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ABSTRACT. This paper presents a model to estimate the minimum surface in plan of a
strip footing supporting a masonry wall or a concrete wall (uniformly distributed load),
assuming that the soil is elastic, the soil pressure distribution is linear and the surface
in contact with the soil works partiality in compression. The formulation is developed by
integration to estimate the resultant force “R” and a moment about the X axis “M,”.
Three cases are shown: Case I) When the area works entirely in compression; Case II)
When the area works partially in compression and the neutral azis falls within the flanges;
Case III) When the area works partially in compression and the neutral axis falls within
the web. Some works assume uniform soil pressure with the wall located at the center of
the footing, but do not consider the property boundaries that may occur in some cases.
Eight numerical examples are shown for determining the ground contact area for strip
footings under a uniformly distributed load. The main savings of the new model compared
to the current model are given in w, (width of the outer footing) # w; (width of the inner
footing) with 93.25%, while for w. = w; with 98.47%.

Keywords: Optimal area, Strip footings, Linear soil pressure distribution, Contact
surface partially compressed

1. Introduction. The strip footing is a type of shallow foundation that is responsible
for receiving the entire load of the walls of a construction. Its structure involves a flat
horizontal slab placed directly on the ground, to which columns with special characteristics
are added that make them the base support for the walls of the building.

There are two types of footings that are best known in the construction world: strip
footings and isolated footings. Although both are shallow foundations, they are used for
specific purposes. The most important characteristic that makes them different from each
other is that strip footings support the weight of an entire wall, while isolated footings
only support the weight of a column. On the other hand, in the case of strip footings, the
weight is supported in only one direction, while isolated footings have reinforcement in
two directions perpendicular to each other.
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Some studies show models to estimate the contact area in plan for various types of foun-
dations: Isolated footings (rectangular, square and circular) subjected to biaxial bending
[1-10]; Combined footings (rectangular, trapezoidal, strap, T-shaped and L-shaped or
corner) subjected to biaxial bending in each column [11-15]; Foundation slabs [16]. These
studies assume that the contact surface in plan works entirely in compression.

Several works present models for the complete design of footings for various types of
foundations: Isolated footings (rectangular, square and circular) subjected to biaxial bend-
ing [17-21]; Combined footings (rectangular, trapezoidal, strap, T-shaped and L-shaped
or corner) subjected to biaxial bending in each column [22-29]. These works assume that
the contact surface in plan operates entirely in compression.

Other authors propose models to estimate the contact surface in plan for various types
of foundations assuming that the contact surface of the soil works partially to compression
and the distribution of the soil pressure is linear: Isolated footings (rectangular, square and
circular) subjected to biaxial bending [30-42]; Rectangular combined footings subjected
to biaxial bending in each column [43].

Some papers show the complete design of footings for various types of foundations
assuming that the contact surface of the soil works partially to compression and the dis-
tribution of the soil pressure is linear: Isolated footings (rectangular, square and circular)
subjected to biaxial bending [44-46].

The studies on strip footings: Saleh et al. investigated the bearing capacity behavior
of strip footings subjected to eccentric and inclined loads through laboratory work and
numerical analysis [47,48]. Farzaneh et al. [49] studied the seismic bearing capacity for
strip footings subjected to concentric loads and the footings are located near cohesive
slopes using lower bound limit analysis. Sadoglu [50] developed an optimal model for the
design of a strip footing subjected to a horizontal load and a vertical load. Fang and
Shi [51] presented the lower limit solution of the load-bearing capacity of the foundation
under the strip footing according to Mohr’s parabolic failure criterion. Keawsawasvong
and Ukritchon [52] developed a practical method for the optimal design of a strip footing
subjected to a horizontal load and a vertical load. Mazouz et al. [53] showed a numerical
analysis performed to obtain the effect of underground void on the load-bearing capacity
of a strip footing located on a geogrid-reinforced and non-geogrid-reinforced sand slope
with a void inside. Yalaoui et al. [54] evaluated a strip footing settlement and bearing
capacity in sandy soil used geotextile and compared the unreinforced and reinforced soil
foundations by numerical analysis. Pusadkar et al. [55] investigated the bearing capacity
of strip footings resting on soils with multiple square voids. Jaiswal et al. [56] present-
ed the efficiency of strip footing on sand bed reinforced with multilayer geotextile with
wraparound ends.

According to the literature review, there are various works that study the behavior of
the load capacities and settlements of strip footings on the ground and for their sizing
they use the ratio of the load capacity of the soil, which is equal to the load of the wall
divided by the area (area working fully in compression), and other works are presented to
determine the minimum area and dimensions of rectangular and circular isolated footings
assuming that the surface in contact with the ground works partially in compression.
Therefore, there is no paper on the subject of optimal surface in plan for strip footings
assuming that the contact surface with soil works partially to compression.

