
 
 
This report describes only the mechanics and thermodynamics part of this project coordinate with 
Dr. Brian Spalding, Oak Ridge National Laboratory. 
 
1. Research Objective: 
 
The main objective of the mechanics and thermodynamics subtask is to develop a powerful 
computational model to evaluate the effect of the heating regime on the on the contaminated 
concrete wall or slab. 
 
2. Research Progress and Implications: 
 
After the problems reported last year, which delayed progress and necessitated a no-cost 
extension of this grant, the research has in this final year of the grant progressed smoothly, 
without any delays.  All the planned work will be completed at the extended termination deadline 
of 9/14/03. 
    
The proposed scheme of decontamination of radionuclides from concrete structures, in which 
rapid microwave heating is used to spall off a thin contaminated surface layer, has been 
analyzed. The analysis is split in two parts:  

(1) The hygrothermal part of the problem, which consists in calculating the evolution of the 
temperature and pore pressure fields, and  

(2) the fracturing part, which consists in predicting the stresses, deformations and fracturing.  
The former is assumed to be independent of the latter, but the latter is coupled to the 
former.  

The heat and moisture transfer governing the temperature and pore pressure fields induced by 
the decontamination process is analyzed using an improved form of Bazant -Thonguthai model for 
heat and moisture transfer in concrete at high temperatures.  The rate of the distributed source of 
heat due to the interaction of microwaves with the water contained in concrete is calculated on 
the basis of the standing wave normally incident to the concrete wall.  Since the microwave time 
period is much shorter than the time a heating front takes to propagate over the length of 
microwave, and since concrete is heterogeneous, the Ohmic power dissipation rate is averaged 
over both the time period and the wavelength.  The reinforcing bars parallel to the surface are 
treated as a smeared steel layer. The recently developed microplane model M4 is emplyed as the 
constitutive model for nonlinear deformation and distributed fracturing of concrete.  
 
Based on this mathematical model, a numerical analysis of the process of decontamination of 
radionuclides from concrete by microwave heating is conducted. The aim of the analysis is to 
determine the required microwave power and predict whether and when the contaminated 
surface layer of concrete spalls off. The finite element method is used for the stress and fracture 
analysis. However, as a departure from previous studies, the finite volume method is adopted to 
treat the heat and moisture transfer, in order to prevent spurious numerical oscillations that 
plagued the finite element response at moving sharp interface between the saturated and 
unsaturated concrete, and to deal accurately with the jumps in permeability and in sorption 
isotherm slope across the interface. The effects of wall thickness, reinforcing bars, microwave 
frequency and power are studied numerically. As a result of this analysis, the mechanism of 
spalling of rapidly heated concrete typical of microwave heating is clarified.  
 
3. Planned Activities: 
 
During the remaining three months of funding, the importance of short-time viscoelasticity and its 
effect on prevention of localization of thermal cracking will be studied. Further simulations will be 
run to elucidate the role of declining pressure of the heated pore water on the spalling. The rate-
of-deformationn effect on the spalling will be further examined. 
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