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Abstract. This paper presents a new model to determine the minimum design cost of a
strip footing to obtain the longitudinal and transverse steel area, the thickness, assuming
that the soil is elastic, the distribution of soil pressures is linear and the surface in con-
tact with the soil is partially compressed. The equations for determining the minimum
area in plan are previously described by the same authors in a complementary article.
Some studies consider a constant soil pressure beneath the foundation because the wall is
located at the center of the base, but they do not take account of the property lines that
may appear in many cases (Area works entirely under compression). The formulation is
shown by integration to investigate moments and shear forces at critical sections accord-
ing to the ACI code (Area is partially compressed). Four numerical studies are presented
to obtain the minimum design cost of strip footings subjected to a uniformly distribut-
ed load on all walls. The results show that the new model is more economical than the
current model except when the pressure generated by the soil on the footing is uniform,
and the greatest savings occur at 98.89% compared to the current model; therefore, it is
recommended to use the new model to solve boundary problems.
Keywords: Optimal cost design, Stripfootings, Linear soil pressure distribution, Con-
tact area partially compressed

1. Introduction. A strip footing is a type of shallow foundation used to collect and
distribute the loads of three or more pillars. This structure transfers loads to the ground
through load-bearing walls constructed of concrete, brick, block, stone, or other mate-
rials. Strip footing foundations offer significant structural advantages, but their optimal
performance depends on proper construction.

The choice of the type of strip footing to implement depends on the loads it must
support and the structural characteristics of the project. In the construction field, two
main types of strip footings are recognized.

1) The central strip footing is placed directly beneath the main load-bearing walls,
optimizing load distribution to the ground. Its symmetrical design with respect to the
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wall axis allows for efficient and uniform stress transmission, significantly reducing the
risk of landslides or differential settlement.
2) The boundary strip footing is a perimeter foundation designed to support the loads

of walls and pillars located near property boundaries. This type of footing allows for
adequate load distribution, especially when the loads are eccentric, that is, when they do
not rest on the centroid of the structure.
Figure 1 shows the distribution of soil pressure under a foundation according to the

soil type and the foundation stiffness. Figure 1(a) presents a rigid foundation on sandy.
Figure 1(b) shows a rigid foundation on clay. Figure 1(c) presents a flexible foundation
on sandy. Figure 1(d) shows a flexible foundation on clay. Figure 1(e) presents a uniform
distribution used in the current design [1].

(a) (b) (c) (d) (e)

Figure 1. Distribution of the soil pressure under foundation

The main studies on isolated footings, combined footings and foundation slabs have
been analyzed in the previous work proposed by Luévanos-Soto et al. [2], where the
articles cited to determine the minimum area under the footing are shown in [3-18] and to
obtain the minimum cost for the complete design are shown in [19-31]. All these articles
assumed that the contact area beneath the foundation soil is working entirely under
compression. Articles are also cited where it is assumed that the area in contact with
the soil is partially working in compression for rectangular, square and circular isolated
footings [32-44] and for rectangular combined footings [45] to determine the minimum
area under the footing, and for the complete design of rectangular, square and circular
isolated footings [46-48]. Other articles cited in this work determine the load capacity of
strip footings under different types of loads [49-58].
According to the literature review, several studies address the bearing capacity and

settlement of strip footings supported on ground [49-58], and other works present complete
designs for rectangular, square, and circular isolated footings (area in contact with the
ground partially compressed) [46-48]. Therefore, no work exists on the minimum design
cost for strip footings assuming that the area in contact with the ground is partially in
compression.
This article describes a model to determine the minimum design cost for strip footings

assuming that the area in contact with the ground is partially in compression to determine
the longitudinal and transverse steel area and the thickness, and this model is based on
data such as Amin (minimum area), Le (length of outer wall), Li (length of inside wall),
we (width of the outer foundation), wi (width of the inside foundation), b (width of outer
wall), ye (distance from the center of the base to the outer edge of the base) presented
by Luévanos-Soto et al. [2]. Some studies consider a constant soil pressure beneath the
foundation because the wall is located at the center of the base, but they do not take
account of the property lines that may appear in many cases (Area works entirely under
compression). Four numerical studies are presented to determine the minimum design cost
of strip footings subjected to a uniformly distributed load on all walls. A comparison is
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made between the current model and the new model to verify the advantages of the new
model over the current model.