This paper shows a model to find the minimum surface in plan of a strip footing
supporting a uniformly distributed load due to masonry or concrete walls, assuming that
the soil pressure distribution is linear, the soil is elastic, and the surface in contact with
the soil works partiality in compression. The methodology is formulated by integration
to determine the resultant force “R” and a moment about the X axis “M,”. Three cases
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are developed: Case I) When the area works entirely in compression or current model;
Case II) When the area works partially in compression and the neutral axis falls within
the flanges; Case I1I) When the area works partially in compression and the neutral axis
falls within the web. Some authors assumed that the area of the footing is equal to the
wall load divided by the bearing capacity of the soil because the wall located at the center
of the footing, but do not consider the property boundaries that may occur in some cases
(This study presented in this paper assumes the property boundary condition). Eight
numerical examples are shown for determining the ground contact area for strip footings
under a uniformly distributed load to verify.

The paper is structured as follows. Section 2 describes the formulation of the model
to determine the dimension of the strip footings assuming that contact surface with the
ground works partially to compression. Section 2.1 shows the equations for Case I (Area
works entirely in compression). Section 2.2 presents the equations for Case II (Area works
partially in compression and the neutral axis falls within the flanges). Section 2.3 shows
the equations for Case III (Area works partially in compression and the neutral axis falls
within the web). Section 2.4 presents the optimal surface for strip footings of the three
cases. Section 3 shows the numerical examples applied of the three cases for strip footings.
Section 4 presents the results. Section 5 shows the conclusions to complete the paper.

2. Formulation of the Model. Figure 1 shows two types of strip footings under biaxial
bending. Figure 1(a) presents a strip footing supporting a masonry wall. Figure 1(b) shows
a strip footing supporting a concrete wall.

Masonry wall - Concrete wall ~

Support beam or
distribution chain

Strip footing Strip footing

(a) Strip footing supporting a masonry wall (b) Strip footing supporting a concrete wall

F1GURE 1. Strip footing

J

The pressure generated by the soil “p,” anywhere on the foundation is

_ P My Mg
Ps =TT I

Y

(1)

where A = contact surface in plan of the foundation in m?, P = axial load applied to the
foundation in kN, M, and M, = moments applied on their respective axes, x and y =
coordinates of the foundation under study in kN-m, I, and /, = moments of inertia on
their respective axes in m*.

The solution to this type of footings is too simple. Since the first part of Equation
(1) is used, that is, only P/A, there is no information when the walls are located on the

property boundary.
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To solve the problem of walls on the property limits is shown in Figure 2. Figure
2(a) shows a transverse footing to the edge footing. Figure 2(b) presents two transverse
footings to the edge footing.
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(a) A transverse footing (b) Two transverse footings

F1GURE 2. Strip footing on the property boundary

In addition, “n” transverse footings to the edge footing can be considered.
Properties of the plan section of the footing are

A= L.w, +nL;w; (2)
_ Lewe? + nLiw;(L; 4+ 2w,) 3)
N 2(Lewe + nLjw;)

Le e3 iLiS 26_ e ? 26_Li_2 [ 2
[, = =<V ;m” + Low, (%) +nLiwi( e w) (4)

where L, = exterior wall length in m, L; = inner wall length in m, w, = width of the outer
footing in m, w; = width of the inner footing in m, n = number of transverse footings to
the edge footing, y. = distance from center of footing to outer edge in m, I, = moment
of inertia about the X axis.

Note: The moment about the Y axis and the moment of inertia about the Y axis are
not considered here, because it is assumed that the section is symmetrical with respect
to the Y axis.

In this study, three cases are shown. Case I: When the area works totally in compression
or current model. Case II: When the area works partially in compression and the neutral
axis falls within the flanges. Case III: When the area works partially in compression and
the neutral axis falls within the web.

Ye

2.1. Case I. When the area works totally in compression or current model (only moment
about the X axis, and the moment about the Y axis is zero) as shown in Figure 3.

Substituting M, = 0, A, y. and I, into Equation (1), the pressure at each vertex is
determined:

R M.,y
o = Pey = — 5
Ps1 = Ps2 1+ I, ()

R Mx(ye—we)
3 = Dss = Ps5 = Psg = — + ———L 6
Ps3 = Psa = Ps5 = Ps6 | I, ()




INT. J. INNOV. COMPUT. INF. CONTROL, VOL.21, NO.4, 2025 941

B R M, (ye — Li — we)
Ds7 = Psg = A + Ig: (7)

where R is the resultant force produced by the two walls in kN, y. is the distance from
the center of the foundation to the positive extreme fiber in m, w, is the width of the
exterior wall in m, and L; is the length of the interior wall in m.
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FIGURE 3. Case I or current model

The resultant force is
R=P+ P (8)
where P, = w1 L, and Py = nwy(L; + w. — b).
The moment about the X axis is

b Li+we+b
Mx:Pl(ye_§)+P2(T_ye) 9)

where w; = exterior wall load in kN/m, wy = interior wall load in kN/m, b = exterior
wall width in m.

