Null-field approach for the antiplane problem with elliptical holes and/or inclusions
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Abstract

    In this paper, we extend the successful experience of solving an infinite medium containing circular holes and/or inclusions subject to remote shears to deal with the problem containing elliptical holes and/or inclusions. Arbitrary location, different orientation, various size and any number of elliptical holes and/or inclusions can be considered. By fully employing the elliptical geometry, fundamental solutions were expanded into the degenerate kernel by using an addition theorem in terms of the elliptic coordinates and boundary densities are described by using the eigenfunction expansion. The difference between the proposed method and the conventional boundary integral equation method is that the location point can be exactly distributed on the real boundary without facing the singular integral and calculating principal value. Besides, the boundary stress can be easily calculated free of the Hadamard principal values. It is worthy of noting that the Jacobian terms exist in the degenerate kernel, boundary density and contour integral; however, these Jacobian terms would cancel each other out and the orthogonal property is preserved in the process of contour integral. This method belongs to one kind of meshless methods since only collocation points on the real boundary are required. In addition, the solution is regarded as semi-analytical form because error purely attributes to the number of truncation term of eigenfunction. An exact solution for a single elliptical inclusion is also derived by using the proposed approach and the results agree well with Smith’s solutions by using the method of complex variables. Several examples are revisited to demonstrate the validity of our method.
零場法求解含橢圓洞與橢圓夾雜之反平面問題
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中文摘要
    本文我們延伸求解無窮平面含圓洞與圓夾雜之反平面問題的成功經驗來處理含橢圓洞與橢圓夾雜之反平面問題。文中我們所考慮的橢圓洞與橢圓夾雜可任意分布、任意傾斜角度、任意尺寸與任意數目。為了充分利用橢圓幾何特性，我們使用加法定理來將基本解展成退化核形式並且用特徵函數來描述邊界密度函數分佈。本文所提的方法與傳統邊界積分方程法不同的地方是我們的觀察點可以準確的座落在真實的邊界上而毋須面對奇異積分或者主值的計算。此外，邊界應力也不需使用阿達馬主值的觀念而可輕易地求得。值得注意的是賈可比項存在於退化核、邊界密度與橢圓路徑積分中，然而這些賈可比項會被相互抵消且在路徑積分的過程中仍然保留住正交特性。本法屬於一種無網格法因為僅需邊界佈點而無需網格切割。此外，本法所得之解可視為一種半解析解，因為誤差來自於特徵函數的擷取項數多寡。針對單顆橢圓夾雜問題，我們所導得的精確解與史密斯使用複變法所得的結果相互一致。最後，我們重新探討幾個數值算例來論證文中所提方法的正確性。

