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Z(m) | Vs(m/s) | type | y(KN/m?®)

2.50 175.26 sand 18.84
8.00 133.5024 sand 18.84
13.10 177.8599 sand 18.84
18.29 177.8599 sand 17.27
21.33 207.264 sand 17.27
28.80 164.592 sand 17.27

33.53 | 317.2968 sand 17.898
45.73 | 267.3096 clay 17.898
62.79 | 267.3096 clay 20.096
74.99 | 267.3096 clay 18.055
88.00 | 385.8768 clay 18.055
100.00 | 644.652 sand 18.055
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Strain (%) G/Gyax GGy

(0-13.41 m) (+39.62 m)
1.0E-4.0 1.00 1.00
1.0E-3.5 1.00 1.00
1.0E-3.0 0.99 1.00
1.0E-2.5 0.96 0.99
1.0E-2.0 0.85 0.95
1.0E-1.5 0.64 0.85
1.0E-1.0 0.34 0.63
1.0E-0.5 0.15 0.38
1.0E-0.0 0.06 0.18

. Damping % Damping %

Strain(%) (0-1£41gm) + 39lf6zgm)
1.0E-4.0 1.0 0.9
1.0E-3.5 1.0 0.9
1.0E-3.0 12 1.0
1.0E-2.5 1.7 11
1.0E-2.0 3.1 1.6
1.0E-1.5 6.0 2.7
1.0E-1.0 12.4 5.4
1.0E-0.5 19.2 9.7
1.0E-0.0 2.8 13.5
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Treasure Island ailaie S Ldg, 10 4Y Cwlks @4z b ol e 5 oaials e polis (F-F) Jgo

Strain(%) | G/Gmax | DAMPING(%)
0.0001 1 0.9
0.0003 1 0.9
0.001 1 1
0.003 0.99 11
0.01 0.95 1.6
0.03 0.85 2.7
0.1 0.63 54
0.3 0.38 9.7
1 0.18 13.5
1/2 )
T 14
1 | ——— N I/:- 12
0/8 \ / 10
§ / T 8 )
g o Vil 3.
Ty N
0/4 & a
0/2 / \ 5 e G /Gmax
IR o { = damping
0 0
0/0001 0/001 0/01 0/1 1
STRAN(%)
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zm) | Vs(m/s) | type | y(KN/m®)
10.668 198.12 sand 18.84
13.716 304.8 clay 18.84
22.86 475.488 clay 18.84
32.3088 304.8 sand 18.84
38.4048 | 347.472 sand 20.881
42.0624 | 374.904 sand 20.881
76.20305 | 640.08 sand 20.881
82.29295 | 640.08 sand 20.881
89.30335 | 472.44 sand 20.881
98.14255 | 527.304 sand 20.881
170.688 | 701.04 sand 20.881
170.688 | 1188.72 clay 22.608
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Strain G/GMAX G/GMAX G/GMAX G/GMAX
(%) (0-13.41 m) (13.41-24.38 m) (24.38-39.62 m) (39.62 + m)
1.0E-4.0 1.00 1.00 1.00 1.00
1.0E-3.5 1.00 1.00 1.00 1.00
1.0E-3.0 1.00 1.00 1.00 1.00
1.0E-2.5 0.99 0.99 1.00 0.95
1.0E-2.0 0.91 0.93 0.95 0.81
1.0E-1.5 0.72 0.76 0.80 0.57
1.0E-1.0 0.47 0.51 0.56 0.32
1.0E-0.5 0.24 0.27 0.31 0.14
1.0E-0.0 0.09 0.11 0.14 0.05
Strain Damping % Damping % Damping % Damping %
(%) (0-13.41 m) (13.41-24.38 m) (24.38-39.62 m) (39.62 + m)
1.0E-4.0 3.0 3.0 3.0 3.0
1.0E-3.5 3.0 3.0 3.0 3.0
1.0E-3.0 3.0 3.0 3.0 33
1.0E-2.5 3.5 33 3.2 4.1
1.0E-2.0 4.7 4.4 4.1 6.1
1.0E-1.5 7.5 6.9 6.3 10.0
1.0E-1.0 12.1 11.2 10.1 15.9
1.0E-0.5 18.3 17.3 16.0 22.2

1.0E-0.0 24.4 23.5 22.3 27.5
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H(m) V(m/s) | Y(KN/m3)
170 561.079 | 20.34
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Strain(%) | G/Gmax | DAMPING(%)
0.0001 1 3
0.0003 1 3

0.001 1 3.3
0.003 0.95 4.1
0.01 0.81 6.1
0.03 0.57 10
0.1 0.32 15.9
0.3 0.14 22.2
1 0.05 27.5
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Abstract

Ground response evaluation of is one of the most common and important issues in
seismic geotechnics. Ground response analysis is used to predict ground surface
movements and editing the response spectra to determine soil dynamic stresses and
strains to assess geotechnical hazards (different types of ground instabilities) and
calculate earthquake induced forces that can cause ground and retaining structures
instability. In the classical solution of the wave equation, which uses the results of
ground response analysis, the constant shear wave velocity is considered. With the help
of auxiliary methods such as linear equivalence method it is tried to model the nonlinear
essence of shear wave velocity, which this method is also unable to accurately model
nonlinear soil behavior. Wavelet Analysis is relatively one of the new and exciting
achievements of pure mathematics, which is based on decades of research in
harmonic analysis, and today has found important applications in many disciplines of
science and engineering and new possibilities have been provided for understanding its
mathematical aspects as well as enhancing its applications. In this method, the wave
equation is solved with the help of the Haar wavelet by considering the shear wave

velocity as a nonlinear function of depth.

For this aim, two soil profiles of Gilroy and Treasure Islan regions with different input
earthquakes have been studied. In order to investigate the effect of nonlinear soil
behavior, the analysis is performed in two stages. The first step is to consider multilayer
soil profiles and the second one to consider single layer profiles. Finally the results of
the two steps are compared with those of the Haar wavelet analysis and this comparison
indicates that this method is able to solve nonlinear wave equation with any arbitrary

function for shear wave velocity.

Keywords: Wave Equation, Haar Wavelet, variable shear velocity
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