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Av. Universidad S/N, Fracc. Filadelfia, CP 35010, Gómez Palacio, Durango, México
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Abstract. This paper presents a new model to obtain the minimum or optimal cost
design for an annular strip footing or hollow circular footing to determine the steel areas
and the effective depth, assuming that the soil is elastic, the soil pressure distribution
is linear and the surface in contact with the soil works partially in compression. Some
works assume uniform soil pressure and the external width of the foundation “w1” is
equal to the internal width of the foundation “w2”, and other authors show the opti-
mal cost design for a solid circular footing taking into account that the area in contact
with the soil works partially under compression. The formulations for the current model
(Surface works entirely in compression) and the new model (Surface works partially in
compression) are presented. Two numerical examples are shown to determine the optimal
cost design for a hollow circular footing under an axial load and a resultant moment. A
comparison between the current model and the new model is presented, and the results
show that the new model is up to 0.0073 times smaller than the current model; therefore,
greater saving can be achieved by using the new model.
Keywords: Optimal cost design, Hollow circular footing, Linear soil pressure, Partially
compressed contact surface

1. Introduction. A hollow circular footing or annular strip footing or ring footing is a
shallow foundation used to support geometrically circular structures such as lighthouses,
water or other liquid storage tank, wind turbines, grain storage silos, chimneys, and
circular shaped auditoriums.

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].

The works that have been developed to determine the contact area with the ground
for solid foundations subjected to biaxial bending are for isolated footings [2-11]; for
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(a) (b) (c) (d) (e)

Figure 1. Distribution of the soil pressure under foundation

combined footings [12-16]. These papers assumed that the contact area works entirely in
compression.
Various researchers have proposed complete designs for different types of solid founda-

tions subjected to biaxial bending which are for isolated footings [17-21]; for combined
footings [22-27]. All these works assumed that the contact area works entirely in compres-
sion.
Other works that have presented models to estimate the contact area for different types

of solid foundations subjected to biaxial bending assuming that the contact area works
partially to compression are for rectangular isolated footings [28-37]; for circular isolated
footings [38-40]; for rectangular combined footings [41].
Some authors have estimated complete designs for different types of solid foundations

subjected to biaxial bending assuming that soil contact surface works partially to com-
pression which are for rectangular isolated footings [42] and for circular isolated footings
[43].
The papers on hollow circular foundations or annular strip foundations or ring foun-

dations are as follows. Singh-Rathor et al. [44] estimated a ring foundation based on the
continuum approach and supported on reinforced concrete piles. Kim et al. [45] studied
the bearing capacity of a ring foundation using the finite element method supported on
moderately to highly weathered rocks. Sankaran and Subrahmanyam [46] developed an
analytical solution for contact pressure distribution of a uniform load in ring foundations
showing numerical examples and curves. Rathor and Sharma [47] investigated a compar-
ison between ring slab foundations and solid slab foundations. Galvis and Smith-Pardo
[48] obtained the coupled vertical load and biaxial moment capacity for circular and rect-
angular shallow foundations (ring and solid) by simplified closed-form equations with
design aids. Ahmad et al. [49] analyzed the ring footings supported on elastic soil using
finite difference technique. Rana and Jamani [50] investigated a comparison between ring
slab foundations and solid slab foundations in water tank for different diameters. Kumar
and Rai [51] analyzed a comparison between ring slab foundations without annular beam
and with annular beam. Manideep et al. [52] estimated the bearing capacity of circular
footings, ring footings and strip footings with limited soil depth.
According to the bibliography review carried out here, there are several works on solid

foundations assuming that the area in contact with the ground works partially in compres-
sion, and other works on ring foundations working completely in compression. Therefore,
there is no paper on optimal cost design for hollow circular footings assuming that the
contact surface with soil works partially to compression.
This paper presents a model to determine the optimal cost design of an annular strip

footing or hollow circular footing assuming that contact surface with the ground works
partially in compression to obtain the steel areas and the effective depth, and this model
is developed from data known as Amin (minimum area), R (radius), w1 (external width
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of the foundation) and w2 (internal width of the foundation) proposed by Diaz-Gurrola
et al. [53]. Some works show the optimal cost design of a solid circular footing, and
others present annular strip footings or hollow circular footings assuming uniform soil
pressure. In this work, two models are shown to determine the moments and shear forces:
the current model (Area works entirely in compression) and the new model (Area works
partially in compression). Two numerical examples are presented to estimate the optimal
cost design for a hollow circular footing under an axial load P and a resultant moment
MR, and a comparison is also made between the current model and the new model to
observe the differences.

