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Abstract. Installing wiring or plumbing fixtures necessitates creating chases within masonry walls, which, while
serving practical purposes, raises a crucial concemn regarding the potential compromise of the masonry’s structural
integrity. Given these concemns, it becomes essential to thoroughly understand the impact of incorporating chases on
masonry strength. In this study, 37 AAC masonry prisms (200x330x 100 mm?) were cast and tested for compression.
The prisms were equipped with chases of various depths -10 mm, 20 mm and 30 mm; and orientations (horizontal,
inclined, and vertical), which were then filled with mortar using 1:2, 1:4, and 1:6 cement-to-sand ratios. The primary
objectives were to assess the strength decrease in the prisms with different chase characteristics compared to a control
specimen and to determine the percentage strength increase due to filling materials compared to unfilled chases. Key
findings indicate that as chase depth increases, there is a substantial reduction in prism strength. However, the
orientation of the chase does not significantly affect strength reduction. Importantly, filling the chases with mortar leads
to a significant increase in prism strength. This study not only unveils the complex impact of chase characteristics on
masonry strength but also emphasizes the crucial role of filling materials in strengthening these prisms.

Keywords: autoclaved aerated concrete (AAC); chases; compressive strength; failure mode; masonry
prisms

1. Introduction

Masonry, as a construction method, holds a distinguished position on a global scale and
particularly in India, owing to its myriad advantages that contribute to its widespread usage. Its key
attributes such as ready availability of materials, inherent durability, cost-effectiveness, fire
protection, thermal and sound insulation (Banerjee et al. 2019, Costigan et al. 2009, Gumaste et al.
2007, Hendry 2001, Sathiparan and Rumeshkumar 2018, Singh and Munjal 2017) have established
it as a reliable choice for constructing a wide array of structures. This age-old construction technique
not only boasts a rich historical legacy but also showcases a remarkable resilience in adapting to
evolving architectural demands, embracing various methods and materials over time. In the context
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of masonry’s adaptive nature, a notable example is the introduction of Autoclaved Aerated Concrete
(AAC) masonry. This innovative material represents a paradigm shift, offering a spectrum of
benefits that contribute to its growing popularity in the construction industry, especially in North-
east India (Lyngkhoi et al. 2023, Raj et al. 2020b, a). AAC stands out for its lightweight
characteristics, thermal insulation capabilities, durability, and design versatility (Bhosale et al. 2019,
Ferretti et al. 2015, Ferretti and Michelini 2021, Michelini et al. 2023, Narayanan and Ramamurthy
2000). Owing to its numerous benefits as a construction material, AAC has gained extensive
popularity in masonry construction for various structures (Katuza 2017).

