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A B S T R A C T

This study investigates the effectiveness of autoclaved aerated concrete (AAC) blocks as vertically embedded 
energy fuses for enhancing the blast resistance of masonry infill walls. A novel configuration is proposed, in 
which AAC layers act as sacrificial and replaceable elements that absorb and redistribute blast energy before it is 
transmitted through the wall. Validated finite element models were developed to simulate the structural 
behaviour of infill walls subjected to a wide range of explosive charge weights and standoff distances. Key 
response parameters, including support reactions, energy dissipation, displacement, velocity, and stress distri
bution in mortar, brick, and AAC components, were systematically evaluated. The results demonstrate that the 
AAC fuse system significantly improves blast performance: peak wall displacement was reduced by up to 80 %, 
base reaction forces by approximately 7 %, and peak stresses in mortar and brick by 59 % and over 30 %, 
respectively. Additionally, the presence of AAC layers reduced sensitivity to boundary conditions, highlighting its 
potential in retrofit applications where full anchorage is not feasible. The system also enhanced structural 
damping, promoted more uniform deformation patterns, and improved energy absorption over time relative to 
conventional masonry walls. These findings confirm that the proposed AAC energy fuse represents a practical 
and cost-effective strategy for improving the blast resilience of masonry infill walls, particularly in aging or 
vulnerable structures where traditional reinforcement methods may be difficult to implement.

1. Introduction

Blast events, whether accidental or intentional, represent a signifi
cant and persistent threat to urban infrastructure. Although making 
buildings fully blast-resistant is rarely cost-effective, significant research 
and practice have focused on developing mitigation strategies that 
reduce damage and enhance structural resilience. These include sacri
ficial cladding systems [1,2], fibre-reinforced overlays [3], and passive 
energy-dissipating devices such as dampers and base isolators [4–8]. 
Despite their technical potential, these systems are often associated with 
high implementation costs, construction complexity, or limited effec
tiveness under near-field or contact blast conditions [9,10]. Conse
quently, there remains a clear need for simple, cost-efficient, and 

adaptable blast mitigation approaches that can be practically integrated 
into conventional construction practices without requiring extensive 
redesign or retrofitting.

Masonry infill walls, typically constructed from clay bricks or con
crete blocks, are among the most widely used non-structural compo
nents in residential, commercial, and industrial buildings worldwide 
[11]. Although primarily intended for thermal insulation and space di
vision, these walls often contribute significantly to lateral load resis
tance in low- and mid-rise structures [1]. However, their inherently 
brittle behaviour, low tensile strength, and limited ductility render them 
highly susceptible to damage under blast-induced loading, particularly 
when exposed to near-field explosions [12–15]. Experimental and 
post-event assessments have consistently shown that such walls are 
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prone to flexural cracking, out-of-plane displacements, and sudden 
collapse, even when reinforced [16,17]. These brittle failure mecha
nisms not only compromise structural safety but also increase the risk of 
secondary debris hazards, posing additional threats to occupants and 
adjacent structures. Furthermore, extensive damage often necessitates 
complete wall reconstruction, resulting in substantial repair costs and 
prolonged service disruption.

Considerable experimental and computational research has 
addressed the behaviour of masonry and autoclaved aerated concrete 
(AAC) walls subjected to blast and impact loading [12–15,18–22]. Blast 
waves typically generate a combination of flexural, shear, and localized 
failure modes, particularly in brittle materials [23,24]. Hao [25], using 
AUTODYN simulations, demonstrated brittle disintegration of unrein
forced brick masonry at moderate standoff distances. Yankelevsky and 
Avnon [26] observed that although AAC exhibits progressive crushing 
and energy absorption, it remains susceptible to tensile cracking and 
mid-height failure under concentrated impulses. Similarly, full-scale gas 
explosion tests and impact studies have shown that AAC reduces debris 
projection and absorbs part of the blast energy, but its structural 
integrity is often compromised under high-intensity loads [19–22]. 
While these findings affirm AAC’s potential as a sacrificial material, they 
also highlight its limitations when used as a primary load-resisting 
component.

Although AAC has demonstrated energy absorption capacity, its use 
as a monolithic or full-wall solution remains structurally inadequate 
under severe blast demands [12,19–22]. Studies have shown that even 
reinforced AAC panels experience significant deformation or fracture 
when exposed to high-magnitude loads [12,27,28]. Moreover, conven
tional blast retrofit techniques such as steel jacketing, polymer rein
forcement, or fibre wraps are often intrusive, expensive, or incompatible 
with existing architectural constraints [3,29]. These limitations under
score the need for a blast-specific solution that can be locally integrated 
within masonry walls, functioning as a sacrificial buffer to absorb and 
dissipate energy without compromising the surrounding structure. 
While many retrofit systems originate from seismic applications, 
including FRP overlays and base isolators, their transfer to blast design 
contexts remains problematic. The extreme loading rate and impulsive 
nature of blast events challenge these systems’ ability to respond 
effectively [3,29]. To date, AAC has not been systematically employed in 
a modular, wall-integrated configuration specifically designed for 
sacrificial energy absorption under blast loading. This research ad
dresses that gap by proposing a targeted energy dissipation strategy that 
combines the energy-absorbing behaviour of AAC with a modular, 
wall-integrated configuration.

This study investigates the effectiveness of vertically embedded 
autoclaved aerated concrete (AAC) blocks, designed as sacrificial and 
replaceable energy fuses, for enhancing the blast resistance of masonry 
infill walls. The novelty of the work lies in the introduction of a modular, 
wall-integrated AAC fuse configuration, which differs fundamentally 
from previous studies that have mainly examined monolithic AAC walls 
or external retrofitting techniques. The proposed system provides a 
localized and non-intrusive energy dissipation mechanism that not only 
limits blast-induced damage but also facilitates post-blast reparability 
through selective replacement of damaged components. By reducing 
dependence on boundary conditions, the approach broadens applica
bility to both new construction and retrofit scenarios, offering a practical 
and adaptable solution for improving blast resilience in masonry 
structures. The AAC fuses are installed as non-interlocked vertical in
serts, allowing any damaged units to be removed and replaced without 
affecting adjacent brickwork. This configuration enables practical post- 
event repair while maintaining the wall’s overall structural integrity.

