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Abstract: The article presents the results of an experimental study of the influence of technological param-
eters of construction 3D concrete printing (3DCP) on the durability of printed elements of building struc-
tures during accelerated model aging in a climatic chamber. The aim of the work was to study the patterns
of degradation of multilayer concrete samples printed on a construction 3D printer in various ways (with
and without layer bonding, as well as with cold joint modeling) under cyclic climatic influences. For the
experiments, an industrially produced composition of the material for additive construction production
3D4Art was used, applied by a workshop construction 3D printer of a portal design. The control group con-
sisted of monolithic samples of similar geometry. The study included a comparative analysis of the degra-
dation kinetics and mechanisms of destruction of samples during 100 cycles of combined exposure to freez-
ing thawing with humidification. The results demonstrate that while maintaining the overall structural in-
tegrity of all samples, 3D printed elements exhibit an increased tendency to crack formation in the areas of
interlayer contacts, which is especially pronounced in the case of technological defects (cold seam). The
obtained data emphasizes the need for further research into the influence of technologically conditioned de-
fects on changes in the mechanical properties of structural elements during aging. The results of the work
are of practical importance for optimizing the technological modes of construction 3D printing to increase
the durability of erected structures.
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AJJAUTUBHOE CTPOUTEJBbHOE IMIPOU3BO/JICTBO:
UCCJIEJOBAHUE JOJIOBEYHOCTU HAITEYATAHHBIX
KOHCTPYKIUA

A.0. Aoamuesuu, A.Il. Ilycmoezap, /1.A. Adamueeuu, F0.H. Mapkoe

HarmmonaneHbIi nccnenoBaTensckuii MOCKOBCKHI TOCYapCTBEHHBIN CTPOUTENBHBIN YHUBEPCHUTET, T. MockBa, POCCHUA

AHHoTanusi: B cratbe npecTaBieHsl pe3yabTaThl SKCHEPHUMEHTAIBHOTO HCCIIEA0BAHMUS BIUSIHUS TEXHOJIOTHYC-
CKHX TapaMeTpoB cTpouTenbHOi 3D-mevatn OetoHoMm (3DCP) Ha mMONTOBEYHOCTH HANEYaTaHHBIX SJIEMEHTOB
CTPOMTENIBHBIX KOHCTPYKIIUI ITPH YCKOPSHHOM MOJICIIbHOM CTapEHHUH B KJIMMAaTHYCCKOM Kamepe. Llenbio padoThl
SBJSIOCH M3Y4YEHUE 3aKOHOMEPHOCTEHl Jerpagaluyd MHOTOCIOMHBIX OETOHHBIX 00pa3lOB, Hare4aTaHHBIX Ha
cTpoutenabHOM 3D-npuHTEepe pa3au4YHBIMU criocobaMu (¢ MepeBA3Koi u 0e3 MepeBsA3KU CJIOEB, a TaKKe ¢ MoJe-
JMPOBAHHWEM XOJIOJHOTO IIBA), B YCIOBHSX ILHUKIMYECKUX KINMATHUYECKHX BO3JAeHCTBHU. {151 SKCIIEpUMEHTOB
WCIIOJIB30BAJICS IPOMBIIIJIEHHO ITPOM3BOINMBII COCTaB MaTepHaja Juisl alIUTHBHOTO CTPOUTEIBHOTO MPOU3BO/I-
ctBa 3D4Art, HAHOCUMBIN LIEXOBBIM CTPOUTEIbHBIM 3D-IPUHTEPOM MOPTAIbHON KOHCTPYKIMHU. KOHTpoabHYIO
TPYIIY COCTABMJIM MOHOJIUTHBIE 00Pa3IIbl CXOXKEH reoMeTpHH.

