

  metals-13-00845




metals-13-00845







Metals 2023, 13(5), 845; doi:10.3390/met13050845




Article



Biaxial Deformation Behavior of AZ31 Magnesium Alloy along RD and Diagonal Direction Degree between TD and ND



Jiale Mao 1,†, Yuanjie Fu 2,†, Yao Cheng 1,*, Qiuju He 1, Lingyu Zhao 3, Yunchang Xin 1,*, Gang Chen 2, Peidong Wu 4 and Qing Liu 1,*





1



Key Laboratory for Light-Weight Materials, Nanjing Tech University, Nanjing 210009, China






2



School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China






3



School of Mechanical Engineering, Yangzhou University, Yangzhou 225127, China






4



Department of Mechanical Engineering, McMaster University, Hamilton, ON L8S 4L7, Canada









*



Correspondence: chengyao@njtech.edu.cn (Y.C.); ycxin@njtech.edu.cn (Y.X.); liuqing@njtech.edu.cn (Q.L.)






†



These authors contributed equally to this work.









Academic Editors: Shi-Hoon Choi and Denis Benasciutti



Received: 4 April 2023 / Revised: 20 April 2023 / Accepted: 24 April 2023 / Published: 25 April 2023



Abstract

:

The multiaxial deformation behavior of magnesium alloys is an important factor in understanding the service performance of structures. In the present research, the deformation mechanism of a Mg AZ31 sheet under biaxial tension with various stress ratios (   σ  RD      : σ    45    ) along the rolling direction (RD) and the diagonal direction (45° direction) between the normal direction (ND) and transverse direction (TD) was systematically studied for the first time using cruciform specimens. The impacts of the stress ratio,    σ  RD      : σ    45    , on the mechanical response, twinning behavior, texture and slip behavior were investigated. The results showed that the contribution of twinning to plastic deformation was limited and governed by the Schmid law. The activation of twinning induced a twin texture component with c-axes largely parallel to the 45° between ND and TD. The deformation induced by biaxial tension was accommodated mainly by prismatic and basal slips under the stress ratio of    σ  RD      : σ    45   = 4 : 1 ,   and the fraction of grains favoring basal slip increased with lower stress ratio along the RD. The characteristics of flow stress can be effectively explained by the relative activities of twinning and slip with stress ratio.
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1. Introduction


Magnesium (Mg) alloys have drawn increasing attention due to their characteristics, such as light weight and well damping properties [1,2,3]. The main hurdle to efficient implementation of these alloys is related to their limited room temperature (RT) formability. Overcoming this challenge requires a deeper learning in deformation mechanisms and mechanical behavior of the materials. In essence, the plastic behavior of Mg alloys is a reflection of competition between dislocation slip and twinning [4,5]. The main slip modes of magnesium are basal slip, prismatic slip, and pyramidal slip [6,7,8,9]. The basal slip is an extremely easy slip mode [10]. The pyramidal slip by contrast is difficult to activate at RT. The     10  1 ¯  2     extension twin and     10  1 ¯  1     contraction twin are the most frequent in magnesium alloys [11,12,13,14,15,16]. Extension twins are active when a tensile force is present parallel to the HCP c-axis. On the contrary, the activation of the contraction twins requires the tensile stress perpendicular to c-axis.



