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ABSTRACT: Autoclaved Aerated Concrete (AAC) is a lightweight and sustainable building material known for its thermal
insulation and acoustic properties. However, its relatively low mechanical strength limits its use in load-bearing applications. This
paper introduces the concept of incorporating unsaturated polyester resin (UPR) pins into AAC blocks to improve compressive and
flexural strength of the material. Pin diameters of 4, 6, 8 and 10 mm were studied, oriented at 90° and 45° in relation to the AAC
main plane. The effects of the UPR/AAC interface were analyzed through microscopy. The results point to a substantial increase in
mechanical strength of the reinforced AAC, wherein smaller pins with orientation of 45° and 90° presented the best behavior under
flexural (up to 298%) and compressive loading (up to 183%), respectively.
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RESUMEN: Hormigon celular tratado en autoclave reforzado por pasadores poliméricos. Hormigon celular tratado en autoclave
(AAC) es un material de construccion ligero y sostenible conocido por sus propiedades de aislamiento térmico y actstico. Sin
embargo, su resistencia mecanica relativamente baja limita su uso en aplicaciones de carga. Este estudio introduce el concepto
de incorporar pasadores de resina de poliéster insaturado (UPR) en bloques de AAC para mejorar la resistencia a la compresion y
flexion del material. Se estudiaron didmetros de pasadores de 4, 6, 8 y 10 mm, orientados a 90° y 45° en relacién al plano principal
del AAC. Los efectos de la interfaz UPR/AAC fueron analizados a través de microscopia. Los resultados indican un aumento
sustancial en la resistencia mecanica del AAC reforzado, donde los pasadores mas pequefios con orientacion de 45° (hasta un 298%)
y 90° (hasta un 183%) presentaron el mejor comportamiento sobre esfuerzos de flexion y compresion, respectivamente.

PALABRAS CLAVE: Hormigodn celular tratado en autoclave; Pasador de poliéster; Interfaz; Peso ligero.
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1. INTRODUCTION

Autoclaved Aerated Concrete (AAC) is a construc-
tion material composed of cement, fine aggregates
(e.g., sand, fly ash, gypsum, and lime), and a foaming
agent (e.g., aluminum or zinc powder), which react
with calcium hydroxide and water and produce hy-
drogen gas, creating a lightweight porous structure
(1). The AAC is strengthened by autoclaving under
steam pressure, in which tobermorite and well-crys-
tallized C-S-H are formed as the main binding phas-
es, improving mechanical strength and durability and
reducing shrinkage (2).

AAC blocks have gained increased attention due
to their environmentally friendly characteristic com-
pared to conventional building blocks (e.g., fired-clay
and conventional concrete blocks), since AAC man-
ufacturing consumes a large volume of important in-
dustrial wastes (3). Besides the low density of AAC,
with isolated air voids in its porous structure, results
in superior sound (4) and thermal (5) insulation, and
fire (6), and seismic (7, 8) resistance, making it a good
option for various construction applications, includ-
ing wall systems, flooring and roofing (9). They are
also cheap and easy to mold into panels.

AAC has poorer mechanical behavior compared
than traditional concrete (10), and its use is limited to
applications such as low-rise buildings. Due to that,
transverse and longitudinal reinforcements, such as
steel bars and meshes, are being incorporated into
AAC, to enhance its structural performance. Indeed,

Reinforced Autoclaved Aerated Concrete (RAAC)
have wider use in more structural applications. How-
ever, steel bars are incompatible with the lightweight
characteristic of AAC.

Additionally, the porous structure of AAC exposes
the bars to chloride-ion from the environment (e.g.,
seawater in coastal structures, industrial activities and
deicing salts) and highly alkaline conditions, weaken-
ing the bond with the concrete and accelerating its de-
terioration by corrosion (2). In 2023, over 150 schools
in the United Kingdom have received instructions
to close buildings constructed with AAC reinforced
with steel bars until safety measures are implement-
ed. Tens of thousands of these structural panels are
currently in use in public buildings, such as hospitals,
airports, and theaters, with many showing clear signs
of wear and deterioration (11).

