TECHNICAL NOTE

The Accuracy oBubtraction Method Examined in MTR/SAYBart 3
June 20, 2011
MTR & Associates

The purpose of this problem is to verify the accuracy of the Direct, Subtraction and Modified Subtraction
Models using MTRFASS]1] to calculate the seismic SSI response of NPP structures. A simplified model
of a typicalnuclearstructure configurationis used to obtain and compare the following response

guantities from the three models.

1 Transfer functions

1 Maximum vales of acceleration responses
T In-structure response spectra

1 Maximum dynamic soil pressures on walls

Problem Description

The problem consists of a concrete shéax structure. A ondnalf cutaway view of the structure is

shown inFigure 1 The structure i400 x 180 ft in plan dimensions, with a vertical height of 100 ft and an
embedment of 25 ft below the ground surface. The structure is subjected to vertically propagating P
SV and SHwvaves with the control motion specified at the fréield ground surdéce. The control motion
consists of three orthogonal components, specified in terms of acceleration time histories in the global
x-, Y- and zdirections. The xand zcomponents are associated with the-3vid Pwaves, and they
component is associated withe SHvave propagation. Two analysis cases are considered: one
corresponding to a generic soil site with standard input motion (WUS type motion), and another
corresponding to a generic rock site with high frequency motion (CEUS type motion).

Figure 1 OneHalf Cutaway View of Concrete SheBox Structure



The soil and structural properties are listed below.

Soil Case 1 (WUS Site):

Uniform seminfinite halfspace

T pdfmun 1ALKTE
Vs = 825 ft/sec

Vp = 2,021 ft/sec

i s = 0.03

ip=0.01

Soil Case 2 (CES8e):

Uniform top soil layer (28 thick)

T pofmun 1ALXKTE
Vs = 1,250 ft/sec

Vp = 3,061 ft/sec

1s=0.03

i p=0.01

Underlying uniform semnfinite halfspace

T nofpn 1ALXKTG
Vs = 10,000 ft/sec

V, = 20,000 ft/sec

j s= 0.005

i p=0.005

Structure:
Concrée members

T nodAmn 1 ALXKTG
E = 800,000 kipsAt
AT nomT
i I nonn

The basemat is 6 ft thick; the exterior walls are 2 ft thick; and the wall partition, floor, and roof slabs are

1.4 ft thick.

Input Motions

Acceleration time histories of input motion ihe %, y- and zdirections for the standard soil site are

shown inFigure 2 and their 5%damped acceleration response spectra are showrigure 3

Acceleration time histories and response spectra for the hard rock site are shduiguie 4and Figure

5, respectively. Both ground motions are specified as outcrop motion at the bottom of the foundation
basemat (Elev. 0 .0 ft). The standard soil site spectra are similar to the US NRC Reg. Guide 1.6 spectra.
The hard rock spectra are typical hifyjaquencyhard rock motions for the Central and Eastern United

States.
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Figure 2 Acceleration Time Histories of Input MotionStandard Soil Site
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Figure 3:Acceleration Response Spectra of Input MotionStandard Soil Site
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Figure 4 Acceleration Time Histaes of Input Motion- Hard Rock Site
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Figure 5 Acceleration Response Spectra of Input Motionidard Rock Site



MTR/SASSI Model

The finite element SASSI model of the structure is shovagire Gand Figure 7 The structure is

modeled by 4node plate/$iell elements representing the basemat, walls, partition, floor and roofs. The
excavated soil model consists ehB8de solid elements, as shownkigure 8 All elements have a

uniform dimension equal to 5 ft.

1822

Element
No. 1605

Figure 6: MTR/BSSI Finite Elememflodel - One-Half Cutaway View

11

@ Structure Node
1 e Interaction Node

Figure 7: MTR/SASBinite Element Mode} Structure



Figure 8: MTR/SASBEInite Element Model Excavated Soil

The problem is analyzed using the Direct, Subtraction and Modified Subtraction Models, as described
below.

Direct Model In this model, the interaction nodes include all of the excavated soil nodes. This model
has 2394 interaction nodes.

Subtraction Model:In this model, the interaction node set corresponds to the nodes located on the
sides and bottom surfaces the excavated soil model. This model has 779 interaction nodes.

Modified Subtraction Model In this model, the interaction node set corresponds to the nodes on the
sides, bottom and top surfaces of the excavated soil model. This model has 1102 ioterextes.