2.2. Case II. When the area works partially in compression, the neutral axis falls within
the flanges w, < w, (only moment about the X axis, and the moment about the Y axis
is zero) as shown in Figure 4.

Pmax
. e e A e
Ye
Li Ay

CQF X

FIGURE 4. Case 11
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By pressure ratio it is
pZ — pmax

(10)
Wy — Ye + Y Wy
The pressure at anywhere of the footing is determined as follows:
Pmax\Wy — Ye + )
p. = Loaslts —pe 2 ) (11)
y
The resultant force is
2
R= / p.dxdy (12)
Ye—Wy _LT
Substituting Equation (11) into Equation (12) gives the following:
max Le
R = _ PmaxWy e (13)
2
The moment about the X axis is
Ye Le
M, = — / pzydzdy (14)
Ye—Wy 7%
Substituting Equation (11) into Equation (14) gives the following:
Mm — _pmaxwy é ) (15)

2.3. Case ITII. When the area works partially in compression, the neutral axis falls within
the web w, > w. (only moment about the X axis, and the moment about the Y axis is
zero) as shown in Figure 5.

Pmax

We &

Ye
Li y

FIGURE 5. Case 111

The resultant force is

Le Ye—
R= / / p.dxdy — n/ / p.dxdy (16)
e—We v — Ye— -

Substituting Equation (11) into Equatlon (16) gives the followmg:

Prmax [Lewe(Zwy — W) + nw;(we — wy)ﬂ

2w

R=—

Y
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The moment about the X axis is

Ye % Ye—We %
M, = —/ / p.ydxdy — n/ / p.ydxdy (18)
Ye—We _% Ye —Wy _%

Substituting Equation (11) into Equation (18) gives the following:

 Pmax {we(Le — nwy) [2we? + 6w,y — 3w, (we + wy)] + nwiw,*(ye — w,)}

M, =
6w,

(19)

2.4. Optimal surface for strip footings. The objective function to determine the
minimum area “A,;,” for the three cases is

Amin == Lewe + anwz (20)
The constraint functions for the three cases are shown in Table 1.

TABLE 1. Constraint functions for strip footings

Case Constraint functions
I Equations (2) to (9), Py = wyLe, Py = nwy(L; +w. —b), we and w; > b, w; < L./n,
Ds1 to Ds8 S Pmax, O S Ds1 to Ds8
Equations (13) and (15), P, = wiL., P» = nwy(L; + w. — b), w, and w; > b,
11
wy S We, W; S Le/n
Equations (17) and (19), P, = wyL. and P, = nws(L; + we — b), we,w; > b,
III
Wy Z We, Wy é Le/n

Figure 6 shows the flowchart to determine the minimum area of a strip footing to use
Maple software.

This procedure is used as follows.

1) It starts with the parameters known as ppax, wi, we, Le, b and n.

2) The objective function is determined by Equation (20).

3) The constraint functions for the three case are presented in Table 1.

4) Once the objective function and the constraint functions are known, the procedure
presented in Figure 6 is used to determine the solution of the examples for Case I (Apin,
Iy, We, Wi, Ye, Ly, Pr, Po, R, M, ps1, ps3 and ps7)> and for Cases II and III (Amina We, Wy,
Li7 P17 pg, R, Mx and U)y).