The paper is organized as follows. Section 2 describes the formulation of the model to
determine the optimal cost design of a hollow circular footing (current model and new
model) assuming that contact surface with the ground works partially to compression.
Section 2.1 shows the current model (Surface works entirely in compression). Section
2.2 presents the new model (Surface works partially in compression). Section 2.3 shows
the optimal cost design for a hollow circular footing. Section 3 presents the numerical
examples applied to the two models for a hollow circular footing. Section 4 shows the
results. Section 5 presents the conclusions to complete the paper.

2. Formulation of the Model. Figure 2 shows a hollow circular footing subjected to
a factored load and two factored moments.

Figure 2. Hollow circular foundation for a factored load and two factored moments

General equation to determine the factored soil pressure “psu” on the footing is

psu =
Pu

A
+

Mxuy

Ix
+

Myux

Iy
(1)

where A = contact area of the footing with ground, Pu = factored axial load, Mxu and
Myu = factored moments about each axis, x and y = coordinates of the base under study,
Ix and Iy = moments of inertia about each axis. Pu = 1.2PD (dead load) + 1.6PL (live
load), Mxu = 1.2MxD (dead load moment) + 1.6MxL (live load moment), Myu = 1.2MyD

(dead load moment) + 1.6MyL (live load moment) [54].
Now, to simplify the work, a moment “MRu” (factored resultant moment) is determined

from the factored moments “Mxu” and “Myu”.
Figure 3 shows “Pu”, “MRu”, “w” (total width of ring footing), “w1” (external width of

ring footing measured from center of wall), “w2” (internal width of ring footing measured
from center of wall), “R” (radius of the ring footing to the center of the wall) and “D”
(diameter of the ring footing to the outer edge of the wall).

Now, “MRu” is determined as follows:

MRu =
√
M2

xu +M2
yu (2)
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Figure 3. Hollow circular foundation for a factored load and the factored
resultant moment

The inclination angle “φ” of the Y ’ axis with respect to the Y axis is determined as
follows:

cosφ =
Mxu

MRu

→ φ = arccos

(
Mxu

MRu

)
(3)

Now, substituting Equation (2) into Equation (1) is determined the factored soil pres-
sure on the hollow circular foundation as follows:

psu =
Pu

A
+

MRuy

I
(4)

where y = coordinate of the foundation on the Y ’ axis.
Substituting A = π(R+w1)

2 − π(R−w2)
2 and I = π(R+w1)

4/4− π(R−w2)
4/4 into

Equation (4), the factored pressure “psu” at any point on a hollow circular foundation is
obtained:

psu =
Pu

π[(R + w1)2 − (R− w2)2]
+

4MRuy

π[(R + w1)4 − (R− w2)4]
(5)

The analysis width where the moments and shear forces are determined is detailed
below (see Figure 4):

cos
(α
2

)
=

R + e

R + w1

→ α = 2arccos

(
R + e

R + w1

)
(6)

where α = angle of analysis, e = distance from R to where the analysis width is desired.
The analysis width where the moments and shear forces are generated is

s = (R + e)α (7)

2.1. Case I. Surface works entirely in compression (Current model). Figure 5
shows the critical sections where the factored critical moments and factored critical shear
forces of a hollow circular footing appear.
The factored moment with respect to the “a” axis is obtained from the pressure gener-

ated by the soil and the area delimited by the ring formed from the radius “R + b/2” to
“R + w1”.
The factored moment on the “a” axis “Mau” is

Mau = −2

∫ R+w1

R+ b
2

∫ (R+w1)α
2

0

psu

(
y −R− b

2

)
dxdy (8)

where b = wall width, psu is given by Equation (5).
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Figure 4. Analysis width for hollow circular foundation

(a) Factored critical moments (b) Factored critical shear forces

Figure 5. Current model for a hollow circular foundation

The factored moment with respect to the “b” axis is obtained from Pαu multiplied by
b/2 minus the pressure generated by the soil and the area delimited by the ring formed
from the radius “R− b/2” to “R + w1”.

