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with a semi-buried reinforced concrete shear wall under a 10-ton TNT
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) blast load located 30 meters away from the structure. Initially, the
Explosion models were designed using the LRFD method by performing linear
LRFD dynamic analyses. In the next stage, the aforementioned models were
Performance-Based Design designed using the performance-based design method to provide three

performance levels of uninterrupted operation, life safety, and collapse
threshold. The results show that the acceleration value of all floors in
Performance Levels the LRFD method is greater than the maximum acceleration values
based on the three performance levels (I0, LS and CP). Therefore,
performance-based design, while being more economical than the
LRFD method, also leads to a reduction in floor acceleration. Also, the
performance analysis of frames designed using the LRFD method
under explosive loading showed that these frames provide the IO
performance level.
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Introduction

With the increasing threat of terrorist attacks, the design of structures against blast loads, particularly for
sensitive buildings and critical infrastructures, has become a major concern in the field of passive
defense. In this regard, numerous national and international guidelines have been developed, and
extensive experimental and numerical studies have been conducted on the behavior of reinforced
concrete structures subjected to blast loading. A review of previous studies indicates that although the
effects of explosions on structural components have been widely investigated, a direct comparison of
structural design methods in terms of safety and economic efficiency has received limited attention.
Therefore, this study compares the conventional LRFD method with the performance-based design
approach for a five-story reinforced concrete moment-resisting frame combined with a semi-buried shear
wall system, and evaluates the structural responses, including floor accelerations, roof displacement, and
base shear, at different performance levels (IO, LS, and CP) under blast loading.

Results and Discussion

In this study, the behavior of two combined systems of five-story reinforced concrete moment-resisting
frames with semi-buried two-dimensional shear walls, arranged in different configurations (central and
side spans), is investigated under blast loading. The floor height is 3 m and the span length is 5m.
Considering the explosion location, the blast loads are applied in-plane to both the frames and shear
walls. The considered blast scenario involves a surface explosion of 10 tons of TNT at a horizontal
distance of 30 m from the structure, generating a hemispherical shock wave with pressure decreasing
with height.

To obtain a realistic time-history of the blast load, numerical simulation was performed using
AUTODYN. In the simulation, the air, explosive material, and soil were modeled in a two-dimensional
environment, employing appropriate equations of state for TNT and air. Subsequently, structural
responses—including floor accelerations, overall roof displacement, and base shear—were extracted and
compared for structures designed using the conventional LRFD method and the performance-based
design approach at three performance levels: Immediate Occupancy (1O), Life Safety (LS), and Collapse
Prevention (CP).

The results indicate that decreasing the performance level from IO to CP leads to an increase in floor
accelerations and roof displacement. Moreover, the LRFD-designed structures exhibit higher
accelerations and base shear due to greater stiffness and restriction of nonlinear behavior, while roof
displacements are lower compared to performance-based designs. These findings highlight the
fundamental differences in dynamic behavior and efficiency between the design methods under blast
loading conditions.

Conclusion

1. For the frames designed in this study using both the LRFD and performance-based methods (10, LS,
CP) under a blast load, frames with shear walls located in the side spans exhibited better performance
compared to those with shear walls in the central span, showing lower displacement, velocity, and
deformation parameters.

2. Performance analysis of the LRFD-designed frames under blast loading indicates that these frames
meet the Immediate Occupancy (I0) performance level.
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3. Examination of the absolute roof displacement time histories in the five-story LRFD-designed frames
shows that the residual displacements are zero. This is because, in LRFD design, the frames are designed
linearly and do not enter the nonlinear range of behavior.

4. In performance-based designed frames at LS and CP performance levels, the residual displacements
are nearly equal, and in some cases, the CP level exhibits slightly higher residual displacements. This is
due to the fact that the cross-sectional dimensions of the frames designed for LS and CP levels are very
similar.

5. As the performance level decreases from 1O to LS and from LS to CP, the floor accelerations increase.
It is also observed that, in general, the maximum accelerations in LRFD-designed frames are higher than,
or close to, the maximum floor accelerations of performance-based designs at IO, LS, and CP levels.
Therefore, performance-based design, while more economical than LRFD, also reduces floor
accelerations, which contributes to the safety of the structural contents. These variations in floor
acceleration are attributed to changes in the natural vibration period caused by modifications in mass and
stiffness. Mass changes result from variations in member sections, while stiffness changes are due to
both cross-sectional modifications and nonlinear behavior of the materials and structure.

6. The minimum overall roof displacement occurs in the LRFD-designed frame, and this displacement
increases progressively for the 10, LS, and CP performance levels. This can be explained by the fact that
LRFD design uses linear analysis without applying a behavior factor to reduce the blast load, so the
structure is designed to remain mostly in the elastic range, allowing only small displacements. Therefore,
roof displacements in LRFD designs are lower than those in performance-based designs.

7. As the performance level decreases from IO to LS and from LS to CP, the allowable deformations
(acceptance criteria) in the design are considered larger, resulting in increased overall roof displacements
at lower performance levels.

8. Across all floors, the minimum inter-story relative displacement is observed in LRFD-designed
frames, and these values increase progressively for the 10, LS, and CP levels. The reasons for these

variations in relative displacement are similar to those discussed in the previous points.
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