3. Numerical Problems. Eight examples for determining the minimum area “A.;,”
and the dimensions of strip footings are shown in Tables 2 to 9. The general data for
all examples are L, = 10.00 m; b = 0.30 m. Example 1: The parameters are w. # w;,
wy = wy = 120 kN/m, ppax = 200 kN/m?, n = 1, 2 and 3 (see Table 2). Example 2: The
parameters are w, = w;, wy; = wy = 120 KN/m, puax = 200 kN/m? n = 1, 2 and 3 (see
Table 3). Example 3: The parameters are w, # w;, w; = wy = 40 kKN/m, pp.x = 200
kN/m? n =1, 2 and 3 (see Table 4). Example 4: The parameters are w, = w;, w; = ws
=40 kN/m, ppax = 200 kN/m? n = 1, 2 and 3 (see Table 5). Example 5: The parameters
are w, # w;, wy; = wy = 120 KN/m, puax = 300 kN/m? n = 1, 2 and 3 (see Table 6).
Example 6: The parameters are w, = w;, w; = wy = 120 kKN/m, ppax = 300 kN/m?,
n =1, 2 and 3 (see Table 7). Example 7: The parameters are w, # w;, w; = wy = 40
kN /m, ppax = 300 kN/m?, n = 1, 2 and 3 (see Table 8). Example 8: The parameters are
we = w;, w; = wy = 40 kN/m, ppae = 300 kN/m? n = 1, 2 and 3 (see Table 9). These
examples are shown for walls located on property lines to demonstrate the advantages of
this model.
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Load the objective function Lew, + nL;w; and the constraint
functions and the known parameters py. Wi, Wi Lo, by 1t
v
Check if the equations are written correctly (objective function and constraint functions)
v
Optimization
[\
Optimization assistant
v
It is assumed that all variables are non-negative
v
The instructions are:
Local default
Minimize
Optimality Tolerance: default
Interaction Limit: default
Infinite limit: default
v
Click on solve
ininiaieieininieiii 2
Limit the decision variables |_ No _ BT . 1o Yes
R, Py, P2, My, w, W L; < -< The solution is obtained?
FI1GURE 6. Flowchart for using Maple software
TABLE 2. Dimensions of the footings for w, # w;, w; = ws = 120 kN /m,
Pmax = 200 kN /m?
Caseln Pl P2 R Afz Lz We W; Wy Ps1 Ps3 Ps7 Pmax Amin
(kN) | (kN) | (kN) | (kN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
I 1200.00(2583.39|3783.39|14460.70({21.51| 0.32 | 1.48| — | 200.00 | 197.06 0 200.00 | 35.14
IT |1]1200.00| 402.93 {1602.93| 2075.07 | 0 | 3.66 |5.71|1.60 — — — 200.00 | 36.58

I1I 1200.00| 607.02 |1807.02| 2849.00 | 4.57 | 0.79 |3.65|2.61 — — — 200.00 | 24.59
1 1200.00|2509.57|3709.57| 6650.37 | 0.06 {10.70|5.00| — 68.97 0.39 0 68.97 |107.57
IT |2]1200.00| 701.51 {1901.51| 1859.01 | 0 |3.22{0.30|1.90 — — — 200.00 | 32.23
111 1200.00{1141.57|2341.57| 3003.87 | 4.21 | 0.84 |2.22|3.42 — — — 200.00 |27.13
I 1200.00{2565.48|3765.48| 4660.63 | 0 |7.43(0.30| — | 101.41 0 0 101.41 | 74.26
IT |3]1200.00]1033.02(2233.02| 1876.65 | 0.94 | 2.23 |3.33|2.23 — — — 200.00 | 31.70
111 1200.00{1367.65|2567.65| 2510.70 | 3.24 | 0.86 |2.21|3.12 — — — 200.00 |30.11

TABLE 3. Dimensions of the footings for w, = w;, w; = wy = 120 kN/m,
Pmax = 200 kN /m?

