
187 
 

References 

[1] Jaffe, B., Cook, W. R., and Jaffe, H., 1971, Piezoelectric Ceramics, Elsevier. 

[2] 42(342), pp. 

329 330. 

[3] Ikeda, T., 1990, Fundamentals of Piezoelectricity, Oxford University Press, 

Oxford. 

[4] ANSI/IEEE 

Std .176-1978, IEEE. 

[5] Catti, M., 2013, Physical Properties of Crystals, Oxford University Press. 

[6] 

Conference on Recent Advances in Adaptive and Sensory Materials 

and Their Applications, pp. 825 838. 

[7] nnectivity and 

Piezoelectric- 13(5), pp. 525 536. 

[8] 68(1), pp. 1

32. 

[9] omposites 

Control, 52(5), pp. 746 775. 

[10] 

22(5), pp. 677 684. 



188 
 

[11] - Woodhead Publishing 

Series in Electronic and Optical Materials, K.B.T.-A.P.M. Uchino, ed., Woodhead 

Publishing, pp. 318 346. 

[12] sonic Measurement on Some Mineral 

24(3), pp. 222 225. 

[13] 

of 1-3 and 1-3-0 Piezoelectric PZT-Polymer Composites Hydrophone 

Applic 68(1), pp. 123 139. 

[14] -3 Composite Piezoelectrics: Hydrostatic 

40(1), pp. 41 49. 

[15] Newnham, R. E., Skinner, D. P., and Cross, L. E., 

Piezoelectric- 13(5), pp. 525 536. 

[16] 3 Composite Piezoelectrics: 

Thickness- Control, 

38(1), pp. 40 47. 

[17] 

Ferroelectrics, 99(1), pp. 115 126. 

[18] Furukawa, T., Fujino, K., an

15(11), 

pp. 2119 2129. 

[19] 



189 
 

Composites of Synthetic Rubbe

Ferroelectrics, 50(1), pp. 3 12. 

[20] 

Inclusions: Part I 57(4), pp. 857

862. 

[21] ee-Dimensional Analysis of an Ellipsoidal Inclusion in a 

29(3), pp. 293 308. 

[22] 

 U.S.A. 

[23] 

241(1226), pp. 376 396. 

[24] -Uniform Transformation Strain 

23(1), 

pp. 77 83. 

[25] -

6(2), pp. 147 157. 

[26] 

Materials Containing Ellipsoidal Inhomo

Math. Phys. Sci., 443(1918), pp. 265 287. 

[27] Mura, T., 1987, Micromechanics of Defects in Solids, Springer Netherlands, 

Dordrecht. 



190 
 

[28]  

21(5), pp. 571 574. 

[29] -

and the Hashin-Shtrikman- 28(11), pp. 1111

1120. 

[30] 

24(7), pp. 1159 1172. 

[31] 

Ellipsoidal Piezoe 4(11), pp. 1169 1182. 

[32] 

30(2), 

pp. 161 175. 

[33] Dunn, M. L., and 

34(27), pp. 

3571 3582. 

[34] 

Isotropic Piezoele 38(6), pp. 605 641. 

[35] 

- Condens. 

Matter Complex Syst., 14(3), pp. 527 533. 

[36] 

Inclusion in a Transversely Isotropic Medium, and Its Relevance to Composite 



191 
 

59(4), pp. 759 781. 

[37] Piezoelectric Composites With 

Eigenstress and Polarization Fields, Part I: Binary Media Local Fields and 

60, pp. 265 269. 

[38] 

Eigenstress and Polarization Fields, Part II: Multiphase Media Effective 

60(2), pp. 270 275. 

[39] 

40(6), pp. 1295 1312. 

[40] 

18(3), pp. 183 193. 

[41] 

J. Eng. Mater. Technol., 116(3), pp. 260

267. 

[42] 

Syst. Struct., 9(6), pp. 404 416. 

[43] Yu Li, J., a

81(4), pp. 903 926. 

[44] Bravo-Castillero, J., Guinovart-Díaz, R., Sabina, F. J., and Rodríguez-Ramos, R., 

-Form Expressions for the Effective Coefficients of a Fiber-

Reinforced Composite with Transversely Isotropic Constituents  II. Piezoelectric 



192 
 

33(4), pp. 237 248. 