In this sense, polymeric materials are interesting
candidates as reinforcements for AAC due to their
resistance against carbonation (12), good mechan-
ical properties, and low density (13). Unsaturated
polyester resin (UPR) is a popular thermoset poly-
mer for composite applications in many sectors (e.g.,
construction and marine) because of its moderate
strength and modulus, resistance to water, and room
temperature curing ability (14). UPR has been com-
bined with cement composites in many ways over the
last decades. In polymer-impregnated concrete, a typ-
ical concrete part is immersed into a liquid polymer
solution, that fills the surface voids, reaching polymer
penetration depths of 20—50 mm (15-19). Nodehi (19)

FiGure 1. Polymeric pin-reinforced RAAC manufacturing.
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reported that, depending on the viscosity of the resin,
it can enter the micro-pores forming a cross-linked
network, which was visualized by Chi et al. (20),
who studied high-performance epoxy coatings with
cross-linkable solvent in concretes.

In fact, the introduction of polymeric pins in com-
posite structures such as sandwich panels, is well-
known to improve their load-bearing characteristics,
such as flexural (21), compressive (22), and impact
(23) behaviors. In this sense, Balikoglu et al. (24) in-
vestigated the effects of polymeric pins on the perfor-
mance of a polyvinyl chloride (PVC) foam through
three-point bending, flatwise compression, and core
shear tests. The pins were found to significantly im-
prove the mechanical performance of the structure,
changing failure modes without a significant increase
in weight. Similarly, Yalkin, Icten, and Alpyildiz (25)
observed the improvement in mechanical perfor-
mance of a pin-reinforced PVC-core sandwich struc-
ture under flexural, shear, compressive, and low-ve-
locity impact loads.

In the context of sandwich panels, the most preva-
lent pin configurations include those oriented orthog-
onally (parallel to the load direction) and at +45°/-45°
angles, assembling a truss-like structure commonly
known as the X-cor (26). Pin reinforcements vary in
terms of diameter, spacing, and orientation, resulting
in a wide range of design possibilities. According to
Zuoguang et al. (27), the angle and content of inserted
enhance the compressive performance and those ori-
ented at 45° the shear and flexural behavior. Despite
the promising results observed for sandwich panels,
this possibility remains unexplored for the reinforce-
ment of cement composites, including AAC.

This study aims at using polymeric pin reinforce-
ments to obtain RAAC with different configurations
of pins and improved mechanical behavior. This novel
approach has the potential of increasing the use of this
building material in the construction sector as a light-
weight, versatile and mechanically suitable material.

2. MATERIALS AND METHODS
2.1. Materials

Orthophthalic-based unsaturated polyester res-
in (UPR) with a high content of styrene monomer
(41~47%) and low viscosity (140-190 cP) was sup-
plied by Embrapol (Brazil). Methyl-ethyl-ketone per-
oxide (MEKP) was used as initiator (1.5 wt% in rela-
tion to the UPR). Autoclaved aerated concrete (AAC)
blocks (600 x 300 x 75) mm were acquired from Sical
(Brazil). According to the manufacturer, the block is
produced from a mixture of cement, lime, sand, alu-
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minum powder and water. The reaction of aluminum
with alkaline components allows the release of hy-
drogen gas and the expansion of the mixture, forming
well distributed small voids. Curing is carried out in
autoclaves with controlled temperature and pressure.
The AAC density was determined using prismatic
specimens based on volume and mass measurements
with an analytical scale and analog caliper.

