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Linearly independent higher-order numerical manifold method
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Abstract: The adoption of the first-order local approximation functions has improved the accuracy, but it has also led to rank
deficiency of the global stiffness matrix for the higher-order numerical manifold method, meaning the existence of the linear
dependence. The first-order Taylor’s expansions with regard to the interpolation point are adopted as the local displacement
functions, which makes the degrees of freedom defined on the physical cover have definite physical meanings. Then the
first-order partial differential derivatives are expressed by the strain components, leading to the PC-u-g. The strain components
are further replaced by the stress components in the local framework, creating the PC-u-c. In this way, both the displacement
and the stress boundary conditions are easily applied. Numerical examples show that the PC-u-¢ alone significantly causes a
drastic decrease in rank deficiency, while deploying the PC-u-c along the stress boundary completely eliminates the rank
deficiency and retains higher accuracy.
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Table 1 Comparison of rank deficiency
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Table 2 Number of rank deficiencies of plate with circular hole

under horizontal tensile force

NMM-u NMM-u-¢ NMM-u-c
Rank RD Rank RD Rank RD
404 0 466 2 468 0
1122 0 1216 2 1218 0
2040 0 2158 2 2160 0
3138 0 3280 2 3282 0
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Table 3 Number of rank deficiencies of Cook skew beam

NMM-u NMM-u-¢ NMM-u-6
Rank RD Rank RD Rank RD
398 0 435 3 438 0
1044 0 1101 3 1104 0
1960 0 2037 3 2040 0
4132 0 4245 3 4248 0
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B BEOR EE, UESE T RS e . Table 5 Number of rank deficiencies of slope model
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. . Rank RD Rank RD Rank RD
Table 4 Comparison of stress and displacement for 3 measured 306 0 614 4 618 0
points 802 0 938 4 942 0
— _ 1406 0 1586 4 1590 0
ﬁ/ﬁ Omax4 OminB Ve 3276 0 3548 4 3552 0
NMM-u 0.23703 -0.20294 23.9391
NMM-u-¢ 0.23609 -0.20294 23.9529 %6 FANESLEKES RS
NMM-u-¢ 0.23679 -0.20284 23.9516 i ) . .
B A1) 02362 ~0.2023 23.96 Table 6 Comparison of horizontal and vertical displacements at
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