B xone mccnenoBaHus MPOBEACH CPAaBHUTENBHBIN aHAIN3 KMHETHKU JETPAlallii U MEXaHW3MOB pa3pyIICHUS
o6pasioB B TedyeHrne 100 UKIOB KOMOMHUPOBAHHOTO BO3/ICHCTBUS 3aMOPAKUBAHUSI-OTTAaNBAHKS C YBIIAXKHCHH-
eM. Pe3ynpTaThl IEMOHCTPUPYIOT, YTO MPH COXPAHEHUH OOIIEH CTPYKTYPHOH IETOCTHOCTH BCeX 00pasmoB, 3D-
TICYATHBIC 3JIEMEHTHI MPOSIBISIOT MOBBIMIEHHYIO CKJIOHHOCTh K TPEHMIMHOOOPA30BAHHIO B 30HAX MEXKCIIOEBBIX
KOHTaKTOB, 0COOCHHO BBIPAKEHHYIO B CJIydae HATMUMUS TEXHOIOTHUECKHUX JIe(EeKTOB (XOIOHBIH LIOB).
[Tomy4eHHbIe TaHHBIE MOJYEPKUBAIOT HEOOXOAMMOCTh JAJIbHEHIINX HCCIEIOBAaHUIN BIMSHUSA TEXHOJIOTHYECKH
00YCIIOBJICHHBIX Je()EKTOB Ha M3MEHEHHE MEXaHMYECKHX CBOHCTB KOHCTPYKLIMOHHBIX 3JIEMEHTOB B IIpoLecce
cTapeHus. Pe3ynbTaTel paboThl MMEIOT NMPaKTUYECKOe 3HAUCHHUE ISl ONTUMH3ALMN TEXHOIOTHYECKUX PEKUMOB
CTpoUTENbHOM 3D-MevaTty ¢ 1eb0 MOBBIIEHHS JOATOBEUHOCTH BO3BOAMMBIX KOHCTPYKIIHII.
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KuaroueBsie ciioBa: 3D megats 6€TOHOM, aITUTHBHOE CTPOUTEIHHOE MTPON3BOJICTBO, TOJITOBEYHOCTS,
MEJXKCIIONHAs aare3us

INTRODUCTION

Recently, more and more attention has been paid
to issues of additive construction production, both
in Russia and abroad. Thus, for the keyword com-
bination 3D concrete printing in the international
Scopus database, 3482 results are available for all
time as of June 2025 (sample 1), for the phrase
concrete printing - 3916 publications (sample 2).
At the same time, not many publications are de-
voted to durability issues (the complex of words
3D concrete printing + durability was selected to
assess the state) (sample 3) - Figure 1.
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Figure 1. Dynamics of distribution of publica-
tions by keywords

The analysis of sample 3 allowed us to conclude
that additive construction production or 3D con-
crete printing is actively developing, but re-
quires solving the problems of interlayer adhe-
sion, anisotropy of mechanical properties and
durability. At the same time, considerable atten-
tion is paid to sustainable development using 3D
concrete printing [1-15], problems of interlayer
adhesion [16-25], and issues of anisotropy [26-
29]. There are separate publications that pay at-
tention to the durability of printing using geo-
polymer composites [30-32], but there are no
issues of studying durability depending on the
printing method yet.

The relevance of studying the durability of 3D
concrete printing structures is due to the rapid de-
velopment of this area in the modern construction
industry and the need for scientific justification of
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their operational reliability. In recent years, 3D
concrete printing (3DCP) technology has demon-
strated significant potential for transforming tradi-
tional approaches to the construction of buildings
and structures, offering such advantages as re-
duced construction times, reduced waste, and de-
sign flexibility, which makes it possible to create
complex architectural and space-planning forms.
However, the widespread adoption of this tech-
nology is hampered by insufficient study of the
long-term behavior of printed structures in real
operating conditions, especially when exposed to
aggressive environmental factors. Of particular
importance is the study of interlayer adhesion as a
critical factor determining the mechanical charac-
teristics and durability of structures. The durability
of structures made of fine-grained concrete, which
includes materials for 3DCP, is generally beyond
doubt, but it is in the contact zones between suc-
cessively applied layers that stresses can concen-
trate and potential destruction sites can form. The
existing shortage of experimental data on the be-
havior of 3DCP structures under cyclic tempera-
ture and humidity exposure, typical for cold cli-
mate zones, requires comprehensive studies aimed
at establishing a correlation between the techno-
logical parameters of printing, the structural fea-
tures of the material and its resistance to external
influences during operation. Obtaining such data
is important both for improving the additive con-
struction technology itself and for developing a
regulatory framework governing the operation of
structures manufactured using this technology. In
this regard, the purpose of this study is to investi-
gate the effect of the printing method of multilayer
products and structures on the nature of degrada-
tion under conditions of accelerated model aging.

