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Appendix A: Finite element analysis

APPENDIX A
FINITE ELEMENT ANALYSIS
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PLAXIS Output 2010 - [open trench_L=5, D=1, W=0.4 - Generated mesh, Connectivity plot]
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Appendix A: Finite element analysis
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Figure A.14: Deformed mesh
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Figure A.17: Curve generation at a preselected node
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Figure A.19: Displacement-time curve for horizontal component of surface displacement at the desired node
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Appendix B: Estimating amplitude reduction

APPENDIX B
ESTIMATING AMPLITUDE REDUCTION

Amplitude reduction factor (Ag) at a certain point is the ratio of peak surface
displacement amplitudes with and without barrier. The average amplitude reduction
factor (A, or A, depending on the component of vibration under consideration) is the
weighted average of Ar values over the range of study. The method is explained with
reference to vertical vibration isolation in active case (L=1) by an open trench of
dimension, D=1 and W=0.2 as follows. Variation of peak surface displacement
amplitudes with and without barrier against normalized distances from barrier is
depicted in Figure B.1. Ag values obtained at different distances are shown in Figure

B.2.

1.6E-06
Case: Uy —o— without barrier
__ 1.4E06 L=1, D=1, W=0.2 —B— w ith barrier
S
3
3 1.2E06
2
g
E 1.0E06
€
£
5 8.0E07
o
®
o
£ 6.0E-07
[0}
8
£ 4.0E-07
35
w
®
Laﬁ 2.0E-07
0.0E+00

1 2 3 4 5 6 7 8 9 10 11

Normalized distance beyond barrier (X=x/Lg)

Figure B.1: Peak surface displacement amplitudes with and without barrier measured at

different points beyond barrier

Amy = l"‘14R (x)dx (Bl)
) s ’
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Appendix B: Estimating amplitude reduction
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JA R (x)x= Area bounded by Ag curve and X-axis
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Figure B.2: Amplitude reduction factors versus normalized distances from

barrier

The distance between the 1% two observations is 0.4Lg (=1.5Lg-1.1Lg) and all other

observations are taken in intervals of 0.5Lg. Applying trapezoidal rule,

0.30+0.21+0.18+0.26 +

0.32+0.28+0.21+0.22+
0.27+0.35)+2

Area=0.4L,

(0.34+0.27) 0.5L,
+ (

0.30+0.33+0.31+0.28 +
0.35+0.39+0.37+0.32

s = 10LR—1.1LR= 89LR
Apy=2.592Lg/8.9Lg=0.29

=2.592L,

Hence, in case of an open trench of D=1 and W=0.2 in active case (L=1), average

amplitude reduction factor for vertical vibration component (4,,) is 0.29.
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Appendix C: Simplified regression models

APPENDIX C
SIMPLIFIED REGRESSION MODELS

The method adopted in formulating simplified design models of open trenches is
discussed in this section with reference to the simplified regression model developed for
estimating A,,, in passive case (L=5). Against a given value of depth, D of an open
trench, A, /A, marginally differs depending on the barrier width, W. For fitting
regression curves, overall amplitude reduction factors can be averaged as shown in

Table C.1.

Table C.1: Estimating average A,,, against D

D Ay Average A,y
W=0.2 W=0.4 W=0.6

0.3 0.62 0.57 0.54 0.576667

0.4 0.48 0.43 0.4 0.436667

0.6 0.33 0.3 0.27 0.3

0.8 0.25 0.22 0.21 0.226667

1.0 0.19 0.17 0.16 0.173333

1.2 0.17 0.15 0.14 0.153333

1.5 0.14 0.13 0.12 0.13

The trend of variation of A,,, versus D (values shown in last and first columns of Table

C.1) follows a power law. The equation of which is given by:

y = Ax® (Cla)

For the values shown in Table C.1, x represents normalized depth, D and y signifies the
corresponding values of A,,. The coefficients A and B can be obtained by least square

fitting method as:
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Appendix C: Simplified regression models

b nZlnxlny —Zlanlny
nz (In x)2 —( In x)2

(C.1b)

a:ZIny—bZlnx
n

Where, B=b and A=¢"

(C.1c)

There exists a coefficient of determination (Rz) which can be obtained as follows:

1 2
{Zlnxlny—nzmxzm y}

R® = 1 . (C.1d)
nx) = (Yinx) | Yy -1 2}
) = () | Sy - ()
Table C.2: Fitting regression curve
X y Iy Iny Inxlny (In x)* (In y)’

0.3 0.57666 -1.20397 -0.5505  0.66279 1.449551 0.303053

0.4 0.43666 -0.91629 -0.8286  0.759239  0.839589 0.686579

0.6 0.3 -0.51083  -1.20397 0.61502 0.260943 1.449551
0.8 0.22666 -0.22314 -1.4843  0.331213  0.049793 2.203159
1.0 0.17333 O -1.75256 0 0 3.071459
1.2 0.15333 0.182322 -1.87516 -0.34188  0.033241 3.516236
1.5 0.13 0.405465 -2.04022 -0.82724  0.164402 4.162501

Z: -2.26645  -9.73532  1.199141  2.797518 15.39254

_ 7x1.1999141 - (- 2.26645)(—9.73532)

b 2
7x2.797518 — (- 2.26645)

=-0.9463

e (-9.73532) (- 07.9463)(— 2.26645) _ 169716
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Appendix C: Simplified regression models
Coefficients of Equation (3.1a) are computed as; B=b=-0.9463 and A =¢“=0.183203.

The coefficient of determination (Rz) can be obtained as:

2
(1.199141—;x(— 2.26645)(—9.73532))

R’ = =0.997353

{2.797518—;><(— 2.26645)° }[15.39254—;><(—9.73532)2}

Replacing x by D and y by A,,,, Equation (C.1a) correct up to two decimal places can be

written as:
Amy =0.18D" (C.2)

Equation (C.2) represents the expression of the simplified model for estimating A,,, in

passive case (L=5). The other regression models are obtained in a similar way.
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