Finite element models of typical brick and block masonry walls were 
developed in ABAQUS/Explicit [30] to evaluate the system’s effective
ness under a broad range of explosive loading conditions, both with and 
without AAC integration. The structural response was assessed in terms 
of displacement profiles, stress distribution, energy absorption, and the 

progression of cracking and damage, with the aim of establishing the 
AAC fuse as a practical and high-performance solution for blast 
resilience.

The proposed AAC fuse concept contributes a new direction in the 
blast protection of masonry infill systems by combining energy dissi
pation, structural modularity, and retrofit compatibility. Its localized 
nature allows for targeted protection without full wall replacement or 
excessive added mass. This makes it particularly suited to retrofit ap
plications in aging or architecturally constrained structures, where 
conventional methods may be infeasible or cost prohibitive. Moreover, 
the potential for post-event repair through partial component replace
ment supports long-term resilience and lifecycle cost reduction. By 
demonstrating the mechanical viability and energy dissipation perfor
mance of the AAC fuse system under various blast intensities and sup
port conditions, this research lays the groundwork for developing 
practical, sustainable, and structurally efficient blast mitigation strate
gies for both new and existing masonry construction.

2. Materials, Methods, and Modelling Approach

This section outlines the numerical framework used to evaluate the 
blast performance of masonry walls with and without AAC energy fuses. 
A series of validated finite element (FE) models were developed in 
ABAQUS/Explicit [30] to simulate transient responses under varying 
explosive loads, wall geometries, and support conditions. The modelling 
approach accounted for nonlinear material behaviour, strain-rate 
sensitivity, and damage evolution in brittle materials, enabling a real
istic representation of wall response to high-intensity blast loading.

2.1. Blast Loading conditions

Only unconfined surface explosions were considered, representing 
realistic open-air threats to wall systems. Such loading conditions are 
characteristic of near-surface detonations, including vehicle-borne 
explosive devices, where the blast wave directly impinges on exterior 
walls without confinement. This approach avoids the pressure amplifi
cation and wave reflections seen in confined or internal environments 
[31,32]. TNT charges ranging from 5 to 2000 kg were applied at standoff 
distances of 2–13 m, corresponding to scaled distances (Z) between 0.9 
and 7.0 m/kg1/3. This Z-range spans near-field and far-field regimes, 
enabling the analysis of structural response across multiple failure 
modes and impulse intensities.

The Hopkinson–Cranz scaling law [33] was used to define peak 
overpressure, impulse, wavefront velocity, and positive phase duration 
as functions of charge weight and standoff distance. This law enables 
blast parameters to be generalised across charge sizes and geometries by 
using scaled distance (Z), making it widely adopted for parametric blast 
analysis. Several empirical models have been developed to estimate the 
temporal and spatial distribution of blast pressure using parameters such 
as scaled distance and charge mass [34–36], including peak over
pressure decay, impulse duration, and pressure-time histories. Blast 
loads were simulated using the CONWEP module implemented in 
ABAQUS/Explicit [30,37]. A hemispherical surface burst configuration 
was assumed to reflect typical near-surface explosive scenarios on rigid 
ground. Gravitational loads were applied in the initial step, followed by 
blast pressures in a separate analysis step. This sequence ensured that 
the self-weight effects were stabilised before the application of transient 
blast loading.

2.2. Wall geometry and embedded AAC fuse system

Individual clay bricks measured 230 × 110 × 76 mm, while AAC 
blocks were 300 × 300 × 76 mm. Two wall configurations were 
modelled: a reference wall composed entirely of clay bricks, and a 
modified wall incorporating vertical AAC strips embedded as energy 
fuses. Both wall types included standard 10 mm mortar joints. The 
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reference wall had overall dimensions of 2.87 × 2.87 m, while the AAC- 
integrated wall measured 3.0 × 3.5 m to accommodate the vertical AAC 
blocks (the fuses) along the wall height. The slight increase in wall size 
was necessary to ensure symmetric placement of the AAC strips and 
consistent spacing across the span, thereby avoiding edge effects and 
enhancing wave dispersion modelling. The AAC strips were placed 
vertically at equal spacing to act as sacrificial energy absorbers that 
deform through progressive crushing.

This vertical fuse arrangement was intended to disrupt blast-induced 
stress wave propagation and concentrate damage within controlled 
zones. By localising the failure region, the system enhances repairability 
and maintains overall wall stability, particularly under repeated or near- 
field blast exposure. The concept offers a lightweight, modular retrofit 
strategy suitable for both new and existing buildings where conven
tional strengthening approaches may be impractical.

Two boundary conditions were considered: fully pinned (all edges 
restrained) and top–bottom support only, representing traditional ma
sonry anchorage and modern infill systems with vertical edge release. In 
both cases, the vertical edges of the wall were modelled as hinged 
supports, reflecting the partial restraint typically assumed for masonry 
infill systems. Fig. 1 provides detailed representations of the wall ge
ometries (with dimensional annotations), AAC fuse placement, and 
boundary conditions.

2.3. Material properties and selection

In this study, the selection of an appropriate material model for AAC 
was guided by both experimental testing and established code-based 
formulations. The authors conducted laboratory tests on AAC speci
mens to determine key mechanical properties, including compressive 
strength, tensile strength, and flexural capacity. These properties pro
vided the basis for developing calibrated constitutive relationships 
capable of simulating AAC’s nonlinear response under dynamic blast 
loading. Given the brittle behaviour and strain-rate sensitivity of AAC, 
the model had to capture progressive crushing and stiffness degradation 
under high loading rates. The stress–strain behaviour of AAC in 
compression was defined using the relationship proposed by Entezari 
and Esmaili [38], as given in Eqs. (1) and (2). 

fc = fʹc

⎡

⎢
⎢
⎢
⎣

n
pq

(
εc
ε0

)

(
εc
ε0

)npq

+ npq− 1

⎤

⎥
⎥
⎥
⎦

(1) 

q = 1.25+0.009fʹc (2) 

In these equations: 

• fc is the compressive stress,
• fʹc is the compressive strength,
• ϵc is the strain,
• ϵ0 is the strain at peak stress,
• n, p, and q are constants determined based on the mechanical 

properties of the AAC.