2.2. Pin configurations and manufacturing

For the preparation of reinforced specimens, AAC
blocks were cut to predefined dimensions for each
mechanical test. Holes were then drilled into the sam-
ples using a bench drill, ensuring that they penetrated
the entire thickness of the block and that the surface
remained free of defects. The specimens underwent
vacuum cleaning to ensure surfaces free of debris to
facilitate adhesion with the polymer, and an adhesive
tape was used to seal the entire bottom surface of the
specimens. The UPR and the initiator were mechani-
cally mixed (1000 rpm for 60 s) and manually poured
into the holes. Finally, both surfaces were flattened
with a thin UPR coating layer, and all specimens
were cured at room temperature for 24 h and then
post-cured at 60 °C for 6 h. The complete process is
illustrated in Figure 1.

The holes were drilled to produce pins with diam-
eters of 4, 6, 8, and 10 mm, and the number of pins
for each diameter group was determined to ensure a
similar resin volume in all specimens, wherein, 36,
16, 9 and 6 pins were used, respectively. Since the
number of pins varied in the various samples, the dis-
tance between them was defined as to obtain a regular
distribution of pins in the specimen for the mechani-
cal tests, i.e., in each sample, the holes were similarly
spaced from the borders and from other pins.

Two different configurations of pin orientation
were evaluated under both compressive and flexur-
al loading, aiming to optimize the performance un-
der specific conditions. Pins orientations were 90°
(aligned to the compressive load) or -45°/45° to form
a lattice-like truss structure. In the latter, the horizon-
tal distance between holes was reduced so that the an-
gled pin did not pierce the lateral surface of the block.
Finally, unfilled drilled (10 mm diameter) samples for
each angle orientation were studied for comparison.
Table 1 describes all studied groups of samples.

2.3. Physical characteristics

The pore structure of the AAC blocks was studied
by employing image analysis of the inner section of
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the block using the Imagel software. Digital images
of the AAC were submitted to thresholding, and the
mean pore size and pore area fraction on the AAC
were measured. Representative samples of the AAC/
UPR interface were analyzed through scanning elec-
tron microscopy (SEM) in a Zeiss EVO MA10 equip-
ment at 10 kV using 200-5000x magnification.

2.4. Mechanical characterization

Tensile tests were carried out in casted samples
of the cured polyester resin in accordance with the

ASTM D638 standard (type 1 sample), in an Instron
3382 universal testing machine, at 5 mm/min. Com-
pressive properties were determined in accordance
with the ASTM D695 standard, using cylinders meas-
uring 12.30 mm x 24.60 mm (diameter x height) and
a displacement speed of 1.3 mm/min. Five specimens
were produced, using the same curing conditions
mentioned above, and tested in each case.
Mechanical tests were conducted on both as-re-
ceived (unreinforced) and reinforced AAC using the
same Instron universal testing machine. Compres-
sion tests followed the recommendations of ASTM
C1693 to assess the modulus of rupture and modulus

TasLE 1. Summary of the studied polyester pins reinforced AAC groups

Diameter Distance UPR/AAC
Group Schematic view and cut Number « Orientation (°) relation
(mm) (mm) N
Vv, %)
AAC - - - - 0
1090 u 10 9 33.33 90 0
10_45 u 10 9 33.33 45 0
4 90 4 36 16.00 90 452
6_90 6 16 25.00 90 452
8 90 8 9 33.33 90 452
10_90 10 6 50.00 90 4.71
445 4 36 10.00 45 6.38
6_45 6 16 14.00 45 6.38
8 45 8 9 19.33 45 6.38
10_45 10 6 35.70 45 6.65

*Distance between the pin centers.
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of elasticity (chord modulus) of the samples (dimen-
sions: (100 x 100 x 35) mm) at a displacement rate of
1.5 mm/min. Three-point bending tests were conduct-
ed on unreinforced and reinforced AAC to determine
the flexural strength in samples (dimensions: (35 %
35 x 160) mm), using a span-to-depth ratio of 3, in
accordance with ASTM C293. For both mechanical
tests, five specimens were used for each group and
chord modulus of elasticity was determined between
5% and 33% of the maximum strength for each spec-
imen.

