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The article presents the research results of design parameters influence of outer wall of a building erected in 3D 
technology, namely: wavelength of inner wall diaphragm, displacement of lower wave relative to upper wave of inner 
wall diaphragm (displacement of wave crest) on the stress state of a wall fragment subject to the constancy of its 
cross-section area. The set of data for analysis has been obtained on the basis of calculations in the SCAD ++ com-
puter complex. The dependences of relative stresses of wall fragments on the studied factors have been obtained 
and the interpretation of research results has been given. 

Key words: buildings in 3D technology, 3D printing, outer wall, stress condition

INTRODUCTION

Due to rapid development of technologies, namely digi-
tal technologies, there has been a tendency to increase 
the automation of production processes in various indus-
tries, including construction in recent decades [1] to [3]. 
The latest innovation in construction is the application of 
3D printing technology. The essence of this technology 
lies in the fact that a layer by layer of concrete mixture 
is applied by extrusion along the programmed contour of 
the building structure, thereby producing individual build-
ing structures of the building or "printing" the building as 
a whole [4] to [6].
At the moment this technology is being tested all over 
the world and more than a dozen buildings have already 
been erected using 3D printing [7] to [9]. One of the most 
recent examples of the use of 3D printing is the two-story 
office for a government agency of the United Arab Emir-
ates, which was built in 2019, Fig. 1 [10]. This building 
has a total area of 6400 m2 and a height of 9.5 m. It took 
the contractor 21 days to "print" the vertical structures. 
Only the walls of buildings were made by layer-by-layer 
"printing" using a 3D-printer (Fig. 1). This project was im-
plemented by Apis Cor [10].
It is known that the outer walls of heated buildings must 
have the required strength and heat-protective qualities. 
The analysis of fragments of the horizontal section of 
walls erected in 3D technology [12] to [14] has shown 
that this issue is not resolved on the level, and if attempts 
to optimize the structural solutions of external walls from 
the standpoint of thermal protection of buildings are un-
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derway [12], [15], [16], then studies aimed at the influ-
ence of design solutions walls on their load-bearing ca-
pacity is not enough.

Figure 1: Two-story building erected by APISCOR in 
Dubai in 2019 [10], [11]

MATERIALS AND METHODS

As an example, discussed further in the study, we give a 
fragment of the wall section of Contour Crafting Compa-
ny (Fig. 2) [17]. For a fragment of this section measuring 
0.3 x 1 m2, the area of the bearing part has been calcu-
lated, which is 0.186 m2. The share of the bearing part 
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in the total cross-section area is 62%. The walls have a 
hollow structure. The thickness of the walls of the bear-
ing part of the section ranges from external 30 ... 50 mm, 
to internal 15 ... 30 mm.
Despite the fact that filling the voids of outer walls should 
be carried out with heat-insulating material in the study 
carried out in this article, the authors consider the con-
structive solution of the outer wall without filling its voids 
with heat-insulating material due to its low rigidity.
A fragment of the outer wall of a building erected in 3D 
technology from concrete of class B20 with a length 
of lст=1.00m, thickness dст=0.30m and a height of 
h=3.00m is taken as the object under study. The variants 
of the fragment models differ among themselves in con-
figuration and geometric parameters of the voids in the 
section (Fig. 3).
The initial condition for all considered configuration 
options is the constancy of the cross-section area of 
the bearing part of the wall, which is 62% of the total 
cross-section area of the wall fragment, as recommend-
ed in [17]. The condition for the mandatory presence of 
62% filling of the cross-section bearing material has con-
tributed to the creation of options with different configu-

Figure 2: Schematic of a horizontal wall section by 
Contour Crafting [17]

Figure 3: Variants of a wall fragment in 3D technology with different configurations of voids in cross sections

Figure 4: Fragment of the design model of wall element

rations of voids, but with the same cross-section areas 
of the bearing part, which are 0.30 x 0.62 = 0.186m2. In 
order to simplify the generation of the studied parame-
ters, it has been decided to take the thicknesses of the 
inner and outer parts of the walls under study by 0.04 m, 
and the thickness of the diaphragms (waves and parti-
tions) to be taken as variables, depending on their con-
figuration. The thickness of the waves and intermediate 
partitions is taken the same from the practice experience 
and is determined by the results of cutting, knowing the 
total area, thickness of the outer walls and the length of 
the diaphragms in accordance with the condition of the 
constancy of the cross-section area of the bearing part of 
the wall, adopted according to the condition of ensuring 
strength.
In the study, the wavelength of the inner wall diaphragm 
l, [m] varied at three levels and is taken equal to 0.500, 
0.200 and 0.125 m, and the displacement of the lower 
wave relative to the upper wave of the inner wall dia-
phragm Δ, [wave] (displacement of the wave crest) is 
taken within 0, 1/4 and 1/2 waves. Figure 3 shows the 
investigated variants of the outer wall and the generat-
ed dimensions of the thicknesses of the stiffening dia-
phragms.
To determine the influence of the investigated factors on 
the stress state in the computer complex SCAD ++, mod-
els of external walls have been created using spatial iso-
parametric six-node and eight-node finite element grids 
(Fig. 4). Loading of the model upper surface has been 
carried out with a load equal to 10kN/m2 distributed ac-
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(1)

