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1. Introduction 

 
In Zr cladding tubes, one of the reasons for the 

phenomenon of hydrogen pick-up in the tube is the 

surface oxidation. The hydrogen as a by-product of 

the oxidation leads to formation of hydride and these 

hydrides cause the embrittlement in the material. 

Understandably, mechanical properties regarding the 

embrittlement are required to evaluate for safety 

management of spent fuel. However, the 

standardization of fracture toughness in cladding tube 

is not easy due to thin-wall geometry of that. One 

suggestion to evaluate the fracture toughness was pin 

loading tension (PLT) technique and the details of 

the test was described in the references [1-2]. 

Recently the PLT testing equipment was set up in 

PIE facility of KAERI to perform the test for 

investigating delayed hydride cracking (DHC) 

property of Zr cladding tube. The purpose of this 

study is to utilize this equipment for the PLT test to 

evaluate fracture toughness of Zircaloy tube. 

 

2. Methods and Results 

 
2.1 Specimen Preparation 

 
The PLT-specimens used in the test is identical 

with that for the DHC test [2] and the nominal length 

of 13 mm have been manufactured from hydrogen 

charged Zircaloy-4 cladding. Hydrogen was charged 

in the conditions of 300 torr H2 

notches were machined in the specimen at the front 

edge (loading position) and back edge. 

2.2 Test Equipment Set-up 

 
The PLT test is divided by two steps. The first step 

is fatigue pre-cracking to minimize the plastic zone 

size in front of the crack tip. The second step is 

tensile test with constant strain rate control (in here, 

0.1 mm/min). Accordingly, the equipment, which has 

the function of dynamic force control, was proper for 

the test. For the reason above, MTS Acumen3 was 

chosen and the picture of the equipment is shown in 

Fig. 1. 

 

 
Fig. 1. PLT testing equipment. 

 

2.3 Test Results 

 
The tensile test result of the PLT-specimen of Zr 

cladding tube after fatigue test is shown in Fig. 2. In 

the fatigue test, the target length of pre-crack was 2 

mm. The test was finished at the point of peak load. 

In this point, maximum load was 1.1 kN and the 

load-line displacement was 1.01 mm. 
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Fig. 2. Axial force as a function of axial displacement. 

 
After the test, the sample was heated up to 300  

for marking the cracked region. Then, the sample 

was cooled to RT and fully opened by normal tensile 

test. Fig. 3 shows the fracture surface of the splitted 

PLT sample. The notch and pre-crack region was 

even and clear. Although the main cracked region 

was not distinct well, the crack length was measured 

using 9-point measurement method. 

 

 
Fig. 3. Fracture surface of the PLT sample. 

 

In that measurement, the crack length at the peak 

between crack tip and load axis) was 12.5 mm. Using 

the results, COD value can be converted to the crack 

length, as shown in Fig. 4. 

 

 
Fig. 4. Axial force as a function of crack length. 

 

The equation below [1] was used to calculate J 

value at maximum load. 
 

             (1) 
 

AT = the total area under the load vs load-line 

displacement curve 

B = specimen thickness 

B0 = the ligament length 

 
The calculation shows that the Jmax was 72 kN/m. 

Because it is the approximated result of the pre-test, 

further study and test to process the data will be 

performed in the future. 

 

3. Conclusions 

 
The PLT test for fracture toughness of Zircaloy 

tube was performed to check the availability of new 

equipment in PIE facility of KAERI. Further tests 

like compliance test, calibration of crack length for 

DCPD measurement and so on will be performed for 

the future demand on the PLT test. 
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