, a strip  an increase in ;. In soils with kB/c, = 20 and 10, ¢ /(yB)
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Fig.9 Mean values of g,/(yB) for rough strip footing adjoining excavation (k, = 0.3). (a) ¢, /(yB) = 0.5; (b) ¢,/(yB) = 1.0; (¢) ¢,/(yB) = 1.5;
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Fig. 10 Mean values of g,/(yB) for rough strip footing adjoining excavation (k, = 0.4). (a) ¢, /(yB) = 0.5; (b) ¢, /(¥B) = 1.0; (¢) ¢ /(¥B) = 1.5;
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attained its highest value over the range of L/B when k, >
0.1 and k&, > 0.2, respectively (Figs. 8—10). This implies
that in such soils, g /(yB) is not influenced by L/B.
Similarly, for soils with kB/c, = 0, 1, 2, and 5, the value
of L/B at which ¢ /(yB) converged to its maximum value
decreased as k;, increased, with the lowest values at k&, =
0.4.

The increase in k; resulted in a decreased ¢q,/(yB) (Figs.
7-10); that is, for the soil with ¢ /(yB) = 0.5 and kB/c, =
20, the maximum value of ¢ /(yB) was almost 5 at k, =
0.1 (Fig. 7), whereas it decreased to more than 1.2 at k;
0.4 (Fig. 10). In addition, as k; increased, the differences
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between the values of g /(yB) for soils with different
kB/c, values decreased such that the values converged for
all cases of kB/c, and c /(yB) when k, increased to 0.4.
Values of g, for different H/B, c /(yB), and kB/c, values
were obtained for the most critical conditions of L/B (i.e.,
L/B = 0) and various k, (Tables 5 and 6) for perfectly
smooth and perfectly rough footings. As the perfectly
smooth footing slides when subjected to seismic loads
owing to the lack of friction, this footing was only
analyzed statically (k, = 0). The NaN in the tables
denoting “not a number” indicates that g, was not
calculated because of the instability of the excavation.

Table 5 Values of g, (kPa) at L/B = 0 for footing adjoining excavation (kB/c, =0 and 1)

c/(yB)  HIB kBlc,=0 kBlc,=1
Ky, =0.0 k=01 k=02 k=03 k=04 k, = 0.0 k=01 k=02 k=03 k=04
0.5 0.5 (18.68) 17.39 16.59 - - - (25.92)27.97 23.15 19.21 16.03 13.53
1 (10.11) 8.11 - - - - (23.41) 23.65 19.69 17.29 14.69 12.53
3 - - - - - (23.40) 23.65 2028 17.30 1470 1254
5 - - - - - (23.45) 23.65 2027 17.24 14.67 NaN
10 - - - - - (23.41)23.51 20.26 NaN NaN NaN
1 0.5 (43.67) 4731 39.88  33.94 - - (58.20) 62.41 5268 4430 3752 3226
1 (36.05) 36.19 3235 2867 - - (55.24) 57.11 4979 4264 3664  32.64
3 (30.94) 31.06 25.82 - - - (55.42) 57.35 5071 4278 3681 31.83
5 - - - - - (55.16) 57.10 4967 4278 3680  31.89
10 - - - - - (55.17) 57.15 4977 4282 3682 31.90
15 0.5 (69.13) 73.95 63.12 5415 4682 4081 (90.32) 96.76 82.11 69.07 5893  50.65
1 (59.71) 59.95 5388 4806 4276 - (86.58) 90.18 7866  67.61 5815 50.54
3 (59.01) 59.00 53.63 4695 - - (86.22) 90.39 7837 67.69 5837 5123
5 (50.02) 50.40 6.43 - - - (86.72) 89.78 78.68 6774 5836 50.57
10 - - - - - (86.94) 90.09 7885 6753 5834  50.56
2 0.5 (943510092 86.44 7434 6442 5635 (121.54) 13124 11130 9424  80.17  69.32
1 (83.27) 83.59 7524 6742 60.08  53.33 (117.67)123.47 10732 9254 7953  69.07
3 (82.89) 82.93 7525 6748 6003 4893 (118.07) 12338 107.51 9234 7972 69.17
5 (82.85) 82.99 7534 67.46 - - (117.73)123.12 10738 9259 7978  69.11
10 - - - - - (11821)122.09 10737 9257  79.67  68.54
2.5 05  (119.52)127.84 10952 9445 8207  71.86 (157.01)165.49 140,75 11921  101.61  87.80
1 (106.91)107.04  96.88 8676  77.22  68.71 (148.59)155.77 13570 11740  101.02  87.42
3 (104.13)106.07  96.68  86.61 77.21 68.83 (149.61)156.23 13674 11736  100.59  87.56
5 (106.50) 10636 96.85  86.68 7722  68.87 (148.99)156.19  136.13  117.16  101.10  87.43
10 - - - - - (148.82)155.73 13595 11721  101.02  87.56
5 05  (245.45)261.89 22588 19508  169.82  149.08  (314.90)337.17 28796 24358  207.87  180.09
1 (223.63)225.69 20420 18179  163.53 14484  (306.26)320.98  279.90  241.12 20732  179.26
3 (224.59)224.71  203.69 18232  162.51 14493  (305.77)320.86  279.10  241.05 20757  179.07
5 (224.42)224.15 20401 18255  162.59 14496  (304.71)321.03  280.15 24127  207.61  179.91
10 (223.82)224.87 20340 18277  162.55 14499  (305.66)320.61  280.00  240.76  207.71  179.66

