Skip to Main Content

8 TURNITIN.pdf

by

FILE
TIME SUBMITTED 01-JUL-2020 09:21AM (UTC+0700) WORD COUNT 4845
SUBMISSION ID 1352041917 CHARACTER COUNT 19426



The International Conference on Geoscience IOP Publishing
IOP Conf. Series: Earth and Environmental Science 279 (2019) 012007  doi:10.1088/1755-1315/279/1/012007

Numerical solutions to a class of scalar elliptic BVPs

for anisotropic quadratically graded media

A. Haddade!, M. 1. Azis?*, Z. Djafar®, St. N. Jabir?, B. Nurwahyu?
! Department of Physics, Hasanuddin University, Makassar, Indonesia

?Department of Mathematics, Hasanuddin University, Makassar, Indonesia

*Department of Mechanical Engineering, Hasanuddin University, Makassar, Indonesia
1Department of Electrical Engineering, ATI Polytechnic, Malkassar, Indonesia

E-mail: mohivanazis@yahoo.co.id

Abstract. Boundary value problems (BVPs) governed by a class of elliptic equations for
anisotropic quadratically graded media are solved using Boundary Element Method (BEM).
The variable coefficient governing equation is transformed to a constant coefficient equation
which is then transtormed to a boundary integral equation. The results show the convergence,
consistency, and accuracy of the BEM solutions.

1. Introduction
Several types of constant coefficient equations have been solved using BEM (see for examples
[1, 2,3, 4]. But in general this is not the case for variable coeflicient equation. There is some
progress in using BEM to solve several types of variable coefficient governing equations (see for
examples [5, 6, 7, 8, 9, 10, 11])

The governing equation considered by Salam et. al in [11] takes the form

¢ (x1, x2) ]
LR
dx;

d

92, (1)

|:/\,-J- (21, 22)
This paper is intended to extend the work by Salam et. al [11] for problems with governing
equation (1) to 2D boundary value problems governed by another type of (dimensionless)
elliptic equation of the form

d

9 9o (x1,x2)
dr;

Ox; ] + 8 (z1, 22) ¢ (1, 22) =0 (2)

|:/\,-J- (z1,x29)

where the coefficients A;; depend on 1 and 3 andﬁ repeated summation convention (summing
from 1 to 2) is employed.

The matrix of coefficients [A;;] is a real symmetric positive definite matrix so that equation
(2) is a second order elliptic partial differential equation and may be written explicitly as

7] oo L d o 7] d¢ .
— [ Ai=— 2— [ Ap—— — [ Agp—— I =
dry ( “8:;.‘1) + drq ( 12 8:1.‘.2) + Oy ( 228:}.‘.2) + e 9
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Further, the coefficients A;; and 3 are required tcaye gvice differentiable functions of the two
independent variables 27 and 5. The analysis here is specially relevant to an anisotropic medium
but it equally applies to isotropic media. For isotropy, the coefficients in (2) take the form
A1 = Az and Ao = 0 and use of these equations in the following analysis immediately yields
the corresponding results for an isotropic medinm.

Steady infiltration problems (when § < 0, see for examples [12, 13]), acoustic problems (when
8 > 0, see for examples [14, 15})‘ and antiplane strain in elastostatics and plane thermostatic
problems (when (3 = 0) are the areas for which the governing equation is of the type (2).

The technique of transforming (2) to a constant coefficient equation will be used for obtaining
a boundary integral equation for the solution of (2).

1
2. The boundary value problem g
Reffjred to a Cartesian frame Ox;x; a solution to (2) is sought which is valid in a region 2 in
R? with boundary 89 which consists of a finite number of piecewise smooth closed curves. On
dfY the dependent variable ¢ (x) (x = (x1,x2)) is specified and on 22y

P(x) = Nij (06/0x5) n; (3)

1
is specified where 902 = 91 U 982 and n = (nj, n2) denotes the outward pointing normal to
a0

3. The boundary integral equation
The boundary integral equation is derived by transforming tlgm variable coefficient equation (2)
to a constant coefficient equation. The coefficients A;; and 3 are required to take the form

