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1. Introduction 
Hydrogen migration under thermal stress gradient in zirconium alloys results in formation of 
hydride blisters [1]. An array of blisters makes Zirconium alloy components of nuclear 
reactors susceptible to fracture [2]. The whole process of hydride blister formation and 
fracture of these components is very complex and involves hydrogen migration under thermal 
gradient, hydride precipitation, straining of the matrix, setting up of hydrostatic stress 
gradient, enhanced hydrogen migration under the combined influence of thermal and stress 
gradient,  stress-reorientation of hydrides [3], cracking of hydrides, crack growth by delayed 
hydride cracking mechanism [4], interlinking of blisters and spontaneous fracture of the 
component.  
In this work we estimate the stress components in hydride blisters and the surrounding matrix 
for certain assumed blister depths. The estimated stress predicts the hydride orientation in the 
matrix surrounding the blisters and will be subsequently used to model the hydrogen diffusion 
under hydrostatic stress and temperature gradients. 
2. Computation 
The matrix of dimension in the ratio 1:5 was considered. The matrix material was Zr having 
hexagonal crystal structure with orthotropic elastic constants [5] and zirconium hydride has 
faced centered cubic with isotropic elastic constants [6]. Computations were made for 
axisymmetric case with symmetry axis along direction 2 (Fig. 1) and with   hydride/matrix 
yield strength ratio of 0.2 [7] and 1.0. Transformation of zirconium hydrogen solid solution 
into hydride is associated with about 17 percent positive change in volume [8]. The body was 
partitioned into several small layers with each layer transformed sequentially (Fig. 1). Phase 
transformation was achieved by imposing small temperature rise and using thermal expansion 
command [9].  
 

 
Fig. 1 Part of the body used for computation. Blister aspect ratio of 5 was considered. 
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3. Results & Discussion 
Fig. 2 shows the contour plot of equivalent stress in the blister and matrix around it for the 
hydride/matrix yield strength ratio of 0.2 [7].  Phase transformation was achieved by raising 
the temperature. As is evident from this figure most of the regions inside blister and matrix 
are under negligible stress with a small strip at the boundary between blister and hydride 
under very high stresses. Since the hydride is having much lower yield strength as compared 
to matrix, most of the volume change is accommodated inside the blister by hydride plastic 
flow.  
 

 
Fig. 2 Contour plot of equivalent stress in the soft blister and matrix around it. Phase 
transformation achieved in multiple steps. 
 
Fig.3 shows the contour plot of the equivalent stress inside blister and matrix around it with 
both hydride and matrix having identical yield strength. Phase transformation was achieved 
by raising the temperature. The maximum value of equivalent stress was observed at the 
interface between blister and matrix. The stress decays as one move away from the blister 
matrix interface. All earlier investigations [9-10] on hydride blisters have achieved the phase 
transformation by raising temperature and allowing the phase transformation of the whole 
region transforming to hydride in one step.  For comparison the contour plot of equivalent 
stress inside blister and in the matrix around it are shown in Fig. 4. As is evident equivalent 
stresses in the blister and matrix are higher for single step transformation than that for 
multistep transformation. Since hydride blister grow sequentially single step phase 
transformation results in overestimation of stress. For single step transformation elastic, 
plastic dissipation and total energy are 91, 1369 is 1460 MJ for the whole body (Fig. 1) as 
compared to 50.9, 1442.6 and 1493.5 MJ, respectively, for multiple step expansion. 
Fig.5(a) shows the a section of hydride blister [11]. It is evident from this figure that a section 
of hydride blister has three regions. Far away from the center of blister lies region I, 
comprising of matrix and circumferential hydrides (horizontal dark lines). As one approaches 
the center of blister, region II comprising of matrix, circumferential hydrides and radial 
hydrides (normal to circumferential ones) can be seen. Region III is the region of single-phase 
hydride. The texture and microstructure of cold worked and stress relieved Zr-alloy tubes is 
such that under unstressed condition of hydride precipitation circumferential hydrides form. 
When hydride precipitation takes place under stress greater than a threshold value, radial 
hydride may form.    



 
Fig. 3 Contour plot of equivalent stress in the blister and matrix around it for hydride/matrix 
Yield stress ratio of unity. Phase transformation achieved in multiple steps. 
 

 
Fig. 4 Contour plot of equivalent stress in the blister and matrix around it for hydride/matrix 
yield stress ratio of unity. Phase transformation achieved in single step. 
 
In Fig. 5(b), the threshold stress variation across sample thickness is superimposed on the 
plots of estimated stress for blister depths of 0.2, 0.5 and 1.0 mm. The hydride platelet 
orientation at any location in the matrix around the blister is governed by the stresses 
generated due to the hydride blisters. For the regions where tensile stress prevailing at any 
point in the matrix is greater than the threshold stress for reorientation of hydrides, radial 
hydride will also precipitate out.  
 
5. Conclusions 
Stress field in the hydride blister and Zr-matrix were estimated using finite element method. 
The estimated stress computed by carrying out the single step transformation of hydride is 



higher as compared to that obtained by multi-step transformation. The estimated stress field 
could explain the formation of radial hydride in the matrix near the interface region. 
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Fig. 5 shows (a) a section of blister in Zr-alloy [11] and (b) Comparison of the estimated 
stress and threshold stress for reorientation of hydrides across the thickness of the plate used 
for growing hydride blister.  
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