The factored moment on the “b” axis “Mbu” is

Mbu =
Pαub

2
− 2

∫ R+w1

R− b
2

∫ (R+w1)α
2

0

psu

(
y −R− b

2

)
dxdy (9)

where Pαu is obtained by the following equation:

Pαu = 2

∫ R+w1

R−w2

∫ (R+w1)α
2

0

psudxdy (10)

where Pαu is the pressure generated by the soil on the area delimited by the ring formed
from the radius “R− w2” to “R + w1”.

The factored shear force on the “c” axis is obtained from the pressure generated by the
soil and the area delimited by the ring formed from the radius “R+ b/2+d” to “R+w1”.

The factored shear force on the “c” axis “Vcu” is

Vcu = −2

∫ R+w1

R+ b
2
+d

∫ (R+w1)α
2

0

psudxdy (11)
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The factored shear force on the “e” axis is obtained from Pαu minus the pressure
generated by the soil and the area delimited by the ring formed from the radius “R −
b/2− d” to “R + w1”.
The factored shear force on the “e” axis “Veu” is

Veu = Pαu − 2

∫ R+w1

R− b
2
−d

∫ (R+w1)α
2

0

psudxdy (12)

2.2. Case II. Surface works partially in compression (New model). Figure 6
shows the critical sections where the factored critical moments and factored critical shear
forces of a hollow circular footing appear.

(a) Factored critical moments (b) Factored critical shear forces

Figure 6. New model for a hollow circular foundation

The factored pressure at anywhere of the footing “pzu” using Equation (9) of Diaz-
Gurrola et al. [53] is obtained:

pzu =
pmaxu(y − y0)

R + w1 − y0
(13)

where pmaxu = factored maximum pressure, y = coordinate of the foundation on the Y ’
axis, y0 = distance from X axis to neutral axis.
The values of pmaxu and y0 are obtained from Equations (20) and (27) of Diaz-Gurrola

et al. [53], substituting Pu, MRu, R, w1 and w2 in these two equations.
The factored moment with respect to the “a” axis is obtained from the pressure gener-

ated by the soil and the area delimited by the ring formed from the radius “R + b/2” to
“R + w1”.
The factored moment on the “a” axis “Mau” is

Mau = −2

∫ R+w1

R+ b
2

∫ √
(R+w1)

2−y2

2

0

pzu

(
y −R− b

2

)
dxdy (14)

where pzu is given by Equation (13).
The factored moment with respect to the “b” axis is obtained from Pαu multiplied by

b/2 minus the pressure generated by the soil and the area delimited by the ring formed
from the radius “R− b/2” to “R + w1”.
The factored moment on the “b” axis “Mbu” is

Mbu =
Pαub

2
− 2

∫ R+w1

R− b
2

∫ √
(R+w1)

2−y2

2

0

pzu

(
y −R− b

2

)
dxdy (15)
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where Pαu is obtained by the following equation:

Pαu = 2

∫ R+w1

R−w2

∫ √
(R+w1)

2−y2

2

0

pzudxdy (16)

where Pαu is the pressure generated by the soil on the area delimited by the ring formed
from the radius “R− w2” to “R + w1”.

The factored shear force on the “c” axis is obtained from the pressure generated by the
soil and the area delimited by the ring formed from the radius “R+ b/2+d” to “R+w1”.

The factored shear force on the “c” axis “Vcu” is

Vcu = −2

∫ R+w1

R+ b
2
+d

∫ √
(R+w1)

2−y2

2

0

pzudxdy (17)

The factored shear force on the “e” axis is obtained from Pαu minus the pressure
generated by the soil and the area delimited by the ring formed from the radius “R −
b/2− d” to “R + w1”.