Aij (x) Aijg(x) (4)
B(x) = Bg(x) ()

where the )\;; and 3 are constants and ¢ is a differentiable function of x. Use of (4) and (5) and
in (2) yields

.. d 6_@ Bad = ]
Aij 9%, (g 63:;) + 896 =0 (6)

Let
¢(x) =g "2 (x) ¢ (x) (7)

21
so that (6) may be written in the form

0| @) <,
IJaT::I [9 8.’1}_}' + 59 W= 0
That is 9 8 o "
v (L8299 99 1 iy 99 N\ o1 0% |
iy |:(4g dx; dx; 29 dx;dx; vty dx;0r; +Bg =0 (8)

Use of the identity
9%g'? 1 3509 39 1y D%

dx;dx; 4 dx; Dy 2 dx;dx;

permits (8) to be written in the form

62 1/2

e — Ay 3 1/2, _
Y Oz 0z Ay dx,0x; +8g =0 9)

[
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If we further restrict the function g(x) to take the exponential form

g(x) = [A(ap + gz + rJf-,g.';-:;g}]2 (10)
where o, are constant, then
62g1,f2
Ajj——— = 11
! Ozidx; (11)
Subtitution (11) into (9) implies a constant coefficients equation
S L A
Ai.'i 3"' = 12
J@a:fﬂx.- Ay =0 (12)
Also, substitution of (4) and (7) into (3) gives
P = —Pyi + Pyg'” (13)
where 1o
8g 8':..-‘)
X) IJ 6 o T X) Ua

ﬂ boundary integral equation for the solutlon of (12) is given in the form

() x0) = [0 (e 0 (09 = @ ) Py (9] s (x) (14)
where xy = (a,b), 7= 01if (a,b) € QUIN, n = 1if (e,b) €Q, n = % if (a,b) € 90 and 99 has a
continuously turning tangent at (a,b).
The so called fundamental solution @ in (14) is any solution of the equation

o
/\,Ja 075 +Bd =4 (x — Xq)
and the I' is given by
v 0% (x,xg)
r = Ajj——"
(x, %o) T Oxj "

ﬂere d is the Dirac delta function. Following Azis in [16], for two-dimensional problems @ and
I' are given by

LR ifB=0
O(x.x0) = § LHP (WR) fF>0
‘—KKn wR) if3<0
I i au; i if =0
[(x,x) = { =Lep @' (,R) ,\w Ly (B >0 (15)
I.E;’le (wR) yj aini if3<0
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where
K = #/¢
w = \[Bl/¢
= [ a7 + oo (72 + 77)] /2
R = /(&1 — @)+ (@2 — b)?

T1 = 1+ Tae
a = a-+Th
To = Tx9
b = #b

where 7 and 7 are respectively the real and the positive imaginary parts of the complex root 7
of the quadratic

A1 + 23127 + Agar? =@
and H({,m‘ Hlm denote the Hankel function of second kind and order zero and order one
respectively. Ky, K; denote the modified Bessel function of order zero and order one respectively,
¢ represents the square root of minus one. The derivatives dR/0x; needed for the calculation of
the I' in (15) are given by

JR 1

GT,‘I = —(..:1 — a.)

R R . 17 :
872 = T {E (1 —a)] + 7 |:E (.’;-,g — b)]

959 of (7) and (13) in (14) yields

=

1 (x0) 9" (x0) & (x0) = /{ﬁ 1 {ﬁ” ()T (3, 0) — P, (%) @ (3x,%0)] 6 ()
i B0 x0)] P () } ds (x) (16)
?his equation provides a boundary integral equation for determining ¢ and P at all points of €2.

4. Numerical examples

In order to show the appropriateness of the BEM and the validity of the analysis used above for
deriving the boundary integral equation (16), some particular boundary value problems will be
solved. The integrals in equation (16) are evaluated numerically using the Bode’s quadrature
(see Abramowitz and Stegun [17]).