C . Pl P2 R A/[:r L1 We Wy Wy Ds1 DPs3 Ds7 Pmax Amin
BNy | (6N) | (kN) | (KN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
I 1200.00|2454.40|3654.40{12640.15|10.75/10.00{10.00| — 35.22 18.25 0 35.22 |207.53
IT {1]1200.00| 402.93 |1602.93| 2075.07 | 0 | 3.66 | 3.66 | 1.60 — — — 200.00 | 36.58
III | ]1200.00|1315.27|2515.27| 7011.50 | 9.66 | 1.60 | 1.60 |3.16 — — — 200.00 | 31.48
I 1200.00|2509.57|3709.57| 6650.37 | 5.76 | 5.00 | 5.00 | — 68.97 36.91 0 68.97 |107.57
IT |2]1200.00] 701.51 |1901.51| 1859.01 | 0 |3.22|3.22[1.90 — — — 200.00 | 32.23
IIT | {1200.00]1751.82(2951.82| 5199.77 | 6.24 | 1.36 | 1.36 |4.64 — — — 200.00 | 30.58
1 1200.00|2565.483765.48| 4660.63 | 4.09 | 3.33 | 3.33 | — | 101.41 55.89 0 101.41 | 74.26
IT |3/1200.00{1033.02{2233.02| 1876.65 | 0 |3.17|3.17(2.23 — — — 200.00 | 31.70
IIT | {1200.00]1227.77(2427.77| 2233.95 | 1.28 | 2.43 | 2.43 | 2.43 — — — 200.00 | 33.62
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TABLE 4. Dimensions of the footings for w, # w;, w; = ws = 40 kN/m,
Pmax = 200 kN/rn2
Caseln Pl P2 R ]\(4‘1/ LL We w; Wy DPs1 DPs3 Dst . Pmax Am}n
(kN) | (kN) | (kN) | (kN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
I 400.00| 0 |400.00 0 0 10.30|7.79] — | 133.33 | 133.33 | 1333.33 | 133.33 | 3.00
II |1{400.00|17.72|417.72| 29.08 ]0.33]0.42| 0 |0.42 — — — 200.00 | 4.18
11 400.00|22.20|422.20| 17.98 ]0.55|0.30]0.30|0.50 — — — 200.00 |3.17
1 400.00| 0 {400.00 0 0 10.3010.30| — 133.33 133.33 | 1333.33 | 133.33 | 3.00
IT ]2]400.00|23.49(423.49| 32.85 |0.17[0.42|0.30|0.42 - - - 200.00 | 4.34
11 400.00|27.62|427.62| 16.67 |0.37/0.30/0.30]0.51 — — — 200.00 | 3.21
I 400.00| 0 |400.00 0 0 10.30(3.33] — | 133.33 | 133.33 | 1333.33 | 133.33 |3.00
I |3]400.00|26.69{426.69| 32.55 [0.10]0.43|0.30|0.43 — — — 200.00 | 4.35
III | {400.00{30.30{430.30| 15.56 |0.25]0.30/0.30|0.51 — — — 200.00 | 3.23
TABLE 5. Dimensions of the footings for w, = w;, w; = we = 40 kN/m,
P = 200 kN /m?
Caseln Pl P2 R A/Iz Ll We W; Wy Ps1 Ps3 DPst Prmax Amin
(kN) | (kN) | (kN) | (kN-m)| (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
1 400.00|818.13|1218.13|4213.38 |10.75|10.00{10.00| — 11.74 6.08 0 11.74 1207.53
IT [1{400.00| 18.50 | 418.50 | 34.50 | 0.34 | 0.42 | 0.42 |0.42 - — — 200.00 | 4.33
II1 400.00| 22.20 | 422.20 | 17.98 | 0.55|0.30 | 0.30 | 0.50 - - — 200.00 | 3.17
1 400.001836.52{1236.52|2216.79 | 5.76 | 5.00 | 5.00 | — 22.99 12.30 0 22.99 |107.57
IT {2(400.00| 23.84 | 423.84 | 34.21 |0.17 | 0.42|0.42 [0.42 - - — 200.00 | 4.39
I 400.00| 27.62 | 427.62 | 16.67 | 0.35|0.30 | 0.30 | 0.51 — — — 200.00 | 3.21
I 400.001855.16{1255.16| 1553.54 | 4.09 | 3.33 | 3.33 | — 33.80 18.63 0 33.80 | 74.26
IT [3]400.00| 27.07 | 427.07 | 33.62 | 0.10 | 0.43 | 0.43 |0.43 - — — 200.00 | 4.40
11 400.00| 30.30 | 430.30 | 15.56 | 0.25]0.30 | 0.30 |0.51 - — — 200.00 | 3.23
TABLE 6. Dimensions of the footings for w, # w;, w; = we = 120 kN /m,
Pmax = 300 kN/m2
Caseln Pl P2 R AIT L1 We Wi Wy Ps1 Ds3 Pst Pmax Amin
(kN) | (kN) | (kN) | (kN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
1 1200.00|2454.40(3654.40|12640.15| 9.31 |11.44|10.00| — 35.22 15.80 0 35.22 1207.53
IT |1/1200.00| 267.76 |1467.76| 1378.99 | 0 | 2.53 |10.00{0.98 — — — 300.00 |25.31
I11 1200.00| 655.58 |1855.58| 2939.10 | 5.25 | 0.52 | 1.69 |2.73 — — — 300.00 |14.01
I 1200.00{2771.76|2971.76| 8269.12 |11.55/ 0.30 | 0.91 | — | 300.00 | 292.40 0 300.00 | 24.09
IT 12]1200.00| 452.73 |1652.73| 1199.72 | 0.01 | 2.18 | 5.00 | 1.10 — - - 300.00 | 21.86
I 1200.00{ 886.11 |2086.11| 2223.88 | 3.45 | 0.54 | 1.56 |2.34 — - — 300.00 |16.20
1 1200.00{2565.48|3765.48| 4660.63 | 0 |7.43|3.32| — 101.41 0 0 101.41 | 74.26
IT 13]1200.00| 715.74 |1915.74| 1274.57 | 0.29 | 2.00 | 2.00 | 1.28 — — - 300.00 |21.73
11 1200.00| 643.60 |1843.60( 1169.20 | 0.86 | 1.23 | 3.33 |1.23 — — — 300.00 | 20.88
TABLE 7. Dimensions of the footings for w, = w;, w; = we = 120 kN /m,
Pmax = 300 kN /m?
Caseln Pl P2 R ]\/jx Lz We Wi Wy Ps1 Ps3 . Pst Pmax Amin
(kN) | (kN) | (kN) | (kN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?)| (m?)
I 1200.00{2454.40|3654.40{12640.15|10.75{10.00{10.00| — 35.22 18.25 0 35.22 1207.53
IT 11]1200.00| 267.76 |1467.76| 1378.99 | 0 |2.53 | 2.53 |0.98 — — — 300.00 | 25.31
I 1200.00{1210.01|2410.01] 6252.36 | 9.11 | 1.27 | 1.27 [1.70 - - - 300.00 |24.33
I 1200.00{2509.57|3709.57| 6650.37 | 5.76 | 5.00 | 5.00 | — 68.97 36.91 0 68.97 |107.57
IT 12]1200.00| 452.73 |1652.73| 1199.72 | 0 |2.19|2.19 |1.10 — — — 300.00 | 21.86
11 1200.00{1341.46|2541.46{ 3690.82 | 4.81 | 1.08 | 1.08 |2.06 — — — 300.00 | 21.18
1 1200.00{2565.48|2765.48| 4660.63 | 4.09 | 3.33 | 3.33 | — 101.41 55.89 0 101.41 | 74.26
IT 13]1200.00| 643.60 |1843.60| 1169.20 | 0 | 2.09 | 2.09 |1.23 — — — 300.00 | 20.88
11 1200.00{1112.90|2312.90| 1993.93 | 1.85 | 1.54 | 1.54 |1.54 — — — 300.00 | 23.97
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TABLE 8. Dimensions of the footings for w, # w;, w; = ws = 40 kN/m,
P = 300 kN /m?