AAC is a lightweight, porous material, and its mechanical response 
was characterised using a combination of empirical expressions and 
experimental test results. Its low density and cellular microstructure 
result in distinct nonlinear behaviour under compressive and tensile 
loads, especially at high strain rates. The Concrete Damage Plasticity 
(CDP) [39] model was adopted to simulate AAC’s rate-dependent, brittle 
response under dynamic blast loading. The CDP framework allows the 
inclusion of progressive damage accumulation and stiffness degrada
tion, which are essential for replicating AAC’s energy-absorbing 
behaviour.

The Concrete Damage Plasticity (CDP) model in ABAQUS/Explicit 
was adopted to simulate the nonlinear behaviour of AAC, brick, and 
mortar under blast loading. The model, originally proposed by Lubliner 
et al. [39] and later refined by others [40,41], accounts for tensile 
cracking and compressive crushing, with material degradation 
described through isotropic damage elasticity coupled with plasticity in 
both tension and compression. Inelastic strains govern stiffness degra
dation after peak stress, enabling the model to capture post-cracking and 
post-yield softening typical of brittle fracture under dynamic loads.

The calibrated CDP parameters used for AAC, brick, and mortar are 
listed in Table 1. AAC values were derived from published experimental 
studies [42], while brick and mortar parameters were taken from 
Lourenço [43]. These constants confirm that elastic–plastic behaviour 

Fig. 1. Geometrical configuration and boundary conditions of the masonry infill wall with AAC fuse system: (a) AAC and brick unit dimensions; (b) reference brick 
wall; (c) boundary condition scenarios—fully pinned and half-pinned; (d) arrangement of vertical mortar layers showing AAC fuse inserts; (e) overall wall geometry 
with horizontal mortar joints; and (f) finite element meshing of the AAC-integrated wall model.
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was included for all masonry components. As the walls investigated 
were non-loadbearing infills subjected mainly to out-of-plane pressures, 
damage in mortar joints and some brick units occurred predominantly 
through tensile separation rather than compressive crushing.

Thermal effects were not considered, since external blast loads act 
within milliseconds and primarily as mechanical shock waves. In such 
cases, temperature rise is negligible, and no significant thermal expan
sion occurs. Consistent with established guidance [44,45], only the 
pressure and impulse components were modelled, avoiding unnecessary 
computational cost in the absence of reinforcement.

The elastic modulus, tensile strength, shear strength, and shear 
modulus were estimated based on empirical formulations recommended 
by the MSJC standard [46], as shown in Eqs. (3) to (6): 

Modulus of Elasticity,E = 6500
(
fʹAAC

)0.6
(Mpa), (3) 

Tensile Strength, ftAAC = 0.2
̅̅̅̅̅̅̅̅̅

fʹAAC

√

(Mpa), (4) 

Shear Strength, fv = 0.15
̅̅̅̅̅̅̅̅̅

fʹAAC

√

(Mpa), (5) 

Shear Modulus, Ev = 0.4 E, (6) 

In the above equations, E is the modulus of elasticity, fʹAAC is the 
compressive strength of AAC materials.

Brick and mortar were modelled with densities of 1800 and 2300 kg/ 
m³ , elastic moduli of 9750 and 3300 MPa, and Poisson’s ratios of 0.12 
and 0.20, respectively. Material property definitions followed guidelines 
provided in the MSJC standard [46], along with empirical expressions 
and recommendations from previous masonry research studies [47–50]. 
These values were calibrated to represent typical fired clay and 
cementitious mortar used in non-loadbearing infill walls. A strain rate of 
approximately 0.03 s⁻¹ was assumed for AAC under blast loading, 
consistent with prior experimental investigations, and was used to apply 
dynamic increase factors (DIFs) to all materials. DIF values ranged from 
1.2 to 1.4 for compressive and tensile strength enhancements under high 
strain rates, as reported in prior dynamic masonry studies [51,52]. The 
experimentally derived compressive and tensile stress–strain behaviour 
of AAC and mortar used in the simulations is illustrated in Figs. 2a and 

2b, respectively. The CDP model parameters adopted for AAC and 
mortar are summarised in Table 1, while the calibrated mechanical 
properties of all materials used in the FE model are listed in Table 2.

2.4. Finite element modelling

A micro-modelling approach was adopted, in which bricks, AAC 
blocks, and mortar layers were represented as discrete continuum 
components. Eight-node linear brick elements (C3D8R) were employed 
for all solid materials. This meshing strategy allowed localised damage, 
interfacial separation, and strain localisation to be captured with greater 
fidelity than macro-modelling approaches. The interaction surfaces be
tween bricks, AAC blocks, and mortar joints were defined using surface- 
based contact, as shown in Fig. 3. Given the highly dynamic nature of 
blast loading, ABAQUS/Explicit [30] was selected due to its suitability 
for solving nonlinear, transient problems involving severe strain-rate 
effects and material damage evolution. Explicit time integration is 
particularly well suited for capturing the rapid load application and 
structural response of brittle components under blast conditions.

Gravity and blast loads were applied within a single Dynamic, 
Explicit step in ABAQUS, with the Nlgeom option activated to account 
for geometric nonlinearity and large deformations. The gravity load was 
assigned to the entire model using the LOAD module, with an amplitude 
ramp of 30 ms to ensure quasi-static stabilization before the blast im
pulse was introduced. This approach avoided artificial oscillations from 
instantaneous gravity application while maintaining solver consistency 
throughout the analysis.

The connections between bricks, AAC units, and mortar joints were 
defined using the general contact algorithm in the INTERACTION 
module. The contact surfaces were modelled with isotropic frictional 
behaviour combined with cohesive bonding, enabling the transfer of 
normal and shear stresses up to failure, after which separation and 
sliding were allowed. This formulation captures both adhesion and po
tential debonding at AAC–brick–mortar interfaces, which are critical for 
simulating realistic blast response.