4.1. Examples with analytical solutions

In order to see the convergence and accuracy of the BEM we will consider some examples of
problems with analytical solutions. The parameters for the quadratical inhomogeneity function
g(x)are A =3, ap =1, 0.25, g = 0.75. Plot of g(x) is shown in Figure 1. The geometry
of the region © and theﬁndmy conditions are as depicted in Figure 2. The values of the
constant coefficients X, ; for the governing equation (2) are

A1 =0.75,X2=0.5Ap =1
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The function g(x) satisfies (10). Therefore equation (12) has to be the corresponding constant
coefficient equation for 4/(x) in which 5 > 0, 5 < 0 or 3 = 0. Three possible forms of function
1(x) satisfying (12) that will be taken are

¥ (x) B [cos (vir;) + sin (;x4)] B = Ay
v(x) = DBexp(viz) B = =Xij%iv

v(x) = By +mz1+jr) =0

The parameters for the analytical solutions 1 (x) are taken to be

B=27=1=0.75, = 0.35

Figure 1. A quadratic inhomogeneity function g(x) = [3 (1 + 0.25z; + 0.75:;.‘2)]2

D(0,1) ¢ given C(1,1)

P given ¢ given

Ll |

A(0,0) ¢ given B(1,0)
Figure 2. The geometry of all problems in Section 4.1

4.1.1. Problem 4.1.1: Case B = x;j'yg'yj in equation (12) We take analytical solutions

P (x) = Bleos (vix;) + sin ()| thus 3 = 0.806875
& (x) = Bleos(vix) + sin (x| / [A (o + cqzy + anas)]




The International Conference on Geoscience IOP Publishing
IOP Conf. Series: Earth and Environmental Science 279 (2019) 012007  doi:10.1088/1755-1315/279/1/012007

Table 1 shows the results of the analytical ffld BEM solutions with 20, 40 and 80 elements of
equal length. The BEM solution converges to the analytical solution as the number of elements
increases.

ble 1. BEM and analytical solutions for Problem 4.1.1
(#1,2) o d/0xy D[y ? dip/0xy Doy

BEM 20 elements BEM 40 elements
(0.1,0.5) 0.5799 0.1620 -0.1944 0.5797 0.1521 -0.1888
(0.3,0.5) 0.6028 0.0759 -0.2246 0.6026 0.0775 -0.2247
(0.5,0.5) 0.6109 0.0061 -0.2518 0.6109 0.0070 -0.2529
(0.7,0.5)  0.6055 -0.0597 -0.2728 0.6057 -0.0590 -0.2741
(0.9,0.5) 0.5879 -0.1015 -0.2966 0.5876 -0.1207 -0.2878
(
(
(
(

0.5,0.1) 0.7297 0.0867 -0.3737 0.7300 0.0660 -0.3545
0.5,0.3) 0.6651 0.0330 -0.2928 0.6654 0.0338 -0.2945
0.5,0.7) 05637 -0.0164 -0.2223 0.5636 -0.0162 -0.2222
0.5,0.9) 05220 -0.0536 -0.1832 0.5215 -0.0352 -0.1995
BEM 80 elements Analytical
0.1,0.5) 05793 0.1539 -0.1900 0.5792 0.1543  -0.1900
0.3,0.5) 0.6025 0.0788 -0.2255 0.6025 0.0794 -0.2261
0.5,0.5) 0.6111 0.0078 -0.2538 0.6112 0.0081 -0.2543

(
(
(
(0.7,0.5) 0.6059 -0.0587 -0.2748 0.6060 -0.0588 -0.2751
(0.9,0.5) 0.5880 -0.1199 -0.2892 0.5880 -0.1204 -0.2890
(05,01) 0.7306 0.0651 -0.3562 0.7310 0.0638 -0.3560
(0.5,0.3) 0.6658 0.0343 -0.2959 0.6661 0.0341 -0.2965
(0.5,0.7) 05636 -0.0152 -0.2229 0.5636 -0.0148 -0.2233
(0.5,0.9) 05215 -0.0355 -0.1993 0.5214 -0.0350 -0.1998

4.1.2. Problem 4.1.2: Case B = —Xg-j‘yg'yj in equation (12) Analytical solutions are
¢ (x) = Bexp(yai) thusf = —0.806875
¢ (x) = DBexp(ww)/[A(ag + aqzy + ases)]

The results are shown in Table 2. Again, the BEM solution converges to the analytical solution
as the number of elements increases.
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Table 2. BEM and analytical solutions for Problem 4.1.?