Pl P2 R ]\/-/[JL LL We Wy W, Ps1 Ps3 Ps7 Pmax Amin
Case|n Y

(kN) | (kN) | (kN) | (kN-m) | (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)

I 400.00f 0 {400.00, 0 0 0.30|8.19| — | 133.33 | 133.33 | 1333.33 | 133.33 | 3.00

IT |1{400.00{37.40|437.40| 23.09 [0.94{0.30] 0 |0.29 - - - 300.00 | 3.00

IIT | [400.00|50.00(450.00f 95.62 |1.25(0.30(0.640.30 — — — 300.00 | 3.80
I 400.00; 0 |400.00 0 0 10.3010.30| — | 133.33 | 133.33 | 1333.33 | 133.33 | 3.00
IT |2]400.00|58.06|458.06| 52.44 |0.72]0.31/0.30|0.31 — — — 300.00 | 3.49
ITT | |400.00|57.84|457.84| 51.69 |0.72]0.30]0.30{0.31 — — — 300.00 | 3.43
I 400.00; 0 |400.00 0 0 10.3013.33| — | 133.33 | 133.33 | 1333.33 | 133.33 | 3.00
IT [3]400.00|70.29{470.29| 53.96 |0.57]0.31]0.30{0.31 — — — 300.00 | 3.65
IIT | |400.00{69.52{462.52| 52.08 |0.58]0.30/0.30|0.31 — — — 300.00 | 3.52

TABLE 9. Dimensions of the footings for w, = w;, w; = we = 40 kN/m,
P = 300 kN /m?

Caseln Pl P2 R ]\/fz L’L We W; Wy Ps1 Ps3 Pst Prmax Amin
(kN) | (kN) | (kN) | (kN-m)| (m) | (m) | (m) | (m) | (kN/m?) | (kN/m?) | (kN/m?) | (kN/m?) | (m?)
1 400.00|818.13|1218.13|7448.7210.75|10.00{10.00| — 11.74 6.08 0 11.74 |207.53
IT |1/400.00| 41.92 | 441.92 | 51.14 | 1.05|0.30 | 0.30 {0.29 — — — 300.00 | 3.31
III 400.001395.35| 795.35 | 2025.00 | 9.81 | 0.38 | 0.38 | 0.63 — — — 300.00 | 7.45
I 400.00(836.52|1236.52{2216.79 | 5.76 | 5.00 | 5.00 | — 22.99 12.30 0 22,99 |107.57
IT |2/400.00| 58.27 | 458.27 | 53.10 |0.72]0.31|0.31 |0.31 — — — 300.00 | 3.50
111 400.00| 57.84 | 457.84 | 51.69 |0.72]0.30 | 0.30 |0.31 — — — 300.00 | 3.43
I 400.00(855.16|1255.16{ 1553.54 | 4.09 | 3.33 | 3.33 | — 33.80 18.63 0 33.80 | 74.26
IT |3/400.00| 71.10 | 471.10 | 55.75 | 0.58 | 0.31 | 0.31 |0.31 — — — 300.00 | 3.69
I 400.00] 69.52 | 469.52 | 52.08 |0.58 | 0.30 | 0.30 |0.31 — — — 300.00 | 3.52

4. Results. Table 2 shows the first example and the following can be observed: In all
cases P is constant. As n increases, P» and R tend to decrease until n = 2 and then
increases in Case I and in Cases II and III it increases; M, tends to decrease in Case I,
in Case II it tends to decrease until n = 2 and then increases and in Case III it tends to
increase until n = 2 and then decreases; L; tends to decrease in Cases I and III, in Case
IT it is zero for n = 1 and 2 and in n = 3 it has value; w, and A,,;, tend to increase until
n = 2 and then decrease in Case I, in Case II it tends to decrease and in Case III it tends
to increase; w; tends to increase until n = 2 and then decrease in Case I, in Case II it
tends to decrease until n = 2 and then increase and in Case III it tends to decrease. The
smallest A, for each n appears in Case III and the largest A, for each n appears in
Case 1.