Two boundary restraint configurations were applied to the wall 
models to examine the influence of edge fixity under blast loading. In the 
first configuration, all four edges of the wall were fully restrained 

Table 1 
CDP model parameters used for AAC, mortar, and brick.

Material Dilation 
Angle

Eccentricity Biaxial-to- 
Uniaxial 
Compressive 
Strength 
Ratio

Shape 
Factor 
Function

Viscoelastic 
Parameter

AAC 30 0.1 1.16 0.66 0.001
Mortar 15 0.1 1.16 0.66 0.0005
Brick 20 0.1 1.16 0.66 0.0005

Fig. 2. Stress–strain relationships for materials used in the finite element model: (a) autoclaved aerated concrete (AAC) with a compressive strength of 3 MPa, (b) 
mortar material.

Table 2 
The properties of the used materials.

AAC Brick mortar

Shear damage fracture strain: 0.004 N.D. N.D.
shear stress ratio: 0.22
strain rate: 0.03

Density (kg/m³) 750 1800 2300
Young’s modulus (MPa) 12160 8750 13300
Poisson ratio 0.2 0.12 0.2
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(pinned), representing a traditional infill condition with full frame 
confinement. In the second configuration, only the top and bottom edges 
were fixed, while the vertical sides were left free to simulate partial- 
restraint conditions typical of modern infill systems. No connector ele
ments were used; the constraints were directly applied to the boundary 
nodes using the LOAD module in ABAQUS.

A mesh sensitivity study was performed by comparing base reaction 
forces and computational costs across different mesh sizes. As illustrated 
in Fig. 4, a 20 mm element size offered a satisfactory balance between 
solution accuracy and efficiency and was adopted for all subsequent 
simulations. This mesh was fine enough to capture strain gradients and 
crack development while remaining computationally feasible for large 
parametric runs. The validated FE models formed the basis for bench
mark comparisons and systematic evaluation of the AAC fuse system 
across varying blast intensities and support conditions.

3. Results and discussion

3.1. Verification

To validate the developed finite element model, simulation results 
were compared with the benchmark study by Hao [25], which analysed 
a masonry wall subjected to a 2-ton TNT blast at a 13-meter standoff 
(Z = 1 m/kg1/3) using AUTODYN. ABAQUS/Explicit was adopted in this 
study for its proven capability to model strain rate–sensitive materials 
and capture nonlinear dynamic behaviour, making it suitable for 
blast-induced response in masonry structures.

The model closely replicated Hao’s boundary conditions, geometry, 
and material properties. As shown in Fig. 5(a, b), the failure modes and 
deformation patterns from the current simulation aligned well with the 
reference, with minor deviations likely due to differences in solvers and 
mesh discretization.

Fig. 6 compares mid-span displacement and velocity histories be
tween the two models, showing consistent trends in peak values and 
dynamic timing. The maximum deviation remained within 5 %, con
firming the model’s reliability and supporting its use for subsequent 

parametric analyses.
To further strengthen the verification, comparisons were also made 

with the experimental–numerical investigation by Yu et al. [12], which 
performed full-scale blast tests on AAC masonry walls. The reference 
wall model “116-A” was subjected to a 10,000 kg TNT explosion at a 
100 m standoff distance (Z = 4.64 m/kg1/3). In that study, the sur
rounding reinforced-concrete frame remained linearly elastic; therefore, 
in the present model, rigid boundary constraints were applied to 
represent the same restraint condition while maintaining computational 
efficiency. As illustrated in Fig. 5(c, d), the deformation and failure 
patterns predicted by the present model correspond closely with both 
the experimental observations and the numerical results reported by Yu 
et al. [12], reproducing the same central cracking, block ejection, and 
overall wall response under blast loading. This agreement confirms the 
robustness of the modelling approach and reinforces confidence in its 
predictive capability. Although Yu et al. [12] did not publish detailed 
load–deformation histories for direct quantitative comparison, the close 
agreement in observed failure patterns provides strong qualitative 
validation of the finite-element model.

3.2. Reaction forces

Reaction forces were extracted in the horizontal (z) direction using 
the ABAQUS output variable RF3, obtained from the constrained 
perimeter nodes through History Output Requests defined in the Step 
module. This procedure provided the complete time-history of reaction 
forces during the blast event. Figs. 7a and 7b show the time-history of 
support reaction forces for walls with and without AAC energy fuses, 
respectively. Each scenario is labelled by charge and distance (e.g., 
"AAC_2000_13_RF" represents the reaction force for a wall with AAC 
subjected to a 2000 kg TNT explosion at a standoff distance of 13 m). As 
expected, peak reaction forces correlate with scaled distance (Z). For 
example, a 10 kg charge at 5 m and a 500 kg charge at 13 m 
(Z = 2.32 m/kg1/3) result in nearly identical peak forces (~90 kN), 
highlighting the consistency of blast intensity at equal Z.

AAC-integrated walls generally exhibit higher peak reaction forces 

Fig. 3. Definition of interaction surfaces between masonry wall components, including bricks, AAC blocks, and mortar joints.

Fig. 4. Mesh sensitivity analysis results for (a) walls with AAC and (b) walls without AAC.
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than conventional ones. While this may seem counterintuitive, it reflects 
the AAC wall’s sustained structural engagement and integrity. Unlike 
conventional masonry, which tends to fail early and shed loads, AAC 
layers preserve continuity, enabling greater force transfer over a longer 
period.

As shown in Fig. 7(a), the reaction-force histories of the AAC- 
integrated wall exhibit smoother and more stable curves, reflecting 
the progressive crushing of the AAC fuses and their ability to redistribute 
loads over time. In contrast, Fig. 7(b) shows that the conventional wall 

develops sharper peaks followed by abrupt drops, corresponding to 
brittle cracking and rapid stiffness degradation once cracking initiates. 
This comparison demonstrates that the inclusion of AAC fuses enhances 
the damping and energy-dissipating capacity of the system while 
reducing the severity of transient force spikes under comparable blast 
intensities.