The factored shear force on the “e” axis “Veu” is

Veu = Pαu − 2

∫ R+w1

R− b
2
−d

∫ √
(R+w1)

2−y2

2

0

pzudxdy (18)

2.3. Optimal cost design for a hollow circular footing.

2.3.1. Objective function. The equation to determine the optimal cost “Cop” for the two
cases is

Cop = VcCc + VsγsCs (19)

where Vc = volume of concrete, Cs = cost of steel, Vs = volume of steel, γs = density of
steel = 78 kN/m3.

The reinforcing steel of a ring footing is constructed in one radial direction “AsR” and
in the other direction it is perimeter “AsT”.

The volume of reinforcing steel is

Vs = (2R + w1 − w2)πAsT +
2π(w1 + w2)AsR

α
(20)

The volume of concrete is

Vc = π
[
(R + w1)

2 − (R− w2)
2
]
(d+r)−

[
(2R + w1 − w2)πAsT +

2π(w1 + w2)AsR

α

]
(21)

Substituting Vs, Vc and the value of γs into Equation (19) gives

Cop =

{
π
[
(R + w1)

2 − (R− w2)
2
]
(d+ r)−

[
(2R + w1 − w2)πAsT

+
2π(w1 + w2)AsR

α

]}
Cc +

[
(2R + w1 − w2)πAsT +

2π(w1 + w2)AsR

α

]
γsCs (22)

Now, substituting β = γsCs/Cc → γsCs = βCc into Equation (22) gives

Cop = π
[
(R + w1)

2 − (R− w2)
2
]
(d+ r)Cc

−
[
(2R + w1 − w2)πAsT +

2π(w1 + w2)AsR

α

]
(1− β)Cc (23)
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2.3.2. Constraint functions. Simplified equations for foundations design according to the
American Concrete Institute standard code are shown below [54].
For moments:

|Mau|, |Mbu| ≤ ∅ffydAs

(
1− Asfy

1.7bwdf ′
c

)
(24)

where As (steel area for bending), bw (analysis width for bending), fy (specified yield
strength of reinforcement of steel), f ′

c (specified compressive strength of the concrete at
28 days), ∅f = 0.90 (bending strength reduction factor). “As and bw” for Mau correspond
to “AsRa” and “bwa”, and “As and bw” for Mbu correspond to “AsRb” and “bwb”. bwa =
α(R + b/2) and bwb = α(R− b/2).
For shear forces:

|Vcu|, |Veu| ≤ 0.17∅v
√
f ′
cbwsd (25)

where bws (analysis width for shear force). “bws” for Vcu corresponds to “bwc”, and “bws”
for Veu corresponds to “bwe”. bwc = α(R + b/2 + d) and bwe = α(R− b/2− d).
For steel percentages:

ρRa, ρRb ≤ 0.75

[
0.85β1f

′
c

fy

(
600

600 + fy

)]
(26)

ρRa, ρRb ≥


0.25

√
f ′
c

fy
1.4

fy

(27)

0.65 ≤ β1 =

(
1.05− f ′

c

140

)
≤ 0.85 (28)

where ρRa = percentage of steel for the width “bwa”, ρRb = percentage of steel for the
width “bwb”.
For steel areas:

AsRa = ρRabwad (29)

AsRb = ρRbbwbd (30)

AsR ≥
{

AsRa

AsRb
(31)

AsT = 0.0018(w1 + w2)d (32)

Figure 7 shows the flowchart for determining the minimum cost of a hollow circular
footing for the two cases using Maple software (Nonlinear optimization).
The general procedure to determine the optimal cost or minimum cost is used as follows:
The first step is to determine the minimum area using the procedure proposed by

Diaz-Gurrola et al. [53].
The second step is to use the flowchart shown in Figure 7 to determine the optimal cost

or minimum cost.

