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1 Natural Frequency

<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit>

L

<latexit sha1_base64="W2xqivy8jPpzaqFml+YfuOcSYko="></latexit>

!2 =
k2

L2

s
EI

⇢A

<latexit sha1_base64="4Pyetrjwst1XRamTYC0iG/NNjfw="></latexit>

where k is the root of the transcendental equation 1 + cos(k) cosh(k) = 0

<latexit sha1_base64="SSKqfEsvAuvEClCe5duyGUf03tQ=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYhV0RFaugjZVEMA9IljA7uZsMmX04c1cMSxobf8XGQhFb/8HOv3HyKDTxwMDhnHu5c46fSKHRcb6tufmFxaXl3Ep+dW19Y9Pe2q7qOFUcKjyWsar7TIMUEVRQoIR6ooCFvoSa37sc+rV7UFrE0S32E/BC1olEIDhDI7XsvSbCA2bXDFPFJA0U3KUQcQH6nA5adsEpOiPQWeJOSIFMUG7ZX812zNMQIuSSad1wnQS9jCkUXMIg30w1JIz3WAcahkYsBO1loxQDemCUNg1iZV6EdKT+3shYqHU/9M1kyLCrp72h+J/XSDE48zIRJSmaaONDQSopxnRYCW0LBRxl3xDGlTB/pbzLFONoisubEtzpyLOkelR0T4ruzXGhdDGpI0d2yT45JC45JSVyRcqkQjh5JM/klbxZT9aL9W59jEfnrMnODvkD6/MH3zmYzQ==</latexit>

Natural frequencies:

<latexit sha1_base64="Ej81XyucTe9fkLWYVPebHjfUbrs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLaCCymJiLosSsFlBfuANpTJZNIOnTyYuRFL6MaNv+LGhSJu/Qd3/o2TNgutHrhwOOc+uMeNBVdgWV9GYWFxaXmluFpaW9/Y3DK3d1oqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru6OrzG/fMal4FN7COGZOQAYh9zkloKW+ud8Ddg9pXRAFnOIg8hKRqGNcqVfwpG+Wrao1Bf5L7JyUUY5G3/zseRFNAhYC1RtV17ZicFIi9W7BJqVeolhM6IgMWFfTkARMOen0iwk+1IqH/UjqCgFP1Z8TKQmUGgeu7gwIDNW8l4n/ed0E/Asn5WGcAAvp7JCfCAwRziLBHpeMghhrQqjkWQ50SCShoIMr6RDs+Zf/ktZJ1T6r2jen5dplHkcR7aEDdIRsdI5q6Bo1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDU/8l8k=</latexit>

Elastic modulus, E
<latexit sha1_base64="THg2e/VQ5xxpsS8MRn+14+xXYrg=">AAACB3icbVDLSgMxFM3UV62vUZeCBFvBhZQZEXVZdKMLoYJ9QFtKJs20oZnJkNwRy9CdG3/FjQtF3PoL7vwbM+0stHogcDj33pN7jxcJrsFxvqzc3PzC4lJ+ubCyura+YW9u1bWMFWU1KoVUTY9oJnjIasBBsGakGAk8wRre8CKtN+6Y0lyGtzCKWCcg/ZD7nBIwUtfebQO7h+RaBiwELH1sfBRwcohLVyU87tpFp+xMgP8SNyNFlKHatT/bPUnj1I0KonXLdSLoJMR4UsHGhXasWUTokPRZy9CQBEx3kskdY7xvlB72pTLPbDNRf04kJNB6FHimMyAw0LO1VPyv1orBP+skPIxiYCGdfuTHAoPEaSi4xxWjIEaGEKq42RXTAVGEgomuYEJwZ0/+S+pHZfek7N4cFyvnWRx5tIP20AFy0SmqoEtURTVE0QN6Qi/o1Xq0nq03633amrOymW30C9bHN3qpmGQ=</latexit>