[45] 

J. Mech. Phys. Solids, 13(4), pp. 223 227. 

[46] Guinovart-Díaz, R., Bravo-Castillero, J., Rodríguez-Ramos, R., and Sabina, F. J., 

-Form Expressions for the Effective Coefficients of Fibre-

Reinforced Composite with Transversely Isotropic Constituents. I: Elastic and 

49(7), pp. 1445 1462. 

[47] 

Thermoelect

Struct., 36(18), pp. 2683 2705. 

[48] -3 Piezoelectric 

140(2), pp. 200 206. 

[49] -3 Piezoelectric Composites 

with a Porous Non- 56(4), pp. 754 761. 

[50] s in 

34(27), pp. 

3571 3582. 

[51] 

41(11), pp. 1781 1794. 

[52] 

65, pp. 157 168. 



193 
 

[53] 

Metal-Matrix Composites with Continuous Fibers: Geometrical Effects of Fiber 

39(5), pp. 735 752. 

[54] 

Mater., 41(11), pp. 3147 3156. 

[55] Cleveringa, H. H. M., Van Der Giessen, E., and Needleman, A., 1997, 

45(8), pp. 3163 3179. 

[56] 

Unidirectional Long-

Mater. Sci. Eng., 1(5), pp. 649 671. 

[57] Bakhvalov, N., and Panasenko, G., 1990, Homogenization: Averaging Processes 

in Periodic Media, Springer Netherlands, Dordrecht. 

[58] Bensoussan, A., Lions, J.-L., and Papanicolaou, G., 2011, Asymptotic Analysis for 

Periodic Structures, North-Holland, Amsterdam. 

[59] Sixto-Camacho, L. M., Bravo-Castillero, J., Brenner, R., Guinovart-Díaz, R., 

Mechkour, H., Rodríguez-

Homogenization of Periodic Thermo-Magneto-Electro-Elastic Heterogeneous 

66(10), pp. 2056 2074. 

[60] Poizat, C., and Sest

16(1 4), pp. 89 97. 



194 
 

[61] 

of Elastic-  Phys. Solids, 36(1), pp. 29 58. 

[62] 

the Mechanical Behavior of Nonlinear Heterogeneous Systems by Multi-Level 

155(1 2), pp. 

181 192. 

[63] 

35(19), pp. 2457 2473. 

[64] 

45(8), pp. 1329 1356. 

[65] Berger, H., Kari, S., Gabbert, U., Rodriguez-Ramos, R., Guinovart, R., Otero, J. 

A., and Bravo-

International Journal of Solids and Structures, pp. 5692 5714. 

[66] Agbossou, A., Richard, C

Composite for Vibration Control: Fabricating and Modeling of Electromechanical 

63, pp. 871 881. 

[67]  Boundary 

Int. J. Solids Struct., 40(8), pp. 1907 1921. 

[68] Lenglet, E., Hladky-Hennion, A.-C., and Debus, J.-



195 
 

Homogenization Techniques Applied to Piezoele

Soc. Am., 113(2), pp. 826 833. 

[69] 

Materials Using Multivariable Finite Element Method and Homogenization 

38(17), pp. 3007 3020. 

[70] 

32(6), pp. 815 826. 

[71] 

Commun., 24(2), pp. 145 150. 

[72] -Electromechanics Models for Piezoelectric-

Fiber- 61(5), pp. 759

769. 

[73] l Model: A 

Study of Coupled Effects in Piezoelectric 1-

37(39), pp. 5447 5464. 

[74] Aboudi, J., 1971, Mechanics of Composite Materials, Elsevier Science. 

[75] tal Plasticity and 

Isotropic Hardening Predictions for Metal-

60(1), pp. 70 76. 

[76] 

40(2), pp. 115 129. 

[77] Hori, M., and Nemat-



196 
 

31, 

pp. 667 682. 

[78] ion and 

10(2), pp. 73 95. 