(z1,22) ¢ do/dx  0¢[0xs ¢ dp/0x1  0p/dxs
BEM 20 elements BEM 40 elements

(0.1,0.5) 0.6140 0.3543 -0.1132 0.6127 0.3479 -0.1114
(0.3,0.,5) 0.6881 0.3938 -0.1097 0.6869 0.3956  -0.1123
(0.5,0.5) 07723 0.4493 -0.1101 0.7713 0.4496 -0.1127
(0.7,0.5) 0.8685 0.5146 -0.1122 0.8673 0.5118 -0.1138
(0.9,0.5) 09788 0.5920 -0.1158 0.9768 0.5856  -0.1164
(
(
(
(

0.5,0.1) 08365 0.4705 -0.2545 0.8363 0.4480 -0.2203
0.5,0.3) 0.7986 0.4516 -0.1544 0.7983 0.4513  -0.1596
0.5,0.7) 0.7539 0.4491 -0.0743 0.7526  0.4499  -0.0766
0.5,0.9) 0.7403 0.4244 -0.0689 0.7402 0.4477 -0.0461
BEM 80 elements Analytical
(0.1,0.5) 0.6121 0.348 -0.1126 0.6114 0.3494 -0.1136
(0.3,0.5) 0.6864 0.3957 -0.1134 0.6859 0.3962 -0.1147
(0.5,0.5) 0.7708 0.4496 -0.1142 0.7703 0.4494 -0.1156
(0.7,0.5) 0.8667 0.5109 -0.1148 0.8661 0.5099 -0.1159
(0.9,0.5) 09758 0.5810 -0.1152 0.9749 0.5788 -0.1158
(
(
(
(

0.5,0.1) 08366 0.4522 -0.2256 0.8371 0.4534 -0.2302
0.5,0.3) 0.7982 0.4510 -0.1617 0.7981 0.4508 -0.1640
0.5,0.7) 0.7518 0.4497 -0.0777 0.7511 0.4495 -0.0785
0.5,0.9) 0.7393 0.4510 -0.0482 0.7384 0.4513 -0.0492

4.1.3. Problem 4.1.3: Case B = 0 in equation (12) Now we choose analytical solutions

P (x) = By + mri+ yexe)
b (x) = By +vr+ yer) /[A(ag + a1y + anzs)]

The results are shown in Table 3. Once again, the BEM solution converges to the analytical
solution as the number of elements increases.
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ble 3. BEM and analytical solutions for Problem 4.1.3
(#1,%2) ¢ dg/0xy  D¢/xy ? dp/0xy Do/ Oxy

BEM 20 elements BEM 40 elements
(0.1,0.5) 0.5963 0.2587 -0.1533 0.5957 0.2501  -0.1505
(0.3,0.,5) 06446 0.2316 -0.1688 0.6440 0.2332  -0.1704
(0.5,0.5) 0.6895 0.2180 -0.1854 0.6892 0.2185 -0.1871
(0.7,0.5) 0.7320 0.2071 -0.2009 0.7316  0.2057 -0.2020
(0.9,0.,5) 0.7728 0.2099 -0.2198 0.7715 0.1950 -0.2151
(0
(0
(0
(0

5,0.1) 0.7824  0.2738  -0.3167 0.7825 0.2514 -0.2896
5,0.3)  0.7305  0.2354  -0.2271  0.7307  0.2354  -0.2304
5,0.7)  0.6557  0.2027  -0.1538 0.6551  0.2037  -0.1549
5,0.9) 06270 0.1660 -0.1296 0.6267 0.1892 -0.1297
BEM 80 elements Analytical
(0.1,0.5) 0.5955 0.2503 -0.1514 0.5952  0.2509 -0.1522
(0.3,0.5) 0.6438 0.2335 -0.1711 0.6437 0.2338  -0.1720
(0.5,0.5) 0.6890 0.2185 -0.1880 0.6889 0.2185 -0.1889
(0.7,0.5) 07314 0.2052 -0.2026 0.7312 0.2046 -0.2033
(0.9,0.,5) 07712  0.1930 -0.2152 0.7708 0.1921 -0.2155
(
(
(
(