The paper is organized as follows. Section 2 presents the formulation of the model
to obtain the minimum design cost of a strip footing (current model and new model)
assuming that contact surface with the ground is partially compressed. Subsection 2.1
describes the equations for case I or current model (Area works entirely in compression).
Subsection 2.2 shows the equations for case II or new model (Area works partially in
compression and the neutral axis falls within the flanges). Subsection 2.3 describes the
equations for case III or new model (Area works partially in compression and the neutral
axis falls within the web). Subsection 2.4 presents the equations for the minimum design
cost of a strip footing. Section 3 shows the numerical studies applied to the three models
for a strip footing. Section 4 presents the results. Section 5 shows the conclusions to
complete the paper.

2. Formulation of the Model. This work is formulated under the assumption: the
foundation is totally rigid and rests on an elastic and homogeneous soil, that is, the soil
pressure under the foundation behaves linearly according to Bowles [1], and McCormac
and Brown [59].

The ultimate or factored soil pressure “pus” at any point at the base of a foundation is
determined from Equation (1) of Luévanos-Soto et al. [2]:

pus =
Pu

A
+

Muxy

Ix
+

Muyx

Iy
(1)

where Pu is the ultimate axial load in kN, Mux is the ultimate moment on the X axis in
kN-m, Muy is the ultimate moment on the Y axis in kN-m, x and y are the coordinates of
the pressure point under study in m, A is the area of the footing seen in plan in m2, and Ix
and Iy are the moments of inertia on the X and Y axes in m4. Pu = 1.2PD (dead load) +
1.6PL (live load), Mux = 1.2MDx (dead load moment) + 1.6MLx (live load moment),
Muy = 1.2MDy (dead load moment) + 1.6MLy (live load moment) [60].

When the strip footings are not limited, the first part of Equation (1) is used for design,
i.e., only Pu/A. Now, to solve the problem of border walls along property lines, transverse
walls to the border wall are proposed to prevent overturning.

Figure 2 represents a strip footing that supports two types of walls. Figure 2(a) indi-
cates a footing supporting masonry walls. Figure 2(b) indicates a footing that supports
reinforced concrete walls.

(a) Footing that supports masonry walls (b) Footing that supports concrete walls

Figure 2. Strip footing
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(a) One transverse footing (b) Two transverse footings (c) Three transverse footings

Figure 3. Border strip footing

Figure 3 indicates a border strip footing with one, two and three transverse footings.
Substituting Muy = 0 (symmetrical walls in load and geometry with respect to the Y

axis) and Ru (ultimate resultant force in kN) by Pu into Equation (1), the overall pressure
is obtained:

pus =
Ru

A
+

Muxy

Ix
(2)

where Ru = Pu1 +Pu2, Pu1 = wu1Le, Pu2 = nwu2(Li +we − b), wu1 is the ultimate load of
the outer wall in kN/m, n is the number of foundations transverse to the outer foundation,
and wu2 is the ultimate load of the inside wall in kN/m.
The ultimate moment on the X axis is [2]:

Mux =
Pu1(2ye − b) + Pu2(Li + we + b− 2ye)

2
(3)

The properties of the base of a strip footing are indicated in Equations (2) to (4) of
Luévanos-Soto et al. [2].

2.1. Case I. When the contact surface is working entirely in compression or the current
model (the moment appears on the X axis and the moment does not appear on the Y
axis).
Figure 4 represents the sections of case I for ultimate moments and ultimate shears

acting on the footing.

2.1.1. Ultimate moments. The ultimate moment on the “a” axis acting on the footing is
obtained:

Mua =
Pu1b

2
−
∫ ye

ye−b

∫ Le
2

−Le
2

pus(y − ye + b)dxdy (4)

The ultimate moment on the “b” axis acting on the footing is determined:

Mub =
Pu1(2we − b)

2
+

nwu2(we − b)2

2
−

∫ ye

ye−we

∫ Le
2

−Le
2

pus(y − ye + we)dxdy (5)

The ultimate moment on the “f” axis acting on the footing is obtained:

Muf =
Pu1(2Li + 2we − b)

2
+

nwu2(Li + we − b)(3Li + 3we + b− 4ye)

2

−
∫ ye

ye−we

∫ Le
2

−Le
2

pus(y − ye + Li + we)dxdy
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−n

∫ ye−we

ye−Li−we

∫ wi
2

−wi
2

pus(y − ye + Li + we)dxdy (6)

(a) Ultimate moments (b) Ultimate shears

Figure 4. Critical sections of case I for moments and shears

Also, it can be expressed as follows:

Muf =
Pu1(2Li + 2we − b)