The passing frequency of the modegl{d= \&/5h, where h is the largest soil element size and\the
minimum shear wave velocity of the soil medium) is 825/5/5 = 33 Hz and 125/5/5 = 50 Hz for the
standard and hard rock site models, respeely. The analysis is performed to a maximum frequency
cut-off of fnax= 33.7 Hz and 50.3 Hz for the standard soil and hard rock site cases, respectively. The
passing frequencies satisfy the maximum frequency of analysis, as required by the US NRC.

Analyss Results

The analysis results for the standard soil and hard rock sites obtained via the Direct, Subtraction and
Modified Subtraction Models are discussed below.

Standard Soil Site
Transfer Function Responses

The computed transfer functions at Node 3053he x, y- and zdirections using the Direct, Subtraction
and Modified Subtraction Models are comparedrigure Yor the xinput, inFigure 10or the y-input,
and inFigure 1ffor the zinput. Similar results for nodes 1331, 1822 and 2765 are shoWwigime 12
thoughFigure 14Figure 18hroughFigure 17 andFigure 18hroughFigure 2Qrespectively. For the
location of the output nodes, refer tBigure 6



As the above figures show, the transfer functions for the Direct and Modified Subtraction $/ereel

smooth and in excellent agreement for the entire frequency range. The transfer functions for the

{dzo GN> OGA2Y a2RSf 06S3IAYy (2 RSOAIFIGS FTNRY-I16HzZS 5ANBO
as well as exhibiting numerous peaks and valleys.

Maximum Acceleration Values

The values of maximum accelerations calculated at several nodes in the structure from the Direct,

Subtraction and Modified Subtraction Models are compare@ahle 1 The ratio of maximum

accelerations is compared Trable 2For the location of the output nodes, refer Eigure 7 As shown in

TableZ (GKS NBadzZ 64 2F GKS a2RAFTASR {dzoGN} OGA2Y a2RS
those of the Subtraction Model can vary from-887%.

In-Structure Response Speat

The 5%damped acceleration response spectra calculated from the Direct, Subtraction and Modified
Subtraction Models are comparedkigure 2tthroughFigure 24or nodes 305, 1331, 1822 and 2765,
respectively. For the location of the output nodes, retfi@Figure Error! Reference source not found.

The spectra are calculated from the input motions applied in three directions. The results show good
agreement between the Direct and Modified Subtraction Models. But again, theseduhe

Subtraction Model deviate from those of the Direct Model at frequencies above 10 Hz. This is consistent
with the results of the transfer functions discussed above. The results indicate that the calculated
spectra from the Subtraction Model can lmaver than those of the other two models at certain

frequency ranges (e.g. séégure 23.

Maximum Value of Dynamic Soil Reaction Forces

The maximum dynamic soil pressures at several locations on the basemat and wall slabs, calculated
from the Direct, Sutraction and Modified Subtraction Models, are compared @ble 3 The ratio of
computed pressures is comparedTiable 4 If the relatively small pressures calculated at a few nodes
(652, 695, 894 and 937) are excluded, the results of both the SubtraiidiModified Subtraction
Models are withindi™s 2 F GKS 5ANBOG az2RSf Qad NBadzZ Gao

Hard Rock Site
Transfer Function Responses

The computed transfer functions in the ¥~ and zdirections, calculated from the Direct, Subtraction

and Modified Subtraction Mods, are compared iffigure 25hroughFigure 3dor the x, y- and z

inputs for nodes 305, 1331, 1822 and 2765. As these figures show, the transfer functions for the Direct

and Modified Subtraction Models are smooth for the entire frequency range, shaxicejlent

agreement for frequencies below 40 Hz and reasonably good agreement for frequencies between 40

FYR pn 1T & .dzi GKS GNIYya¥FSNI FdzyOlAz2ya F2NJ 4KS { dzo
solutions at a frequency of about 8 Hz, ekibiting numerous peaks and valleys, particularly at higher
frequencies. In general, these results are consistent with those of the standard soil site.



Maximum Acceleration Values

The values of maximum accelerations calculated at several nodes in theustrrom the Direct,

Subtraction and Modified Subtraction Models are compared@ahle 5 The ratio of maximum

accelerations is compared Trable 6 For the location of the output nodes, refer fagure 7 As shown in

Table 2the results of the Modified dzo G N} OG A2y a2RSt |NB GAGKAY o3> 27
those of the Subtraction Model can vary from-835%. These results are consistent with those of the

standard soil site.