0.5,0.1) 0.7829 0.2541 -0.2931 0.7833 0.2535 -0.2951
0.5,0.3) 0.7308 0.2352 -0.2318 0.7309 0.2350 -0.2332
0.5,0.7) 0.6548 0.2037 -0.1555 0.6545 0.2039 -0.1561
0.5,09) 06263 0.1904 -0.1305 0.6259 0.1908 -0.1312

4.2. Examples without analytical solutions

In this section we will consider some examples of problems without simple analytical solutions.
We setup some problems for a homogeneous isotropic material by taking g(x) = 9 and with
symmetrical boundary conditions. This function g(x) satisfies equation (10) thus we will take
i (x) that satisfies (12) to be put into the integral equation (14). The main purpose is to see
the consistency of whether the BEM produces symmetrical solutions.

4.2.1. Problem 4.2.1: Case 3 > 0 in equation (12) For this problem we take 3 = 1.5 and
the symmetrical boundary conditions are as shown in Figure 3. Table 4 shows the results of
the BEM solution using 20, 40, 80 and 160 elements of equal length. As expected, the results
converge as the number of elements increases and also they are symmetrical about the axes
Io = 0.5.
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A(0,0) P=0 B(1.0)

Figure 3. The geometry of Problem 4.2.1 and Problem 4.2.2

Tble 4. BEM solution for Problem 4.2.1
(21,22) o 9¢/0x1 D¢/ dxs @ d¢p/0x1 O[Oz
BEM 20 elements BEM 40 elements
(0.1,0.5) 0.2402 -0.1497  0.0000 0.2396 -0.1492  0.0000
(0.3,0.,5) 02032 -0.2179  0.0000 0.2029 -0.2162 0.0000
(0.5,0.5) 0.1539 -0.2721  0.0000 0.1540 -0.2702  0.0000
(0.7,0.5) 0.0955 -0.3094  0.0000 0.0959 -0.3079  0.0000
(0.9,0.5) 0.0315 -0.3278 0.0000 0.0321 -0.3269 -0.0000
(
(
(
(

0.5,0.1) 0.1541 -0.2620 -0.0012 0.1541 -0.2713 -0.0004
0.5,0.3) 01540 -0.2724 -0.0002 0.1540 -0.2704 -0.0001
0.5,0.7) 01540 -0.2724 0.0002 0.1540 -0.2704  0.0001
0.5,0.9) 01541 -0.2620 0.0012 0.1541 -0.2713 0.0004
BEM 80 elements BEM 160 elements
0.1,0.5) 02391 -0.1485 -0.0000 0.2389 -0.1482 -0.0000
0.3,0.5) 02026 -0.2152 -0.0000 0.2024 -0.2148 -0.0000
0.5,0.5) 01539 -0.2691 -0.0000 0.1538 -0.2685 -0.0000

(
(
(
(0.7,0.5) 0.0960 -0.3068 -0.0000 0.0960 -0.3062 -0.0000
(0.9,0.5) 0.0324 -0.3261 -0.0000 0.0325 -0.3256 -0.0000
(0.5,0.1) 0.1539 -0.2693 -0.0002 0.1538 -0.2686 -0.0001
(0.5,0.3) 0.1539 -0.2692 -0.0001 0.1538 -0.2686 -0.0000
(0.5,0.7) 0.1539 -0.2692 0.0001 0.1538 -0.2686  0.0000
(0.5,0.9) 01539 -0.2693 0.0002 0.1538 -0.2686  0.0001

4-2.2. Problem 4.2.2: Case B < 0 in equation (12) Wetake § = —1.5 and boundary conditions
are as shown in Figure 3. Table 5 shows the results of the BEM solution using 20, 40, 80 and
160 elements of equal length. The results converge as the number of elements increases and also
they are symmetrical about the axes xo = 0.5.