2
+

Pu2(3Li + 3we + b− 4ye)

2

−
∫ ye

ye−we

∫ Le
2

−Le
2

pus(y − ye + Li + we)dxdy

−n

∫ ye−we

ye−Li−we

∫ wi
2

−wi
2

pus(y − ye + Li + we)dxdy (7)

2.1.2. Ultimate bending shears. The ultimate bending shear on the “c” axis acting on the
footing is obtained:

Vuc = Pu1 + nwu2d−
∫ ye

ye−b−d

∫ Le
2

−Le
2

pusdxdy (8)

where d is the effective depth of the foundation.
The ultimate bending shear on the “b” axis acting on the footing is obtained:

Vub = Pu1 + nwu2(we − b)−
∫ ye

ye−we

∫ Le
2

−Le
2

pusdxdy (9)

The ultimate bending shear on the “f” axis acting on the footing is determined:

Vuf = Pu1 + nwu2(Li + we − b)−
∫ ye

ye−we

∫ Le
2

−Le
2

pusdxdy − n

∫ ye−we

ye−Li−we

∫ wi
2

−wi
2

pusdxdy (10)

Also, it can be expressed as follows:

Vuf = Pu1 + Pu2 −
∫ ye

ye−we

∫ Le
2

−Le
2

pusdxdy − n

∫ ye−we

ye−Li−we

∫ wi
2

−wi
2

pusdxdy (11)
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2.2. Case II. When the contact surface is working partially in compression, the neutral
axis falls inside the flanges, i.e., wy ≤ we (the moment appears on the X axis and the
moment does not appear on the Y axis).
The ultimate pressure at any point of the footing “puz” using Equation (9) of Luévanos-

Soto et al. [2] is determined:

puz =
pusmax(wy − ye + y)

wy

(12)

where pusmax is the ultimate maximum pressure in kN/m2, and y is the coordinate of the
foundation on the Y axis in m.
Figure 5 represents the sections of case II for ultimate moments and ultimate shears

acting on the footing.

(a) Ultimate moments (b) Ultimate shears

Figure 5. Critical sections of case II for moments and shears

2.2.1. Ultimate moments. The ultimate moment on the “a” axis acting on the footing is
obtained:

Mua =
Pu1b

2
−
∫ ye

ye−b

∫ Le
2

−Le
2

puz(y − ye + b)dxdy (13)

The ultimate moment on the “f” axis acting on the footing is obtained:

Muf =
Pu1(2wy − b)

2
+

nwu2(Li + we − b)(2wy − Li − we + b)

2

−
∫ ye

ye−wy

∫ Le
2

−Le
2

puz(y − ye + wy)dxdy (14)

Also, it can be expressed as follows:

Muf =
Pu1(2wy − b)

2
+

Pu2(2wy − Li − we + b)

2

−
∫ ye

ye−wy

∫ Le
2

−Le
2

puz(y − ye + wy)dxdy (15)

2.2.2. Ultimate bending shears. The ultimate bending shear on the “c” axis acting on the
footing is obtained:
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Vuc = Pu1 + nwu2d−
∫ ye

ye−b−d

∫ Le
2

−Le
2

puzdxdy (16)

The ultimate bending shear on the “f” axis acting on the footing is determined:

Vuf = Pu1 + nwu2(wy − b)−
∫ ye

ye−wy

∫ Le
2

−Le
2

puzdxdy (17)

Also, it can be expressed as follows:

Vuf = Pu1 + Pu2 −
∫ ye

ye−wy

∫ Le
2

−Le
2

puzdxdy (18)

2.3. Case III. When the contact surface is working partially in compression, the neutral
axis falls inside the web, i.e., wy ≥ we (the moment appears on the X axis and the moment
does not appear on the Y axis).

Figure 6 represents the sections of case III for ultimate moments and ultimate shears
acting on the footing.

(a) Ultimate moments (b) Ultimate shears

Figure 6. Critical sections of case III for moments and shears

2.3.1. Ultimate moments. The ultimate moment on the “a” axis acting on the footing is
obtained:

Mua =
Pu1b

2
−
∫ ye

ye−b

∫ Le
2

−Le
2

puz(y − ye + b)dxdy (19)

The ultimate moment on the “b” axis acting on the footing is determined:

Mub =
Pu1(2we − b)

2
+

nwu2(we − b)2

2
−
∫ ye

ye−we

∫ Le
2

−Le
2

puz(y − ye + we)dxdy (20)

The ultimate moment on the “f” axis acting on the footing is obtained:

