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`h9%�8`h_8` eNoWC 7 �ioW9<eOCNo<X ��dOHiH�58H��ieN`YoW9 5S. >6. s�� . ��9 dEo8^�H;_8`Yo<XYo<F<`���:uX	dEepCqV��ieEV6CNH�d�dpV��1� :ud�e��<H��8:<9>= �woWC
`h98dEeE:<9=�iH�46FWC o �eC�,o=����V6CNdb_>7;=WH�:�e��;o����iHiXYX d�_�Hie��HiH�9 :%9>F<H�CNdb:ud�^�V����;:udF�iHiXYX�F8CNo�PeC��:>9<=;=6`98%H�C42
H�9>e4`h:�eN`YoW9EP`YeC�8`h9 :%9>F<H�CNd�.
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HiXh:udEeN`�� ^,:�eNH�CE`h:uXYd648:<9>=�`hd�:<kWk6C o 28`h^,:�e HiXY7 XY`h9>H�:<C	HiXh:udEeN`�� ( �woWCgdp^,:uXYX|dEepCE:G`n98d�.�58HiH / ` F8V6CNH M6.hZ<.

l �<H�f ] - `hd�98o<e,9<H��iH�dEdp:<Cq`YX 7 `hdEo<epC oGk8`��,`h9 `Ye4d�HiXn:GdEeN`;��k6CNo<k6H�CNeN`YH�d64m:<9>= -KV6CECE:u7 �NZ�[��<[%4 ] �|.
Z�>6. s�� k6C H�dOH�9<eNd�:�^�H��1�8:<98`hdp^ �woWC `n9=�iXhV8dO`YoW9�o��*e��8`hdDH�8|H��ie646:uX1e��<o8V8FB�J�>HP=6oWH�d�98o<eg`h9=�iXnV8=8H�`Ye	`n9�e��<H
:%98:uXy^,oW=8HiXw.

l �<Hge4`h^�HDd ��:uXYH�o��S`n9=��C H�^�H�9>eE:uX<oWC FW:<9�=8Hic<HiXYoGk6^�H�9>ey`hd�c<H�C 7�X o89<F �#�>oWV6CNd � :<9>= e��<Hgdpk6:�eN`n:GX<d>��:uXYH
`hdPc>H�CN7�dp^,:uXYX��w^,`YXYXY`n^�HiepC H�d � 4>dEo,eC�8:�e<	H0��:<9�`YFW98oWCNH�`h9<H�C e4`h:uX|H�8|H��ie4d  �<H�9O�ioW98dO`Y=WH�Cq`h9<FJ�iHiXYX 24f ] -
`h9<eNH�CE:��ie4`YoW9 �w-&V6CqCE:u7/Z�[��>[%4 ] �|.QZ�>6. s�� .�@QHN��:<9/:uXYdEo;`YFW98o8CNH,H�8%H��ieNd,o���c8`hd>�io<dO`YeN7&`h9/e��<H�f ] - 4
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(stress)σ

(strain)ε

small-strain approximation
to linear elasticity for ECM
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o��yo<e��<H�C �iHiXYXYd�. ��dDdEo8^�H �iHiXYXYdP^,ouc<H	eC�6CNoWV8F=��e��<H�f ] - 4ueC�>Hb:<98`hdEo>epCNo<k8`���:uXYX 7�=8H��woWCE^,`h9>F f ] - ��:<9
�ioW9>c<Hi7,o<eC�>H�C��iHiXYXYd0 �8`��1��:<CNHb:�e e :��1�>H�=�eNo�` e�.DlF�8`hd �ioW9>c<H��ieN`YoW9�H�8%H��ieP`hdP^,o8=8HiX XYH�=&`h9;58H��ieN` o89JM6.65

