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ABSTRACT 
 
A Brillouin-scattering-based distributed strain and temperature sensor (DSTS) has been employed to detect cracks on 
ceramic by measuring the strain distributions along the surface of the ceramic for the first time. The existence of cracks 
and their locations are identified by measuring the strain distribution on a sensing fiber bonded on the ceramic surface.  
Due to innovated design and signal processing, the distributed Brillouin sensor developed for this study achieves a 
uniquely high resolution and accuracy.  Experimental study on ceramic tile specimens demonstrated the efficacy of the 
distributed Brillouin fiber optic sensor in detecting and locating fine cracks.  
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1. INTRODUCTION 
 
Detection of cracks in materials and structures poses a major technical challenge: only a specialized tool can find the 
target, and a high resolution is required to take its measurement. There are a number of nondestructive evaluation (NDE) 
methods that can be used for detecting cracks, including the infrared thermography, ground penetrating radar, digital X-
ray, and ultrasonic waves 1-3. Fiber optic based sensing for structural health monitoring has received a lot of attention 
over the last two decades and many different sensing techniques have been developed to monitor specific parameters. 
Since the crack locations in a structure are not known a-priori, conventional “point” sensors are not effective in crack 
sensing. A truly distributed sensor system is desired for detection of cracks. Brillouin-scattering-based distributed strain 
and temperature sensors (DSTS) provide an excellent opportunity for structural health monitoring of civil structures by 
allowing measurements to be taken along the entire length of the fiber, rather than at discrete points, by using fiber itself 
as the sensing medium.  

 
2. HIGH-RESOLUTION AND HIGH-ACCURACY DSTS 

 
To take its measurement for crack detection, OZ Optics Ltd offers special edition of Brillouin-scattering-based DSTS 
with 0.1m spatial resolution, in which a combination of continuous wave (cw) and pulse source as the probe (Stokes) 
beam interacts with cw laser as the pump beam for the probe-pump Brillouin sensor system 4. The Brillouin interaction 
of Stokes and pump in the fiber includes both DC-pump and pulse-pump interactions. The coherent portion inside the 
pulse-length of these two interactions due to the same phase has a very high Brillouin amplification. It provides localized 
information of strain and/or temperature and enhances measurement accuracy, which enables the Brillouin-scattering-
based DSTS to detect micrometer cracks. 
 
Figure 1 displays a set-up for a simulated crack detection using the high-resolution and high-accuracy DSTS based on 
the unique coherent probe-pump interaction technology. The optical fiber was mounted on the surface of a PVC plate by 
a special glue tape. There is a gap in the PVC plate, which is used for the simulation of producing crack. The sensing 
fiber passed through the gap four times (Fig. 1a). After increasing the gap by 40µm where the farthest piece of sensing 
fiber located, as shown in Fig. 1b, the strain distribution was measured, as illustrated in Fig. 2, in which the four strain 
peaks corresponding to four pieces of sensing fiber passed through the gap. 
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Fig. 1  Simulation of crack detection. Four pi eces of sensing fiber passed through the gap (a). The gap was increased by 40 µ m where 
the farthest piece of sensing fiber located (b). 

 

 
(a) 

 
(b) 

Fig. 2  Strain distribution after the gap increased. 
 

3. TEST SPECIMEN AND PROCEDURE 
 

Experiments were performed to evaluate the capability of the Brillouin sensor for detecting and locating fine cracks in 
advanced ceramics that have wide industrial and defense applications, for example, armor, but cracks significantly 
degrade the material performance. Curren tly there is no cost-effective method to  detect and evaluate such cracks.  
 