Muf =
Pu1(2Li + 2we − b)

2
+

nwu2(Li + we − b)(3Li + 3we + b− 4ye)

2

−
∫ ye

ye−we

∫ Le
2

−Le
2

puz(y − ye + Li + we)dxdy
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−n

∫ ye−we

ye−wy

∫ wi
2

−wi
2

puz(y − ye + Li + we)dxdy (21)

Also, it can be expressed as follows:

Muf =
Pu1(2Li + 2we − b)

2
+

Pu2(3Li + 3we + b− 4ye)

2

−
∫ ye

ye−we

∫ Le
2

−Le
2

puz(y − ye + Li + we)dxdy

−n

∫ ye−we

ye−wy

∫ wi
2

−wi
2

puz(y − ye + Li + we)dxdy (22)

2.3.2. Ultimate bending shears. The ultimate bending shear on the “c” axis acting on the
footing is obtained:

Vuc = Pu1 + nwu2d−
∫ ye

ye−b−d

∫ Le
2

−Le
2

puzdxdy (23)

The ultimate bending shear on the “b” axis acting on the footing is obtained:

Vub = Pu1 + nwu2(we − b)−
∫ ye

ye−we

∫ Le
2

−Le
2

puzdxdy (24)

The ultimate bending shear on the “f” axis acting on the footing is determined:

Vuf = Pu1 + nwu2(Li + we − b)−
∫ ye

ye−we

∫ Le
2

−Le
2

puzdxdy − n

∫ ye−we

ye−wy

∫ wi
2

−wi
2

puzdxdy (25)

Also, it can be expressed as follows:

Vuf = Pu1 + Pu2 −
∫ ye

ye−we

∫ Le
2

−Le
2

puzdxdy − n

∫ ye−we

ye−wy

∫ wi
2

−wi
2

puzdxdy (26)

2.4. Optimal cost design for a strip footing.

2.4.1. Objective. The equation to obtain the optimal cost “Cop” for the three cases is

Cop = VcCc + VsγsCs (27)

where Vc is the volume of concrete in m3, Cs is the cost of steel in USD/kN, Vs is the
volume of steel in m3, and γs is the density of steel = 78 kN/m3.
The reinforcing steel of a strip footing is constructed in one Y direction “Asy” and in

the other X direction “Asx”.
The volume of reinforcing steel is

Vs = weAsya + nLiAsyb + LeAsx1 + nwiAsx2 (28)

where Asya is the steel area in Y direction on “a” axis, Asyb is the steel area in Y direction
on “b” axis, Asx1 is the steel area by temperature in X direction with a width “we”, and
Asx2 is the steel area by temperature in X direction with a width “Li”.
The volume of concrete is

Vc = (weLe + nwiLi)(d+ r)− [weAsya + nLiAsyb + LeAsx1 + nwiAsx2] (29)

where r is the concrete cover.
Substituting Vs, Vc and γs into Equation (27) gives

Cop = {(weLe + nwiLi)(d+ r)− [weAsya + nLiAsyb + LeAsx1 + nwiAsx2]}Cc
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+ [weAsya + nLiAsyb + LeAsx1 + nwiAsx2]γsCs (30)

Now, substituting β = γsCs/Cc → γsCs = βCc into Equation (30) gives

Cop = (weLe + nwiLi)(d+ r)Cc − [weAsya + nLiAsyb + LeAsx1 + nwiAsx2](1− β)Cc (31)

2.4.2. Constraints. Simplified equations for foundations design according to the American
Concrete Institute standard code are shown below [60].

For moments:

|Mua| ≤ ∅ffydAsya

(
1− Asyafy

1.7Ledf ′
c

)
(32)∣∣∣∣Mub

n

∣∣∣∣ ≤ ∅ffydAsyb

(
1− Asybfy

1.7widf ′
c

)
(33)

where fy is the specified yield strength of steel in MPa, f ′
c is the specified compressive

strength of the concrete at 28 days in MPa, and ∅f is the bending strength reduction
factor = 0.90.

For bending shears:

|Vuc| ≤ 0.17∅v
√
f ′
cLed (34)∣∣∣∣Vue

n

∣∣∣∣ ≤ 0.17∅v
√
f ′
cwid (35)

where ∅v is the shear strength reduction factor = 0.85.
For steel percentages:

0.25
√
f ′
c

fy
1.4

fy

≤ ρa, ρb ≤ 0.75

[
0.85β1f

′
c

fy

(
600

600 + fy

)]
(36)

0.65 ≤ β1 =

(
1.05− f ′

c

140

)
≤ 0.85 (37)

where ρa is the percentage of steel in “a” section with a width “Le”, and ρb is the per-
centage of steel in “b” section with a width “wi”.