Moment of inertia, I
<latexit sha1_base64="Jc5b940dzCWJqQESPiY/hpUY6CE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBhPBQsKuiFoGbWyECOYBSQizk5tkyOzsMnNXDEsaG3/FxkIRW//Bzr9x8ig08cCFwzn3ztx7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpFBQRoESapEGFvgSqn7/auRX70EbEao7HETQDFhXiY7gDK3Uyu43EB4wuWHG0DYoI3BwTPMN3QvzdNjK5tyCOwadJ96U5MgUpVb2q9EOeRyAQi7tk3XPjbCZMI2CSxhmGrGBiPE+60LdUsUCMM1kfMWQHlqlTTuhtqWQjtXfEwkLjBkEvu0MGPbMrDcS//PqMXYumolQUYyg+OSjTiwphnQUCW0LDRzlwBLGtbC7Ut5jmnG0wWVsCN7syfOkclLwzgre7WmueDmNI032yAE5Ih45J0VyTUqkTDh5JM/klbw5T86L8+58TFpTznRml/yB8/kDh0mX7w==</latexit>

Mass density, ⇢
<latexit sha1_base64="oRZoxxgk5+ShkyEyNAJAI/YdvLU=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CIxoCpBCBgLXRiLRB9SG1U3rtNadeLIdhBV1JmFX2FhACFWvoCNv8FpO0DhSJaOzrnX9jl+zJnSjvNl5RYWl5ZX8quFtfWNzS17e6ehRCIJrRPBhWz5oChnEa1rpjltxZJC6HPa9IfVzG/eUamYiG71KKZeCP2IBYyANlLX3u9oeq/TqhRKYUVJpgLHYO44xqXLEh537aJTdibAf4k7I0U0Q61rf3Z6giQhjTThoFTbdWLtpSA1I5yOC51E0RjIEPq0bWgEIVVeOokyxodG6eFASHMijSfqz40UQqVGoW8mQ9ADNe9l4n9eO9HBhZeyKE40jcj0oSDhWAuc9YJ7TJr0fGQIEMnMXzEZgASiTXsFU4I7H/kvaZyU3bOye3NarFzN6sijPXSAjpCLzlEFXaMaqiOCHtATekGv1qP1bL1Z79PRnDXb2UW/YH18A9egma4=</latexit>

Cross sectional area, A

• Part
- Part ⇒ Create
- Select 2D Planar, Deformable, Wire, and Approximate size of 5
- Sketch the part and click done

• Property
- Material ⇒ Create
- Mechanical ⇒ Elasticity ⇒ Elastic
- Enter the material properties for steel
- Go to General ⇒ density ⇒ enter mass density and click OK
- Profile ⇒ Create - Rectangular ⇒ Enter the cross sectional dimensions and click OK
- Section ⇒ Create - Select Beam ⇒ Beam ⇒ Continue
- Assign ⇒ Section - Select the entire part and click done
- Assign ⇒ Beam section orientation - Select the entire part and click done
- Accept the default orientation and click OK

• Assembly
- Create instance ⇒ OK

• Step
- Step ⇒ Create ⇒ Static/Linear perturbation ⇒ Select Frequency and continue
- Number of eigenvalues - write 8 ⇒ OK
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• Load
- BC ⇒ Create ⇒ Mechanical ⇒ Displacement/Rotation ⇒ Continue ⇒ Select the
ledt end and click done ⇒ Enter U1 = U2 = UR3 = 0 and click OK

• Mesh
- Make sure Object is set to part
- Mesh ⇒ Element Type ⇒ Select the entire part and click done ⇒ Family: Beam ⇒ Select
Beam type: Cubic Formulation
- Seed ⇒ Part ⇒ Approximate global size: 20 ⇒ Click OK
- Mesh ⇒ Part ⇒ Yes

• Job
- Job ⇒ Create ⇒ Continue/OK - Job ⇒ Submit ⇒ Job-1 - When the job successfully
completes: Job ⇒ Results ⇒ Job-1

• Visualization
- Open the odb file and visualize the mode shapes and frequencies