Note: The values inside and outside the brackets correspond to values for smooth and rough footings, respectively.
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Table 6 Mean and standard deviation values of g, (kPa) at L/B = 0 for strip footing adjoining excavation in full ranges of H/B (kB/c, = 2, 5, 10,
and 20)

soil-foundation interface ks, ¢ /(yB) kBlc,
2 5 10 20
mean SD mean SD mean SD mean SD
perfectly smooth (6 = 0) 0 0.5 30.815 0.786 48.053 0.106 67.964 0.696 102.523 0.262
1 69.612 0.770 100.595 0.284 139.357 0.832 207.688 0.493
1.5 107.844 0.818 152.684 0.900 211.327 0.789 312.741 1.199
2 145.546 1.262 205.260 0.480 281.812 0.766 417.853 3.601
2.5 183.780 1.018 256.138 3.828 351.594 4.670 520.176 5.783
5 373.843 2.012 519.978 1.179 711.589 2.853 1049.911 3.931
perfectly rough (6 = ¢) 0 0.5 33.670 0.963 53.424 0.221 78.258 0.195 118.253 0.182
1 74.420 1.245 112.295 0.127 160.953 0.413 239.816 0.822
1.5 115.307 1.595 170.893 0.563 243.082 0.336 361.418 1.629
2 155.714 2.151 229.932 0.270 325.793 0.714 481.924 1.824
2.5 195.892 0.279 288.513 0.523 407.711 0.441 603.755 1.865
5 400.044 4257 583.593 1.238 819.858 1.008 1209.966 3.708
0.1 0.5 28.150 0.523 44.114 0.296 62.366 0.357 87.737 0.282
1 64.305 2.403 92.831 0.055 126.802 3.630 176.942 0.636
1.5 97.916 0.580 141.305 0.166 194.301 0.563 265.494 0.043
2 133.031 0.608 190.020 0.327 261.087 1.682 355.263 1.215
2.5 168.077 1.533 239.038 0.061 325.944 0.855 443.232 0.504
5 340.585 1.416 481.650 1.252 654.638 2.429 887.860 0.159
0.2 0.5 23.475 0.235 35.222 0.168 45.208 0.082 50.202 0.643
1 52.963 0.172 73.754 0.371 91.647 0.243 100.013 0.053
1.5 82.280 0.055 112.580 0.245 137.792 0.175 150.032 0.122
2 110.817 1.310 151.083 0.259 184.189 0.013 200.382 0.352
2.5 140.504 0.360 189.712 0.248 231.015 1.019 250.026 0.039
5 286.315 0.198 381.161 3.303 462.136 0.042 500.155 0.253
0.3 0.5 19.676 0.112 28.020 0.029 32.434 0.013 33.351 0.013
1 44.787 0.534 58.439 0.178 64.022 1.273 66.668 0.022
1.5 69.095 0.077 88.851 0.046 96.815 1.719 100.637 0.725
2 93.576 0.072 119.163 0.085 131.212 1.654 133.657 0.320
2.5 118.018 0.747 149.359 0.152 164.591 0.013 166.754 0.098
5 240.140 0.319 300.617 0.115 329.714 0.244 332.034 3.257
0.4 0.5 16.638 0.062 22.754 0.017 24.676 0.692 25.022 0.017
1 37.971 0.225 46.925 0.005 50.021 0.021 49.654 1.270
1.5 58.701 0.015 71.157 0.390 74.992 0.400 75.179 0.371
2 79.523 0.237 93.692 2.628 100.029 0.051 100.158 0.116
2.5 100.142 0.006 118.822 0.031 125.184 0.308 125.028 0.027
5 203.310 0.436 238.356 0.544 249.886 0.299 248.301 3.859