For steel areas:

Asya = ρaLed (38)

Asyb = ρawid (39)

Asx1 = 0.0018wed (40)

Asx2 = 0.0018Lid (41)

Note: Equations (40) and (41) are given by temperature because no bending occurs in
these sections according to the ACI code [60].

Figure 7 shows the flowchart for determining the minimum cost of a strip footing for
the three cases using Maple software (Nonlinear optimization).

The general procedure to obtain the minimum cost is used as follows.
The first stage is to obtain the minimum area using the procedure proposed by Luévanos-

Soto et al. [2].
The second stage is to use the procedure described in this paper to obtain the minimum

cost using the Maple software shown in Figure 7.
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Figure 7. Flowchart for minimum cost of a strip footing

3. Numerical Problems. Four numerical studies are shown to determine the thickness,
the steel area “Asya”, “Asyb”, Asx1” and “Asx2” of a strip footing. The general data for
all studies are pmax = 200 kN/m2; n = 1, 2 and 3; Le = 10.00 m; b = 0.30 m; r = 0.08 m,
f ′
c = 21 MPa, fy = 420 MPa and β = 90. Study 1 (we ̸= wi) and Study 2 (we = wi)
are developed for w1 = w2 = 120 kN/m (wD1 = wD2 = 50 kN/m and wL1 = wL2 = 70
kN/m). Study 3 (we ̸= wi) and Study 4 (we = wi) are developed for w1 = w2 = 40
kN/m (wD1 = wD2 = 15 kN/m and wL1 = wL2 = 25 kN/m). These studies are based on
examples 1 to 4 of the data presented in the article proposed by Luévanos-Soto et al. [2].
The uniformly distributed ultimate load is wu1 = wu2 = 1.2(50) + 1.6(70) = 172 kN/m

(Studies 1 and 2) and wu1 = wu2 = 1.2(15) + 1.6(25) = 58 kN/m (Studies 3 and 4).
Tables 1 to 4 represent the Pu1 (ultimate load due to the outer wall), Pu2 (ultimate

load due to the inside wall), Mux (ultimate moment on the X axis), pusmax (ultimate
maximum pressure), ye (distance from center of footing to outer edge), d (effective depth
of the footing), Asx1 (steel area by temperature in X direction with a width “we”), Asx2

(steel area by temperature in X direction with a width “Li”), Asya (steel area in Y direction
on “a” axis with a width “Le”), Asyb (steel area in Y direction on “b” axis with a width
“wi”), ρa (percentage of steel in “a” section with a width “Le”), ρb (percentage of steel
in “b” section with a width “wi”), Cop (optimal or minimum cost based on the cost of
concrete).
Table 1 indicates the final design of Study 1 based on Table 2 of Luévanos-Soto et al.

[2].
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Table 1. Final design for we ̸= wi, wD1 = wD2 = 50 kN/m and wL1 =
wL2 = 70 kN/m

Case n
Pu1

(kN)
Pu2

(kN)
Mux

(kN-m)
pusmax

(kN/m2)
ye

(cm)
d

(cm)
Asx1

(cm2)
Asx2

(cm2)
Asya

(cm2)
Asyb

(cm2)
ρa ρb

Cop

(USD)
I

1
1720 3703.16 20727.30 286.68 10.08 82.46 4.76 319.23 274.59 40.77 0.00333 0.00333 45.02Cc

II 1720 577.53 2974.27 286.67 1.83 15.00 9.88 0 49.95 0 0.00333 ∗ 10.92Cc

III 1720 870.07 4083.57 286.67 2.21 15.00 2.14 12.33 49.95 61.61 0.00333 0.01126 9.10Cc

I
2
1720 3597.05 9532.19 98.86 5.38 19.75 38.01 0.22 65.75 79.87 0.00333 0.00809 39.59Cc

II 1720 1005.50 2974.27 286.67 1.61 15.00 8.70 0 49.95 0 0.00333 ∗ 9.62Cc

III 1720 1636.25 4305.55 286.67 2.16 15.00 2.28 11.37 49.95 26.67 0.00333 0.00801 9.27Cc

I
3
1720 3677.19 6680.23 145.35 3.71 50.06 66.91 0 166.69 0 0.00333 ∗ 60.09Cc

II 1720 1480.66 2689.87 286.67 1.58 15.00 6.03 2.53 49.95 58.44 0.00333 0.01169 10.51Cc

III 1720 1960.30 3598.68 286.67 1.89 15.00 2.33 8.74 49.95 17.90 0.00333 0.00539 9.58Cc

where ∗ indicates that there is no ρb, because there is no reinforcing steel, since the footing is rectangular.