The deformation mechanism in a general loading process is complex, involving several interacting mechanisms. Extensive investigation of the mechanisms under uniaxial tension has been performed [17,18,19,20,21]. When compression stress is applied to the rolling direction (RD), twinning is the dominate mechanism in small strains; the dominate mechanism then transforms into the basal slip [22,23]. With tension applied along the normal direction (ND), plastic deformation is mainly contributed to by slip within 3%, and the dominate mechanism transforms in the strain range of 3–9% [17]. The basal and pyramidal slip activities under uniaxial compression in the ND [20]. In addition, Wang et al. rotated the basal texture by an angle (α) of 0°, 15°, 30°, or 45° according to the transverse direction (TD) and researched the deformation response to uniaxial tension along the RD using different textured materials. The results of this study indicated that the strain is offered mainly by basal and prismatic slip. For α = 0°, the contribution of basal and prismatic slip is similar for small strains. The activation of the basal slip decreases with the increase in the strain, and prismatic slip increases steadily. For α = 45°, the plastic deformation is mainly contributed by basal slip [6]. Similarly, both slip and twinning took part in the deformation during compression at an angle of 45° to the ND and TD [19]. During plastic forming and service, materials are often subjected to multiaxial deformation. Several studies have examined such deformation behaviors in Mg alloys, e.g., ring hoop tension, simple shear, deep drawing and bending [24,25,26,27]. In this context, a biaxial tension study using a cruciform sample has attracted considerable attention, owing to an easy measurement of the plane strain and continuous stress–strain curves. Such experiments can be used to quantitatively study the influence of the biaxial stress on deformation behaviors [28,29]. At present, most previous studies fall into the category of biaxial tension in the RD-TD plane. Tension along the RD or TD of basal-textured plate is generally dominated by prismatic slip, and there is very limited mechanical anisotropy. In fact, Mg alloys exhibit a strong mechanical anisotropy. Therefore, biaxial tensions in the RD–TD plane cannot effectively investigate the mechanical anisotropy. Recently, in one of our previous studies, biaxial tensions along the ND and the TD have been investigated. Because the Mg alloy response to uniaxial tension along the TD and the ND shows a great deformation anisotropy, the combination of     10  1 ¯  2     twinning and prismatic slip is closely related to the stress ratio [30].



Generally, the uniaxial tensions along the RD and the diagonal direction between ND and TD (‘45° direction’) favor the activation of prismatic slip and basal slip, respectively, with the Mg alloy exhibiting a strong mechanical anisotropy. In this paper, the deformation behaviors of a Mg AZ31 sheet under biaxial tension, along with various stress ratios (   σ  RD      : σ    45    ) along the RD and 45° direction, were systematically studied for the first time, allowing an investigation of the impact of stress ratio on the competition of basal and prismatic slip and mechanical anisotropy.




2. Materials and Methods


2.1. Material and Mechanical Tests


The material used in this study is a commercially available Mg AZ31 hot-rolled plate with a thickness of 60 mm. The as-received plate was annealed at 400 °C for 2 h to obtain a fully recrystallized structure. The initial texture of the material is a typical strong basal texture with basal poles largely parallel to the ND and a random distribution of prismatic planes in the RD–TD plane. The cruciform specimens were fabricated by laser cutting from the plate with the x-axes parallel to RD and y-axes parallel to 45° between ND and TD, as shown in Figure 1a. Here, x and y indicate the loading direction during biaxial tension. The cruciform specimen was shown in Figure 1b. The rationality of cruciform specimen geometry has been researched in our previous research [30].



Biaxial tensile tests were carried out at RT using an IPBF-8000 biaxial tension testing system. The nominal stress ratios    σ  RD      : σ    45     = 4:1, 2:1, 1:1, 1:2 and 1:4 was chosen. For the sake of comparison, the effects of uniaxial tension along the RD (   σ  RD      : σ    45     = 1:0) and 45° direction (   σ  RD      : σ    45     = 0:1) at RT were also measured.




2.2. Characterization of Microstructure and Texture


The initial and deformed samples were examined using an electron back-scattered diffraction (EBSD) technique. The specimens for the EBSD recording were cut from the center of the gauge area and ground using SiC papers followed by electrochemical polishing in an AC2 electrolyte (800 mL ethanol, 100 mL propanol, 18.5 mL distilled water, 10 g hydroxyquinoline, 75 g citric acid, 41.5 g sodium thiocyanate, 15 mL perchloric acid) at 20 V for 90 s. All EBSD data were analyzed using the Channel 5 software. The inverse pole figure (IPF) map and the pole figure of     0001     and     10  1 ¯  0     for the initial sample are shown in Figure 2. These results reveal that the initial sample (as-received plate) has no twins. The average grain size of the material used in this work was 39 μm. The c-axes of the most grains were largely parallel to the 45° direction in the X–Z plane.