In-Structure Response Spectra

The 5%damped acceleration responspectra calculated from the Direct, Subtraction and Modified
Subtraction Models are comparedkigure 3throughFigure 40or nodes 305, 1331, 1822 and 2765,
respectively. For the location of the output nodes, refefFigure 7 The spectra are calculatdrom

input motions applied in three directions, the results of which show excellent agreement between the
Direct and Modified Subtraction models. But again, the results of the Subtraction Model begin to
deviate from those of the Direct Model at frequeesiaround 20 Hz. This is consistent with the results
of the transfer functions discussed above, which indicate that the calculated spectra from the
Subtraction Model, in general, are higher than those of the other two models at frequencies above 20
Hz, andn some cases by a significant margin (e.g. see-tlesponse irFigure 33.

Maximum Value of Dynamic Soil Reaction Forces

The maximum dynamic soil pressures at several locations on the basemat and wall slabs, calculated

from the Direct, Subtraction andlodified Subtraction Models, are comparedTiable 7 The ratio of

computed pressures is comparedTiable 4 If the relatively small pressures computed at a few nodes

(652, 695, 894 and 937) are excluded, the results of both the Subtraction and Modifitrd@ion

a2zRSfta INB gAGKAY wmmgE: 2F (KS 5ANBOG a2RSftf Qa NBad

Conclusions

The results of this test problem show that the transfer function responses calculated using the Modified
Subtraction Model are in close agreement with those of the Direct Moddidir the standard soil and

hard rock sites. The calculated transfer functions are smooth and free of erroneous peaks and valleys.
This, in turn, results in the final calculated response quantities that, between the two models, are closely
aligned for boththe standard and high frequency input motions. On the other hand, the transfer
functions calculated with the Subtraction Model are jaggembove 1015 Hz for the standard soil site

and 1520 Hz for the hard rock siteand exhibit numerous erroneous gks and valleys, which cause

the final response quantities (such as maximum accelerations and acceleration response spectra) to
deviate from those obtained using the Direct or Modified Subtraction Models. The calculated maximum
accelerations at several selted nodes in the structure obtained with the Subtraction Model varied

from those of the Direct Model by about 827% for the standard soil site and-835% for the hard

rock site. In terms of the calculated &83amped instructure response spectra, sifjoant differences
between the Subtraction and Direct Models are observed for high frequencies.
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Table T Canparison of Maximum Acceleration ResponseStandard Soil Site

al EAYdzy ! OOSt SN} GAz2ya 63
Node No. Direct Subtraction Modified Subtraction
X-Dir. Y-Dir. | ZDir. XDir. | Y-Dir. | ZDir. | XDir. | Y-Dir. | ZDir.
1 0.19 0.18 0.34 0.18 0.19 0.33 0.19 | 0.18 | 0.34
11 0.19 0.19 0.31 0.19 0.21 0.32 0.19 0.19 0.31
190 0.22 0.19 0.30 0.20 0.19 0.28 0.22 | 0.19 | 0.30
305 0.20 0.20 0.25 0.18 0.19 0.23 0.20 | 0.20 | 0.25
642 0.20 0.20 0.34 0.21 0.20 0.34 0.20 | 0.20 | 0.34
652 0.19 0.25 0.33 0.19 0.31 0.32 0.19 | 0.25 | 0.33
695 031 0.19 0.30 0.32 0.20 0.33 0.32 0.19 0.31
884 0.21 0.20 0.35 0.21 0.20 0.34 0.21 0.20 0.35
894 0.20 0.38 0.33 0.20 0.43 0.31 0.20 | 0.38 0.33
937 0.39 0.20 0.31 0.44 0.20 0.31 0.39 | 0.20 | 0.31
1331 0.40 0.20 0.29 0.40 0.20 0.29 0.39 0.20 0.29
1620 0.24 0.55 0.34 0.24 0.72 0.30 0.24 | 0.56 0.34
1630 0.24 0.22 0.31 0.26 0.22 0.29 0.24 | 0.22 0.31
1822 0.24 0.64 0.31 0.24 0.81 0.30 0.24 | 0.65 0.30
2052 0.26 0.23 0.35 0.26 0.23 0.32 0.26 | 0.23 | 0.35
2163 0.27 0.22 0.31 0.26 0.22 0.33 0.26 0.22 0.31
2577 0.28 0.27 0.36 0.28 0.26 0.34 0.28 0.27 0.35
2583 0.28 0.28 0.35 0.28 0.28 0.33 0.28 0.28 0.35
2589 0.29 0.26 0.36 0.28 0.26 0.31 0.29 | 0.26 | 0.35
2700 0.29 0.27 0.31 0.30 0.27 0.31 0.29 0.28 0.31
2765 0.29 0.27 1.35 0.30 0.27 1.31 0.29 0.28 1.34
2811 0.28 0.26 0.33 0.28 0.27 0.31 0.28 0.26 0.33
2823 0.29 0.27 0.36 0.29 0.27 0.36 0.29 0.27 0.36