Table 2 indicates the final design of Study 2 based on Table 3 of Luévanos-Soto et al.
[2].

Table 2. Final design for we = wi, wD1 = wD2 = 50 kN/m and wL1 =
wL2 = 70 kN/m

Case n
Pu1

(kN)
Pu2

(kN)
Mux

(kN-m)
pusmax

(kN/m2)
ye

(cm)
d

(cm)
Asx1

(cm2)
Asx2

(cm2)
Asya

(cm2)
Asyb

(cm2)
ρa ρb

Cop

(USD)

I
1
1720 3517.97 18117.56 50.48 10.38 28.05 50.49 54.29 93.40 447.08 0.00333 0.00333 135.24Cc

II 1720 577.53 2974.27 286.67 1.83 15.00 9.88 0 49.95 0 0.00333 ∗ 10.92Cc

III 1720 1885.23 10049.82 286.67 3.57 150.55 43.39 261.32 501.34 80.28 0.00333 0.00333 71.55Cc

I
2
1720 3597.05 9532.19 98.86 5.38 19.75 17.78 20.46 65.75 135.84 0.00333 0.01376 50.09Cc

II 1720 1005.50 2664.58 286.67 1.61 15.00 8.70 0 49.95 0 0.00333 ∗ 9.62Cc

III 1720 2510.95 7453.01 286.67 2.79 79.12 19.37 8.88 263.46 35.84 0.00333 0.00333 37.69Cc

I
3
1720 3677.19 6680.23 145.35 3.71 17.27 10.36 12.73 57.52 56.74 0.00333 0.00985 28.73Cc

II 1720 1480.66 2689.87 286.67 1.58 15.00 8.56 0 49.95 0 0.00333 ∗ 9.46Cc

III 1720 1759.81 3201.99 286.67 1.73 25.11 10.97 5.80 83.60 20.30 0.00333 0.00333 14.98Cc

Table 3 indicates the final design of Study 3 based on Table 4 of Luévanos-Soto et al.
[2].

Table 3. Final design for we ̸= wi, wD1 = wD2 = 15 kN/m and wL1 =
wL2 = 25 kN/m

Case n
Pu1

(kN)
Pu2

(kN)
Mux

(kN-m)
pusmax

(kN/m2)
ye

(cm)
d

(cm)
Asx1

(cm2)
Asx2

(cm2)
Asya

(cm2)
Asyb

(cm2)
ρa ρb

Cop

(USD)
I

1
580 0 0 193.33 0.15 15.00 0.81 0 49.95 0 0.00333 ∗ 0.90Cc

II 580 25.69 42.17 290.00 0.21 15.00 1.13 0 49.95 0 0.00333 ∗ 1.25Cc

III 580 32.19 26.07 290.00 0.17 15.00 0.81 1.50 49.95 3.36 0.00333 0.00747 0.95Cc

I
2

580 0 0 193.33 0.15 15.00 0.81 0 49.95 0 0.00333 ∗ 0.90Cc

II 580 34.06 47.63 290.00 0.22 15.00 1.14 0.46 49.95 1.50 0.00333 0.00333 1.29Cc

III 580 40.05 24.17 290.00 0.17 15.00 0.81 0.93 49.95 1.64 0.00333 0.00364 0.96Cc

I
3

580 0 0 193.33 0.15 15.00 0.81 0 49.95 0 0.00333 ∗ 0.90Cc

II 580 38.71 47.20 290.00 0.22 15.00 1.15 0.26 49.95 1.50 0.00333 0.00333 1.30Cc

III 580 43.94 22.57 290.00 0.17 15.00 0.81 0.68 49.95 1.50 0.00333 0.00333 0.96Cc

Table 4 indicates the final design of Study 4 based on Table 5 of Luévanos-Soto et al.
[2].
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Table 4. Final design for we = wi, wD1 = wD2 = 15 kN/m and wL1 =
wL2 = 25 kN/m