3. Numerical Problems. Two numerical examples are presented to determine the
thickness, the radial steel area “AsR” and the perimeter steel area “AsT” of a hollow cir-
cular footing. Example 1 (w1 ̸= w2) and Example 2 (w1 = w2) are developed for the same
loads and moments, and each example presents five variants in pmax of 100, 150, 200, 250
and 300 kN/m2. The examples are based on examples 1 and 2 of the data obtained from
the work proposed by Diaz-Gurrola et al. [53]. The known parameters are R = 20.00 m,
PD = 12000 kN, PL = 8000 kN, MxD = 0 kN-m, MxL = 0 kN-m, MyD = 200000 kN-m,
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Figure 7. Flowchart for minimum cost of a hollow circular footing

MyL = 15000 kN-m. The factored axial load and factored moments about each axis are
determined: Pu = 27200 kN, Mxu = 0 kN-m, Myu = 480000 kN-m, MRu = 480000 kN-m.
The value of “pmaxu” is obtained from Equation (5) for Case I and the values of “pmaxu”
and “y0” are obtained from Equations (20) and (27) for Case II of Diaz-Gurrola et al. [53].

Table 1 shows the width and factored pressure of each footing and Table 2 presents the
steel area and effective depth of each footing for w1 ̸= w2 of example 1.

Table 3 shows the width and factored pressure of each footing and Table 4 presents the
steel area and effective depth of each footing for w1 = w2 of example 2.

4. Results. Tables 1 and 3 are the data obtained in Tables 2 and 3 by Diaz-Gurrola et
al. [53].

Table 1. Width and factored pressure of each footing (Example 1)

Type Case
pmax

(kN/m2)
w1

(m)
w2

(m)
w
(m)

psmax

(kN/m2)
y0
(m)

pmaxu

(kN/m2)
y0
(m)

1
I

100
44.39 1.00 45.39 3.36 − 4.59 −

II 4.37 1.00 5.37 100.00 1.25 138.69 1.86

2
I

150
44.39 1.00 45.39 3.36 − 4.59 −

II 2.97 1.00 3.97 150.00 3.94 209.12 4.58

3
I

200
44.39 1.00 45.39 3.36 − 4.59 −

II 2.18 1.00 3.18 200.00 5.48 279.65 6.13

4
I

250
44.39 1.00 45.39 3.36 − 4.59 −

II 1.66 1.00 2.66 250.00 6.49 351.04 7.16

5
I

300
44.39 1.00 45.39 3.36 − 4.59 −

II 1.30 1.00 2.30 300.00 7.21 420.71 7.87
where pmax = unfactored allowable soil pressure, psmax = unfactored pressure generated by
the soil on the footing, pmaxu = factored pressure generated by the soil on the footing.
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Table 2. Steel area and effective depth of each footing (Example 1)

Type Case Solution
d

(cm)
AsR

(cm2)
AsT

(cm2)
ρRa ρRb

AsRa

(cm2)
AsRb

(cm2)
Cop

1
I

First 89.44 9390.80 730.74 0.02073 0.02125 9390.80 9390.80 11741.21
Second 92.00 8983.95 715.66 0.01928 0.01976 8983.95 8983.95 12040.14

II
First 23.41 1101.83 22.63 0.01969 0.02019 1101.83 1101.83 233.61
Second 27.00 900.05 26.10 0.01395 0.00649 900.05 408.39 259.26

2
I

First 89.44 9390.80 730.74 0.02073 0.02125 9390.80 9390.80 11741.21
Second 92.00 8983.95 715.66 0.01928 0.01976 8983.95 8983.95 12040.14

II
First 33.56 402.16 23.98 0.00528 0.00617 352.70 402.16 218.90
Second 37.00 360.92 26.44 0.00431 0.00502 317.49 360.92 236.82

3
I

First 89.44 9390.80 730.74 0.02073 0.02125 9390.80 9390.80 11741.21
Second 92.00 8983.95 715.66 0.01928 0.01976 8983.95 8983.95 12040.14

II
First 19.89 403.76 11.39 0.01045 0.01223 353.95 403.76 115.82
Second 22.00 356.36 12.59 0.00844 0.00976 315.99 356.36 124.39

