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 
Abstract—This paper attempts to evaluate the effect of fire 

damage on concrete by using nonlinear resonance vibration method, 
one of the nonlinear nondestructive method. Concrete exhibits not 
only nonlinear stress-strain relation but also hysteresis and discrete 
memory effect which are contained in consolidated materials. 
Hysteretic materials typically show the linear resonance frequency 
shift. Also, the shift of resonance frequency is changed according to 
the degree of micro damage. The degree of the shift can be obtained 
through nonlinear resonance vibration method. Five exposure 
scenarios were considered in order to make different internal micro 
damage. Also, the effect of post-fire-curing on fire-damaged concrete 
was taken into account to conform the change in internal damage. 
Hysteretic nonlinearity parameter was obtained by amplitude- 
dependent resonance frequency shift after specific curing periods. In 
addition, splitting tensile strength was measured on each sample to 
characterize the variation of residual strength. Then, a correlation 
between the hysteretic nonlinearity parameter and residual strength 
was proposed from each test result.  
 

Keywords—Fire damaged concrete, nonlinear resonance vibration 
method, nonlinearity parameter, post-fire-curing, splitting tensile 
strength. 

I. INTRODUCTION 

FTER exposing to fire, concrete undergoes decrease of 
reliability and safety due to thermophysical and 

thermochemical effects of concrete [1]. Degradation of material 
properties due to fire exposure is accompanied by the 
development of contact-type defect which are mainly caused by 
hygrothermal effect and chemical dehydration [2]-[4]. 
Experimental investigations have been carried out to ascertain 
the effects of high temperature on the material properties of 
concrete with various mixtures and different fire scenarios [1], 
[2], [5], [6]. Meanwhile, many researches have been performed 
to investigate the effect of fire damage on concrete using 
nondestructive test. In addition, it has been reported that 
nonlinear nondestructive methods can more sensitively 
evaluate distributed defects and contact-type defects than linear 
nondestructive methods [7], [8].  
 In this study, as a part of efforts to evaluate the degradation 
of concrete specimens according to post-fire-curing periods and 
target temperature, nonlinear resonance vibration method was 
performed on thin concrete disks to obtain hysteretic 
nonlinearity parameter (HNP), one of the damage indicator, 
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and residual splitting tensile strength. Then, a correlation 
between the hysteretic nonlinearity parameter and residual 
strength was proposed from the test results.  

II. SAMPLE PREPARATION 

Concrete samples were made with two different mixing 
ratios as given at Table I. The maximum size of aggregate was 
19mm and the maximum size of same was 4mm. The admixture 
and additional materials were not used. Samples were casted 
and molded into cylindrical shape with 100mm in diameter and 
200mm in height. After 28 days of water curing, specimens 
were cut into thin disk (about 25mm in thickness). In this study, 
concrete disks were stored in drying oven at 80°C during 
24hours to avoid hygrothermal spalling before applying fire 
damage. After drying, all the concrete disks were immediately 
moved and stored in electrical furnace for 1hour with specified 
target temperatures; 200°C, 400°C and 600°C, 800°C. Then, 
the samples were taken out of the furnace and soaked into 20°C 
water for cooling during 3 hours. Then, concrete samples were 
taken out from water and kept in laboratory condition (ambient 
temperature) with different post-fire-curing; 7days, 1month, 
6months. For each mixing ratio and fire scenarios (including 
target temperature and post-fire-curing), 5samples were 
prepared to reduce the experimental error and to validate the 
reproducibility of tensile strength test and nonlinear resonance 
vibration method. 

 
TABLE I 

MIX PROPORTIONS OF CONCRETE SAMPLE 

Label Water-cement ratio Fine-coarse aggregate ratio 

A 0.5 0.68 

B 0.6 0.68 

III. NONLINEAR RESONANCE VIBRATION 

There have been reported that amplitude-dependent 
resonance characteristics, such as nonlinear attenuation, 
harmonic generation, and amplitude-dependent resonance 
frequency shift, can be used as damage indicators highly 
sensitive to distributed contact-type defects for different 
materials [9]. Among them, the shift of resonance frequency 
was measured to obtain HNP of fire-damaged concrete disks 
depending on the change in input amplitude. The relationship 
between change in input amplitude and the shift of resonance 
frequency can be expressed as follows [9], [10]: 
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