Case n
Pu1

(kN)
Pu2

(kN)
Mux

(kN-m)
pusmax

(kN/m2)
ye

(cm)
d

(cm)
Asx1

(cm2)
Asx2

(cm2)
Asya

(cm2)
Asyb

(cm2)
ρa ρb

Cop

(USD)
I

1
580 1186.29 6109.41 17.02 10.38 16.29 29.32 31.53 54.24 259.62 0.00333 0.01594 85.49Cc

II 580 26.83 50.02 290.00 0.22 15.00 1.13 0.93 49.95 2.21 0.00333 0.00351 1.29Cc

III 580 32.19 26.07 290.00 0.17 15.00 0.81 1.50 49.95 3.36 0.00333 0.00747 0.95Cc

I
2

580 1212.96 3214.34 33.34 5.38 15.00 13.50 15.54 49.95 55.32 0.00333 0.00738 35.22Cc

II 580 34.57 49.60 290.00 0.22 15.00 1.14 0.47 49.95 2.12 0.00333 0.00333 1.31Cc

III 580 40.05 24.17 290.00 0.17 15.00 0.81 0.93 49.95 1.64 0.00333 0.00364 0.96Cc

I
3

580 1239.98 2252.64 49.01 3.71 15.00 9.00 11.05 49.95 20.46 0.00333 0.00409 22.58Cc

II 580 39.25 48.75 290.00 0.22 15.00 1.15 0.27 49.95 2.13 0.00333 0.00333 1.31Cc

III 580 43.94 22.57 290.00 0.17 15.00 0.81 0.68 49.95 1.50 0.00333 0.00333 0.96Cc

4. Results. Tables 1 to 4 are the data based on Tables 2 to 5 of Luévanos-Soto et al.
[2].
Table 1 shows the following: For n = 1 when cases increase, Pu2, Mux, ye, Asx2, Asyb

and ρb (case II does not show ρb) tend to decrease and then increase, pusmax, d and Asya

in cases II and III are equal, Asx1 tends to increase and then decrease, Pu1 and ρa are
equal, while Cop decreases. For n = 2 when cases increase, Pu2, Mux, ye, Asx2, Asyb and
ρb (case II does not show ρb) tend to decrease and then increase, pusmax, d and Asya in
cases II and III are equal, Pu1 and ρa are equal, while Asx1 and Cop decrease. For n = 3
when cases increase, Pu2, Mux and ye tend to decrease and then increase, Asx2 increases,
Asyb and ρb (case I does not show ρb) tend to increase and then decrease, pusmax, d and
Asya in cases II and III are equal, Pu1 and ρa are equal, while Asx1 and Cop decrease. For
all values of n, the lowest cost appears in case III.
Table 2 presents the following: For n = 1 when cases increase, Pu2, Mux, ye, Asx1, Asx2,

Asya, Asyb, d and ρb (Cases I and III are the same, and Case II is not shown ρb) tend
to decrease and then increase, pusmax in cases II and III are equal, Pu1 and ρa are equal,
while Cop decreases and then increases. For n = 2 the same trends appear as for n = 1.
For n = 3, the same trends appear as for n = 1. For all values of n, the lowest cost appears
in case II.
Table 3 shows the following: For n = 1 when cases increase, Mux, ye and Asx1 tend to

increase and then decrease, Asx2 and Asyb are equal to zero (Cases I and II), ρb (Cases
I and II no show value), Pu2 increases, pusmax in cases II and III is equal, Pu1, d, Asya

and ρa are equal, while Cop increases and then decreases. For n = 2 when cases increase,
Mux, ye and Asx1 tend to increase and then decrease, Pu2, Asx2, Asyb and ρb (case I does
not show ρb) tend to increase, pusmax in cases II and III is equal, Pu1, d, Asya and ρa are
equal, while Cop increases and then decreases. For n = 3 when cases increase, Mux, ye
and Asx1 tend to increase and then decrease, Pu2 and Asx2 tend to increase, pusmax, Asyb

and ρb (case I does not show ρb) in cases II and III are equal, Pu1, d, Asya and ρa are
equal, while Cop increases and then decreases. For all values of n, the lowest cost appears
in case I.
Table 4 presents the following: For n = 1 when cases increase, Mux, ye and Asx1 tend

to decrease, Pu2, Asx2, Asyb and ρb tend to decrease and then increase, pusmax, Asya and d
in cases II and III are equal, Pu1 and ρa are equal, while Cop decreases. For n = 2 when
cases increase, Mux, ye, Asx1 and Asyb tend to decrease, Pu2, Asx2 and ρb tend to decrease
and then increase, pusmax in cases II and III is equal, Pu1, d, Asya and ρa are equal, while
Cop decreases. For n = 3 when cases increase, Mux, ye, Asx1 and Asyb tend to decrease,
Pu2 and Asx2 tend to decrease and then increase, pusmax and ρb in cases II and III are
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equal, Pu1, d, Asya and ρa are equal, while Cop decreases. For all values of n, the lowest
cost appears in case III.