] HiX XYd�k6CNo<XY`9� H�Cq:�eNH�_>7�k6CNoB�iH�dEdmo���^ ` eNo<dO`hd64 eC�>HDCE:�e4Hmo��% �8`��1�)`hd�V8dpV6:GX XY7�^,o8=8HiX XYH�= V8dO`h9<F�:	XYo<F<` dEeN`;�
��VW9=�ieN`YoW9|. ] �8:<k8eNH�C 5�k6CNoucW`Y=8H�db:�C HicW`YH� o���XY`Ye4H�Cq:�eEV6CNH  �8`��1��dpV8F>F<H�dEe	e��<H I�oW^�k6H�CNe>K ��VW9=�ieN`YoW9;:ud
:,_6Hie e4H�Cg^,o8=WHiX"`n9N�iH�C e :G`n9 �i`nC ��VW^,dqe :>9=�iH�d�.mlF�<H�FWCNo�Pe���`n9�eN`hdEdpV8H�^,:udEd	=6V8HbeNo ^ ` eNo<dO`hdPCNH�dpV8X1eNd	`h9
XYoB��:GX ���8:<9<F>H�d	`h9H�iHiXYX �ioW9=�iH�9>epCE:�eN`YoW954� �8`��1��:<CNH�H)96V6:uXY`hdOH�=&_>7�XYoB��:GXy=6`98*V8dO` o89|.DlF�8`hd	`hdP=6` d>��V8dEdOH�=
`h9&58H��ieN`YoW9NM6.GM6.
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fDk8`Ye��<HiXY`h:uX��iHiXYXYd�=6o&98o<e ^ o�c>H�:�_�oWV>e64%_6V>e�CNH�dpk6oW9>=&eNoO� o8C��iH�d�H�2WH�C e4H�=&_<7Q^�H�dOH�9=�1�>7L^,:uX5�iHiXYXYd�_<7
dpk6CNH�:G=6`n9>F;oWC�e��8`;��	uH�98`h9>FS.�@QHJ��:>9&e��8`h9 	;o��	eC�>H�^ :udbH�8|H��ieN`n9>F&d��W:<k�H �ioW9>epCNo>X%ouc<H�C�eC�>H,FWCNo�P`h9>F
^�H�dOH�9=�1�>76^ :GX%�iHiX Xmk6o<k6V8Xh:�eN`YoW9|.

l �<V8d	oWV6C	dO`n^�k8X H�^,o8=WHiX|o���oWCNF8:<9,FWCNo�Pe��J�8:udP^�H�dpH�9=���>7L^,:uX%�iHiXYXYd�k6CNo<XY`9� H�Cq:�eN`h9>F :<9>= ��:�V8dp`h9>F
eC�>H�_�oWV89<=6:<CN7�Xh:u7<H�C dyo��SH�k8`YeC�>HiXY`n:GX%�iHiX XYd�eNo�d-�8`9� em`h9 :����ioW^,o8=L:�eN`YoW9|.S@ `YeC��eC�8`hdmd-�8:<k6H�F8CNo�PeC� �ioW^�H�d
:�CNHioWCNFW:>98`hdp:�e�`YoW9�o���^,:udEd0P`YeC�8`h9KeC�>H,oWCNFW:<9546V8dO`h9<F;e��<H,^�H����8:<98`hdp^,d�=WH�d>��CE`h_�H�= :u_�o�c>H<.b@QHEP`YXYX
d-�>o� _6HiXYo� �>o� eC�>H ^,:udqd�D%V=2�=6V6CE`h9>F�`h9=��CNH�^�H�9>e :GX6oWCNFW:<9�FWC o �eC����:>9�_�Hb=8H�d>��Cq`h_6H�=�_<7�:�XY`h9>H�:<C
dpV8^�Hbo���H�`YF<H�96^ oW=8H�d�.

��d�^�H�9<eN`YoW9>H�=/k6CNHic8`YoWV8dEXY7&e��<H�eN`h^�H,d>��:uXYH�o��	eC�>H�FWCNo�Pe��;k6CNoB�iH�dEdOH�d 	H�:<CNH�`n9>eNH�CNH�dqe4H�=&`h9 `hd
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