4.2.8. Problem 4.2.3: Case B = 0 in equation (12) We consider a problem with 3 = 0 and%
boundary conditions are as shown in Figure 3. Table 6 shows the results of the BEM solution
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T#ble 5. BEM solution for Problem 4.2.2

(z1,12) o Ao /dxy D[ o Ap/0x1  Op/Dx
BEM 20 elements BEM 40 elements
(0.1,0.5) 0.0644 -0.0992 -0.0000 0.0652 -0.1000  0.0000
0.3,0.5 0.0464 -0.0823  0.0000  0.0470 -0.0831 0.0000
(
(0.5,0.5) 0.0312 -0.0706 0.0000 0.0316 -0.0713  0.0000
(0.7,0.5) 0.0179 -0.0631 0.0000  0.0182 -0.0638  0.0000
(0.9,0.5) 0.0057 -0.0595 0.0000 0.0059 -0.0601 -0.0000
(0.5,0.1) 0.0311 -0.0679 0.0002 0.0316 -0.0715 -0.0000
(0.5,0.3) 0.0311 -0.0706 0.0000 0.0316 -0.0713  0.0000
0.5,0.7 0.0311 -0.0706 -0.0000 0.0316 -0.0713 -0.0000
(
(0.5,0.9) 0.0311 -0.0679 -0.0002 0.0316 -0.0715 0.0000
BEM 80 elements BEM 160 elements
(0.1,0.5) 0.0655 -0.1003 -0.0000 0.0656 -0.1004 -0.0000
(0.3,0.5) 0.0472 -0.0834 -0.0000 0.0473 -0.0835 -0.0000
(0.5,0.5) 0.0318 -0.0715 -0.0000 0.0319 -0.0716 -0.0000
(0.7,0.5) 0.0183 -0.0640 -0.0000 0.0184 -0.0641 -0.0000
(0.9,0.5) 0.0059 -0.0604 -0.0000 0.0060 -0.0605 -0.0000
(0.5,0.1) 0.0318 -0.0716 -0.0000 0.0319 -0.0717 -0.0000
(0.5,0.3) 0.0318 -0.0715 0.0000 0.0319 -0.0717  0.0000
(0.5,0.7) 0.0318 -0.0715 -0.0000 0.0319 -0.0717 -0.0000
(0.5,0.9) 0.0318 -0.0716 0.0000 0.0319 -0.0717  0.0000
T#ble 6. BEM solution for Problem 4.2.3 _
(21,22) o J¢/0x1 D¢y @ Jp/0x1 O [Oxy
BEM 20 elements BEM 40 elements
(0.1,0.5) 0.0979 -0.1100 -0.0000 0.0992 -0.1108 0.0000
(0.3,0.5) 0.0759 -0.1097  0.0000 0.0770 -0.1106  0.0000
(0.5,0.5) 0.0540 -0.1094  0.0000 0.0549 -0.1105  0.0000
(0.7,0.5) 0.0322 -0.1091 0.0000  0.0328 -0.1104  0.0000
(0.9,0.,5) 0.0104 -0.1087 0.0000 0.0108 -0.1102 -0.0000
(0.5,0.1) 0.0540 -0.1053  0.0003 0.0549 -0.1108  0.0001
(0.5,0.3) 0.0540 -0.1095 0.0002 0.0549 -0.1105 0.0001
(0.5,0.7) 0.0540 -0.1095 -0.0002 0.0549 -0.1105 -0.0001
(0.5,0.9) 0.0540 -0.1053 -0.0003 0.0549 -0.1108 -0.0001
BEM 80 elements BEM 160 elements
(0.1,0.,5) 0.0996 -0.1110 -0.0000 0.0998 -0.1110 -0.0000
(0.3,0.5) 0.0775 -0.1109 -0.0000 0.0776 -0.1110 -0.0000
(0.5,0.5) 0.0553 -0.1109  0.0000 0.0554 -0.1110 -0.0000
(0.7,0.5) 0.0331 -0.1108 0.0000 0.0332 -0.1110 -0.0000
(0.9,0.5) 0.0110 -0.1108 -0.0000 0.0110 -0.1110 -0.0000
(0.5,0.1) 0.0553 -0.1109 0.0000 0.0554 -0.1110  0.0000
(0.5,0.3) 0.0553 -0.1109  0.0000 0.0554 -0.1110  0.0000
(0.5,0.7) 0.0553 -0.1109 -0.0000 0.0554 -0.1110 -0.0000
(0.5,0.9) 0.0553 -0.1109 -0.0000 0.0554 -0.1110 -0.0000

using 20, 40, 80 and 160 elements of equal length.
elements increases and also they are symmetrical about the axes x4 = 0.5.