Table 3 presents the second example and the following can be observed: In all cases P;
is constant. As n increases, P, and R tend to increase in Cases I and II and in Case III
tends to increase until n = 2 and then decreases; M, tends to decrease in Cases I and III,
it tends to decrease until n = 2 and then increases; L; tends to decrease in Cases I and
ITI, in Case II it is zero for all cases; w,, w; and A, tend to decrease in Cases I and II
and in Case III it tends to decrease until n = 2 and then increase. The smallest A,,;, for
each n appears in Case III for n = 1 and 2 and in Case II for n = 3 and the largest A,
for each n appears in Case I.

Table 4 shows the third example and the following can be observed: In all cases P; is
constant. As n increases, P, and R are constant in Case I and in Cases II and III they
tend to increase; M, is zero in Case I, in Case II it tends to increase until n = 2 and then
decreases and in Case III it tends to decrease; L; is zero in Case I, in Cases II and III
it tends to decrease; w, is constant in Cases I and III and in Case II it is constant in n
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=1 and 2 and in n = 3 it increases; w; tends to decrease until n = 2 and then increase
in Case I, in Case II it tends to increase until n = 2 and then it is constant and in Case
IIT it is constant; A, is constant in Case I and in Cases II and III it tends to increase;
The smallest A,,;, for each n appears in Case I and the largest A,;, for each n appears
in Case II.

Table 5 presents the fourth example and the following can be observed: In all cases P;
is constant. As n increases, P, and R tend to increase in all cases; M, and L; tend to
decrease in all cases; w, and w; tend to decrease in Case I, in Case II it is constant in n =
1 and 2 and in n = 3 it increases and in Case III it is constant; A,,;, tends to decrease in
Cases I and III and in Case II it tends to increase. The smallest A, for each n appears
in Case III and the largest A,,;, for each n appears in Case 1.

Table 6 shows the fifth example and the following can be observed: In all cases P; is
constant. As n increases, P, and R tend to increase until n = 2 and then decrease in
Cases I and III and in Case II it increases; M, tends to decrease in Case I, in Case II it
tends to decrease until n = 2 and then increases and in Case III it tends to decrease; L;
tends to increase until n = 2 and at n = 3 it is zero, in Case II it tends to increase and in
Case I1I it tends to decrease; w, and A, tend to decrease until n = 2 and then increase
in Case I, in Case II it tends to decrease and in Case III it tends to increase; w; tends
to decrease until n = 2 and then increase in Cases I and III and in Case II it tends to
decrease. The smallest A,,;, for each n appears in Case III and the largest A, for each
n appears in Case 1.

Table 7 presents the sixth example and the following can be observed: In all cases P;
is constant. As n increases, P, and R tend to increase in Cases I and II and in Case III
tends to increase until n = 2 and then decreases; M, tends to decrease in Cases I, IT and
I1I; L; tends to decrease in Cases I and III, in Case II it is zero for all cases; w,, w; and
Anin tend to decrease in Cases I and II and in Case III it tends to decrease until n = 2
and then increase. The smallest A,;, for each n appears in Case III for n = 1 and 2 and
in Case II for n = 3 and the largest A,,;, for each n appears in Case I.

Table 8 shows the seventh example and the following can be observed: In all cases P,
is constant. As n increases, P» and R are constant in Case I and in Cases I and III they
tend to increase; M, is zero in Case I, in Case II it tends to increase and in Case III it
tends to decrease until n = 2 and then increase; L; is zero in Case I and in Cases II and
IIT it tends to decrease; w, is constant in Cases I and III and in Case II it is constant in n
=1 and in n = 2 and 3 it increases; w; tends to decrease until n = 2 and then increases
in Case I, in Case II is zero in n = 1 and in n = 2 and 3 it increases and in Case III it
tends to decrease; A, is equal in Case I, in Case II it tends to increase and in Case 111
it tends to decrease. The smallest A,;, for each n appears in Case I and the largest A,
for each n appears in Case III for n = 1 and in Case II for n = 2 and 3.