Table 2 Ratio of Maximum Acceleration ResponseStandard Soil Site

wkGA2 2F al EAYdzy ! OOSt SNJ
Node No. Subtraction / Direct Modified Subtraction / Dect

X-Dir. Y-Dir. Z-Dir. X-Dir. Y-Dir. Z-Dir.

1 0.94 1.03 0.98 1.00 1.00 1.00
11 0.99 1.06 1.02 1.00 1.00 1.00
190 0.88 1.02 0.95 1.00 1.00 1.00
305 0.90 0.96 0.91 1.00 1.00 0.98
642 1.02 1.03 0.98 0.99 1.00 1.00
652 1.01 1.27 0.97 1.00 1.01 1.00
695 1.03 1.01 1.08 1.00 1.00 1.00
884 0.98 1.01 0.98 0.99 1.00 1.00
894 1.00 1.11 0.95 1.00 1.00 1.00
937 1.12 1.01 1.02 1.00 1.00 1.00
1331 1.00 1.00 0.98 0.98 1.00 1.00
1620 1.00 1.30 0.89 1.00 1.00 1.00
1630 1.06 1.01 0.94 1.00 1.00 1.00
1822 1.00 1.26 0.98 1.00 1.01 0.99
2052 1.00 0.99 0.93 1.00 1.00 1.00
2163 0.99 0.99 1.06 1.00 1.00 0.99
2577 0.99 0.97 0.94 1.00 1.00 0.99
2583 0.99 1.01 0.93 1.00 1.00 1.00
2589 0.99 0.99 0.88 1.00 1.00 1.00
2700 1.03 0.99 0.98 1.00 1.00 0.99
2765 1.02 0.99 0.97 1.00 1.00 0.99
2811 0.98 1.01 0.94 1.00 1.00 0.99
2823 1.00 0.99 1.00 1.00 1.00 1.00




Table 3 Comparison of Maximum Dynamic Soil Presswr&tandard Soil Site

Maximum Dynamic Soil Pressures (Kigs/ft

Node No. Direct Subtraction Modified Subtraction
X-Dir. | Y-Dir. | ZDir. | X-Dir. | Y-Dir. | ZDir. | X-Dir. | Y-Dir. | ZDir.

1 3.08 3.38 8.82 3.12 | 3.34 | 9.04 | 3.07 | 3.38 | 8.83
11 1.31 0.84 2.09 1.29 0.88 2.03 1.29 0.82 2.02
190 1.00 1.22 1.55 0.96 1.19 1.59 1.01 1.20 1.55
642 1.98 1.57 1.85 2.06 1.62 1.85 1.97 1.59 1.83
652 0.28 0.14 046 | 0.27 | 0.17 | 046 | 0.27 | 0.15 | 042
695 0.14 0.26 0.43 0.17 0.28 0.41 0.16 0.26 0.40
884 1.56 1.26 1.77 1.53 1.27 1.74 1.56 1.29 1.74
894 0.13 0.39 026 | 0.14 | 046 | 0.35 | 0.13 | 0.39 | 0.28
937 0.35 0.12 0.24 0.32 0.14 | 0.34 | 035 0.12 0.26

Table 4 Ratio of Maximum Dynamic Soil PressureStandard Soil Site

Ratio of Maximum Dynamic Soil Pressures

Node No. Subtraction / Direct Modified Subtraction / Direct
X-Dir. Y-Dir. Z-Dir. X-Dir. Y-Dir. Z-Dir.