The results converge as the number of
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5. Conclusion

The scalar elliptic governing equation (2) is used for modeling physical problems such as steady
infiltration problems (when § < 0), acoustic problems (when & > 0), and antiplane strain in
elastostatics and plane thermostatic problems (when 5 = 0). The boundary integral equation
(16) was derived from this governing equation (2) and straight from (16) a BEM was then
constructed for calculation of numerical solutions to the problems for anisotropic quadratically
egraded media. The results show the convergence, consistency, and accuracy of the BEM
solutions. Together with its ease in implementation, it may be concluded that BEM is a good
numerical method for solving such kind of problems.

?cknowledgements
This work was supported by Hasanuddin University and The Ministry of Higher Education of
Indonesia.

References @
[1] Azis M I, Kasbawati, Haddade A and Thamrin § A 2018 On some examples of pollutant transport problems
solved numerically using the boundary element method Journal of Physics: Conference Series 979 1
[2] Azis M I, Asrul L. Khaeruddin and Paharuddin 2018 BEM solutions for unsteady transport problems in
anisotropic media JP Journal of Heat and Moss Transfer 15 4
[3] HffBhde A, Salam N, Khaeruddin and Azis M I 2017 A Boundary Element Method for 2D Diffusion-
onvection blems in Anisotropic Media Far East Journal of Mathematical Sciences 102 8
[4] Azis M I 2019 Numerical solutions for the Helmholtz boundary value problems of anisotropic media Journal
f Computational Physics 381 42
[5] Cheng A H-D 1984 Darcy's Flow with Variable Permeability: A Boundary Integral Solution Water Resources

Resen 980
[6] Clements and Azis M T 2000 A Note on a Boundary Element IF'AOd for the Numerical Solution
of Boundary Value Problems in Isotropic Inhomogeneous Elasticity Jowrnal of the Chinese Institute of

Engineers 23 3 261 @

[7] Azis M I and Clements D L 2014 On some problems concerning deformations of functionally graded
anisotropic elastic materials Far Fast Journ Mathematical Sciences, 87 2 173

[8] Azis M I, Toaha S, Bahri M and Ilvas N 2018 oundary element method with analytical integration for
deformation of inhomogeneous elastic materials Journal of Physics: Conference Series 979 1

[9] Azis M I and Clements D L 2014 A Boundary Element Method for Transient Heat Conduction Problem of
Nfffhomogeneous Anisotropic Materials Far East Journal of Mathematical Sciences, 89 1 51

[10] Azis M T and Clements D L 2008 Nonlinear transient heat conduction problems for a class of inhomogeneous

gnisotropic materials by BEM Engineering Anal; ith Boundary Elements 32 1054
[11] Salam N, Haddade A, Clements D L and Azis M I 7 A boundary element method for a class of elliptic
boul value problems of functionally graded media Engineering Analysis with Boundary Elements 84

186 doi: 10.1016/j.enga und.2017.08.017

[12] Clements D L and Lobo M 0 A BEM for time dependent infiltration from an irrigation channel Engineering
Analysis with Boundary Elements 34 1100

[13] Solekhudin I and Ang K-C 2012 A DRBEM with a predictor—corrector scheme for steady infiltration from
periodic channels with root-water uptake Engineering Analysis with Boundary Elements 36 1199

[14] Barueq H, Bendali A, Fares M, Mattesi V and Tordeux § 2017 A symmetric Trefftz-DG formulation based
on a local boundary element method for the solution of the Helmholtz equation Journal of Computational
Physics 330 1069

[15] Loeffler C F, Mansur W ], Barcelos H-d-M and Bulcao A 2015 Solving Helmholtz problems with the boundary
element method using direct radial basis function interpolation Engineering Analysis with Boundary
Elements 6

[16] Azis M I 2017 Fundamental solutions to two types of 2D boundary value problems of anisotropic materials
Far East Journal of Mathematical Sciences 101 11 2405