3. Results


3.1. Mechanical Behavior


The true strain-stress curves for the broken samples subjected to biaxial tension and the uniaxial tension samples for strain levels up to 3% are depicted in Figure 3. Under biaxial stress with    σ  RD      : σ    45       < 2:1, the 45° curve describes a state of tensile strain throughout, and the shape of the 45° curves as well as their yield stresses are similar to the result of performing a uniaxial tensile test along the 45° direction. For the stress ratio    σ  RD      : σ    45     = 4:1, the 45° curves describe a state of compressive strain initially and a state of tensile strain at larger stress values. Compressive strain can be observed as well for the RD curve, for the ratios    σ  RD      : σ    45     = 1:2 and 1:4. For    σ  RD      : σ    45     = 1:1, evidence of tensile plastic strain is clearly visible on the 45° curve, but no yield plateau is observed on the RD curve. When    σ  RD      : σ    45     > 1:1, a tensile strain is present for the RD curves, the shapes of which qualitatively resemble the result of a uniaxial tension along the RD.



The equivalent stress and equivalent strain are generally given by:


   σ q  =    3 2   σ  ij  d   σ  ij  d     



(1)






   ε q  = ∫    2 3  d  ε  ij   d  ε  ij      



(2)







The equivalent stress and equivalent strain can be ascribed by the principal stress and principal strain as below:


   σ q  =          σ x  −  σ y     2  +      σ y  −  σ z     2  +      σ z  −  σ x     2   2     



(3)






   ε q  =    2 9         ε x  −  ε y     2  +      ε y  −  ε z     2  +      ε z  −  ε x     2       



(4)







The biaxial tension can be seen as a plane-stress state. Hence, the equivalent stress can be calculated as:


   σ q  =          σ x  −  σ y     2  +      σ y     2  +      σ x     2   2     



(5)







The calculations are shown in Figure 4. The yield stress of the equivalent stress-strain curve was found to decrease with decreasing stress ratio. For    σ  RD      : σ    45     = 1:4, 1:2 and 1:1, the shapes of the equivalent stress-strain curves and yield stresses value resemble the results of a uniaxial tension along the 45° direction, whereas the yield stress and curve shape for    σ  RD      : σ    45     = 4:1 resemble the result of a uniaxial tension along the RD. The sample under biaxial tension always show a lower strain [31,32,33].




3.2. Twinning Behavior


The IPF maps for the samples in Section 3.1 with the stress ratios    σ  RD     : σ   45     = 4:1, 2:1, 1:1, 1:2 1:4 and 0:1 is shown in Figure 5. The      10  1 ¯  2      twins are observed, and the extension twins are found to cluster in particular grains. It seems that there are more twins for    σ  RD     : σ   45     = 2:1, 1:1, 1:2 and 0:1 but fewer twins for    σ  RD      : σ     45       = 4 : 1   . The measured      10  1 ¯  2      TV fractions are tabulated along with the corresponding (see Figure 3 and Figure 4) RD strain, 45° strain and equivalent-strain (Equ-strain) in Table 1. The low TV fraction observed for the case of biaxial stress with    σ  RD      : σ    45    = 4 : 1    was ascribed to limited plastic deformation. The TV fraction values for    σ  RD      : σ    45    = 2 : 1 ,   1 : 1 ,   1 : 2    and 1:4 decreased with the decreasing stress ratio, and with plastic deformation of the RD transformation from positive to negative under the similar 45° and equivalent strain. In addition, the TV fractions for    σ  RD      : σ    45    = 1 : 1 ,   1 : 2    and 1:4 were evidently lower than what was observed for the case of uniaxial tension (   σ  RD      : σ    45    = 1 : 0   ) at the same strain. However, the TV fraction for    σ  RD      : σ    45    = 2 : 1    was higher than the uniaxial tension observation.



The textures under different biaxial stress ratio are displayed in Figure 6. Biaxial stress with    σ  RD      : σ    45    = 1 : 4    caused a portion of c-axes on the right hemisphere to reorient to the left hemisphere, which can be ascribed to the reorient of the tension twinning. Specifically, the c-axis of grain for initial component was parallel to the 45° direction; The component induced by twinning was composed by the grain with (0002) poles almost perpendicular to this direction. Note that except for the case    σ  RD      : σ    45    = 1 : 4    (Figure 6b), the twin component was not observed due to the low TV fraction.





4. Discussion


4.1. Twinning and Slip Behavior under Biaxial Tension


4.1.1. Schmid Factor Analysis of the     10  1 ¯  2     Twinning System


There is a debate in the literature [17,34,35] concerning the extent to which activation of a given twin variant depends on its Schmid factor (SF). In order to quantitatively research the twinning behavior under biaxial tension, the SF for     10  1 ¯  2     twinning under this condition was calculated. The present paper has employed the GSF modified by Xia et al. [36] for this purpose. This expression can be applied to any stress state. To arrive at the modified GSF, the stress intensity is introduced with the objective to normalize the stress tensor (  σ ¯  ).