The necessity to incorporate essential utilities like pipelines and wiring into structures requires
the inclusion of chases in walls. Chases, defined as recesses or channels within walls, are crucial for
seamlessly accommodating and concealing complex systems such as electrical wiring and plumbing.
While serving practical purposes, the introduction of these recesses raises a critical consideration -
the potential impact on the structural integrity of the masonry. As chases are carved into walls to
house utility elements, changes in the composition and distribution of materials within the wall
structure pose questions about overall construction strength and stability. To address these concerns,
it is essential to thoroughly understand the impact of incorporating chases on masonry strength, as
explored in other studies (Mojsilovi¢ 2011, Vicente et al. 2014, Al-Sibahy and Edwards 2021,
Milani et al. 2021, Fleith de Medeiros et al. 2022a, b,). For instance, Fleith de Medeiros et al.
(2022b) examined the stress-strain behavior of small-scale masonry walls with various thicknesses
of horizontal chases using numerical simulation with the Lattice Discrete Element Method (LDEM).
Fleith de Medeiros et al. (2022a) investigated the strength capacity of structural masonry (hollow
clay blocks) while considering the effects of chases, evaluated numerically using the Finite Element
method (FEM). Mojsilovi¢ (2011), Milani et al. (2021), Vicente et al. (2014) and Al-Sibahy and
Edwards (2021) conducted experimental evaluations of the chase effect on masonry walls under
compression. Al-Sibahy and Edwards (2021) studied the impact of chases and renovation technigques
on masonry wall strength. They found that chases, especially horizontal ones, significantly reduce
load-carrying capacity due to stress concentration. Renovation with plastic mesh and cement mortar
recovered 55% of lost strength, while galvanized steel channels with mesh and mortar recovered
93%. However, an identified gap in these studies is the limited exploration of diverse materials,
specifically, considerations for various types of bricks and filling materials. The studies
predominantly focused on traditional masonry elements, emphasizing the need to investigate the
potential influence of material variations on structural behavior. Given the increasing prevalence of
AAC (Autoclaved Aerated Concrete) blocks in construction practices both in India and globally,
there arises a crucial need to investigate how AAC masonry responds to varying load conditions.
Understanding the behavior of AAC masonry in the presence of chases, especially under
compression, is crucial for informed decision-making in contemporary construction practices. This
knowledge gap underscores the necessity to broaden the scope of research to encompass different
materials and filling compositions, providing a more comprehensive understanding of the dynamic
interactions between AAC blocks, chases, and loading conditions. Such an expanded perspective
will significantly contribute to advancing the knowledge base in structural engineering and aiding
the effective utilization of AAC blocks in diverse construction scenarios. In construction design,
finding the right balance between incorporating utilities and maintaining structural strength is
crucial. Assessing the strength implications of integrating chases becomes vital to ensure that the
built environment not only fulfills functional needs but also meets rigorous standards of safety and
durability. The Indian standard code IS 1905 (1987) specifies that chases are acceptable if they do
not compromise the structure’s strength and stability, and preference should be given to vertical
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Fig. 1 Schematic diagram of AAC blocks (Note: All dimensions are in mm.)

chases over horizontal ones. The European code EN 1996-1-1 Eurocode 6 provides defined limits
for chases, and if these limits are exceeded, the structure’s integrity should be carefully considered.

2. Experimental programme
2.1 Materials

For this study, locally sourced AAC blocks measuring 600x200x100 mm3 (Ixhxw) were
procured. However, these blocks were unsuitable for prism casting at this size; hence, a meticulous
cutting process was undertaken, dividing the AAC blocks into six pieces as shown in Fig. 1. This
cutting procedure was carried out using a BOSCH tile cutter and an AAC hacksaw. To make up for
the loss in thickness during cutting, the blocks were initially marked at 102 mm. After the cutting
process, each AAC block produced five desired AAC bricks, and one additional brick with a width
of 90 mm was discarded. Consequently, the final AAC bricks were of size 200x100x100 mm=3
(Ixhxw). Fig. 1. illustrates the schematic diagram of AAC blocks before and after the cutting process.

Moving forward to the mortar mix preparation, fine aggregate conforming to 1S:383 (1970)
standards, passing through a 4.75 mm sieve, and Pozzolana Portland Cement (PPC) were employed.
These materials were obtained from a local merchant. Three types of mortar mixes were utilized,
each with distinct cement-to-sand ratios (1:2, 1:4, and 1:6) and a cement-water ratio ranging from
0.45 to 0.5. However, for this study, these mixes were specifically used as filling materials for
grooves carved into prisms while only the 1:4 ratio was employed as the binding material. Three
mortar cubes for each mixture underwent compression testing according to 1S 4031 (Part 6) (1988).
The resulting compressive strengths of the materials used are detailed in Table. 1. To simplify
notation in this research, the mortar with ratios 1:2, 1:4, and 1.6 are denoted as S (strong), M
(moderate strength), and W (weak) mortar respectively.

2.2 Specimen preparation

Masonry prisms, with dimensions of 200 mmx=330 mmx100 mm (Ixhxw) as shown in Fig. 2,
were created by stacking 3 AAC bricks together as depicted in Fig. 3. To enhance adhesion, a cement
slurry paste was applied to the bricks as shown in Fig. 3(a) (Raj et al. 2020a). A 1:4 mortar mix
served as the binding material, and the thickness of the binding mortar was consistently maintained
at 15 mm.
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Table 1 Compressive strength of materials used

Mortar

Material AAC blocks
S M w
Compressive strength (MPa) 27.18 9.15 4.90 2.79
F—1 5
330.00
—
100

200 —~=-100=

Fig. 2 Dimensions of Test specimens (Note: All dimensions are in mm.)