MATERIALS AND METHODS

The experimental part of the study was carried out
using the material for additive construction pro-
duction 3D4Art. The main physical and mechani-
cal characteristics of the material used were de-
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sity of Civil Engineering, considering the re-
quirements of GOST R 59096-2020. The results
of standard material tests are presented in Table 1.

Table 1. Results of testing a batch of material used for additive construction production

No Name of the indicator Unit of Test method Test result
measurement

1 Humidity % GOST 8735-88 p. 10 0,29

) Grqm size (largest size of filler M GOST 8735-88 p. 3 5
grains)

3 Grain size (gontent of grains of o, GOST 8735-88 p. 3 0.03
the largest size)

4 Bulk density Kr/m> GOST 8735-88 p. 9.3 1382,23

5 Mobility by cone flow MM SOSST R 38277-2018 135

6 Water holding capacity % S%ST R 582772018 98

7 | Start of setting min gOST 30744-2001, p. 100

8 | End of setting min gOST 30744-2001, p. 110

9 Bending strength MPa GOST 310.4-81 p. 2.2 4,1

1o | Compressive strength (GOST MPa GOST 310.4-81 p. 2.2 34,6
310.4)
Effective thermal conductivity GOST 7076-99

11 | (thermal conductivity coeffi- W/m*K GOST 12730.2-2020 0,442
cient) p. 6.1
Water resistance grade by the GOST 12730.5-2018

12 |, " - W20

wet spot" method p. 4
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To implement the study, control programs were
prepared for three types of parallelepiped-
shaped products:

1. The first version of the product for printing
layers oriented in one direction along one axis.

The height of the finished product was 400 mm,
which corresponds to 20 layers with the format
of each layer being 50 mm in width and 20 mm
in height. The length of each layer reached 450
mm, considering the rotary part (Figure 2).

Figure 2. Visualization of the first version of the product. A — 3D model. B — visualization of the
control program

2. The second version of the product was
also a parallelepiped with the following parame-
ters: height 400 mm, width and length 450 mm.
However, in this case, the sequence and direc-

tion of printing layers alternated. Thus, one lay-
er was printed along the X axis, and the next
one along the Y axis (Figure 3).

Figure 3. Visualization of the second version of the product. A — 3D model. B — visualization of the
control program

Volume 21, Issue 2, 2025
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Figure 4. Visualization of the third version of the product. A — 3D model. B — visualization of the
control program

The third version of the product is characterized
by a variable height of layer printing. Thus,
when printing layers in contact with the base of
the print field (floor), the layer height alternated
sequentially: 3 cm and 2 cm. Subsequent layers
were printed with a height difference between
adjacent layers (1 cm) formed in this way, but
with the same height of each layer (2 cm). This
approach ensured a tight fit of adjacent layers to
each other in the contact zone (Figure 4).

As a result, three different strategies for forming
the geometry of solid products using 3DCP
were tested. The first option involved printing
layers in one direction, the second - alternating
directions, and the third - a variable height of
layers to improve adhesion between them.
Despite the fact that in real practice, the technolo-
gy of 3DCP is mainly used for the construction of
permanent formwork for enclosing or (less often)
supporting structures with a thickness of; as a rule,
one or two layers - studying the durability of such
structures requires a special approach that takes
into account the specifics of layer-by-layer for-
mation of the material. Since 3DCP involves se-
quential application of layers, interlayer bounda-
ries become potentially vulnerable zones where
stresses can concentrate, microcracks can form,
and delamination can occur under the influence of
external factors. In this regard, the use of multi-
layer samples for studying aging processes seems
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methodologically justified, since it allows artifi-
cially increasing the number of interlayer contacts
and thereby accelerating the manifestation of deg-
radation processes under cyclic climatic influ-
ences, such as freezing and thawing in combina-
tion with sprinkling. Despite the apparent discrep-
ancy between the multilayer structure of the stud-
ied samples and the single-layer configuration of
most real building elements, the proposed meth-
odology provides a reliable basis for predicting
the durability of 3DCP structures, since it allows
for a targeted study of the weakest zones of the
material and modeling its degradation processes in
an accelerated mode.

The 3DCP products were manufactured using a
portal-type construction 3D printer. The X axis is
the axis along which the nozzle of the construction
3D printer's print head moves during layer-by-
layer extrusion of the material. During the optimi-
zation of the model for printing multilayer prod-
ucts, the parameters were adjusted so that when
laying adjacent layers, their maximum adhesion
was achieved without the occurrence of sagging.
This considers the selected width of the printed
layer and the extrusion speed.