2 Buckling

<latexit sha1_base64="y4bCgHBp+oN/eivp6yK53eD/fi0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF1I1QFEHBRQX7gCYNk+mkHTqZhJmJUEJ2bvwVNy4UcesvuPNvnLZZaOuBC4dz7uXee/yYUaks69soLCwuLa8UV0tr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vBy7LceiJA04vdqFBM3RH1OA4qR0pJn7te9FIsMnkMnEAinTky7VXgFb7L0tlvNPLNsVawJ4Dyxc1IGOeqe+eX0IpyEhCvMkJQd24qVmyKhKGYkKzmJJDHCQ9QnHU05Col008kfGTzUSg8GkdDFFZyovydSFEo5Cn3dGSI1kLPeWPzP6yQqOHNTyuNEEY6ni4KEQRXBcSiwRwXBio00QVhQfSvEA6TzUDq6kg7Bnn15njSrFfukYt8dl2sXeRxFsAcOwBGwwSmogWtQBw2AwSN4Bq/gzXgyXox342PaWjDymV3wB8bnDxewmC0=</latexit>

Pcr =
⇡2EI

L2

<latexit sha1_base64="QLwjkTAKrzsuBrWjQh/ytXXOXwg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1E5Ii1o1QFEHBRQX7gCYNk+mkHTp5MDMRSsgPuPFX3LhQxK17d/6N0zYLbT1w4XDOvdx7jxczKqRpfmsLi0vLK6uFteL6xubWtr6z2xRRwjFp4IhFvO0hQRgNSUNSyUg75gQFHiMtb3g59lsPhAsahfdyFBMnQP2Q+hQjqSRXP6y7KeYZPIe2zxFO7Zh2K/AK3mRp2TSq8Pa4W8lcvWQa5gRwnlg5KYEcdVf/snsRTgISSsyQEB3LjKWTIi4pZiQr2okgMcJD1CcdRUMUEOGkk28yeKSUHvQjriqUcKL+nkhRIMQo8FRngORAzHpj8T+vk0j/zElpGCeShHi6yE8YlBEcRwN7lBMs2UgRhDlVt0I8QCoVqQIsqhCs2ZfnSbNiWKeGdXdSql3kcRTAPjgAZWCBKqiBa1AHDYDBI3gGr+BNe9JetHftY9q6oOUze+APtM8fwReZbw==</latexit>

Pcr =
⇡2EI

(0.7L)2

<latexit sha1_base64="pzDqy8nOS9/W8jx20SD4gnSbFVE=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1E5LiayMURVBwUcE+oEnDZDpph04ezEyEEvIDbvwVNy4UcevenX/jtM1CWw9cOJxzL/fe48WMCmma39rc/MLi0nJhpbi6tr6xqW9tN0SUcEzqOGIRb3lIEEZDUpdUMtKKOUGBx0jTG1yO/OYD4YJG4b0cxsQJUC+kPsVIKsnV92tuinkGz6Htc4RTO6adCryCN1laNo1jeHvYqWSuXjINcww4S6yclECOmqt/2d0IJwEJJWZIiLZlxtJJEZcUM5IV7USQGOEB6pG2oiEKiHDS8TcZPFBKF/oRVxVKOFZ/T6QoEGIYeKozQLIvpr2R+J/XTqR/5qQ0jBNJQjxZ5CcMygiOooFdygmWbKgIwpyqWyHuI5WKVAEWVQjW9MuzpFExrBPDujsqVS/yOApgF+yBMrDAKaiCa1ADdYDBI3gGr+BNe9JetHftY9I6p+UzO+APtM8fvgOZbQ==</latexit>

Pcr =
⇡2EI

(0.5L)2

<latexit sha1_base64="LzejWZe15kkD2dLOkqFx9NxDKGY=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUJom6EoggKLirYBzRpmEwn7dDJg5mJUEL2bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee7yYUSEN41srLC2vrK4V10sbm1vbO/ruXktECcekiSMW8Y6HBGE0JE1JJSOdmBMUeIy0vdHlxG8/EC5oFN7LcUycAA1C6lOMpJJcvdxwU8wzeA5tnyOc2jHtWfAK3mRp1YK3Rz0rc/WKUTOmgIvEzEkF5Gi4+pfdj3ASkFBihoTomkYsnRRxSTEjWclOBIkRHqEB6SoaooAIJ53+ksFDpfShH3FVoYRT9fdEigIhxoGnOgMkh2Lem4j/ed1E+mdOSsM4kSTEs0V+wqCM4CQY2KecYMnGiiDMqboV4iFSmUgVX0mFYM6/vEhaVs08qZl3x5X6RR5HERyAMqgCE5yCOrgGDdAEGDyCZ/AK3rQn7UV71z5mrQUtn9kHf6B9/gDLUpj4</latexit>