   σ ¯  =          σ x  −  σ y     2  +      σ y  −  σ z     2  +      σ z  −  σ x     2  + 6    τ  x y  2  +  τ  y z  2  +  τ  z x  2     2     



(6)







By introducing the stress intensity, the SF is a solid result that only correlates with the stress ratio, although the    σ x   ,     σ y    can be arbitrary numbers. The modified GSF is calculated as Equation (4).


  G S F =    b T  · σ · n   /   σ    ¯   



(7)







The SFs for the activated      10  1 ¯  2      twinning under biaxial tension with the stress ratios 2:1, 1:1 and 1:2 (see Figure 5) was calculated according to Equation (4) and ranked from 1 to 6, with the highest SF having rank 1. The distribution of SFs is shown in Figure 7a. The SF ranks and the associated percentage of experimentally observed twins are shown in Figure 7b. Under biaxial tension, the twin of rank 1 occurs much more frequently. The percentage of ranks 1 and 2 combine approximately 85% for    σ  RD      : σ    45    = 2 : 1   , 80% for    σ  RD      : σ    45    = 1 : 1   , and 75% for    σ  RD      : σ    45    = 1 : 2   . These results show that most activation of      10  1 ¯  2      twinning obeys Schmid’s law.




4.1.2. Contribution of the Twinning to Plastic Deformation


In order to clarify the contribution of the     10  1 ¯  2     twinning for plasticity deformation, the strain accommodated by the activated     10  1 ¯  2     twinning for similar equivalent strain under the conditions    σ  RD      : σ    45    =       2 : 1   ,    1 : 1   , and    1 : 2    was calculated. This strain may be computed as follows [17]:


   ε  t w i n   =  f  t w i n   ·  m ¯  ·  γ  t w i n    



(8)




where    ε  t w i n    ,    f  t w i n    ,   m ¯   and    γ  t w i n     represent the twinning strain, the volume fraction of twins, the average SF of the observed twin, and the characteristic twinning shear, respectively. For     10  1 ¯  2     twinning in Mg alloys,    ε  t w i n     is known to be 0.129. As described earlier, however, two factors,   m ¯   and    f  t w i n    , are significantly dependent on the stress ratio.   m ¯   was 0.1347, 0.113 and 0.1957 for the stress ratios of    σ  RD      : σ    45    = 2 : 1   ,    1 : 1    and    1 : 2   , respectively. The twin volume fractions shown in Table 1 were used in the calculations. The results show that, 8% deformation is dominated by twinning under the stress ratio    σ  RD      : σ    45    = 2 : 1    and 5% deformation was dominated by twinning for    σ  RD      : σ    45     = 1:1 and 1:2. As the total strain is accommodated by twinning and slip, the strain accommodated by slip is equal to 1 minus the strain by twinning. Therefore, the plastic deformation under biaxial tension along RD and 45° was dominated by slip.




4.1.3. Activities of Slip Systems in the Deformation


The activation of slip and twinning was governed by the combined action of SF and CRSS, as the CRSS for different deformation modes vary significantly. The deformation mode with a minimum value of CRSS/SF is the dominant one.



The variation in SFs for basal slip, prismatic slip and      10  1 ¯  2      twinning as a function of the crystallographic orientation for the initial texture with respect to biaxial stress ratio was calculated using the method in Section 4.1. Figure 8 shows the SFs varies with the relative spatial position in IPF map. Due to the polarity of twinning, the SF of the twin with a negative SF is seen as zero. Clearly, the SFs for basal slip are high for the biaxial stress ratio    σ  RD   :  σ  45     ≤   1. Conversely, the SFs for prismatic slip are high for    σ  RD   :  σ  45     > 1. The     10  1 ¯  2     twinning always maintains a low SF under all biaxial stress ratios. For further comparison, the SF distribution for basal slip, prismatic slip and     10  1 ¯  2     twinning under biaxial stress of    σ  RD      : σ    45    =       4 : 1   ,    2 : 1   ,    1 : 1   ,    1 : 2   , and    1 :   4    was shown in Figure 9. The SF of the prismatic slip increased with an increasing stress ratio along the RD. That is, the role of prismatic slip played in plasticity increases with a higher stress ratio along the RD. The SF for     10  1 ¯  2     twinning was noted to increase with decreasing biaxial stress ratio. Hence, it is easy to understand the observed decrease in the TV fraction with the decreasing stress ratio.