Ceramic tile specimens with a dimension of 120 × 160× 8mm were prepared . An acrylate buffered SMF-28 optical fiber 
was used as the sensing fiber, which was bonded on the surface of the ceramic specimens. There are two technical 
challenges when bonding of the fiber on the ceramic tile. First, it is crucial that  the fiber stretches accordingly as cracks 
occurs on the ceramic surface, without being affected by the elasticity of the bond. Second, the fiber should be bonded in 
such a layout pattern that the entire surface of tile is cove red. A number of bonding materials were studied, based on 
which a brittle bond with a short (less than 5 minutes) curing time was selected. Figure 3 shows one of the ceramic 
specimens bonded with a fiber laid in straight parallel lines. Twelve sensing sections of the fiber were bonded externally 
on the ceramic surface. To avoid sharp bending of optical fibers, each 0.2m sensing fiber was separated one sensing 
section from another by a 0.5m loose fiber. The environment temperature was kept constant during strain measurements. 

 
Fig. 3  Installation of sensing fibers on ceramic tile 
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Fig. 4   Major cracks (labeled as A and B) ran through the sensing fiber 

 
The Brillouin measurement was taken on the ceramic tile (w ithout cracks) as the baselin e measurement. Then cracks 
were induced to the ceramic tile by subjecting the tile to  compressive loading. The cracked specimen is shown in Fig. 4. 
Major cracks (labeled as A and B) ran through the sens ing fiber. Measurement was taken again after the specimen 
cracked.    
 

4. RESULTS AND DISCUSSION 
Figure 5 displays a Brillouin loss spectrum of free-strained  fiber at room temperature, which gives central Brillouin 
frequency of 10847.10MHz with 49.14MHz linewidth. In the experiment, the pulse width is 1ns, 49.72MHz line-width 
of Brillouin spectrum would assure to obtain accurate measurement of strain. Because Brillouin fiber optic sensor is 
DIRECT measurement of Brillouin freque ncy shift and then calculation of strain /temperature, to obtain narrow Brillouin 
spectrum is a fundamental requirement to get accurate measurem ent of strain and temperature. This measurement was set 
as a strain reference to compare with the strain distribution after producing cracks on the ceramic. 

 
Fig. 5  Brillouin loss spectrum before producing crack. 

 
Then the ceramic was moved to the pressure machine to produce crack on the ceramic, as shown in Fig. 4. Two major 
cracks (labeled as A and B) were run through the sensing fibers. Since the sensing fiber in the middle on the ceramic was 
broken, we spliced the sensing fiber and took two measurem ents that covered Crack A an d Crack B, respectively. The 
Brillouin spectra from these cracking points are displayed in Figs. 6 and 7. Since 1) each 20-cm stretched sensing fiber 
was separated by 50-cm loose fiber, 2) non-uniform strain was distributed along the fiber because of crack, 3) the 
distance resolution is 5cm, 4) spatial resolution is 0.1m, the Brillouin spectra are asymmetric. The solid curve represents 
the deconvolution of Brillouin frequencies based on coherent interaction of probe and pump beams.           
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Fig. 6  Brillouin spectrum at Crack A 

 
Fig. 7  Brillouin spectrum at Crack B 

  
The strain distributions along the ceramic ar e indicated in Fig. 8, which includes the 1 st  measurement before making 
crack as a reference, the 2 nd  measurement to identify Crack A, and the 3 rd  measurement to find Crack B. The highest 
strains are corresponding to Crack A and Crack B. There ar e some ripples along the ceramic, which indicates that the 
sensing fiber in the pertinent locations of the ceramic experienced bigger strains, but the cracks did not happen there yet. 

                  
Fig. 8  Strain distribution along the sensing fiber on the ceramic 

 
4. CONCLUSION 

 
The cracks on a ceramic tile specimen with a dimension of 120 × 160× 8mm have been detected successfully by a 
Brillouin-scattering-based distributed strain and temperature sensor (DSTS) with 0.1m spatial resolution for the first 
time. The strain peaks between pre- and post-treat of ceramic associated with cracks are cl early shown in the distributed 
information corresponding strain measurements. Due to innovated design and signal processing, the distributed Brillouin 
sensor developed for this study achieves a uniquely high resolution and accuracy. Experimental study on ceramic tile 
specimens demonstrated the efficacy of th e distributed Brillouin fiber optic sensor in detecting and locating fine cracks.  
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