b ©
Fig. 3 Casting of prism specimen (a) Cement slurry application, (b) Binding mortar application and (c) Casted
specimen

Following the casting process, these specimens underwent a curing period of 28 days.
Subsequently, chases were cut into the prisms using a tile cutter, with varied depths—10 mm, 20
mm, and 30 mm—and a consistent width of 30 mm. According to Eurocode EN 1996-1-1:2005,
chase depths are limited to a maximum of 30 mm, and a 10 mm depth is rarely used due to its
impracticality in real-world scenarios. However, the code permits such variations for experimental
purposes. This study uses a 10 mm depth primarily as a theoretical investigation to understand its
implications on the structural behavior of prisms. Additionally, it facilitates a comparative analysis
of different chase depths, highlighting the effects of minor variations on structural performance.

Alongside the depth variations, the chases were cut into three different orientations— horizontal,
vertical, and inclined as shown in Fig. 4; aimed at gaining insights into how the structural integrity
is influenced by these diverse arrangements. The purpose of incorporating these diverse orientations
is to comprehensively understand the impact of differently aligned chases on the overall integrity of
the structure. The horizontal, vertical, and inclined chases are denoted by letters H, V and I
respectively throughout this paper.
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Fig. 4 Chase arrangement in prisms (a) Horizontal chase, (b) Vertical chase and (c) Inclined chase (Note: All
dimensions are in mm.)
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Fig. 5 Cutting and filling of chases in prisms (a) Cutting chase using tile cutter, (b) Prism with horizontal
chase, (c) Applying cement slurry in chase, (d) Mortar fill in vertical chase and (e) Mortar fill in inclined chase

After the chase cutting phase Fig. 5(a), these grooves were filled with mortars Figs. 5(d) and (e)
denoted as S (strong), M (moderate), and W (weak), and the prisms were left to undergo an
additional 28 days of curing before progressing to the testing phase. The total number of cast prisms
amounted to 37, comprising one control specimen without a chase and 12 specimens each for
horizontal, vertical, and inclined chases. Among the 12 specimens for each configuration and depth
size, only 9 were filled with mortar. Refer to Table 2 for a detailed description of the masonry prisms.
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Table 2 Details of specimens

Specimen Chase

Notation Configuration Chase Depth Mortar Mix
C (Control) - _ _
H10 -
HWI10 0 Weak
HMI0 Moderate
HS10 Strong
H20 -
HW20 ) Weak
Horizontal 20
HM20 Moderate
HS20 Strong
H30 -
HW30 0 Weak
HM30 Moderate
HS30 Strong
V10 -
VWI0 0 Weak
VMI10 Moderate
VS10 Strong
V20 -
Vw20 Vertical 20 Weak
VM20 Moderate
VS20 Strong
V30 _
VW30 Weak
VM30 30 Moderate
V830 Strong
110 _
W10 10 Weak
IM10 Moderate
1S10 Strong
120 _
W20 . Weak
Inclined 20
IM20 Moderate
1S20 Strong
130 -
W30 Weak
IM30 30 Moderate

1S30 Strong
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Fig. 6 Test set-up for compression of specimens

(b)
Fig. 7 Failure pattern of control specimen (a) Diagonal crack at face of specimen, (b) Vertical cracks along
width of specimen and (¢) Vertical cracks along with cracks along bed joint

2.3 Test set up

Following the curing process, the masonry prisms underwent compression testing, adhering to
the specifications outlined in ASTM C1314 - 09 (2015). The compression tests were conducted using
a Compression Testing Machine (CTM) that complies with IS 14858 2000, calibrated with an
accuracy of = 1%, and possessing a capacity of 3000 kN. The test set-up for compression is shown
in Fig. 6.