Following the above analysis, CRSS/SF ratios were calculated for basal slip, prismatic slip and     10  1 ¯  2     twinning to determine the predominant modes during biaxial tension [37]. The CRSS for basal slip (10 MPa):      10  1 ¯  2     twinning (10 MPa): prismatic slip (20 MPa) is chosen in the present study according to research by Koike et al. [8]. The percentage of the grain, in which the most easily activation deformation modes is basal slip, prismatic slip, and     10  1 ¯  2     twinning under biaxial tension is given in Figure 10. The fractions favoring basal slip and prismatic slip for the stress ratio    σ  RD      : σ    45       = 4:1 reach 38% and 61%, respectively. The grains favoring basal slip increase significantly for    σ  RD      : σ    45      < 4:1, reaching 91% at    σ  RD      : σ    45       = 1:1. A very low percentage is noted to favor prismatic slip as the stress ratio decreases. Hence, both prismatic slip and basal slip will play an important role in deformation at the stress ratio    σ  RD      : σ    45      = 4:1, whereas the contribution from basal slip will become the more important with a decrease in the stress ratio.





4.2. Effect of the Deformation Mechanism on the Flow Stress


The mechanical characteristics of stress–strain curves are known to originate from the detailed deformation mechanism [21]. As depicted in Section 3.1, the flow stress for tension along the 45° direction hardly varies with    σ  RD      : σ    45     (stress ratios    σ  RD      : σ    45     = 2:1, 1:1, 1:2 and 1:4 examined). Similarly, the flow stress of the RD curve for the biaxial stress ratios    σ  RD      : σ    45     = 4:1, 2:1 and 1:1 also followed a similar trend, resembling the result of the RD uniaxial tension. It is well known that the dominates deformation mechanism during uniaxial tension along the RD was prismatic slip, whereas basal slip occurs when applying tension at an angle of 45° to ND and TD [6,38,39]. In the case of biaxial stress with    σ  RD      : σ    45     = 1:1, 1:2 and 1:4, the deformation along the 45° direction was dominated by basal slip, which can be ascribed to the similar levels of flow stress. However, under those conditions, the stress along the RD is too low to support activation of prismatic slip. For a stress ratio    σ  RD      : σ    45     = 4:1, the deformation along the RD was dominated by prismatic slip. It is noted that for the condition    σ  RD      : σ    45      = 4:1, the strain along the 45° direction was initially compressive. With the increase in stress, the strain turned tensile, which can be ascribed to the activation of basal slip.



The equivalent yield stress for the case of biaxial tension is determined by the resolved shear stress    σ  R S S    , that is CRSS/SF, of the deformation mechanism. The    σ  R S S     values for the activated deformation mechanism during biaxial tension were averaged and named     σ ¯   R S S    . Using the data in Section 4.2, we obtained the ratio of     σ ¯   R S S     for    σ  RD      : σ    45     = 1:0, 4:1, 2:1, 1:1, and 1:2. The values of     σ ¯   4 : 1   :       σ ¯   1 : 4    ,     σ ¯   2 : 1   :       σ ¯   1 : 4    ,     σ ¯   1 : 1   :       σ ¯   1 : 4    ,     σ ¯   1 : 2   :       σ ¯   1 : 4     were 1.67, 1.54, 0.94, 1.01, respectively, which has the same tendency with the yield stress by equivalent stress–strain curve. Note that this method can only predict the tendency but not the actual values, as a consequence of the controversy concerning the CRSS of basal slip, prismatic slip and twinning. In fact, for    σ  RD      : σ    45      = 1:1, 1:2 and 1:4, the essential reason for yielding behavior is basal slip. Hence, a similar equivalent yield stress value is easy to understand. However, with the increase in the biaxial stress ratio, the contribution of the prismatic slip will increase, which makes the yield stress increase gradually and approach the values obtained for uniaxial tension along the RD.