[79] Sabina, F. J., Rodríguez-Ramos, R., Bravo-Castillero, J., and Guinovart-Díaz, R., 

-Form Expressions for the Effective Coefficients of a Fibre-

Reinforced Composite with Transversely Isotropic Constituents. II: Piezoelectric 

49(7), pp. 1463 1479. 

[80] Rodr guez-Ramos, R., Sabina, F. J., Guinovart-D az, R., and Bravo-Castillero, J., 

sed-Form Expressions for the Effective Coefficients of a Fiber-

Reinforced Composite with Transversely Isotropic Constituents  I. Elastic and 

33(4), pp. 223 235. 

[81] ve Properties of 

40(2), 

pp. 473 479. 

[82] 

Properties of 1-

Appl. Phys., 76(1), pp. 484 489. 

[83] Kar- nse of 1-3 

98, p. 

A054102. 

[84] Kar-



197 
 

54(15), pp. 4063 4078. 

[85] Kar-

Porous Piezoelectric Materials: Ef

Lett., 91(6), p. 062904. 

[86] Kar-

Acta Mater., 56(15), pp. 3810 3823.

[87] Kar-

Response of 1

104(2), p. 024105. 

[88] Kar- al Response of 1-3 

98(5), 

p. 054102. 

[89] 

J. Appl. Phys., 81(3), pp. 

1378 1386. 

[90] -Electro-Elastic Eshelby 

Tensors for a Piezoelectric-Piezomagnetic Composite Reinforced by Ellipsoidal 

83, p. A5364. 

[91] Huang, J. H

Mater. Sci. Eng. B, 39(3), pp. 163 172. 



198 
 

[92] c Piezoelectric 

78(11), pp. 6491 6503. 

[93] -Hardening 

33(10), pp. 1439

1451. 

[94] ezoelectric Composite with 3-1 Connectivity for 

 

[95] -1-3 Piezocomposite for 

156(1), pp. 19 24. 

[96] Wang -Dimensional 

641. 

[97] Gururaja, T. R., Schulze, W. A., Cross, L. E., Newnham, R. E., Auld, B. A., and 

posite Materials for Ultrasonic Transducer 

Applications. Part I: Resonant Modes of Vibration of PZT Rod-Polymer 

32(4), pp. 481 498. 

[98] 

Te

91(4), pp. 2254 2260. 

[99] 

Performance of Piezoceramic-Polymer Composites with 2-2 Connectivity-a 

Ferroelectr. Freq. Control, 41(4), pp. 556 564. 



199 
 

[100] -Interferometry 

for Measurement of 

Mech., 31(2), pp. 98 103. 

[101] 

Ceramic/Polymer 1

IEEE Trans. Ultrason. Ferroelectr. Freq. Control, 36(4), pp. 434 441. 

[102] 

Ultrasonics Symposium Proceedings. 

[103] Eshelby, 

Soc. London. Ser. A. Math. Phys. Sci., 252(1271), pp. 561 569. 

[104] Progress in Solid 

Mechanics, North-Holland Publishing Co., Amsterdam. 

[105] 

Math., 17, pp. 157 174. 

[106] Walpol

300(1461), pp. 270

289. 

[107] 

Inclusion in an Anis 81(2), 

pp. 283 289. 

[108] 



200 
 

5, pp. 759 768. 

[109] 

15(1), pp. 281 285. 

[110] 

ter. Sci., 23, pp. 51 262. 

[111] 

Comput. Mech., 7(1), pp. 13 19. 

[112] Huang, J. H., and Yu, J. S., 1995, 

 

[113] 

72(3), pp. 1086 1095. 

[114] -Uniform Transformation Problem 

20(3), pp. 271 278. 

[115] 

Piezoelectr 31(7), pp. 1061 1072. 

[116] 

61(2), pp. 474

475. 

[117] 

Piezoelectric Multilayered Half- 49(3), pp. 271 288. 

[118] 



201 
 

38(40 41), pp. 7045 7063. 

[119] 

67(1), pp. 105 111. 

[120] c Elastic 

23(2), pp. 129 138. 

