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Abstract. This study examines the response characteristics and damage mecha-

nisms of masonry wall structures subjected to multi-cloud explosion conditions, 

emphasizing structural vulnerability and risk under explosive loads. Through nu-

merical modeling and experimental analysis, pressure, displacement, stress, and 

damage distribution are investigated across various explosion regions. The re-

sults indicate that the complex partitioning of over-pressure fields in multi-point 

cloud explosions leads to distinct response patterns in single-peak wave zones, 

multi-peak wave zones, and Mach zones. In the single-peak wave zone, the over-

pressure peak reaches 0.4 MPa with minor oscillations, while the multi-peak 

wave zone exhibits a complex pressure pattern with intensified impact. The Mach 

zone is characterized by pronounced Mach reflection effects. Additionally, the 

study identifies damage patterns in masonry walls positioned at the periphery of 

the cloud zone and under single-point cloud explosion conditions, providing val-

uable insights into blast-resistant design and structural safety assessment. 
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1 Introduction 

Explosion incidents in industrial and military environments pose significant risks to 

both personnel and infrastructure. Multi-cloud explosions, characterized by the near-

simultaneous detonation of multiple explosive sources, generate intricate overpressure 

fields that can lead to severe structural damage. As masonry walls are commonly used 

in construction, understanding their behavior under these conditions is essential for im-

proving blast resistance and enhancing safety. 

Extensive research has been conducted on explosion dynamics, forming a founda-

tion for this study. Henrych J. [1] provided a comprehensive analysis of explosion dy-

namics, while Brode H.L. [2] developed numerical models for spherical blast waves, 

significantly advancing shock wave propagation studies. Zhao Xingyu et al. [3] refined 

JWL equation-of-state parameters for fuel-air explosives, enhancing the accuracy of 

cloud detonation simulations. Additionally, Zhang Kefan [4] investigated multi-point 

initiation structures, offering insights into cloud explosion complexity. 
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Research on structural responses to explosions has advanced significantly. Grisaro
et al. [5] established a correlation between structural kinetic energy and explosive en-
ergy, deriving a refined TNT equivalence coefficient. Zhou Hu et al. [6] investigated
thermal enhancement effects on blast loads through TNT explosion experiments in en-
closed chambers, proposing a chamber-specific TNT equivalence method. Case studies
by Jiang Wenbin et al. [7] and Cheng Shuo et al. [8] provide empirical insights, while
Lang Lin et al. [9] examined structural responses under impact and blast loads, further
refining explosion impact assessments.

2 Analysis of the Explosion Response of Masonry Walls at the
Edge of the Multi-Cloud Zone

2.1 Experimental Setup

To evaluate masonry wall responses in cloud explosion environments, experiments
were conducted with walls partially located within the cloud zone. The cloud spacing
was set at 2.5 times the over-pressure coverage radius, corresponding to a cloud diam-
eter of 5600 mm and a 14-meter distance between two explosive sources. A localized
grid refinement was applied near the cloud zone, while coarser grids were used for the
outer regions.

Under explosion conditions, pressures ranged from 1 to 2 MPa within the cloud zone,
rapidly decreasing beyond it. The explosion-facing side of the masonry wall was posi-
tioned at the cloud zone boundary, while the remaining section was outside. This con-
figuration facilitated failure point analysis and provided data for blast-resistant design.
As shown in Figure 1, the load effects on masonry walls vary significantly with posi-
tion.

Fig. 1. Comparison of Load Effects on Masonry Walls at Different Positions under Single-
Point Cloud Explosion
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2.2 Material Parameters and Model Configuration

A finite element model was developed using the BRICK module in AUTODYN. The
concrete frame was assigned CONC140MPa, masonry bricks were modeled as
CONC35MPa, and mortar was represented by SAND material. Material properties in-
cluded compressive strength, tensile strength, shear strength, density, and compaction
parameters. Specifically, the masonry wall was constructed with standard solid clay
bricks (approximately 240 mm × 115 mm × 53 mm each) laid in a running bond pattern
using a 1:3 cement–sand mortar. The bricks have an average compressive strength of
~30 MPa, and the mortar has a compressive strength of ~10 MPa with ~10 mm thick
joints. The total wall thickness is 240 mm, representing a typical unreinforced single-
wythe masonry wall. These material and construction characteristics significantly in-
fluence blast resistance: stronger bricks and mortar and good brick–mortar bonding im-
prove the wall’s ability to withstand shock waves, whereas weak mortar or poor work-
manship (e.g. uneven joints) can create weak planes that reduce blast performance.