All products were manufactured under identical
temperature and humidity conditions corre-
sponding to room temperature and humidity, in
the same laboratory room.

International Journal for Computational Civil and Structural Engineering
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The photographs below demonstrate the process mixture in one direction and the appearance of
of printing a multilayer product in the form of a  the finished product (Figure 5).
parallelepiped with layer-by-layer laying of the

e B o WL\
Figure 5. Printing of a parallelepiped-shaped product with layer-by-layer laying of the mixture in
one direction and the appearance of the finished product

Similarly, the process of printing a parallele- is demonstrated below (Figure 6), as well as
piped-shaped product with layer-by-layer lay- with different printing heights of the layers
ing of the mixture in perpendicular directions (Figure 7).

Figure 1. Printing of a parallelepiped-shaped product with layer-by-layer laying of the mixture in
perpendicular directions and the appearance of finished products

Figure 7. Printing of a parallelepiped-shaped product with layer—by—ayer laying of the mixture and
different printing heights of the layers

Volume 21, Issue 2, 2025 205
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In addition to the products printed in one run, an
additional series of three products with layer
bonding was printed, on which a cold joint was
simulated. For this, the product was printed to
the middle of the height, after which a pause of
at least 6 hours was made, and after this pause
the remaining part of the product was printed.
This approach is designed to simulate long
pauses in the operation of a construction 3D
printer that may occur at a construction site.
One product with a cold joint serve as a control,

RV

primer
Figure 2. Cold seam processing

€

P

while the other two were coated with a primer
based on styrene-acrylic polymer dispersion
(Figure 8a) and concrete contact (Figure 8b) us-
ing a paint brush to assess the effectiveness of
the influence of various methods of cold joint
treatment on ensuring interlayer adhesion (Fig-
ure 9). In this case, the compositions were ap-
plied to one product immediately after printing
the first half, and to the others - before printing
the second part.

5

b) concrete contact application process

Figure 9. Printing process over a processed cold seam
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In addition, monolithic samples of the same di-
mensions are manufactured. After reaching the
age of 28 days, the products are placed in a
large climatic chamber for temperature and hu-
midity loading (Figure 10). Every 10 block cy-
cles of temperature and humidity loading are
recorded and the defects that have arisen in the
products are described. The tests involve the

application of cyclic climatic effects to the
product under test in accordance with the re-
quirements of GOST R 55943-2018. One block
cycle (24 hours) consists of two climatic cycles
(cycle A and cycle B) each lasting 12 hours
(720 minutes) (Figure 11 - Figure 12), following
each other.

100 +

-] 00 O
oo o
[
1

= h N
o o o
1 1 1
T T T

9%
1
T

[Se]
=]
1
T

Air temperature, T, °C
=

-+ 100

-
oo
<
o)
o

120

1
[Se]
=]

304+ 2
40 L
50 L

Relative humidity of the air, RH, %

Holding tine, min

—— 1 — temperature curve

——2 — relative humidity curve

— — =3 — an area where relative humidity is not controlled

——4 — the area where irrigation takes place
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RESULTS OF THE STUDY OF THE
INFLUENCE OF THE PRINTING
METHOD OF MULTILAYER PRODUCTS
AND STRUCTURES ON THE NATURE OF
DEGRADATION UNDER CONDITIONS
OF ACCELERATED MODEL AGING

In the part of the experimental study described
in this article, the effect of the printing method
for multilayer products and structures on the
nature of degradation under accelerated model
aging conditions was assessed visually by the

nature of crack development and the width of
their opening. The results of the visual assess-
ment of the samples after climatic influences are
presented in the form of photographs.

Before conducting climatic tests according to
GOST R 55943-2018, each of the seven test
samples was visually inspected for defects. Vis-
ual inspection was carried out on 5 faces with
codes A - D (A - front face; B - left side face; B
- back face; G - right side face; D - horizontal
face above). Each sample was assigned a unique
code (Table 2).