The obtained mechanical properties were statis-
tically analyzed using One-Way ANOVA, in which
the characteristics of the pins were considered as a
factor. When the null hypothesis was rejected, the
means were compared by Tukey-Kramer tests at a
5% significance level based on F and p values. Sta-
tistical analysis was performed using Python 3.9 lan-

guage.

3 RESULTS AND DISCUSSION
3.1. Preliminary characterization

AAC characteristics (e.g., mechanical properties,
permeability, and shrinkage) are intrinsically related
to overall porosity and pore size distribution (6). Fig-
ure 2 presents the untreated and treated micrographs
of the as-received AAC, where it can be observed a
relatively uniform size and distribution of pores in the
AAC. Image analysis indicated 48.2% of pores, rang-
ing from 0.131 to 1.169 mm in diameter, with an aver-
age diameter of =0.519 mm, similar to those reported
in the literature (28-30). Also, the measured density
was 0.479 g/cm?, also similar to literature results (29),
being significantly lower than the density of the cured
UPR, which is 1.20 (+ 0.02) g/cm?>.

Autoclaved aerated concrete reinforced by polymeric pins 5

The mechanical properties of AAC under compres-
sive and flexural loads are shown in Figure 3A, where
a substantial contrast is observed with the properties
of the UPR (Figure 3B). UPR displayed tensile and
compressive strengths of 43.99 (+ 2.71) MPa and
124.66 (£ 5.13) MPa, respectively. Under compres-
sive load, AAC samples exhibited consistent fractures
up to the maximum load, where the upper and lower
surfaces showed minimal cracks. The failure mode
was characterized by shear fractures at ~45° near the
edges of the prismatic samples, as previously reported
in the literature. As the peak stress approaches, shear
cracks interconnect, and fine cracks parallel to the
loading direction lead to the separation of AAC sam-
ples into slender columns (31).

Regarding flexural behavior, it is well-known
that cement composites have a much lower tensile
strength compared to compressive strength due to
crack propagation in flaws inherent to the material.
Thereby, when the highly porous AAC underwent
tensile stress in the flexural test, the material failed
with a brittle behavior with much lower stress than
that in compression. Finally, the compressive and the
flexural modulus were similar (=330 MPa).

Due to the characteristics of the UPR used in this
research when applied to the AAC surface, its low
viscosity enabled it to infiltrate the surface pores ef-
fectively. Figure 4 shows the SEM images of the in-
terface between UPR and AAC. Although AAC pores
are mostly non-interconnected, some pathways are
formed due to interconnected macro and micropores,
allowing liquids and gases to flow through it (32).
This process is driven by capillary action, forcing the
resin to permeate small pores of the AAC (6). Finally,
the quality of this type of surface coating and the ad-
hesion between the reinforcing pins and cement ma-
trix depends primarily on a suitable contact and good
bonding at the interface.

FiGurE 2. Micrograph (a) and thresholding binary image (b) of the as-received AAC.

Materiales de Construccion 74 (355), July-September 2024, €350. ISSN-L: 0465-2746. https://doi.org/10.3989/mc.2024.370623



6 * A. Behenck Aramburu et al.

FiGuRE 3. Representative stress vs. strain curves for AAC (a) and UPR (b).

Ficure 4. SEM images of the interface between UPR and the AAC at (a) 200x and (b) 5000x magnifications.

Figure 4 shows the pores of AAC, where the res-
in filled the voids, with little or no trapped air or de-
fects. Thus, good bonding was obtained at the inter-
face, mainly due to mechanical interlocking, where
frictional forces between UPR and the rough surface
of AAC can promote load transfer. In this sense, the
AAC/UPR interface coupled deformation of these
two materials. Even so, compatibility between the ma-
terials is important, and their modulus of elasticity and
thermal expansion coefficients differ significantly.