The AAC-enhanced walls also show more stable oscillatory behav
iour and reduced force fluctuations, indicating improved energy redis
tribution and damping. These characteristics are further illustrated in 

Fig. 5. Comparison of failure patterns in masonry walls subjected to blast loading: (a) reference model from Hao [25]; (b) Validation of Hao’s model reproduced in 
this study; (c) Experimental and numerical results of wall 116-A from Yu et al. [12]; (d) Corresponding failure pattern obtained in the present FE model.
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Fig. 8 and subsequent sections. Though AAC does not always reduce 
peak forces, it improves damage control and deformation uniformity, 
which are key for life safety and post-blast performance.

Fig. 8 provides visual comparisons of wall deformation under 
equivalent blasts. Under fully restrained conditions, the standard wall 
(8a) exhibits severe central damage, while the AAC-integrated wall (8b) 
shows more uniform displacement. For top-bottom supported cases, the 
wall without AAC (8c) suffers large out-of-plane motion, whereas the 
wall with AAC (8d) demonstrates improved confinement and energy 
dissipation.

These findings underscore the dual importance of AAC fuses and 
boundary conditions. While AAC integration clearly enhances damage 
control and energy absorption, its benefits are further amplified when 
combined with appropriate boundary restraints. Fully restrained walls 
showed better confinement, whereas simply supported walls with AAC 
also demonstrated significant improvement. This suggests that inten
tional selection of boundary conditions, alongside AAC fuse imple
mentation, can meaningfully influence the blast resilience and efficiency 
of new masonry designs.

Overall, Figs. 7 and 8 confirm the effectiveness of AAC energy fuses 
in enhancing masonry wall performance under blast loads and establish 
a foundation for the following parametric study.

3.3. Absorbed energy

To quantify the energy absorption capacity of the wall systems, the 
total dissipated energy was obtained by summing the contributions from 
plastic dissipation (ALLPD), damage (ALLDMD), friction (ALLFD), and 
viscous dissipation (ALLVD). These parameters were extracted as history 
outputs for the entire FE model, and their cumulative values were in
tegrated overall output time steps, yielding the permanently dissipated 

energy of the wall system under blast loading. The calculated results are 
summarised in Table 3, which presents the total dissipated energy for 
representative charge weights and standoff distances. The results 
demonstrate that AAC-integrated walls consistently dissipate more en
ergy than conventional masonry walls, particularly under medium and 
large charge scenarios, confirming that the proposed fuse system pro
vides a more effective mechanism for redistributing and dissipating blast 
energy while reducing the demand on brittle components.

Fig. 9 presents the energy dissipation profiles of wall models with 
and without AAC energy fuses under various blast scenarios. Each curve 
corresponds to a specific charge and standoff distance, using the same 
labelling convention as in Section 3.2. Across all cases, AAC-integrated 
walls demonstrate greater total energy absorption than their non-AAC 
counterparts. Conventional walls show an early, sharp rise in absorbed 
energy that plateaus quickly, indicating brittle failure and limited 
dissipation. In contrast, AAC-enhanced walls exhibit a more sustained 
energy uptake, resulting in higher cumulative dissipation.

These patterns are consistent with previous findings. As seen in 
Fig. 7, AAC walls show damped force responses, and Fig. 8 illustrates less 
localized damage and more uniform deformation. Together, these ob
servations reinforce the role of AAC fuses in reducing dynamic effects 
and delaying failure via distributed energy absorption.

AAC’s performance is largely attributed to its mechanical charac
teristics. As a lightweight, porous material, it undergoes progressive 
crushing under high strain rates. Unlike brittle masonry, AAC dissipates 
energy plastically over time. Its cellular structure also helps attenuate 
stress wave propagation, enhancing its mitigation capability.

Importantly, this study emphasizes the benefits of using AAC in a 
fuse-type layout rather than as full infill. Prior studies [3,12,14] show 
that fully AAC-filled walls, though capable of absorbing energy, often 
fail prematurely under intense blasts due to low tensile strength and 

Fig. 6. Mid-point response of the masonry wall under blast loading from the present study and reference model [25]: (a) displacement; (b) velocity.

Fig. 7. Time history of the reaction force under various blast loading scenarios for the walls; (a) with AAC fuse, (b) without AAC fuse.
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poor confinement. By embedding AAC strips vertically, the current 
approach uses them as sacrificial absorbers while preserving the sur
rounding masonry. This maintains structural integrity, improves blast 
resilience, and supports post-blast repairability. The fuse layout avoids 
the weaknesses of full infill and offers a practical and adaptable solution 
for blast protection.

At very close blast ranges (Figs. 9j–9l, 2 to 5m standoff), the per
formance gap between AAC and non-AAC walls narrows. Although AAC 
still absorbs more energy, the margin decreases due to limited engage
ment time under rapid loading. Even so, AAC fuses provide modest 
benefits by delaying failure onset. These results suggest AAC fuses are 
most effective at moderate to long standoff distances, while still offering 
marginal improvements in severe, near-field blasts.

3.4. Displacement response

Fig. 10 presents the time-history of midpoint displacement for ma
sonry wall models subjected to various blast loading scenarios, 
comparing configurations with and without the proposed AAC energy 
fuse. In all cases, the incorporation of AAC layers results in a substantial 
reduction in displacement and a more stable dynamic response.

A representative case is shown in Fig. 10b, where a 500 kg TNT ex
plosion at a standoff distance of 13 m causes a peak displacement 
exceeding 180 mm in the wall without AAC, indicating severe out-of- 
plane deformation and potential instability. In contrast, the wall 
equipped with the AAC fuse limits displacement to approximately 
26 mm, clearly demonstrating the effectiveness of the energy-absorbing 
mechanism in mitigating structural motion. Similar trends are observed 
in Figs. 10c to 10g. For instance, under a 50 kg TNT load at 13 m 
(Fig. 10c), the wall without AAC reaches a peak displacement of 
approximately 300 mm, which represents extreme deformation likely to 
exceed acceptable structural performance limits. In contrast, the AAC- 
integrated wall limits the movement to around 52 mm, highlighting a 
substantial improvement in blast resilience.