3. Results and discussions
3.1 Failure mode

The observed failure pattern for the control specimen manifested at the prism’s face,
characterized by a diagonal crack emanating from the interface between the mortar and block.
Simultaneously, on the prism’s side, the formation of vertical cracks was observed, as illustrated in
the accompanying Fig. 7. This failure mode is indicative of a structural response wherein stress
concentration at the mortar-block interface initiates diagonal cracking.
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(d
Fig. 8 Failure pattern of specimens with horizontal chases (a) Vertical crack propagating from chase in H10,
(b) Cracks propagating from chase towards the width of specimen HM10, (c) Diagonal crack propagating
from chase HM20, (d) Splitting of prism HS20 and (e) Verticals cracks at bottom of specimen HW30

In prisms featuring horizontal chases, vertical cracks are evident both at the base and the top of
the specimens without infill, aligned with the direction of the applied load, Fig. 8(a) shows the crack
pattern of specimen H10, a distinct horizontal crack is observed along the chase, propagating to the
width of the specimen vertically. In some instances, cracks extend diagonally from the filling mortar
in the chase to the base as seen in Fig. 8(b) for specimen HM 10, which may result in prism splitting
in some specimens like HS20, as illustrated in Fig. 8(d). Other specimens like Fig. 8(c) (specimen
HM?20), exhibit cracks propagating diagonally upwards from the chase. Specimen HW30 as shown
in Fig. 8(e), exhibits vertical cracks at the bottom of the specimen. The most common failure mode
for prisms with horizontal chase were vertical cracks at width of the prism propagating from the
chase as indicated in Table 3 which aligns with the findings of other researchers such as Mojsilovi¢
(2011) and Fleith de Medeiros et al. (2022b). They also identified vertical cracks as the predominant
failure patterns in their specimens.

In prisms featuring inclined chases, the majority of specimens exhibited face shell separation, as
depicted in Figs. 9(b) and (d) showcasing specimen IS30 and IS20 undergoing this separation.
Diagonal cracks frequently appeared on the face opposite to the chases and along the chase itself,
with these cracks extending to the sides of the prism, resulting in specimen splitting. Vertical cracks
and toe crushing, shown in Fig. 9(e) for the specimen IM20 was a common observation. In instances
where the chases were filled with a 1:2 mortar mix, complete separation of the mortar from the prism
occurred at the ultimate load. Cracks in the mortar of chases are evident in most cases like Fig. 9(c)
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Table 3 Failure mode of specimens
Ultimate Load

Specimen Name Capacity (kN) Failure Mode
C 84.2 Diagonal and vertical cracks, crack at mortar-block interface
H10 57.9 Vertical cracks at width of prism propagating from chase
HW10 59.0 Vertical cracks at width of prism propagating from chase
HM10 62.8 Vertical cracks at width of prism propagating from chase
HS10 69.6 Cracks at mortar-block interface
H20 46.0 Vertical cracks at width of prism propagating from chase
HW20 47.2 Vertical cracks at width of prism propagating from chase
HM20 52.7 Diagonal cracks at width of prism propagating from chase
HS20 55.1 Splitting of prism
H30 43.9 Vertical cracks at width of prism propagating from chase
HW30 453 Vertical cracks, splitting of prism
HM30 47.8 Vertical cracks at face of prism
HS30 53.1 Vertical cracks at width of prism propagating from chase
V10 61.2 Diagonal crack at back of prism
VW10 63.6 Diagonal crack at back of prism
VM10 66.7 Cracks along chase and along binding mortar
VS10 70.4 Cracks along chase, block crushing at bottom of prism
V20 49.7 Cracks along chase
VW20 51.5 Cracks along chase and block crushing at top of prism
VM20 52.4 Cracks along chase
VS20 54.0 Block crushing
V30 35.4 Cracks along chase
VW30 38.1 Cracks along chase and block crushing at top of prism
VM30 40.6 Splitting of prism along chase
VS30 43.8 Debonding of mortar from chase, diagonal crack along width
110 51.6 Cracks along chase
IW10 54.2 Diagonal cracks along width
IM10 59.8 Crack along block-mortar interface, block crushing
1S10 2.7 Face-shell separation, crack along infill mortar
120 41.6 Cracks along chase
IW20 41.9 Cracks along chase
IM20 45.0 Vertical crack along width of prism, toe crushing
1S20 47.7 Face-shell separation
130 30.8 Cracks along chase
IW30 35.0 Vertical cracks at front face, diagonal cracks at back
IM30 38.7 Crack at infill mortar, cone and split failure

1S30 44.6 Face-shell separation, crack along infill mortar
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(d)

Fig. 9 Failure pattern of specimens with inclined chases (a) Crack along chase 130, (b) Face shell separation
IS30, (c) Cracks along the chase IW20, (d) Face shell separation 1S20 and (¢) Vertical crack and toe crushing
IM20

showing specimen IW20 where these cracks propagate to the bricks along the chase configuration.
In specimens without chase fill like Fig. 9(a) showing specimen 130, the cracks are distinctly visible
along the chase.