1 1.01 0.99 1.02 0.99 1.00 1.00
11 0.98 1.05 0.97 0.99 0.98 0.97
190 0.96 0.97 1.02 1.02 0.98 1.00
642 1.04 1.03 1.00 1.00 1.01 0.99
652 0.98 1.19 0.98 0.98 1.10 0.91
695 1.19 1.06 0.97 1.16 0.98 0.93
884 0.98 1.00 0.98 1.00 1.02 0.98
894 1.07 1.17 1.33 1.00 1.00 1.07
937 0.91 1.09 1.39 1.00 0.98 1.07




Table 5 Comparison of Maximum Acceleration Responséard Rock Site

al EAYdzy ! OOSt SNl GAz2ya o:
Node No. Direct Subtraction Modified Subtraction
X-Dir. Y-Dir. | ZDir. X-Dir. | Y-Dir. | ZDir. | XDir. | Y-Dir. | ZDir.
1 0.19 0.21 0.16 0.19 0.21 | 0.16 | 0.19 | 0.21 | 0.16
11 0.19 0.21 0.16 0.19 0.21 | 0.17 0.19 0.21 0.16
190 0.20 0.21 0.16 0.19 0.21 | 0.16 | 0.19 | 0.21 | 0.16
305 0.20 0.21 0.16 0.20 0.21 | 0.17 0.20 | 0.21 0.16
642 0.18 0.20 0.25 0.19 019 | 0.25 | 0.18 | 0.21 | 0.25
652 0.19 0.45 0.23 0.18 051 | 0.25 | 0.19 0.41 0.23
695 0.46 0.18 0.29 0.57 0.17 | 0.25 | 044 | 0.18 0.29
884 0.24 0.23 0.28 0.25 0.21 | 0.30 | 0.24 | 0.23 0.28
894 0.22 0.92 0.28 0.21 1.11 | 0.30 | 0.22 0.93 0.28
937 0.77 0.18 0.35 0.80 0.18 | 0.31 | 0.77 | 0.18 | 0.36
1331 0.88 0.23 0.36 1.19 0.23 | 0.32 0.87 0.23 0.37
1620 0.31 2.04 0.38 0.31 225 | 041 0.31 2.05 0.38
1630 0.36 0.31 0.34 0.40 035 | 0.35 | 038 | 031 | 0.34
1822 0.31 1.60 0.34 0.31 182 | 035 | 0.31 1.59 0.34
2052 0.42 0.51 0.46 0.41 0.50 | 0.49 0.42 0.52 0.47
2163 0.49 0.49 0.47 0.48 0.49 | 0.48 0.50 | 0.49 0.47
2577 0.54 0.65 0.55 0.52 0.67 | 055 | 0.54 | 0.65 0.53
2583 0.52 0.70 0.52 0.51 0.69 | 0.54 | 0.52 0.70 0.52
2589 0.52 0.68 0.54 0.50 0.70 | 057 | 051 | 0.68 | 0.54
2700 0.56 0.71 0.59 0.55 0.71 | 0.60 | 0.56 0.71 0.60
2765 0.56 0.72 1.61 0.55 0.73 1.62 0.56 0.72 1.60
2811 0.53 0.70 0.49 0.51 0.69 | 0.51 0.53 0.69 0.51
2823 0.52 0.67 0.50 0.52 0.67 | 0.50 | 052 | 0.67 | 0.50




Table 6 Ratio of Maximum Acceleration Responseldard Rock Site

wkGA2 2F al EAYdzy ! OOSt SNJ
Node No. Subtradion / Direct Modified Subtraction / Direct
X-Dir. Y-Dir. Z-Dir. X-Dir. Y-Dir. Z-Dir.
1 1.00 1.00 1.01 1.00 1.00 1.00
11 1.00 0.99 1.05 1.00 1.00 1.00
190 1.00 1.00 1.00 1.00 1.00 1.00
305 1.00 1.00 1.04 1.00 1.00 1.00
642 1.07 0.93 0.99 1.02 1.02 1.01
652 0.99 1.14 1.08 0.99 0.92 0.98
695 1.23 0.98 0.87 0.95 1.00 1.00
884 1.03 0.92 1.09 1.00 0.99 1.02
894 0.98 1.21 1.05 1.00 1.01 0.98
937 1.04 0.98 0.89 1.00 1.01 1.01
1331 1.35 1.00 0.87 1.00 1.00 1.02
1620 1.00 1.10 1.06 1.00 1.00 1.00
1630 1.11 1.11 1.03 1.07 1.00 0.99
1822 1.00 1.14 1.05 1.00 0.99 1.00
2052 0.98 0.97 1.04 0.99 1.02 1.00
2163 0.99 0.99 1.03 1.02 1.00 1.00
2577 0.97 1.03 1.01 1.00 1.00 0.98
2583 0.97 0.99 1.05 1.00 0.99 1.00
2589 0.96 1.03 1.05 0.99 1.00 1.01
2700 0.98 0.99 1.02 1.00 1.00 1.02
2765 0.98 1.01 1.01 1.00 1.00 1.00
2811 0.97 1.00 1.04 1.00 1.00 1.03
2823 1.00 1.00 0.99 1.00 1.00 1.01