3.2. Compressive bahaviour.

Figure 5 shows the compressive stress vs. strain
curves for AACs reinforced with pins oriented at 90°.
The unreinforced AAC and the AAC with unfilled
holes (10 90 u) exhibited similar behavior, where
both compressive modulus and strength were not sta-

tistically different due to the presence of holes. Con-
versely, the curves for the reinforced groups show a
series of small peaks and drops. Although the axial
compressive load is uniformly distributed on the sur-
face of the AAC block, the pins may break at different
stress levels due to local imperfections. And, when the
brittle rupture of a pin occurs, a drop in the curve is
observed, leading to stress redistribution to other pins
and the AAC, enabling the stress to increase again.
All groups with UPR pins exhibited significantly
higher compressive strength and stiffness, with 6.19,
5.24,4.97, and 4.02 MPa increase in strength for the
4 90, 6 90, 8 90, and 10_90 groups, respectively,
compared to the unreinforced AAC (3.38 MPa). The
significantly higher compressive strength and stiff-
ness in groups with pin reinforcement can be justified
considering the simple rule of mixtures, wherein the
properties of the final material are determined by the
properties of its individual components and their rel-
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FiGuRre 5. (a) Representative compressive stress vs. strain curves and (b) compressive strength and modulus of the blocks with 90°
oriented pins (different letters on the bars represent significant differences).

ative content. In this case, the UPR pins exhibit much
higher compressive properties than the AAC. With
higher stiffness the UPR pins undergo less deforma-
tion than the AAC. Consequently, the load is primar-
ily distributed among the pins, contributing to an in-
crease in overall stiffness of the UPR/AAC assembly.
Therefore, the enhanced compressive strength and
stiffness observed in the pin-reinforced groups can be
attributed to the properties of UPR and the effective
distribution of load among the pins, as governed by
the rule of mixtures.

The failure of pins under compression occurred by
brittle rupture and buckling (Figure 6). Buckling was
observed only for smaller diameters, i.e., 4 and 6 mm,
justified by the slender geometry of the pin. Although
buckling is not expected in columns confined by a
rigid support, pin buckling occurred after the crack-

FiGuURE 6. Observed 90° oriented pins failure modes due to
compressive load.

ing stress of the concrete was reached, wherein the
damaged concrete was not able to support the pins. It
is important to add that this did not occur for all pins
of these groups due to the lateral support of the AAC,
preventing buckling (27, 33).

Additionally, there was a trend towards higher
compressive strength for smaller pins, based on the
statistically significant difference between the 4 90
and 10 90 groups, which may be related to an in-
creased load transfer due to the larger overall surface
area of the pins (34, 35). For the larger diameters,
brittle fracture was the main failure mode, related to
their lower slenderness, emphasizing the influence of
geometric factors of the pins on failure mechanisms.

Regardless of the pin diameter, there is an initial-
ly uniform load distribution, but after each pin break,
stress becomes uneven due to collapsed and non-col-
lapsed regions. Nanayakkara et al. (35) suggested that,
in the elastic regime, the pin response under compres-
sive load primarily involves the transfer of interfacial
shear stresses. These stresses differ between groups
due to the varied pin diameters. For smaller pins, al-
though the sum of areas of all pins is similar to that
obtained for the larger pins (see Table 1), their collec-
tive surface area in contact with the concrete is much
larger, and the total stress transfer is higher, allowing
them to share more load prior to AAC break.

The increase in compressive strength for the groups
with 45° pins was lower than those oriented at 90° (Fig-
ure 7), still reaching 2.35, 1.90, 2.33, and 1.22 MPa
increase for the 4 45,6 45,8 45, and 10_45 groups,
respectively, compared to the unreinforced group. In
the group with unfilled holes (10 45 u), unlike that
for the unfilled 90° holes, a decrease in elastic modu-
lus was observed. As for compressive strength, all re-
inforced groups showed statistically similar strengths,
but all higher than the unreinforced group.
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Unlike the 90° pins, the 45° pins did not break due
to the compressive load. As seen in Figure 8, shear
cracks near the pins were evident in all reinforced
samples, with rupture of the ACC prior to cracking or
buckling of the pin, reducing the potential improve-
ment in strength and stiffness. As discussed by Koch-
er et al. (36), pins at 45° exhibit significantly lower
stability when subjected to axial compression com-
pared to larger angles (>60°). Therefore, small angles
in relation to the surface plane should be avoided for
compressive loading, even though they are attractive
for flexural loading.