The analysis results suggest that when kB/c, < 2, g, is presented for different /7/B ratios in Table 5. In contrast,
influenced by /B, whereas for higher values of kB/c, (2, the values of g, obtained for the different /7/B values and
5, 10, and 20), H/B minimally influenced ¢,. Hence, for each kB/c,, c /(yB), and k, are averaged in Table 6, and
each value of kB/c,, ¢ /(yB), and k,, the values of g, are the standard deviation is presented.
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5 Example

A 1 m width and perfectly rough strip footing is to be
constructed 2 m away from an excavation at a height of 5
m. Design charts should be used to evaluate the bearing
capacity of the strip footing. The undrained geotechnical
conditions are as follows: ¢, = 40 kPa, k = 400 kN/m*/m,
y =20 kN/m’, k, = 0.1.

Solution:

c,/(yB)=40/(20x 1) =2,
kB/c, =400/40 = 10,
L/B=2/1=2,

H/B=5.

Using Fig. 7(d) and considering ¢ /(yB) = 2 and kB/c, =
10 for L/B =2 and H/B =5,

4./(yB) =17.3.

Finally, the bearing capacity is obtained as g, = 17.3 %
20 x 1 =346 kPa.

6 Conclusions

Lower and upper bounds of the FELA were adopted to
compute the undrained seismic bearing capacity of a strip
footing sited close to a heterogeneous excavation. The
effects of several variables, including the setback distance
ratio (L/B), excavation height ratio (H/B), soil strength
heterogeneity  (kB/c,), and horizontal earthquake
coefficient (k,), on the normalized bearing capacity
(q,/(yB)) were evaluated. The conclusions of this study
are as follows.

1) The results of the proposed method were compared
with those of previous studies and demonstrated a good
agreement.

2) The threshold value depends on kB/c,, L/B, and H/B.
However, the first two parameters had a more significant
influence than the latter.

3)In all cases, g,/(yB) increased with an increase in
L/B and stabilized at a specific L/B value. Thus, an
optimum distance exists from the excavation at which the
footing can be placed safely because the bearing capacity
is maximum and does not change at further distances.

4) kB/c, significantly influenced the normalized bearing
capacity. In contrast, H/B was the least influential
variable on the bearing capacity.

5) An increase in k;, resulted in a decrease in the
normalized bearing capacity. In addition, at a high
horizontal earthquake coefficient, the effect of
heterogeneity on the maximum bearing capacity
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disappears, indicating that both heterogeneous and
homogenous soils have equal maximum bearing
capacities.
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