In addition to peak displacement magnitudes, the time-dependent 
response curves offer insight into post-blast deformation stability and 
indicate differences in recovery behaviour between the AAC and non- 
AAC configurations. Non-AAC walls often exhibit continuously 
increasing displacement over time, reflecting progressive plastic defor
mation and loss of stiffness. In contrast, AAC-integrated walls consis
tently demonstrate more stable, bounded displacement profiles, with 
some cases showing partial rebound. This behaviour suggests improved 
energy dissipation and reduced residual deformation due to the buff
ering effect of the AAC layer.

Fig. 8. Deformed shapes of masonry walls under identical blast loading conditions: (a) wall without AAC, fully restrained; (b) wall with AAC, fully restrained; (c) 
wall without AAC, simply supported at top and bottom; (d) wall with AAC, simply supported at top and bottom.

Table 3 
Total dissipated energy of masonry wall models under different TNT charge 
weights and standoff distances, comparing conventional and AAC-integrated 
configurations (values in kJ).

TNT @ 
Distance

2000 Kg @ 
13 m

1000 Kg @ 
13 m

500 Kg @ 
13 m

250 Kg @ 
13 m

With AAC 10976.4 1277.8 670.4 281.2
No_AAC 5444.3 572.7 221.7 198.2
TNT @ 

Distance
100 Kg @ 
13 m

50 Kg @ 13 m 20 Kg @ 
13 m

20 Kg @ 8 m

With AAC 89.8 68.7 36.5 54.0
No_AAC 56.9 39.1 15.9 23.8
TNT @ 

Distance
10 Kg @ 8 m 10 Kg @ 5 m 10 Kg @ 2 m 5 Kg @ 2 m

With AAC 39.1 55.9 171.2 110.7
No_AAC 16.6 41.8 150.7 100.3
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Fig. 9. Energy dissipation curves of the wall under various blast scenarios: (a) 2000 kg @ 13 m; (b) 1000 kg @ 13 m; (c) 500 kg @ 13 m; (d) 250 kg @ 13 m; (e) 
100 kg @ 13 m; (f) 50 kg @ 13 m; (g) 20 kg @ 13 m; (h) 20 kg @ 8 m; (i) 10 kg @ 8 m; (j) 10 kg @ 5 m; (k) 10 kg @ 2 m; (l) 5 kg @ 2 m.
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The superior performance of AAC-enhanced walls can be attributed 
to the progressive crushing behaviour of autoclaved aerated concrete, 
which absorbs energy early in the blast event. This sacrificial mechanism 
helps attenuate the impulse before it propagates through the wall, 
thereby limiting both local and global damage. Moreover, the AAC fuse 
can be designed as a modular and replaceable component, supporting 
easier post-blast repair while preserving the integrity of the primary wall 
system.

Overall, the findings confirm that the AAC energy fuse system pro
vides a practical and effective strategy for mitigating blast-induced 
damage by significantly reducing out-of-plane displacements across a 
wide range of realistic explosive threats. In addition to displacement 
reductions, analysis of plastic-strain distribution showed that the clay 
brick units and most mortar joints did not undergo significant plastic 
deformation, as their behaviour was dominated by tensile cracking and 
interfacial separation. In contrast, the AAC components developed 
localised plastic strains due to progressive crushing, thereby confirming 
their intended role as sacrificial energy-absorbing fuses.

3.5. Velocity response

Fig. 11 presents the time-history of midpoint velocity in masonry 
wall models subjected to various blast loading scenarios, comparing the 
dynamic response of walls with and without the AAC energy fuse. In all 
examined cases, the inclusion of AAC layers results in a reduction in 
peak velocity and a more controlled post-peak behaviour, highlighting 
the role of the AAC fuse in moderating blast-induced motion.

For instance, under a 2000 kg TNT blast at a standoff distance of 
13 m (Fig. 11a), the non-AAC wall reaches a peak velocity of approxi
mately 12.3 m/s, with the velocity profile remaining nearly flat after
ward. In contrast, the AAC-integrated wall reaches a lower peak of about 
10.5 m/s and then gradually declines, indicating more effective energy 
dissipation and damping.

A similar trend is observed under the 1000 kg TNT scenario 
(Fig. 11b), where the non-AAC wall peaks at approximately 7.9 m/s, 
while the AAC wall reaches about 5.6 m/s, representing a reduction of 
nearly 28 %. Additionally, the AAC wall shows a distinct post-peak 

Fig. 10. Displacement time-history at the midpoint of the wall under various blast scenarios: (a) 2000 kg @ 13 m; (b) 500 kg @ 13 m; (c) 50 kg @ 13 m; (d) 20 kg @ 
13 m; (e) 20 kg @ 8 m; (f) 10 kg @ 8 m; (g) 10 kg @ 5 m.
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decay in velocity, while the non-AAC wall maintains a sustained velocity 
plateau, indicating less effective damping.

Other scenarios, such as the 250 kg and 50 kg TNT explosions at 
13 m (Figs. 11c and 11d), further confirm this pattern. In each case, 
AAC-integrated walls show reduced peak velocities and transitions that 
are more gradual compared to the sharp rises and sustained high ve
locities in non-AAC walls. These patterns suggest that the AAC layers 
contribute to progressive energy absorption and improved dynamic 

stability.
In several intermediate-range scenarios (Figs. 11f to 11h), the AAC 

walls not only demonstrate lower peak velocities but also reach a sta
bilized state more quickly. Their velocity curves show smooth, mono
tonic decay, whereas non-AAC walls exhibit extended oscillations or 
abrupt fluctuations, characteristics of brittle dynamic behaviour and 
lower energy dissipation capacity.