In prisms with vertical chases, vertical cracks form along the chase as shown in Fig. 10(a) (VS10)
and propagating diagonally on the face of the prism. Block crushing is a common outcome, as
depicted in the Figs. 10(c) and (d) (VS20 and VW30). Specimen VM30, Fig. 10(b), undergoes
complete splitting along the chase at the ultimate load, reflecting the findings of Mojsilovi¢ (2011)
for specimens with vertical chases. Similar to inclined chases with strong mortar, prisms with strong
mortar entirely debond from the prism and undergo tensile splitting, as depicted in Fig. 10(f),
showing specimen VS30 with the filling mortar debonding and splitting in the middle. Vertical
cracks formed at the top of the specimen that propagates to the bonding mortar as well as vertically
down, depicted in Fig. 10(e) (VM10) is also a common pattern. For prisms with no fill in chases,
vertical cracks were observed to have formed along the chase.

The failure mode observed in this study, especially for specimens with horizontal chases aligns
with findings from other authors such as Fleith de Medeiros et al. (2022b) and Mojsilovi¢ (2011),
who noted vertical cracks and specimen splitting as predominant failure patterns. Similarly, Al-
Sibahy and Edwards (2021) also observed crack formations along chases in their study. Furthermore,
the failure modes align with Milani et al. (2021) on small-scale clay block masonry walls with chases
under compression where chase cuts cause cracks that split the block surface and extend vertically
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®

Fig. 10 Failure pattern of specimens with vertical chases (a) Vertical cracks along chase propagating diagonally
at face VS10, (b) Splitting of prism along chase VM30, (c) Block crushing VS20, (d) Block crushing at top
along width VW30, (e) Vertical crack and crack along binding mortar VM10 and (f) Debonding of mortar
from chase VS30

to the block-mortar interface leading to tensile stress loss of adhesion and masonry failure.
3.2 Ultimate load capacity (Pmax)

This section discusses the ultimate load capacities of prisms based on their configuration, chase
depth, and fill type. The control specimen exhibited a peak load of 84.2 kN. Results from the
Compression Testing Machine reveal that the prisms with chases generally have a lower load-
carrying capacity compared to the control specimen.

For prisms with horizontal chases, the maximum load (Pmax) varied between 43 kN and 58 kN,
depending on both the depth of the chase and the type of mortar used for filling. Prisms with larger
chase depths exhibited lower load capacities, and those filled with stronger mortar demonstrated
higher load capacities than those with moderate or weak mortar. For instance, HW20 and HW30 (H-
Horizontal, W-Weak) had Pmax values of 52.4 kN and 45.2 kN, respectively. This indicates that the
prism with a 30 mm chase depth had a lower load capacity than the one with a 20 mm chase depth.
In another comparison, between HW30 and HS30, Pma Vvalues were 45.2 kN and 53.1 kN,
respectively, highlighting that the prism filled with strong mortar had a higher load capacity than
the one filled with weak mortar.

Regarding vertical chases, Pmax ranged from 35 kN to 70 kN. The VS10 specimens recorded the
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Fig. 11 Percentage decrease in compressive strength based on (a) Size of chase depth and (b) Orientation of
chase
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Fig. 12 Percentage increase in compressive strength of specimens with infill material w.r.t no fill specimens

highest load capacity at 70.4 kN, while the V30 specimen recorded the lowest load capacity,
supporting the theory that chases with greater depth results in lower compressive strength. The
percentage increase in compressive strength for prisms with infill material in the chase compared to
those with only a chase and no filling material ranged from 3% to 24%. Notable, VS30 exhibited
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the highest increase in compressive strength at 23.73%. Overall, the compressive strength of vertical
chases was comparatively higher than that of horizontal chases.