4
I

First 89.44 9390.80 730.74 0.02073 0.02125 9390.80 9390.80 11741.21
Second 92.00 8983.95 715.66 0.01928 0.01976 8983.95 8983.95 12040.14

II
First 17.54 237.64 8.40 0.00878 0.00945 226.38 237.64 87.39
Second 22.00 183.04 10.53 0.00541 0.00581 175.02 183.04 102.45

5
I

First 89.44 9390.80 730.74 0.02073 0.02125 9390.80 9390.80 11741.21
Second 92.00 8983.95 715.66 0.01928 0.01976 8983.95 8983.95 12040.14

II
First 19.14 114.67 7.93 0.00469 0.00481 114.67 114.67 79.35
Second 22.00 98.71 9.11 0.00351 0.00341 98.71 93.41 87.65

Table 3. Width and factored pressure of each footing (Example 2)

Type Case
pmax

(kN/m2)
w1

(m)
w2

(m)
w
(m)

psmax

(kN/m2)
y0
(m)

pmaxu

(kN/m2)
y0
(m)

1
I

100
− − − − − − −

II 3.75 3.75 7.50 100.00 5.80 140.22 6.39

2
I

150
− − − − − − −

II 2.49 2.49 4.98 150.00 6.93 210.74 7.56

3
I

200
− − − − − − −

II 1.84 1.84 3.68 200.00 7.39 281.16 8.03

4
I

250
− − − − − − −

II 1.45 1.45 2.90 250.00 7.60 351.80 8.26

5
I

300
− − − − − − −

II 1.19 1.19 2.38 300.00 7.72 423.58 8.39

Table 1 presents the following: In Case I, all values of w1, w2, w and psmax are equal
for any “pmax”, because the soil pressure is governed by minimum pressure which is zero.
In Case II, when “pmax” increases, “y0” and “pmaxu” increase, and “pmax” = “psmax”.
Table 2 (taking account of the second solution which is the final solution) shows the

following: In Case I, all values of d, AsR, AsT , ρRa, ρRb, AsRa, AsRb and Cop are equal for
all types of “pmax”. In Case II, when “pmax” increases, AsR, AsRa, AsRb and Cop decrease,
ρRa and ρRb decrease until type 2 and then increase in type 3 and subsequently decrease,
AsT increases until type 2 and then decreases, d increases until type 2 and then they are
equal.
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Table 4. Steel area and effective depth of each footing (Example 2)

Type Case Solution
d

(cm)
AsR

(cm2)
AsT

(cm2)
ρRa ρRb

AsRa

(cm2)
AsRb

(cm2)
Cop

1
I

First − − − − − − − −
Second − − − − − − − −

II
First 28.24 538.50 38.12 0.00856 0.00876 538.50 536.98 343.94
Second 32.00 446.15 43.20 0.00654 0.00333 466.15 231.64 379.19

2
I

First − − − − − − − −
Second − − − − − − − −

II
First 28.63 253.04 25.66 0.00485 0.00496 253.04 252.35 230.23
Second 32.00 224.27 28.68 0.00384 0.00339 224.27 192.92 251.30

3
I

First − − − − − − − −
Second − − − − − − − −

II
First 27.82 153.64 18.43 0.00355 0.00364 153.64 153.64 166.23
Second 32.00 165.86 21.20 0.00333 0.00342 165.86 165.86 185.63

4
I

First − − − − − − − −
Second − − − − − − − −

II
First 26.51 154.77 13.84 0.00334 0.00440 120.69 154.77 126.26
Second 27.00 151.74 14.09 0.00333 0.00423 122.50 151.74 128.04

5
I

First − − − − − − − −
Second − − − − − − − −

II
First 24.95 162.56 10.69 0.00536 0.00552 161.75 162.56 98.97
Second 27.00 149.02 11.57 0.00333 0.00467 108.97 149.02 105.10

Table 3 presents the following: In Case I, there is no value because w2 is insufficient to
obtain a minimum area. In Case II, when “pmax” increases, “y0” and “pmaxu” increase,
and “pmax”=“psmax”.