Table 2. Codes assigned to samples

Sample name Sample code
Control sample of 3D printing with a cold seam 1
Monolithic sample 2
Sample of 3D printing with a cold seam with primer applied be- 3

fore printing the second part

Sample of 3D printing with a cold seam with primer applied im- 4
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mediately after finishing printing the first part

Sample of 3D printing with different layer heights 5
Sample of 3D printing with cross layers 6
Sample of 3D printing with cross layers 7

Based on the results of the inspection prior to
the climatic tests, it was established that:

— the 3D printing sample with a cold seam with
code 1 has one horizontal crack in the layer in
the center of face A with pigmentation (Figure
13); isolated vertical cracks on faces B and C;
there are no defects on faces G and D;

— the monolithic sample with code 2 has: a ver-
tical crack 12.5 cm long, a horizontal hairline
(less than 0.1 mm) crack 4 cm long in the center
of the face, a diagonal hairline crack 7 cm long
and a horizontal interlayer hairline crack 5 cm
long on face A; face B was not inspected due to
lack of access; a vertical hairline crack 12 cm
long in the center of face C; there are no defects
on faces G and D;

— the 3D printing sample with a cold seam with
primer applied before printing the second part
with code 3 has multiple vertical cracks in the
layers along the edges of faces A, B and G (Fig-
ure 14); there are no defects on faces B and D;

igre 1 . orizontal crack
with pigmentation

Volume 21, Issue 2, 2025

Figure 14. Vertical
cracks along the ribs

— the 3D printing sample with a cold seam with
primer applied immediately after finishing print-
ing the first part with code 4 has single vertical
cracks in the layers along the edges of faces A,
B and G; there are no defects on faces B and D;
— the 3D printing sample with different layer
heights with code 5 has multiple vertical cracks
in the layers of the edges of faces A, B and G;
single vertical cracks in the layers along the
edges of face B; there are no defects on face D;
— the cross-layer 3D print sample with code 6
has: multiple vertical cracks in the layers of fac-
es A, B, C and G (Figure 15); there are no de-
fects on face D;

— the parallel-layer 3D print sample with code 7
has multiple vertical cracks in the layers of the
edges of faces A, B and G; single vertical cracks
in the layers along the edges of face B; there are
no defects on face D.

Figure 15. Vertical cracks
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After the inspection, the climatic effects were
activated. The first intermediate inspection was
carried out after one block cycle of climatic ef-
fects. Then the inspection and photo recording
of the samples was carried out every 5 block
cycles, until the result of 100 block cycles was
achieved. According to the results of the inspec-

S

Figure 16. Multiple hairline cracks “spider
web” on sample with code 5

In addition to hairline cracks after 1 block cycle,
a vertical crack was found in the middle of face
G on sample code 3, with its transition to face D
(Figure 18).

210

Figure 18. Vertical crack along faces G and D

tion after the first block cycle, it was found that
the samples with markings 1, 3 and 4 in the wet
state are covered with numerous hair cracks
forming a "spider web", which is not observed
in the dry state, no other defects were found.
After 5 block cycles, the "spider web" was
found on all samples (Figure 16 - Figure 17).

Figure 17. Multiple hairline cracks “spider

web” on sample with code 2

As a result of the tests, samples were photo-
graphed every 5 cycles. Below is a general as-
sessment of the development of defects in sam-
ples with different codes.

International Journal for Computational Civil and Structural Engineering
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Sample
code

Evaluation of defect development

Conclusion based on the results of
100 cycles of model aging

1

In the period from 1 to 100 block cycles of
climatic impacts: after the 5th block cycle,
the appearance of a crack with an opening of
more than 0.1 mm is observed, passing along
the middle of the faces G and D; after 15
block cycles, yellow-red efflorescence was
noticed on all faces of the sample; from the
15th to the 100th block cycle, the appearance
of new visible damage was not observed, but
more significant efflorescence was noticed
with a change in the color of the sample and
a greater opening of the crack along the faces
G and D to a thickness of more than 0.1 mm

The sample has: one horizontal lay-
er crack in the center of face A with
white and reddish efflorescence
along the edge and multiple hairline
cracks; single vertical layer cracks
and multiple hairline cracks along
faces B, C and G; one crack in the
middle of face D with white efflo-
rescence along the edge; yellowish-
reddish efflorescence and signifi-
cant color change

In the period from 1 to 100 block cycles of
climatic influences: after the 5th block cycle,
the appearance of a "web" of hairline cracks
is observed; after 10 block cycles, yellow-red
efflorescence was observed on all edges of
the sample; from the 10th to the 100th block
cycle, the appearance of new visible damage
was not observed, but more significant efflo-
rescence was observed with a change in the
color of the sample