Pcr =
⇡2EI

(2L)2

<latexit sha1_base64="x6B5rYFaHCYWff1zYqdZRYmGCFA=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EYI2likiOAlgeQIe5u5ZMne3rG7J4SQ32BjoYitP8jOf+MmuUKjDwYe780wMy9MBdfGdb+cwsrq2vpGcbO0tb2zu1feP2jqJFMMfZaIRLVDqlFwib7hRmA7VUjjUGArHN3O/NYjKs0T+WDGKQYxHUgecUaNlfx6D6/rvXLFrbpzkL/Ey0kFcjR65c9uP2FZjNIwQbXueG5qgglVhjOB01I305hSNqID7FgqaYw6mMyPnZITq/RJlChb0pC5+nNiQmOtx3FoO2NqhnrZm4n/eZ3MRFfBhMs0MyjZYlGUCWISMvuc9LlCZsTYEsoUt7cSNqSKMmPzKdkQvOWX/5LmWdW7qHr355XaTR5HEY7gGE7Bg0uowR00wAcGHJ7gBV4d6Tw7b877orXg5DOH8AvOxzc1Uo5L</latexit> L
e

=
L

<latexit sha1_base64="0cjQa0/pU9Gj2A7L0lqooKUSP7Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgQUpSRL0IRS8eeqhgP6ANZbOdtEs3m7i7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/P8mDOlHefbyq2srq1v5DcLW9s7u3vF/YOmihJJsUEjHsm2TxRyJrChmebYjiWS0OfY8ke3U7/1hFKxSDzocYxeSAaCBYwSbaR2rYfXle5ZrVcsOWVnBnuZuBkpQYZ6r/jV7Uc0CVFoyolSHdeJtZcSqRnlOCl0E4UxoSMywI6hgoSovHR278Q+MUrfDiJpSmh7pv6eSEmo1Dj0TWdI9FAtelPxP6+T6ODKS5mIE42CzhcFCbd1ZE+ft/tMItV8bAihkplbbTokklBtIiqYENzFl5dJs1J2L8ru/XmpepPFkYcjOIZTcOESqnAHdWgABQ7P8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/w3SPIw==</latexit> L
e

=
2

L

<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit> L

<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit> L

<latexit sha1_base64="b0NeGPLATgziVCR/hXc2rD1UOH8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8yLIrYrwIQS8ecohgHpAsYXbSmwyZfTgzGwgh3+HFgyJe/Rhv/o2TZA+aWNBQVHXT3eUngivtON/Wyura+sZmbiu/vbO7t184OKyrOJUMaywWsWz6VKHgEdY01wKbiUQa+gIb/uBu6jeGKBWPo0c9StALaS/iAWdUG8mrdJDcEMcutc9JpVMoOrYzA1kmbkaKkKHaKXy1uzFLQ4w0E1Splusk2htTqTkTOMm3U4UJZQPaw5ahEQ1ReePZ0RNyapQuCWJpKtJkpv6eGNNQqVHom86Q6r5a9Kbif14r1cG1N+ZRkmqM2HxRkAqiYzJNgHS5RKbFyBDKJDe3EtankjJtcsqbENzFl5dJ/cJ2r2z34bJYvs3iyMExnMAZuFCCMtxDFWrA4Ame4RXerKH1Yr1bH/PWFSubOYI/sD5/AK8kkBg=</latexit> L
e

=
0.

7
L

<latexit sha1_base64="SUA/DBYACzgT0oc4z1fsnMeVLEU=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQPMsyI20UIevGQQwSzQDKEnk4ladKz2N0TCEO+w4sHRbz6Md78GzvJHDTxQcHjvSqq6vmx4Eo7zre1tLyyurae28hvbm3v7Bb29msqSiTDKotEJBs+VSh4iFXNtcBGLJEGvsC6P7ib+PUhSsWj8FGPYvQC2gt5lzOqjeSV20huiGNftE5JuV0oOrYzBVkkbkaKkKHSLny1OhFLAgw1E1SppuvE2kup1JwJHOdbicKYsgHtYdPQkAaovHR69JgcG6VDupE0FWoyVX9PpDRQahT4pjOguq/mvYn4n9dMdPfaS3kYJxpDNlvUTQTREZkkQDpcItNiZAhlkptbCetTSZk2OeVNCO78y4ukdma7l7b7cF4s3WZx5OAQjuAEXLiCEtxDBarA4Ame4RXerKH1Yr1bH7PWJSubOYA/sD5/AKwUkBY=</latexit> L
e

=
0.