5. Conclusions


In this work, the biaxial deformation behavior of a Mg AZ31 sheet along the RD and the diagonal direction (‘45° direction’) between ND and TD was comprehensively researched. The impacts of the stress ratio along the RD and 45° direction on the mechanical response, twinning behavior, texture and slip behavior were investigated. The activation of      10  1 ¯  2      twinning was found to obey Schmid’s law. The 8% deformation is dominated by twinning for    σ  RD      : σ    45     = 2:1 and 5% for    σ  RD      : σ    45     = 1:1 and 1:2. The activation of twinning generate a twin texture with the c-axes of grains largely parallel the 45° between TD and ND. The twin volume fraction for    σ  RD      : σ    45    = 1 : 1 ,   1 : 2    and 1:4 was evidently lower the fraction observed for the case of uniaxial tension (   σ  RD      : σ    45    = 1 : 0   ) at the same strain. The TV fraction for    σ  RD      : σ    45    = 2 : 1    is higher than the uniaxial tension result. The deformation induced by the biaxial tension was dominated by basal slip and prismatic slip, and grains favoring basal slip were found to increase in number upon decreasing the biaxial stress ratio. These differences in twinning and slip characteristics introduced different flow stresses, and could be explained successfully by incorporating existing theories on the variation of the relative activities of twinning, basal slip and prismatic slip during plastic deformation.
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Figure 1. (a) RD, TD, 45° and the cruciform specimen in the hot-rolled plate, (b) image of cruciform specimen with dimensions indicated. 
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Figure 2. (a) ND inverse pole figure map and (b) pole figures of AZ31 plate after annealing at 400 °C for 2 h. 
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Figure 3. Ture stress-strain curves under biaxial stress:    σ  RD      : σ    45    =    (a) 4:1, (b) 2:1, (c) 1:1, (d) 1:2, (e) 1:4 and (f) 1:0 and 0:1. 
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Figure 4. Equivalent stress-strain curves under biaxial tension of    σ  RD      : σ    45    =    4:1, 2:1, 1:1, 1:2 and 1:4. 
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Figure 5. Inverse pole figure maps of uniaxial and biaxial tension with a 1.5% strain along the ND:    σ  RD      : σ    45    =    (a) 4:1, (b) 2:1, (c) 1:1, (d) 1:2, (e) 1:4 and (f) 0:1. 
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Figure 6. Pole figures for specimens after uniaxial and biaxial tension with    σ  RD      : σ    45    =    (a) 4:1, (b) 2:1, (c) 1:1, (d) 1:2 and (e) 1:4. 
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Figure 7. (a) Distribution of SF and (b) SF rank and its percentage of experimentally observed twins SF rank of experimentally observed     10  1 ¯  2     twin for    σ  RD      : σ    45     = 2:1, 1:1, and 1:2. 
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Figure 8. Schmid factor (SF) as a function of the relative spatial position in EBSD maps for (a) basal slip, (b) prismatic slip and (c)     10  1 ¯  2     twinning under biaxial stress of    σ  RD      : σ    45     = 4:1, 2:1, 1:1, 1:2, and 1:4. 
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Figure 9. Distribution of SF for basal slip, prismatic slip and     10  1 ¯  2     twinning under biaxial stress of    σ  RD      : σ    45     = (a) 4:1, (b) 2:1, (c) 1:1, (d) 1:2, and (e) 1:4. 
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Figure 10. Fractions of grains favoring basal slip, prismatic slip, and     10  1 ¯  2     twinning during under biaxial stress of    σ  RD      : σ    45     = 4:1, 2:1, 1:1, 1:2, and 1:4. The used CRSS ratio of basal slip:     10  1 ¯  2     twinning: prismatic slip is 1:1:2. 
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Table 1. RD strain, 45° strain, equivalent strain, and twin volume fraction of the broken samples under    σ  RD      : σ    45    =    4:1, 2:1, 1:1, 1:2, 1:4 and 0:1.
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	     σ  RD      : σ    45      
	4:1
	2:1
	1:1
	1:2
	1:4
	0:1





	RD strain
	0.449%
	0.79%
	0%
	−0.16%
	−0.5%
	_



	45° strain
	0.11%
	2.85%
	2.87%
	3.05%
	2.87%
	3%



	Equ-strain
	0.7%
	3.7%
	3.38%
	3.38%
	3.5%
	3%



	TV
	0.831%
	18.9%
	12.3%
	7%
	8.8%
	15.7%
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