Table 4 (taking account of the second solution which is the final solution) shows the
following: In Case I, there is no value because w2 is insufficient to obtain a minimum area.
In Case II, when “pmax” increases, AsR, AsRa, AsRb, AsT and Cop decrease, ρRa decreases
until type 3 and then they are equal, ρRb increases, d is equal until type 3 and then in
types 4 and 5 is equal.

Figure 8 presents in detail the general diagram of a hollow circular foundation. Figure
9 shows the comparison between Case I (current model) and Case II (new model) under
the concept of minimum cost.

As seen in Figure 9, there are major differences between the current model and the
new model according to the minimum cost. The smallest difference is presented at pmax

= 100 kN/m2 of 12040.14/259.26 = 46.44 times the current model with respect to the
new model. The largest difference is presented at pmax = 300 kN/m2 of 12040.14/87.65
= 137.37 times the current model with respect to the new model.

5. Conclusions. This paper presents a new model to obtain the minimum or optimal
cost design for an annular strip footing or hollow circular footing to determine the steel
areas and the effective depth, assuming that the soil is elastic, the soil pressure distribution
is linear and the surface in contact with the soil works partially in compression.

This model is developed from data known as Amin, R, w1 and w2 proposed by Diaz-
Gurrola et al. [53].
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(a) Plan view (b) Elevation view

Figure 8. Diagram of a hollow circular foundation

Figure 9. Comparison between the current model and the new model

The contributions of this work are as follows.
1) Some works assume uniform soil pressure, and the external width of the foundation

“w1” is equal to the internal width of the foundation “w2”.
2) The optimal cost for the new model (case II) is 0.0215 times that of the current

model (case I) at pmax = 100 kN/m2, 0.0197 times that of the current model at pmax =
150 kN/m2, 0.0103 times that of the current model at pmax = 200 kN/m2, 0.0085 times
that of the current model at pmax = 250 kN/m2, 0.0073 times that of the current model
at pmax = 300 kN/m2 (see Figure 9).
3) Greater savings are achieved when the allowable soil load capacity “pmax” is increased

(see Figure 9).
4) Tables 3 and 4 do not show results for Case I, because it is not possible to obtain an

area that satisfies the conditions, since w2 was greater than R, which is not possible.
The suggestions for the next research are
1) Optimal area for a hollow rectangular footing assuming that the contact surface with

soil works partially under compression;
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2) Optimal cost for a hollow rectangular footing assuming that the contact surface with
soil works partially under compression.
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[9] A. Luévanos-Rojas, A mathematical model for dimensioning of footings rectangular, ICIC Express
Letters, Part B: Applications, vol.4, no.2, pp.269-274, 2013.

[10] W. L. Filho, R. C. H. Carvalho, A. L. Christoforo and F. A. R. Lahr, Dimensioning of isolated footing
submitted to the under biaxial bending considering the low concrete consumption, International
Journal of Materials Engineering, vol.7, no.1, pp.1-11, 2017.
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[19] A. Luévanos-Rojas, Design of isolated footings of circular form using a new model, Structural Engi-
neering and Mechanics, vol.52, no.4, pp.767-786, 2014.
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Diaz-Gurrola, Optimal area for a rectangular isolated footing with an eccentric column and partial
ground compression, Applied Sciences, vol.14, no.15, pp.1-16, 2024.
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Elizondo, O. M. Farias-Montemayor and C. Mart́ınez-Aguilar, A new model for the contact sur-
face with soil of circular isolated footings considering that the contact surface works partially under
compression, International Journal of Innovative Computing, Information and Control, vol.18, no.4,
pp.1103-1116, 2022.
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Inocencio Luévanos-Soto obtained his Bachelor’s degree in Architect in 2009,
his Master’s degree in Science with Specialization in Planning and Construction of
Works in 2012, and his Doctor degree in Engineering with Specialization in Plan-
ning Systems and Construction in 2024, all from Facultad de Ingenieŕıa, Ciencias y
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rango, México. He is professor and researcher of the Facultad de Ingenieŕıa, Ciencias
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