Table 9 presents the eighth example and the following can be observed: In all cases P;
is constant. As n increases, P, and R tend to increase in Cases I and II and in Case III
tend to increase until n = 2 and then increase; M, tends to decrease in Case I, in Case 11
it tends to increase and in Case III it tends to decrease until n = 2 and then increases; L;
tends to decrease in all cases; w, and w; tend to decrease in Cases I and III and in Case
IT it tends to increase; A, tends to decrease in Case I, in Case II it tends to increase
and in Case III it tends to decrease until n = 2 and then increase. The smallest A,,;, for
each n appears in Case II for n = 1 and in Case III for n = 2 and 3 and the largest A,
for each n appears in Case 1.

Figure 7 shows the minimum areas for the strip footings of the eight examples.
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FIGURE 7. Minimum areas for strip footings of the eight examples
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Figure 7(a) presents a difference of 1.04 (Case II) and 0.70 (Case III) in n = 1, in n
= 2 they have a difference of 0.30 (Case II) and 0.25 (Case III), and n = 3 they have a
difference of 0.43 (Case II) and 0.41 (Case III) with respect to Case L.

Figure 7(b) shows a difference of 0.18 (Case II) and 0.15 (Case III) inn =1, in n =
2 they have a difference of 0.30 (Case II) and 0.28 (Case III), and n = 3 they have a
difference of 0.43 (Case II) and 0.45 (Case III) with respect to Case L.

Figure 7(c) presents a difference of 1.39 (Case II) and 1.06 (Case III) inn = 1, in n
= 2 they have a difference of 1.45 (Case II) and 1.07 (Case III), and n = 3 they have a
difference of 1.45 (Case II) and 1.08 (Case III) with respect to Case 1.

Figure 7(d) shows a difference of 0.02 (Case II) and 0.02 (Case III) inn =1, in n =
2 they have a difference of 0.04 (Case II) and 0.03 (Case III), and n = 3 they have a
difference of 0.06 (Case II) and 0.04 (Case III) with respect to Case L.

Figure 7(e) presents a difference of 0.12 (Case II) and 0.07 (Case III) in n = 1, in n
= 2 they have a difference of 0.91 (Case II) and 0.67 (Case III), and n = 3 they have a
difference of 0.29 (Case II) and 0.28 (Case III) with respect to Case 1.

Figure 7(f) shows a difference of 0.12 (Case II) and 0.12 (Case III) inn =1, in n =
2 they have a difference of 0.20 (Case II) and 0.20 (Case III), and n = 3 they have a
difference of 0.28 (Case II) and 0.32 (Case III) with respect to Case L.

Figure 7(g) presents a difference of 1.00 (Case II) and 1.27 (Case III) in n = 1, in n
= 2 they have a difference of 1.16 (Case II) and 1.15 (Case III), and n = 3 they have a
difference of 1.22 (Case II) and 1.17 (Case I1I) with respect to Case L.

Figure 7(h) shows a difference of 0.02 (Case II) and 0.04 (Case IIl) inn = 1, in n =
2 they have a difference of 0.03 (Case II) and 0.03 (Case III), and n = 3 they have a
difference of 0.05 (Case II) and 0.05 (Case III) with respect to Case 1.

5. Conclusions. This paper presents a model to estimate the minimum surface in plan
of a strip footing supporting a masonry wall or a concrete wall (uniformly distributed
load), assuming that the soil is elastic, the soil pressure distribution is linear and the
surface in contact with the soil works partiality in compression.

In this investigation three cases are shown. Case I: When the area works totally in
compression or current model. Case II: When the area works partially in compression
and the neutral axis falls within the flanges. Case III: When the area works partially in
compression and the neutral axis falls within the web.

This work consists of estimating the width (w, and w;), inner wall length (L;) and
the position where pressure is zero “w,” of a strip footing subjected to uniaxial bending,
taking account of the objective function (minimum area) and the constraint functions
that shows in Table 1.

The contributions of this paper are as follows.

1) Some works assume uniform soil pressure with the wall located at the center of the
footing, but do not consider the property boundaries that may occur in some cases.

2) The minimum area in Case I appears when the soil pressure on the footing is uniform
for all n (see Tables 4 and 8).

3) When w; or L; are equal to zero, the footing is rectangular (see Tables 2, 3, 4, 6, 7
and 8).

4) When P, and M, are equal to zero, the footing is rectangular (see Tables 4 and 8).
This means that the resultant force is located in the center of the footing.

5) The minimum area in Case II appears in n = 3, when w, = w; and w, > w, (see
Tables 3 and 7).

6) The main savings with respect to Case I occur at n = 1 for w, # w; with 93.25%,
while for w, = w; with 98.47%.
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7) This model can be applied to different soil types, structural loads or geographical
regions [16].

Future suggestions for the research are

1) Experimental analysis of the plan surface for strip footings assuming that the contact
surface with the ground works partially under compression;

2) Minimum cost design for a strip footing taking account of that the area in contact
with the soil works partially in compression;

3) Minimum area in plan for a strip footing supporting an entire building, assuming
that the surface in contact with the ground works partially under compression.

(1]
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8]
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