Compared to more conventional reinforcement
methods such as the use of fibers, both pins (orient-
ed at 45° and 90°) yielded higher level of reinforce-
ment (37-39). Furthermore, despite the relatively low
UPR/AAC ratio in all groups (4.52~6.65%), the pins,
the resin permeation into the AAC pores and the flat-
tening layer of material on the faces lead to a mass

increase of approximately 20% and 25% in the groups
with pins oriented at 90° and 45°, respectively. Nev-
ertheless, the substantial gain in mechanical strength
justifies this increase in mass, maintaining the light-
weight characteristic of the original AAC.

3.3. Flexural behaviour

Regarding the flexural strength of the AAC with
90° pins, the groups with larger diameter pins (i.e.,
8 90 and 10 _90) did not show a statistical differ-
ence compared to the unreinforced groups, while the
groups with smaller pins (i.e.,4 90 and 6 _90) reached
gains of 1.82 and 0.92 MPa in strength, respectively
(Figure 9).

As observed for compressive loads, geometric
irregularities cause higher local stress levels com-
pared to the average stress in the material, potentially

FiGure 7. (a) Representative compressive stress vs. strain curves and (b) compressive strength and modulus
of the 45° oriented pins groups.

FiGurke 8. Failure mode of the 45° oriented pin groups under compressive load.
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leading to cracks or failures. Furthermore, the larg-
er the diameter of the hole, the greater the reduction
in load-bearing ability of the structure, potentially
altering the failure mechanism (40, 41). Observing
the failure modes of the samples with 90° pins (Fig-
ure 10), it is evident that the unfilled holes behave
as stress concentrators, and rupture occurred in the
middle section of the holes (group 10 90 u). Due to
that, this group failed at lower deformations than the
control AAC group (Figure 9a).

However, in all resin-filled groups, fracture shift-
ed to the regions between pins, in the AAC structure
due to the reinforcing effect of the UPR, with higher
mechanical properties that the AAC, reinforcing the
area near the edges of the pins, displacing the fracture
to other areas. This may also be responsible for the
increase in modulus in the reinforced blocks, where-
in improvements of 234, 233, 128, and 86 MPa were
observed forthe 4 90,6 90,8 90, and 10_90 groups,
respectively.

In this sense, under flexural loading, stress concen-
trations around the pins exceeded the critical stress
required for crack initiation, wherein smaller pins,
with lower stress concentration effects, allowed high-
er loads for crack initiation. Moreover, once a crack
initiates, smaller pins may hinder crack propagation
along the AAC/pin interface. It can also be added that
the UPR layer on the surface of the blocks, although
very thin, contributed to withstand flexural stress.

Regarding the groups oriented at 45°, shown in
Figure 10, since the pins were oriented in two direc-
tions (45° and -45°), forming a truss-like geometry,
the cracks induced by bending inevitably reached the
polyester pins, and these acted as reinforcement until
their rupture. This mechanism resulted in increases in
strength of 394, 254, and 267 MPa for the 6_45,8 45,

Autoclaved aerated concrete reinforced by polymeric pins 9

and 10_45 groups, respectively (Figure 11). In this
sense, the diagonal arrangement of pins introduced
superior strength and stiffness compared to their re-
spective counterparts oriented at 90°. Indeed, the 90°
pins do not effectively counteract shear forces, while
the 45° pins reinforce the entire cross-sectional area
of the block by changing how shear forces distribute
throughout the material, effectively dispersing these
forces over a larger area of the material. As for the
unreinforced group (10 _45 u), since there were no
pins to act as reinforcement, the holes behaved again
as stress concentrators, causing the blocks to break at
lower stress and strain.