For prisms with inclined chases, Pmax ranged from 30 kN to 73 kKN. These prisms showed a wider
range of strength between specimens compared to vertical and horizontal chases. The compressive
strength of inclined chases with no fill, weak mortar, and moderate-strength mortar was lower than
that of both vertical and horizontal chases. However, when the chase had strong mortar embedded,
the inclined chase demonstrated a higher compressive strength than both horizontal and vertical
chases. It can also be observed that there was no proportional increase in resistance for prism with
vertical and incline chase. This lack of proportion can be attributed to the stress concentration at the
block-mortar interface, which creates discontinuity, even when filled with mortar, preventing
uniform load distribution as in a solid prism. Additionally, the observed variation may be due to the
low number of samples used in the study, with only one specimen for each evaluated group. Similar
to horizontal and vertical chases, the compressive strength of specimens increased with strong
mortar and decreased with the chase depth size. The increase in strength compared to the chase with
no fill ranged from 0.7% to 45%.

Figs. 11(a) and (b) presents the graphical representation of the percentage decrease in
compressive strength of the specimens based on chase depth size and chase orientation respectively
and Fig. 12. presents the graphical representation of the percentage increase in compressive strength
of specimens with infill material w.r.t no fill specimens.

4. Conclusions

The investigation into the compressive behavior of masonry prisms featuring chases has been
carried out with the goal of comprehending how these structural elements impact overall masonry
performance. In this current study, the objective was to explore the influence of various chase
configurations, chase depths, and infill mortar on the compressive strength of AAC masonry prisms.
To achieve this, 37 specimens were prepared, with one serving as a control, while the others featured
three distinct configurations (horizontal, vertical, and inclined), varied depth sizes (10mm, 20mm,
and 30mm), and different infill mortar types; some specimens were left unfilled. All specimens
underwent testing using a Compression Testing Machine (CTM).

The following conclusions are drawn from the conducted experiment:

i. Findings from various studies (Fleith de Medeiros et al. 2022a, Mojsilovi¢ 2011) align with

the noticeable decrease in the compressive strength of masonry due to the introduction of chases.

ii. The overall reduction in compressive strength ranges from 13% to 63%, signifying a

substantial impact.

iii. Depth impact

* The depth of the chase plays a pivotal role, with a 10 mm depth chase exhibiting a lesser

reduction in strength compared to 20 mm and 30 mm depths.

« Specifically, the strength reduction in 20 mm and 30 mm depth chases falls within comparable

ranges, ranging from 34% to 51% for 20 mm depth and 35% to 58% for 30 mm depth.

iv. Configuration Impact:

» Disparity in strength reduction is less apparent based on configuration.

« Prisms with horizontal, vertical, and inclined chases exhibit compressive strength reductions

between 17% and 48%, 22% and 58%, and 13% and 64%, respectively, compared to the control

specimen.
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v. Influence of Mortar Mix:

* Unlike Mojsilovi¢ (2011), the choice of mortar mix for filling the chase has a discernible impact
on strength reduction.

« Prisms filled with higher-strength mortar show less reduction in overall specimen strength.

* Prisms with a 1:2 mix mortar display significantly higher compressive strength than specimens
without chase fill, highlighting the crucial role of mortar composition in determining masonry
strength. This contrasts with Vicente et al. (2014), where specimens with inclined chases did not
experience a strength increase even after filling the chase with mortar, while horizontal and
vertical chase specimens did show an increase in strength compared to those without chase infill.
« Overall, it is evident that to prevent a significant loss of strength in elements with chases, the
infill should be at least as strong and stiff as the masonry unit (Mojsilovi¢ 2011).

Future scope

In this study, the chases were filled with mortar to focus on the effect of the grooves on structural
stability. However, this approach is not entirely practical, as real-world scenarios typically involve
installing pipes for wiring or plumbing. Future research could extend the study by including the
installation of pipes in the chases and sealing them before testing, offering a more practical and
accurate assessment. Additionally, it is important to note that the observed values refer to the
analysis of the prisms. However, on a full wall, the results would likely vary in numerical terms,
though the observed trends would remain consistent. Therefore, it is recommended to expand this
study to full-scale masonry wallets to further analyze the effect of grooves on structural stability.
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