The sample has a vertical crack
12.5 cm long, a horizontal hairline
crack (less than 0.1 mm) 4 c¢cm long
in the center of the face, a diagonal
hairline crack 7 cm long and a hori-
zontal interlayer hairline crack 5 cm
long on face A; face B was not in-
spected due to lack of access; a ver-
tical hairline crack 12 c¢cm long in
the center of face C; there are no
defects on faces G and D; yellow-
ish-red formations and significant
color change

In the period from the Ist to the 100th block
cycle of climatic impacts: after the 40th block
cycle, yellow-red efflorescence was observed
on all faces of the sample; after the 65th
block cycle, a crack was found in the lower
part of face A, which is a continuation of the
crack formed after the 1st block cycle; after
the 75th block cycle, the appearance of a ver-
tical crack in the middle of face B with an
opening of more than 0.1 mm is observed;
from the 75th to the 100th block cycle, the
appearance of new visible damage was not
observed, but more significant efflorescence
was observed with a change in the color of
the sample and a greater opening of the crack
along faces G and D to a thickness of more
than 0.1 mm (Figure 19 - Figure 20).

The sample with the application of
primer before printing the second
part has multiple vertical cracks in
the layers along the edges of faces
A, B, C and D; a crack with an
opening of more than 0.1 mm along
faces A, B and D; one crack on face
D with an opening of more than 0.1
mm, adjacent to the edges of faces
B and D; yellowish-red formations
and a significant change in color

In the period from 1 to 100 block cycles of
climatic impacts: after 10 block cycles, one

The sample with the application of
the primer immediately after the

Volume 21, Issue 2, 2025
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Sample
code

Evaluation of defect development

Conclusion based on the results of
100 cycles of model aging

crack is observed in the middle of faces A
and D, extending to the cold joint; after 15
block cycles, yellow-red efflorescence was
observed on all faces of the sample; from 15
to 100 block cycles, the appearance of new
visible damage was not observed, but more
significant efflorescence was observed with a
change in the color of the sample and a great-
er opening of the crack along faces G and D
to a thickness of more than 0.1 mm.

end of printing of the first part with
the code 4 has single vertical cracks
of the layers along the edges and
multiple hairline cracks on faces A,
B and G; multiple hairline cracks
along the entire face B; one crack
on face D with an opening of more
than 0.1 mm and multiple hairline
cracks; yellowish-red formations
and a significant change in color.

In the period from 1 to 100 block cycles of
climatic influences: after the 5th block cycle,
the appearance of a "web" of hairline cracks
is observed; after the 35th block cycle, yel-
low-red efflorescence was noticed on all edg-
es of the sample; from the 35th to the 100th
block cycle, the appearance of new visible
damage was not observed, but more signifi-
cant efflorescence with a change in the color
of the sample was noticed.

The sample has: multiple vertical
cracks in the layers of the ribs and
multiple hairline cracks on faces A,
B and D; single vertical cracks in
the layers along the ribs and multi-
ple hairline cracks on face B; mul-
tiple hairline cracks on face D; yel-
lowish-red formations and signifi-
cant color change

In the period from the 1st to the 100th block
cycle of climatic impacts: after the 5th block
cycle, the appearance of a "web" of hairline
cracks is observed; after the 20th block cycle,
the appearance of a vertical crack along face
A with white efflorescence is observed, and
yellow-red efflorescence is also noted on all
faces of the sample; from the 20th to the
100th block cycle, the appearance of new vis-
ible damage was not observed, but more sig-
nificant efflorescence was noted with a
change in the color of the sample and a great-
er opening of the crack along face A to a
thickness of more than 0.1 mm with more
significant white efflorescence.

The sample has multiple vertical
cracks in the layers of faces A, B,
C, D and E; one vertical crack in
the middle of face C with white ef-
florescence along the edge and an
opening of more than 0.1 mm; two
vertical cracks in the middle of face
D with white efflorescence along
the edge and an opening of more
than 0.1 mm; yellowish-red for-
mations and a significant change in
color

In the period from 1 to 100 block cycles of
climatic impacts: after the 5th block cycle,
the appearance of a "spider web" of hairline
cracks is observed; after 15 block cycles, yel-
low-red efflorescence was observed on all
edges of the sample; from the 15th to the
100th block cycle, the appearance of new vis-
ible damage was not observed, but more sig-
nificant efflorescence with a change in the
color of the sample was noted.