Boundary conditions included common-node coupling constraints between air and
explosive materials and among structural components. The ground was assigned a fully
reflective boundary, while non-reflective outflow conditions simulated a semi-infinite
air domain. In Figure 2 illustrates the numerical calculation model and the numbering
of wall segments.

Fig. 2. Numerical Calculation Model and Wall Numbering

2.3 Damage Situation and Analysis

A comparison between numerical and experimental results demonstrated strong con-
sistency. Cracks first appeared at 0.5 ms, indicating initial shock-wave-induced dam-
age. By 1.5 ms, cratering emerged, suggesting progressive energy impact. At 3–4 ms,



facing side, affecting 50%–75% of the surface.
∂ Wall 4, elevated and distant from the cloud zone, remained largely undamaged.
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crater expansion further reflected cumulative damage effects. The final crack patterns
observed in the physical tests closely matched the simulated damage contours. Addi-
tionally, the measured peak over-pressure on the wall in the experiment differed by less
than 5% from the simulation, confirming the numerical model’s validity in predicting
blast-induced damage. The damage characteristics can be seen in Figure 3, which dis-
plays simulation results.

Fig. 3. Numerical Calculation Results

Damage distribution varied significantly:

∂ Wall 1, near the cloud zone and ground, absorbed nearly all shock energy, resulting
in severe destruction.

∂ Wall 2, adjacent to the cloud zone but elevated, experienced moderate damage
(~25% of the surface) due to dissipated energy.

∂ Wall 3, near the ground but outside the cloud zone, exhibited damage on the cloud-

Figure 4 compares the numerical and experimental results, showing high con-
sistency.

These findings highlight the correlation between structural positioning and explo-
sion energy distribution. Walls near the cloud zone and in contact with the ground are
more vulnerable to high-intensity shock waves, whereas elevated or distant walls expe-
rience lower impact.
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Fig. 4. Numerical Calculation Results and Experimental Results

3 Conclusion and Outlook

1. Key Findings on Structural Response: Significant variations in damage levels were
observed. Walls closer to the cloud zone and in contact with the ground suffered severe
damage, while those farther away or elevated remained relatively intact. This under-
scores the strong relationship between explosion energy distribution and structural po-
sitioning, guiding optimized protective measures.

2. Influence of Single-Point Cloud Explosion: The distance between a masonry wall
and the cloud zone critically affects reflected shock wave intensity, influencing struc-
tural vulnerability. As distance increases, shock wave intensity diminishes, transition-
ing from a multi-peak to a single-peak wave load. These insights enhance risk assess-
ment frameworks and predictive safety models.

3. Recommendations for Urban Planning and Building Design: Based on these find-
ings, urban planning and building codes should integrate blast-resilience considerations
for areas at risk of fuel–air explosions. For instance, safe separation distances should
be mandated between potential explosion sources (e.g. industrial fuel storage or chem-
ical facilities) and nearby buildings. Additionally, building design codes may require
that masonry walls in such high-risk facilities be reinforced or constructed with blast-
resistant details and materials to prevent catastrophic failure. Implementing these
measures will reduce the vulnerability of masonry structures and enhance public safety
in explosion-prone environments.

This study provides a foundation for designing blast-resistant structures and as-
sessing building safety under multi-cloud explosion hazards. However, the numerical
simulation has certain limitations due to idealized modeling assumptions. For instance,
material properties were assumed homogeneous (without explicitly accounting for
strain-rate effects) and the brick–mortar interface was modeled as perfectly bonded,
which may not capture actual joint failures. Additionally, boundary conditions such as
the fully reflective ground surface simplify real soil behavior. These assumptions can
introduce uncertainty in the predicted response. Therefore, future work should address
these issues by incorporating more realistic material models (e.g. including strain-rate
dependent strength and allowing brick–mortar delamination) and validating simula-
tions against additional experimental or field data. Future research should also explore
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diverse masonry materials, more complex explosion scenarios, and long-term perfor-
mance considerations to improve risk management and advance blast protection tech-
nologies. Furthermore, future research should investigate the potential of integrating
data-driven methods such as machine learning to predict damage patterns in masonry
walls under varying explosion conditions. Such approaches could enhance predictive
capabilities and inform more resilient structural design strategies tailored for diverse
urban scenarios.
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