Even under the closest-range blast scenarios, specifically 10 kg and 

Fig. 11. Velocity time-history at the midpoint of the wall under various blast scenarios: (a) 2000 kg @ 13 m; (b) 1000 kg @ 13 m; (c) 250 kg @ 13 m; (d) 50 kg @ 
13 m; (e) 20 kg @ 13 m; (f) 20 kg @ 8 m; (g) 10 kg @ 8 m; (h) 10 kg @ 5 m; (I) 10 kg @ 2 m; (i) 5 kg @ 2 m.
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5 kg TNT detonations at a 2-meter standoff (Figs. 11i and 11j), AAC- 
integrated walls continue to provide meaningful reductions in peak 
velocity. In Fig. 11i, the peak velocity drops from approximately 
14.3 m/s in the non-AAC wall to 11.0 m/s with AAC, while in Fig. 11j, it 
decreases from 8.3 m/s to 6.5 m/s, corresponding to a reduction of 
roughly 23 % in both cases. These reductions are accompanied by 
smoother post-peak decay curves, in contrast to the plateauing or fluc
tuating responses seen in non-AAC walls. The consistent velocity miti
gation across all blast intensities confirms that the AAC fuse mechanism 
remains effective even under highly impulsive loads, aligning well with 
trends observed in the energy absorption data.

Overall, the AAC fuse’s ability to reduce peak velocities, promote 
smoother deceleration, and stabilize the wall’s motion supports its role 
in mitigating blast effects. These dynamic benefits are critical for 
reducing the risk of flying debris, limiting structural damage, and pre
serving post-blast integrity.

3.6. Stress distribution

Fig. 12 presents the stress distribution histories in the wall compo
nents under a 2000 kg TNT charge at a standoff distance of 13 m 
(Z = 1.03 m/kg1/3). As shown in Fig. 12a, the maximum stress in the 
mortar of the wall without AAC reaches approximately 6.15 MPa, 
whereas the mortar in the AAC-integrated wall peaks at around 3.8 MPa. 
This indicates a clear stress reduction in the presence of the AAC energy 
fuse, highlighting its ability to alleviate force transmission to brittle 
mortar joints.

In the brick units (Fig. 12b), a similar trend is evident. The wall 
without AAC exhibits a sharp stress spike of 9.3 MPa, while the AAC- 
integrated wall peaks more gradually at around 6.5 MPa, indicating 
more uniform stress distribution. The AAC layer itself (Fig. 12c) reaches 
a peak of approximately 2.7 MPa, followed by a steady decline and 
fluctuations between 0.5 and 1 MPa. This response suggests that the 
AAC acts as a sacrificial element, progressively crushing to absorb blast 
energy and reduce stress transmitted to surrounding brick and mortar

These results align with earlier findings on energy dissipation (Fig. 9) 
and displacement (Fig. 10), where AAC-integrated walls showed more 
stable, damped responses under blast loads. Lower stress levels in mortar 
and brick suggest delayed crack initiation and reduced failure potential, 
supporting post-blast reparability. Importantly, localized stress within 
the AAC fuse confirms its sacrificial role. By absorbing energy early and 

redistributing it gradually, the AAC prevents brittle components like 
brick and mortar from experiencing sharp, damaging peaks, thereby 
improving wall resilience and structural integrity under repeated or 
extreme conditions.

Table 4 presents the maximum stress values in mortar, brick, and 
AAC components under various blast scenarios and two support condi
tions: fully pinned and half pinned. The results confirm that the AAC 
energy fuse consistently mitigates stress concentrations, especially in 
brittle masonry, regardless of restraint. For instance, under a 1000 kg 
TNT blast at a 13-meter standoff, mortar stress drops from 4.81 MPa to 
1.96 MPa, and brick stress from 8.11 MPa to 5.59 MPa. These reductions 
demonstrate the AAC’s capacity to absorb and dissipate energy before it 
reaches surrounding brittle materials.

It is noteworthy that the AAC components consistently remained 
within safe stress limits across all analysed scenarios. Peak stress values 
in the AAC did not exceed 3 MPa, demonstrating the material’s capacity 
to absorb blast energy through progressive crushing. This energy- 
absorbing behaviour effectively reduces the transmission of high stress 
to adjacent brittle components, such as mortar and brick, thereby 
facilitating a controlled and localized dissipation of energy within the 
wall system.

In contrast to AAC-integrated walls, masonry walls without the fuse 
layer exhibit consistently higher peak stresses in both mortar and brick 
components, regardless of support condition. Although the difference in 
stress values between fully and half-pinned cases is numerically small, 
the absence of a dedicated energy-dissipating mechanism renders non- 
AAC walls more susceptible to localized damage and brittle failure. 
Thus, comparable peak stress magnitudes across support conditions 
should not be interpreted as evidence of structural robustness, but rather 
as a limitation in the wall’s capacity to redistribute and dissipate blast 
energy.

To provide a quantitative evaluation of the AAC energy fuse system’s 
effectiveness, the Stress Suppression Efficiency (SSE) was calculated for 
representative cases. SSE quantifies the percentage reduction in peak 
stress resulting from AAC inclusion, using the following relation: 

SSE(%) =
σNo− AAC − σAAC

σNo− AAC
× 100 (8) 

where σNo− AAC and σAAC denote the peak stress values recorded in 
masonry components without and with AAC integration, respectively.

Under fully pinned conditions, SSE calculations show that mortar 

Fig. 12. Stress distribution changes under a 2000 kg-TNT charge at a standoff distance of 13 m at: a) mortar; b) brick; c) AAC.
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stress was reduced by approximately 59 %, while brick stress was sup
pressed by just over 30 %. Even in half-pinned configurations, which 
reflect reduced anchorage, mortar SSE remained near 50 % across all 
cases, while brick SSE consistently ranged from 20 % to 30 %. These 
reductions demonstrate the AAC fuse’s consistent stress mitigation 
performance under both ideal and limited support conditions, rein
forcing its applicability to retrofit strategies and blast-resistant masonry 
systems.

The improved stress behaviour is a direct consequence of the sacri
ficial, energy-dissipative properties of AAC. Its porous microstructure 
and low stiffness enable progressive crushing under high strain rates, 
thereby reducing the transmission of stress waves into surrounding 
brittle elements. This behaviour mitigates peak stress concentrations 
and facilitates a more uniform load distribution across the wall section.

Finally, beyond its mechanical advantages, AAC also offers notable 
sustainability benefits. It is lightweight, recyclable, thermally efficient, 
and low in embodied energy. Its ease of installation, potential for post- 
damage replacement, and compatibility with both new and existing 
construction position it as a practical and environmentally responsible 
solution for enhancing blast resilience in masonry structures.