The specimen has multiple vertical
cracks in the layers of the ribs and
multiple hairline cracks on faces A,
B and D; single vertical cracks in
the layers along the ribs and multi-
ple hairline cracks on face B; mul-
tiple hairline cracks on face D; yel-
lowish-reddish precipitates and sig-
nificant discoloration
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Figure 20. Crack on face D after 100 cycles

Summary results of visual assessment of
samples after climatic impacts

The conducted studies revealed significant dif-
ferences in degradation of 3D-printed samples
and a monolithic analogue under cyclic climatic
influence. The key differences are in the fea-
tures of crack formation, the dynamics of defect
development and resistance to external influ-
ences. The monolithic sample (code 2) demon-
strated the least tendency to crack formation.
Despite the presence of hairline cracks and sin-
gle defects, their development during testing
was minimal. In contrast, all 3D-printed sam-
ples, especially with a cold seam (codes 1, 3, 4),
showed intense crack formation, mainly in the
zones of interlayer contacts. The most pro-

Volume 21, Issue 2, 2025

nounced defects were observed in samples with
a cold seam, where cracks reached an opening
of more than 0.1 mm, and were also accompa-
nied by the formation of efflorescence.

Samples with cross-layer stacking (code 6) and
variable layer height (code 5) showed better sta-
bility compared to samples printed in one direc-
tion (code 7). However, even they were inferior
to the monolithic sample in terms of resistance to
climatic influences. This confirms that interlayer
boundaries remain a weak link in 3D-printed
structures, despite the optimization of printing
strategies. The use of a primer and concrete con-
tact to improve adhesion in the cold joint zone
(codes 3, 4) did not lead to a significant increase
in durability. On the contrary, in some cases the
treatment even contributed to an increase in the
number of cracks, which may be due to addition-
al stresses at the layer interface. During the re-
moval of samples that had undergone 100 cycles
of accelerated model aging from the climatic
chamber, it was established that all samples for
which the creation of a cold seam was modeled
(codes 1,3,4) did not have interlayer adhesion
and were freely separated in the zone where the
cold seam was modeled (Figure 21).

Figure 21. Free separation of the sample by the
cold seam modeling zone after 100 cycles of ac-
celerated model aging in a climatic chamber
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CONCLUSIONS

The conducted study allowed us to obtain sever-
al conclusions that may be relevant for the fur-
ther development of 3DCP technology and as-
sessment of the durability of structures created
in this way. In particular, the obtained results
demonstrated that monolithic samples manufac-
tured in the traditional way have a significantly
higher resistance to cyclic climatic effects com-
pared to 3D-printed analogues. This confirms
that the layer-by-layer formation of the structure
is a critical factor determining its durability.
Accelerated model aging in a climatic chamber
shows that it is the interlayer contact zones that
become the main sources of degradation, where
stresses are concentrated and cracks develop. At
the same time, none of the developed printing
methods (parallel, cross-laying of layers, varia-
ble layer height) allowed us to completely neu-
tralize this effect, although cross-laying showed
slightly better results. The use of a primer and
concrete contact to improve adhesion in the
technological break zone did not give the ex-
pected positive effect. In some cases, this even
led to an increase in the number of defects,
which requires a revision of existing approaches
to the processing of interlayer connections. The
data obtained indicates that solving the problem
of durability of 3DCP structures requires simul-
taneous optimization:

— composition of building mixtures (with an
emphasis on improving adhesion characteris-
tics);

— technological printing parameters (extrusion
speed, temperature conditions);

— design solutions (stress distribution in inter-
layer contact zones).

This study has identified several promising are-
as for future research:

— development of new methods for assessing
interlayer adhesion at the construction site;

— study of long-term behavior of structures un-
der real operating conditions;

— creation of specialized regulatory and tech-
nical documents for assessing the durability of
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building products and structures manufactured
using 3DCP technology.

The findings obtained are of fundamental im-
portance for understanding the degradation pro-
cesses of layered building materials, as well as
of practical value for the industry, indicating the
need for further improvement of additive con-
struction production technologies. The solution
to the identified problems will facilitate a wider
implementation of 3D printing in construction
practice while ensuring the required level of re-
liability of the structures being erected.
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