Table 7 Comparison of Maximum Dynamic Soil Presswrétard Rock Site

Maximum Dynamic Soil Pressures (Kigs/f

Node No. Direct Subtraction Modified Subtraction
X-Dir. | Y-Dir. | ZDir. | X-Dir. | Y-Dir. | ZDir. | X-Dir. | Y-Dir. | ZDir.

1 8.30 6.73 | 22.80| 8.27 6.81 | 2298 | 824 | 6.79 | 22.70
11 4.79 1.26 5.10 4.77 1.39 520 | 4.79 1.25 | 5.06
190 1.75 4.04 3.04 171 | 409 | 288 | 161 | 4.02 | 2.98
642 291 2.63 1.22 2.99 2.64 134 | 2.90 2.69 1.23
652 0.27 0.21 045 | 0.27 | 0.20 | 065 | 0.27 | 0.19 | 0.49
695 0.17 0.31 050 | 0122 | 0.30 | 0.49 | 0.13 | 0.31 | 0.50
884 2.30 2.39 1.64 2.24 2.39 1.59 231 242 1.53
894 0.22 0.98 0.70 0.23 4.21 0.89 0.22 1.00 | 0.63
937 0.77 0.26 0.39 0.77 0.25 0.66 0.75 0.24 | 0.43

Table 8 Ratio of Maximum Dynamic Soil Pressurddard Rock Site

Ratio of Maximum Dynamic Soil Pressures

Node No. Subtraction / Direct Modified Subtraction / Direct
X-Dir. Y-Dir. Z-Dir. X-Dir. Y-Dir. Z-Dir.

1 1.00 1.01 1.01 0.99 1.01 1.00
11 1.00 1.10 1.02 1.00 0.99 0.99
190 0.98 1.01 0.95 0.92 1.00 0.98
642 1.03 1.01 1.09 1.00 1.02 1.01
652 1.00 0.95 1.46 0.98 0.93 1.10
695 0.71 1.00 0.98 0.78 1.01 1.01
884 0.97 1.00 0.97 1.00 1.01 0.93
894 101 4.29 1.27 0.98 1.01 0.90
937 1.00 0.95 1.71 0.98 0.94 1.11




Node 305, Response in X-Dir.
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Figure 9 Comparison of Transfer Functions, Node 305, Input+iDiX - Standard Soil Site



Node 305, Response in X-Dir.
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Figure 10 Comparison of Transfer Functions, Node 305, Input4Dil - Standard Soil Site




Node 305, Response in X-Dir.
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Node 1331, Response in X-Dir.

10.00
9.00
8.00
7.00
2 6.00
2
_E' 5.00
< 4.00
3.00
2.00 P, 1
0o b N _ A~
7
0.00 -ttt ——t— —t
5 10 15 20 25 30 35 40
Frequency (Hz)
— Subtraction Modified Subtraction == Direct
Node 1331, Response in Y-Dir.
0.50
0.45
0.40
0.35
20230
2
—E_U.ZS
< 0.20
0.15
0.10
0.05 s & /l JLV/ l
0.00 —/;—_;;;;;
5 10 15 20 25 30 35 40
Frequency (Hz)
—— Subtraction Modified Subtraction == Direct
Node 1331, Response in Z-Dir.
25.00
20.00
& 1500
£
H
« 10.00
5.00
0.00 .H‘H‘..H‘H‘..‘.‘JL.‘_‘.‘.H‘l
5 10 15 20 25 30 35 40
Frequency (Hz)
—— Subtraction Modified Subtraction == Direct

Figure 12 Comparison of Transfer Functions, Node 1331, Input-DiX - Standard Soil Site




Node 1331, Response in X-Dir.
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Node 1331, Response in X-Dir.
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Amplitude
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Figure 16 Comparison of Transferuactions, Node 1822, Input in-Bir. - Standard Soil Site