[ Abramowitz M and Stegun I A 1972 Handbook of mathematical functions: with formulas, graphs and
mathematical tables Dover Publications Washington




8 TURNITIN.pdf

ORIGINALITY REPORT

15 .9 w10 8

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Clements, D.L.. "On a generalised plane strain
crack problem for inhomogeneous anisotropic
elastic materials", International Journal of
Engineering Science, 200602

Publication

%]

)

hal.sorbonne-universite.fr

Internet Source

%]

e

Submitted to Mahidol University

Student Paper

%]

=

Submitted to King's College

Student Paper

%]

£l

David L. Clements, W.T. Ang. "On a generalised
plane strain crack problem for inhomogeneous
anisotropic elastic materials”, International
Journal of Engineering Science, 2006

Publication

%]

www.nie.edu.sg

Internet Source

%]

=0

iIsomase.org



Internet Source

%]

swmath.org

Internet Source

%]

Ryszard Bialecki, Gunther Kuhn. "Boundary
element solution of heat conduction problems in
multizone bodies of non-linear material",
International Journal for Numerical Methods in
Engineering, 1993

Publication

%]

eng.unhas.ac.id

Interget Source <%1
C.H. Daros. "On modelling SH-waves in a class

| >Ng ST-Waves I <%
of inhomogeneous anisotropic media via the
Boundary Element Method", ZAMM, 02/08/2010
Publication
www.pphmj.com

Internet SE))LE?ce J <%1
Submitted to Australian National Universit

Student Paper y <%1
Submitted to University of Bath

Student Paper y <%1
worldwidescience.or

Internet Source g <%1

Ang, W.. "A hypersingular boundary integral



—_
(@)

equation for antiplane crack problems for a
class of inhomogeneous anisotropic elastic
materials”, Engineering Analysis with Boundary
Elements, 199907

Publication

m.scirp.org

Internet Source

—
N

scindeks.ceon.rs

Internet Source

RN
(00)

digital.library.adelaide.edu.au

Internet Source

RN
(o)

5 Zlotnik, V.A.. "Entrapped air effects on dipole
flow test in sand tank experiments: Hydraulic
conductivity and head distribution", Journal of
Hydrology, 20070620

Publication

B

D.L. Clements, W.T. Ang. "On the indentation of
an inhomogeneous anisotropic elastic material
by multiple straight rigid punches”, Engineering
Analysis with Boundary Elements, 2006

Publication

29 suche.thulb.uni-jena.de

Internet Source

3 www.niscair.res.in

Internet Source




Vladimir Chernov. "Legendrian Links, Causality, <, 1
and the Low Conjecture"”, Geometric and °
Functional Analysis, 12/15/2009
Publication
seminar.uad.ac.id

Internet Source <%1
Submitted to Universiti Teknologi Malaysia

Student Paper g y <%1

R. H. Rigby, M. H. Aliabadi. "Out-of-core solver <%1
for large, multi-zone boundary element
matrices", International Journal for Numerical
Methods in Engineering, 1995
Publication
Submitted to Kozep-europai Egyetem

Student Paper gy <%1

Liu, S.W.. "Transient dynamic responses of a <, 1
cracked solid subjected to in-plane loadings", °
International Journal of Solids and Structures,

200309
Publication
Submitted to University of Birmingham

Student Paper <%1
www.docme.ru

Internet Source <%1

M. G. Satish. "A deterministic-probabilistic



approach for groundwater flow in a

semiconfined random aquifer", Environmetrics, <%1
07/06/2007
Publication
stormwater.ucf.edu
Internet Source <%1
Rostyslav V. Kozhan. "L 1-spectrum of Banach <, 1
space valued Ornstein—Uhlenbeck operators”, °
Semigroup Forum, 06/19/2008
Publication
Sladek, V.. "Local integral equation method for <%1

potential problems in functionally graded
anisotropic materials", Engineering Analysis with
Boundary Elements, 200509

Publication

EXCLUDE QUOTES ON EXCLUDE MATCHES

EXCLUDE ON
BIBLIOGRAPHY

<5
WORDS



	8_TURNITIN.pdf
	by

	8_TURNITIN.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