5
L

<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit> L

<latexit sha1_base64="FLmIyDLkKBJGMSCZJa29LRHj2Qs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq1qte8rNRv8jqKcAKncA4eXEEd7qABLWCA8Ayv8OY8Oi/Ou/OxiBacfOYY/sD5/AGrkYza</latexit>

P
<latexit sha1_base64="FLmIyDLkKBJGMSCZJa29LRHj2Qs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq1qte8rNRv8jqKcAKncA4eXEEd7qABLWCA8Ayv8OY8Oi/Ou/OxiBacfOYY/sD5/AGrkYza</latexit>

P
<latexit sha1_base64="FLmIyDLkKBJGMSCZJa29LRHj2Qs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq1qte8rNRv8jqKcAKncA4eXEEd7qABLWCA8Ayv8OY8Oi/Ou/OxiBacfOYY/sD5/AGrkYza</latexit>

P <latexit sha1_base64="FLmIyDLkKBJGMSCZJa29LRHj2Qs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq1qte8rNRv8jqKcAKncA4eXEEd7qABLWCA8Ayv8OY8Oi/Ou/OxiBacfOYY/sD5/AGrkYza</latexit>

P

<latexit sha1_base64="dZ7gd4rrKXB/YbFx4lGdP3pl/OY="></latexit>

Smallest P corresponding to first buckling mode is Pcr
<latexit sha1_base64="BhKH4jjd5pINz1ftAJ+++3imOXU="></latexit>

Euler’s forumla ! Pcr =
⇡2EI

L2

<latexit sha1_base64="SKZgbfJ8E7+r+MCDtKsn7OmSHDM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4sSQi6rLoxmUF+4A2lMnkth06mYSZG7GG4q+4caGIW//DnX/jtM1CWw9c7uGce5k7J0gE1+i639bC4tLyymphrbi+sbm1be/s1nWcKgY1FotYNQOqQXAJNeQooJkooFEgoBEMrsd+4x6U5rG8w2ECfkR7knc5o2ikjr3fRnjArMqlhPBk2kYdu+SW3QmceeLlpERyVDv2VzuMWRqBRCao1i3PTdDPqELOBIyK7VRDQtmA9qBlqKQRaD+bXD9yjowSOt1YmZLoTNTfGxmNtB5GgZmMKPb1rDcW//NaKXYv/YzLJEWQbPpQNxUOxs44CifkChiKoSGUKW5udVifKsrQBFY0IXizX54n9dOyd172bs9Klas8jgI5IIfkmHjkglTIDamSGmHkkTyTV/JmPVkv1rv1MR1dsPKdPfIH1ucP2YqVew==</latexit>

Pinned-Pinned
<latexit sha1_base64="HL5uOTP9FLdoO8ZukNQ/YNHaO6Q=">AAAB/HicbVBNS8NAEN3Ur1q/qj16CRbBiyURUY9FQTxWsB/QhrLZTNulm03YnUhDqH/FiwdFvPpDvPlv3H4ctPXBwOO9GWbm+bHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dho4SxaDOIhGplk81CC6hjhwFtGIFNPQFNP3hzcRvPoLSPJIPmMbghbQveY8zikbqFksdhBFmNS4lBKe3fATBuFssOxVnCnuZuHNSJnPUusWvThCxJASJTFCt264To5dRhZwJGBc6iYaYsiHtQ9tQSUPQXjY9fmwfGyWwe5EyJdGeqr8nMhpqnYa+6QwpDvSiNxH/89oJ9q68jMs4QZBstqiXCBsje5KEHXAFDEVqCGWKm1ttNqCKMjR5FUwI7uLLy6RxVnEvKu79ebl6PY8jTw7JETkhLrkkVXJHaqROGEnJM3klb9aT9WK9Wx+z1pw1nymRP7A+fwAF/5UD</latexit>