[121] Berger, H., Kari, S., Gabbert, U., Rodriguez-Ramos, R., Bravo-Castillero, J., and 

Guinovart-

Fiber Composites Based o

Compos. Struct. 

[122] Berger, H., Kari, S., Gabbert, U., Rodriguez-Ramos, R., Bravo-Castillero, J., 

Guinovart-

Piezoelectric Fiber Composites for Numerical and Analytical Calculation of 

 

[123] Kar- -3 

55(3), pp. 1093

1108. 

[124] -Inclusion Unit Cell Models 

for Metal Matrix Composites with Randomly Oriented Discontinuous 

25, pp. 42 53. 

[125] 

Properties of Sphere- 50(10), pp. 

2107 2121. 



202 
 

[126] 

Effects of Volume Fraction, Aspect Ratio and Fibre Length Distribution on the 

Technol., 62, pp. 1445 1453. 

[127] dictions for 

Technol., 62, pp. 1927 1934. 

[128] Kari, S., Berger, H., Rodriguez-

Evaluation of Effective Material Properties of Composites Reinforced by 

77(2), pp. 223 231. 

[129] 

of Particulate Composite with the Fixed Grid Finite Element M

Elem. Anal. Des., 78, pp. 1 7. 

[130] 

Thermo-Electro-Mechanical Response of 1-

Mater. Sci., 48(4), pp. 759 767. 

[131] Mallik, N -

41(4), pp. 704 710. 

[132] -Electro-

Mechanically Coupled Piezoelectric Fiber Reinfo

30(4), pp. 1216 1222. 

[133] 

Thermo- 9, 



203 
 

pp. 713 722. 

[134] 

Compos. Part B Eng., 27(5), pp. 467 474. 

[135] Berger, H., Kari, S., Gabbert, U., Rodríguez-Ramos, R., Bravo-Castillero, J., and 

Guinovart- ical Homogenisation 

Technique for Calculating Effective Coefficients of Uniaxial Piezoelectric Fibre 

 

[136] -3 Piezocomposite Hydrophones 

rans. Ultrason. Ferroelectr. Freq. Control, 

44(3), pp. 565 574. 

[137] -Element Analysis of 1-3 

38(6), 

pp. 618 629. 

[138] Sakthivel, M., -Electro-Mechanical 

Response of 1-3- 19(10), 

p. 105033. 

[139] 

Characteristics of 1-3-2 Piezoele

167(1), pp. 34 43. 

[140] Tiersten, H. F., 1969, Linear Piezoelectric Plate Vibrations, Springer US, Boston, 

MA. 

[141] 



204 
 

Homogenization Lecture Notes in Physics, 

Springer-Verlag, Berlin, p. 193. 

[142] Gibson, R. F., 1994, Principles of Composite Material Mechanics. 

[143] 

of 25(10), pp. 1373 1385. 

[144] 

Effective Properties of Piezoelectric Composites Containing Spatially Oriented 

44(12), pp. 4889 4898. 

[145] Nan, C.-

Properties of 1-3 Type Piezoelectric Composites with Various Rod/Fibre 

33(22), pp. 2977 2984. 

[146] Berger, H., Kurukuri, S., Kari, S., Gabbert, U., Rodriguez-Ramos, R., Bravo-

Castillero, J., and Guinovart-

Approaches for Calculating the Effective Thermo-Mechanical Properties of Three-

30(8), pp. 801 817. 

[147] Hu

Mater. Sci. Eng. B, 39(3), pp. 163 172. 

 

 

 

 



205 
 

Appendix A 

1. Einstein summation convention 

If an index occurs twice in any one term, summation is taken from 1 to 3. For 

instance, 
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2. Kronecker delta 

 
 

 

   

   

   

 

3. Permutation tensor 
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Appendix B 
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Appendix C 

1. The values of constants , ,  and  (  ranges from 1 to 5): 
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2. Electroelastic Eshelby tensors for long fibers 

For circular cylindrical inclusion , the Eshelby 

tensor S in a transversely isotropic matrix in which axis of symmetry being -

axis is given as 

 

 

 

The non-zero components of the Eshelby tensor are explicitly obtained as 

 , ,  
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All other components are zero. 
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