cording to the law of a triangle (along the wall thickness). 
The boundary conditions assumed the possibility of hor-
izontal displacements of the nodes of the wall model at 
its ends.
The calculation of the maximum and minimum relative 
stresses in the direction of the Z axis (in the direction of 
height) has been calculated by the formula:

where σz - normal stresses in the direction of local axes 
of coordinates Z; q = 10kN/m2 distributed load on a wall 
fragment.

RESULTS

The calculation results are shown in Table 1 and Figure 
5. Examples of stress distribution are shown in Figures
6-7.
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Figure 5: Dependence of relative stresses σz of wall fragments on wavelength l, [m] and 
displacements of the wave crest Δ, [waves]

Figure 6: An example of stress distribution σz  along the 
wall height

(a)

Figure 7: Distribution of stresses σz  along the wall 
thickness at wavelength of l=0.2 m, and displacements 

of the wave crest Δ equal to (a) 0 and (b) 0.5

(b)

№ l, [m] Δ, [waves] ¯σzmax ¯σzmin

1 0.5 0 -2.937 -0.184

2 0.2 0 -2.592 -0.346

3 0.125 0 -2.711 -0.37

4 0.5 1/4 -2.986 -0.227

5 0.2 1/4 -2.601 -0.362

6 0.125 1/4 -2.701 -0.359

7 0.5 1/2 -2,972 -0.337

8 0.2 1/2 -2.609 -0.393
9 0.125 1/2 -2.696 -0.362

Table 1: The results of calculating the maximum and 
minimum relative stresses in the direction of the Z axis 

(in the direction of height)
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Figure 8: Dependence of the coefficient of unevenness on the height of the section H

The research results have shown that all structures have 
practically the same distribution patterns of maximum 
and minimum relative stresses in the direction of the wall 
height (Z axis). It is found that at the initial stage of in-
creasing the wavelength of the inner wall diaphragm (l) 
to 0.2 m, there is a slight increase in the relative mini-
mum stresses in some structures and a decrease in the 
minimum stresses (from -2.711 to -2.592 in the design 
solutions of the walls without wave displacement; from 
- 2.701 to -2.601 when the crest is shifted by ¼ wave 
and from -2.696 to -2.609 when shifted by ½ wave). An 
increase in the wavelength to 0.5 m leads to an increase 
in the maximum (up to 13%) and a decrease in the min-
imum stresses. The maximum relative stresses change 
from -2.592 to -2.937, from -2.601 to -2.986, and -2.609 
to -2.972 for the design without displacement, with ¼ and 
½ wave crest displacement.
The displacement of waves almost has no effect on the 
values of the maximum and minimum stresses (Fig. 7), 
which are observed mainly at the places of load applica-
tion and at the places where the wall rests on the foun-
dation. All stress values are obtained at the centers of 
finite elements.

Figure 9: Dependence of the coefficient of unevenness Kn2 on the height of the section H: 
a) for the inner pier of wall; b) for the middle pier of wall; c) for the outer pier of wall

(a) (b) (c)
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Coefficient of uneven loading

(2)

(3)

The unevenness of the stress state in the walls and sec-
tion waves has been estimated using the stress uneven-
ness coefficients, determined by the formulas:

where σz,m, σz,max, σz,min - average, maximum and mini-
mum normal voltages.
The values of the Kn1 coefficient are determined for the 
entire section, and the Kn2 coefficient only for the sec-
tions of the piers.
The minimum stress unevenness in terms of intensity 
(Fig. 8) is noted in the lower part of the wall fragment 
(range 0.5-1.5 m from the place of support) and practi-
cally does not depend on the wavelength and displace-
ment of the wave.
Stress unevenness in the cross-section walls (Fig. 9) is 
essentially manifested in the upper part of the wall frag-
ment (range 2.0-3.0 m from the place of support) and 
depends on the magnitude of the wave displacement.
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In the considered range of influencing parameters, the most 
favorable is the stress state at a wavelength of l = 0.2 m and 
a displacement of the wave crest Δ = 0.

CONCLUSION

The study has shown that when erecting buildings in 
3D technology, an important aspect is the constructive 
solution of the outer walls, on the selected parameters 
of which not only their heat engineering, but also their 
strength properties depend. It is found that with a con-
stant area of the bearing part of the wall section, by vary-
ing such parameters of the outer wall as the wavelength 
of the inner diaphragm and the displacement of the lower 
wave relative to the upper wave of the inner wall dia-
phragm, one can influence the stress-strain state of the 
entire wall structure.
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