It was not possible to obtain the 4 45 group with
the manufacturing process employed in this research.
These specimens exhibited substantial cracking and
deformation due to the polyester significant shrink-
age during curing, with a volume contraction that
vary from 7% to 10% due to the free radical copoly-
merization of UPR and styrene, which brings surface
quality and dimension control issues. Most shrinkage
occur within the first 24 h, when the UPR changes
from a viscous liquid to a solid (42). Additionally,
being more temperature-sensitive, UPR may exhibit
much greater contraction than AAC at low tempera-
tures (43). In fact, the thermal expansion coefficient
of UPR is =10 °C!' (44-46), while that of AAC is
only 107 °C-! (47, 48). Due to that, although deforma-
tion coupling is beneficial for material reinforcement,
it may lead to issues such as interface cracking in this
group.

The fact that only this group showed this behav-
ior is likely related to the orientation of the pins and
the shape of the flexural specimen. In this regard, in-
clined pins have a larger volume of resin (=40% larg-
er than 90° pins) and a closer spacing in the sample.

FiGure 9. (a) Representative flexural stress vs. strain curves and (b) flexural strength and modulus of the 90° oriented pins groups.
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The shrinkage of the resin pins causes tensile stresses
perpendicular to the interface, and the proximity of
the pins led to the rupture of the AAC. In addition,
delamination was also observed in the resin layer on
the block surfaces due to UPR shrinkage.

Even so, the 6 45 group performed remarkably
well. This combination resulted in enhanced flexural
properties for both 45° and 90° oriented pins (298%
for the 6_45 group and 252% for the 4 90 group),
being superior to those found in the literature for fiber
reinforced blocks. Indeed, the flexural strength im-
provement reported by Pehlivanli et al. (49) for poly-
propylene, basalt, carbon, and glass fibers were 40%,
61%, 16%, and 4%, respectively. Similarly, Huang et
al. (38) incorporated polyethylene fibers and obtained
37% improvement in flexural strength.

Finally, in actual applications, where combined
loads may act, it is important to optimize the orienta-
tion of polyester pins within AAC blocks to achieve
superior overall mechanical behavior. By applying
different pin orientations, the material can be engi-
neered to effectively withstand complex loading sce-
narios with both compressive and flexural loads. For
instance, a combination of pins oriented at 45° and
90°, or other angles, could be explored to enhance the
structural integrity of AAC blocks against multidirec-
tional forces.

4. CONCLUSIONS

This research focused in improving the compres-
sive and flexural behavior of autoclaved aerated con-
crete blocks reinforced with unsaturated polyester
resin pins. Different sizes of pins oriented at 90° and

Figure 10. Failure modes of 90° and 45° oriented groups
observed in the flexural tests. (*broken due to resin shrinkage
during curing, not eligible for testing).

45° were evaluated, and the interface between UPR
and AAC was assessed. SEM images revealed that the
mechanical adhesion between UPR and the AAC ma-
trix resulted in a rough interface that facilitated shear
load transfer between them. This interfacial bonding
played a crucial role in reinforcing the AAC matrix,
resulting in notable improvements in both compres-
sive and flexural strength.

The pins oriented at 90° exhibited the most fa-
vorable compression performance, as expected,
maximizing load-carrying capacity, with up to 180%
improvement. On the other hand, under flexure, the
pins oriented at 45° demonstrated superior behav-
ior, achieving up to 298% improvement. Pins at 90°
behave better under compression because of their
alignment with the applied load direction, while pins
oriented at 45° perform better against shear, the most
common failure mode under the applied bending con-
ditions.

Furthermore, the choice of pin diameter showed a
significant effect on the reinforced AAC. Smaller pin
diameters were advantageous in terms of mechanical
strength. However, it was observed that the spacing
between the pins must be above a minimum to avoid
substantial cracks due to resin shrinkage during cur-
ing of the polymeric pins.
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