Pinned-Fixed
<latexit sha1_base64="UyUZxXef/a2AcUOJfIYZhoAqOU4=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAhuLImIuiwK4rKCfUAbymRy2w6dPJi5kZaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MneOFwuu0La/jZXVtfWNzdJWeXtnd2/fPKi0VJRIBk0WiUh2PKpA8BCayFFAJ5ZAA09A2xvfzvz2E0jFo/ARpzG4AR2GfMAZRS31zUoPYYLpHZ+Af5b3rG9W7Zqdw1omTkGqpECjb371/IglAYTIBFWq69gxuimVyJmArNxLFMSUjekQupqGNADlpvntmXWiFd8aRFJXiFau/t5IaaDUNPD0ZEBxpBa9mfif101wcO2mPIwThJDNHxokwsLImgVh+VwCQzHVhDLJ9a0WG1FJGeq4yjoEZ/HLy6R1XnMua87DRbV+U8RRIkfkmJwSh1yROrknDdIkjEzIM3klb0ZmvBjvxsd8dMUodg7JHxifPzJelIs=</latexit>

Fixed-Fixed
<latexit sha1_base64="6orEmo8viFUI8bMyEjg2bzz/HAE=">AAAB+nicbVDLSgNBEJyNrxhfGz16WQyCF8OuiHoMCsFjBPOAZAmzs51kyOyDmV5NWPMpXjwo4tUv8ebfOEn2oIkFDUVVN91dXiy4Qtv+NnIrq2vrG/nNwtb2zu6eWdxvqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje8mfrNB5CKR+E9jmNwA9oPeY8zilrqmsUOwgjTqgQ4rfIR+JOuWbLL9gzWMnEyUiIZal3zq+NHLAkgRCaoUm3HjtFNqUTOBEwKnURBTNmQ9qGtaUgDUG46O31iHWvFt3qR1BWiNVN/T6Q0UGoceLozoDhQi95U/M9rJ9i7clMexglCyOaLeomwMLKmOVg+l8BQjDWhTHJ9q8UGVFKGOq2CDsFZfHmZNM7KzkXZuTsvVa6zOPLkkByRE+KQS1Iht6RG6oSRR/JMXsmb8WS8GO/Gx7w1Z2QzB+QPjM8fX0mUEw==</latexit>

Free-Fixed

• Part
- Part ⇒ Create
- Select 2D Planar, Deformable, Wire, and Approximate size of 5
- Sketch the part and click done

• Property
- Material ⇒ Create
- Mechanical ⇒ Elasticity ⇒ Elastic
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- Enter the material properties for steel and click OK
- Profile ⇒ Create - Rectangular ⇒ Enter the cross sectional dimensions and click OK
- Section ⇒ Create - Select Beam ⇒ Beam ⇒ Continue
- Assign ⇒ Section - Select the entire part and click done
- Assign ⇒ Beam section orientation - Select the entire part and click done
- Accept the default orientation and click OK

• Assembly
- Create instance ⇒ OK

• Step
- Step ⇒ Create ⇒ Static/Linear perturbation ⇒ Select Buckle and continue
- Number of eigenvalues - write 4

• Load (Pinned-Pinned)
- BC1 ⇒ Create ⇒ Mechanical ⇒ Displacement/Rotation ⇒ Continue ⇒ Select the
bottom end and click done ⇒ Enter U1 = U2 = 0 and click OK
- BC2 ⇒ Give U1 = 0 at the top end
- Load ⇒ Mechanical ⇒ Select concentrated force ⇒ Enter CF2 = −1

• Mesh
- Make sure Object is set to part
- Mesh ⇒ Element Type ⇒ Select the entire part and click done ⇒ Family: Beam ⇒ Select
Beam type: Cubic Formulation
- Seed ⇒ Edges ⇒ Select the entire part and click done ⇒ Method: By number ⇒ Number
of elements: 20 ⇒ Click OK - Mesh ⇒ Part ⇒ Yes

• Job
- Job ⇒ Create ⇒ Continue/OK - Job ⇒ Submit ⇒ Job-1 - When the job successfully
completes: Job ⇒ Results ⇒ Job-1

• Visualization
- Open the odb file and visualize the mode shapes and corresponding eigenvalues
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