3.7. Extended discussion

The results confirm that the proposed AAC fuse system markedly 
enhances the blast resilience of masonry infill walls. Compared with 
conventional walls, AAC-integrated systems dissipate more energy, 
reduce peak displacements, and maintain greater post-blast stability 
across various charge weights and boundary conditions. These im
provements arise from the progressive crushing of AAC blocks, whose 
porous microstructure and low stiffness enable controlled energy ab
sorption and delay the transfer of high-intensity stresses to surrounding 
brittle components. This sacrificial behaviour limits both local and 
global damage, preserving overall wall integrity and minimising debris 
generation.

Analysis of the residual deformation profiles indicated that the AAC- 
integrated walls experienced markedly smaller permanent displace
ments than the reference masonry walls. The improved recoverability of 
the AAC-integrated configuration demonstrates that the proposed fuse 
system successfully mitigates irreversible deformation by localising en
ergy absorption within the AAC elements and reducing the residual 
demand on the surrounding masonry.

The influence of boundary conditions was also evident: fully 
restrained edges produced higher reaction forces, whereas half-pinned 
supports highlighted the AAC fuse’s progressive role in redistributing 
loads and reducing peak stresses. While conventional infills rely heavily 
on perimeter restraint to resist blast loading, AAC-integrated walls 
maintained their protective function even under limited anchorage. This 
reduced dependence on edge restraint is particularly advantageous for 
retrofitting existing structures or designing new walls with separation 
joints to accommodate drift. Such performance aligns with the objec
tives of accidental-action provisions in BS EN 1991–1–7 [53] and the 
guidance for blast-resilient buildings provided in SCI Publication P244 
[54].

Quantitative analysis using the Stress Suppression Efficiency (SSE) 
parameter confirmed the AAC fuse’s capacity to mitigate stresses 
effectively. Mortar SSE values commonly exceeded 50 %, with peaks 
approaching 60 %, while brick SSE ranged between 20 % and 30 %. This 
demonstrates that the AAC layer acts as an early-stage energy dissipater, 
engaging before critical stress thresholds are reached and thereby 
buffering the wall response against brittle cracking or collapse.

From a practical and sustainability perspective, the AAC fuse system 
also offers important advantages. AAC is lightweight, recyclable, ther
mally efficient, and widely available, providing a low-carbon alternative 
to conventional blast-resistant materials. Its modular configuration en
ables selective replacement of damaged fuses, reducing post-event 
repair costs and downtime. Although this replaceability was not Ta
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experimentally verified in the present study, it derives from the 
constructional arrangement of the AAC fuse system, which allows in
dividual elements to be removed and substituted after a blast event.

These combined mechanical and practical benefits make AAC fuses a 
promising solution for both new construction and retrofit applications, 
especially where weight, cost, or architectural constraints limit the use 
of traditional strengthening methods.

4. Conclusion

This study introduced a novel energy fuse concept for blast-resistant 
masonry infill walls, employing vertically embedded layers of auto
claved aerated concrete (AAC) blocks. Acting as sacrificial components 
that can be replaced if damaged, the AAC layers serve to dissipate 
incoming blast energy prior to its transmission through the wall, thereby 
reducing both direct overpressure-induced damage and the risk of sec
ondary fragmentation.

Acting as sacrificial components that can be replaced if damaged, the 
AAC layers serve to dissipate incoming blast energy prior to its trans
mission through the wall

A validated finite element model was developed to examine the 
performance of masonry walls with and without AAC integration under 
a wide range of blast loading scenarios. The structural responses, 
including displacement, velocity, reaction forces, stress distribution, and 
energy absorption, were systematically evaluated. The key findings are 
summarized as follows: 

• The AAC fuse system resulted in an average reduction of approxi
mately 7 % in base reactions, an increase of around 8 % in total 
absorbed energy, and up to 80 % reduction in peak wall displace
ment. At the material level, the incorporation of AAC layers led to 
peak mortar stress reductions of approximately 59 % and brick stress 
reductions of over 30 % under fully restrained conditions.

• While a slight increase in peak velocity was observed in a few close- 
range cases, AAC-integrated walls generally exhibited lower peak 
velocities and consistently more stable, damped responses. This 
behaviour reflects improved energy redistribution and reduced 
vulnerability to brittle failure.

• While conventional masonry walls exhibited minimal variation be
tween support conditions, AAC-integrated walls consistently main
tained their protective performance under both fully pinned and 
partially restrained configurations. This robustness highlights the 
system’s applicability to retrofit scenarios and new construction 
where full anchorage may be impractical due to architectural con
straints or seismic design requirements.

• Stress Suppression Efficiency (SSE) calculations confirmed the 
consistent contribution of the AAC fuse to blast-induced stress miti
gation across various loading scenarios and support conditions.

Beyond structural performance, the AAC energy fuse system offers 
significant sustainability benefits. AAC is lightweight, thermally effi
cient, recyclable, and easily replaceable, making it particularly suitable 
for application in urban or aging buildings where architectural con
straints may limit the use of conventional blast-resistant systems.

While the numerical results in this study provide validated insights 
into AAC-integrated wall behaviour under blast loading, further 
research should extend these findings through full-scale experimental 
testing. Additional investigations into façade configurations, the pres
ence of openings, and multi-hazard interactions will further inform the 
development of low-cost, modular, energy-dissipative retrofit systems 
for masonry structures.

In addition to full-scale model validation, further analytical in
vestigations are recommended to extend the applicability of the pro
posed system. Future work should focus on developing adaptive 
material models for AAC blocks that account for high strain-rate effects, 
as well as conducting parametric studies on the thickness of AAC units, 

the overall wall thickness including loadbearing configurations, and the 
role of vertical ties surrounding the proposed AAC fuses. Experimental 
verification should also address the replaceability aspect of the AAC 
fuses and assess the practicality of their post-event replacement pro
cedure. These directions will help refine the predictive capability of the 
models and broaden the range of practical applications.
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