Important note: The moments “Muf” and the bending shears “Vuf” in section f are
shown to verify the continuity of all the equations because in this section they must be
zero.

Figure 8 shows in detail the dimensions and the steel of a general shape for a strip
foundation.

(a) Plan view

(b) Section A (c) Section B

(d) Section C (e) Section D

Figure 8. Diagram of a strip foundation

Figure 9 presents the minimum or optimal cost for a strip foundation of the four studies
for the three cases. Case I is the current model, and Cases II and III are the models
presented in this work.

Figure 9(a) shows a saving of 75.74% in Case II and 79.79% in Case III for n = 1, for
n = 2 they present a saving of 75.70% in Case II and 76.58% in Case III, and for n = 3
they show a saving of 82.51% in Case II and 84.06% in Case III with respect to Case I.
Therefore, the greatest savings occur in case III for n = 3.

Figure 9(b) presents a saving of 91.93% in Case II and 47.09% in Case III for n = 1, for
n = 2 they present a saving of 80.79% in Case II and 24.76% in Case III, and for n = 3
they show a saving of 67.07% in Case II and 47.86% in Case III with respect to Case I.
Therefore, the greatest savings occur in case II for n = 1.

Figure 9(c) shows increases of 1.39 times in Case II and 1.06 times in Case III for n = 1,
for n = 2 they present a saving of 1.43 times in Case II and 1.07 times in Case III, and
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(a) Study 1 (b) Study 2

(c) Study 3 (d) Study 4

Figure 9. Minimum or optimal cost for a strip foundation

for n = 3 they show a saving of 1.44 times in Case II and 1.07 in Case III with respect to
Case I. Therefore, the greatest savings occur in case I for n = 3.
Figure 9(d) presents a saving of 98.49% in Case II and 98.89% in Case III for n = 1, for

n = 2 they present a saving of 96.28% in Case II and 97.27% in Case III, and for n = 3
they show a saving of 94.20% in Case II and 95.75% in Case III with respect to Case I.
Therefore, the greatest savings occur in case III for n = 1.

5. Conclusions. This paper shows a model to determine the minimum or optimal design
cost for a strip footing to obtain the longitudinal and transverse steel area, the thickness,
assuming that the soil is elastic, the distribution of soil pressures is linear and the surface
in contact with the soil is partially compressed.
This model is based on parameters known as Amin, Le, Li, PD, PL, we, wi, wy and ye

proposed by Luévanos-Soto et al. [2].
The contributions of this work are as follows.
1) Some studies assume a constant soil pressure beneath the foundation because the

wall is located at the center of the base, but they do not take account of the property
lines that may appear in many cases (Area works entirely under compression).
2) The new model shows a great saving in case III for n = 3 of 84.06% compared to

the current model for different foundation widths “we ̸= wi”.
3) The new model presents a great saving in case III for n = 3 of 98.89% compared to

the current model for equal foundation widths “we = wi”.
4) When the pressure generated by the soil on the contact surface of foundation is

uniform or constant, case I presents the greatest savings as shown in Table 3 and Figure
9(c).
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5) The imposed parameters, such as the resistance of the materials f ′
c and fy, influence

as follows: for f ′
c, the greater the resistance, the less the thickness; for fy, the greater the

steel resistance, the smaller the steel areas.
The suggestions for the next research:
1) Design aids for the three models presented in this article so they can be applied

without the aid of software.
2) Minimum or optimal area and minimum or optimal design cost for strip footings

resting on sandy or clay soils for greater accuracy, since the pressure is not linear as
shown in Figure 1(a) and Figure 1(b).
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[18] M. I. L. Ávila-Garćıa, A. Luévanos-Rojas, C. Martinez-Aguilar and L. L. Gaona-Tamez, Optimal
area for rectangular foundation slabs in plan supported on soil, International Journal of Innovative
Computing, Information and Control, vol.20, no.5, pp.1399-1413, 2024.
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de Coahuila, México, and his Doctor degree in Engineering with Specialization in
Planning Systems and Construction in 2009 from Facultad de Ingenieŕıa, Ciencias
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y Arquitectura, Gómez Palacio Campus of the Universidad Juárez del Estado de
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