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Background

Concrete demolition is essential for infrastructure renewal, but it is often associated with
high noise, vibration, dust, and safety risks. Conventional methods such as mechanical
breaking, explosives, and cutting are disruptive, labor-intensive, and environmentally
burdensome, especially in urban and sensitive environments. Microwave heating (MH) has
emerged as an innovative alternative that uses electromagnetic energy to induce internal
heating within concrete. This process targets moisture and mineral phases, generating thermal
stresses that lead to controlled cracking and structural weakening. Unlike surface-based
methods, MH enables volumetric heating, allowing for more precise and localized damage.
Experimental studies show that MH can penetrate several inches into concrete and significantly
reduce mechanical properties, including compressive strength and bond behavior. This makes it
effective for both plain and reinforced concrete. MH offers a quieter, safer, and more efficient
demolition approach with strong potential for modern infrastructure applications.

Research Objectives and Approach

This research investigates microwave heating as a controlled demolition technology for
concrete structures. It examines the influence of key material properties, including
water-to-cement ratio, moisture content, and specimen size, on heating efficiency. It evaluates
the evolution of temperature, penetration depth, and resulting mechanical degradation. The
study also assesses the impact of microwave exposure on compressive strength, stiffness, and
steel—concrete bond behavior. In addition, predictive models are developed to estimate internal
temperature distribution and support process optimization. The significance of this work is the
advancement of a scalable, non-contact demolition method. This approach offers improved
precision, reduced environmental impact, and enhanced safety compared to conventional
techniques.

Direct Benefit to Military Engineering

Microwave heating provides a transformative capability for infrastructure demolition,
maintenance, and rapid repair. Unlike conventional methods, this approach enables selective
and localized weakening of concrete. It does not require extensive mechanical force or
explosives. This makes it a more controlled and efficient approach. This technology offers
several key benefits. It reduces noise and vibration, minimizing disruption in urban, military, and
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sensitive environments such as hospitals and airfields. It also improves safety by eliminating
risks associated with explosive and heavy equipment. Microwave heating enhances operational
efficiency. It accelerates demolition timelines through rapid internal heating and controlled
cracking. It also promotes material separation and recyclability. Weakening of the cement matrix
and bond allows recovery of aggregates and reinforcement. In addition, the method is scalable
and adaptable. It can be applied in both laboratory studies and large infrastructure projects. For
military and transportation agencies, it supports the rapid reopening of critical infrastructure
such as pavements, runways, and bridges. This improves system resilience and operational
readiness.

Conclusions and Recommendations

Experimental results show that microwave heating effectively degrades the mechanical
properties of concrete. Heating rates increase at higher power levels. Penetration depth
depends strongly on moisture content and material composition. Dry concrete allows deeper
penetration (>8 in.), while saturated concrete limits penetration (~4 in.). Microwave exposure
reduces compressive strength and stiffness. It also degrades the steel-concrete bond and
causes internal microcracking and thermal damage. A predictive temperature model was
developed to improve process control and optimization. Future work should focus on scaling the
technology for field use. Energy efficiency and cost optimization must also be evaluated. In
addition, hybrid approaches that combine microwave heating with mechanical methods should
be explored.
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Figure 1. Microwave heating of concrete: (left) specimen in cavity and thermal image; (right) compressive and bond strength
versus temperature for w/c = 0.36 and 0.50.
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