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ABNR SEISKIC SOIL-STRUCTURE INTERACTION ANALYSIS REPORT, REV. 2, -r

APRIL 1993
:
!

SUMMARY OF CHANGES OF THIS REVISION:

1. Text: .

.

Pace No. Paracrach Comments

i
.

3A-10 1 Revised

3A-60 1 Revised
1

3A-63 1 Added ,

!
4 3A-80 - Added

-

.[
!

-

i,

,

'

In addition, the equations in sub-section 3.A'.3 through 3.A.5 are
3

re-numbered to be compatible with each sub-section.
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The shear modulus and material damping of soil are strain dependent. |
d

Figure 3A.3-3 shows the variation of shear modulus and damping ratio with shear

strain for various soil profiles considered. The soil curves shown correspond to

average curves of Reference 6. On the basis of the recommendations made in Ref. 3

the soil material damping of a hysteretic nature is limited to a maximum of 15% of

critical. In addition to use of average soil curves, a parametric study was performed |

in which the upper bound shear modulus soil degradation curve of Ref. 6 is used. -|
'This curve is the same as the shear modulus degradation curve reported in Ref. 7

for sands. The results of this case are presented in Section 9. Variation of shear g
modulus and damping for rock profiles (VP5 and VP7) are shown in Figure 3A.3-4. i

The shear modulus reduction factors and damping ratios at various strain levels-are

shown in Tables 3A.3-3 and 3A.3-4. For VP7 profile, the free-field site response
_

analysis results has shown that the strain-compatible shear modulus and material
.

damping are essentially unchanged from their initial values. The SSI analysis for R

profile is performed using uniform velocity of 6098 m/sec (20,000 ft/sec). ;

i
-

3A.3.3 Ground Water Table
j

The effect of ground water on the soil properties is considered using the
;

following procedure:

(a) Perform one dimensional convolution or deconvolution analysis for

the horizontal excitation component to obtain strain compatible shear i

modulus, G, corresponding to the induced strain level. The

corresponding shear wave velocity, V , is then computed as js

j

(3A.3-3)V = 4G/ps

3A-10 |
C1/09/93
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3A.9.5 Effects of Change in Soil Degradation Curve

For all SSI soil cases, strain-compatible soil properties were obtained using

free-field SHAKE analysis results as discussed in Section 3A.6. For the free-field

analysis, the strain-dependent soil properties were obtained from the generic Seed

and Idriss soil curves (Ref 6) using the mean curves. Recent data indicate that the

amount of soil degradation due to shaking can be less than the mean values of the

generic curves and is closer to the upper bound of the 1970 soil curves (Ref 6). The

soil shear modulus degradation curves (mean and upper bound) are shown in

Figure 3A.9-5.1. The upper bound of the 1970 soil shear modulus curve is the same

as the curve reported for sand in Ref. 7. k
i

In order to evaluate the effect of change in soil degradation curves on SSI~ f
responses, the soil case with velocity profile VP3 and soil column depth of 150 ft.

was re-analyzed using the upper bound soil degradation curve. The results of the

analysis in the horizontal X- direction for this case (SSI case VP3DIAX) are

compared with the respective SSI case results using the mean curve (SSI case

VP3 DIX) and the very rigid soil case results (RIUX) for both the reactor and control
' buildings in Figures 3A.9-5.2 through 3A.9-5.7. As shown in these results, the effect

of change in soil degradation curve on the spectral values is insigmficant. The effect,

on the seismic forces is shown in Table 3A.9-5.1. The effect on seismic forces is also

; insignificant.
i

. ,

Based on these results, variation of soil degradation for other soil cases was

not considered warranted. The results based on mean soil degradation curve were

used to obtain the enveloping responses.
.

!

aA.m ;
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The results in terms of seismic soil pressure were also computed. As

expected, seismic soil pressure in between the reactor building and control building

increased due to structure-to-structure interaction effect. The seismic soil pressure

results obtained from analysis of individual buildings as well as multiple buildings g
were enveloped and used in the design of respective walls of each building. The

'

enveloping seismic soil pressure results are shown in Table 3.9.7.4.

Based on these results, except for seismic soil pressure, consideration to

structure-to-structure interaction effect is not warranted for the purpose of obtaining

enveloping seismic forces and floor acceleration response spectra. Consequently, the

enveloping results presented in Section 3A.10 are based on the analysis of each

individual building.
-

;
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7. Idriss, l.M.-Response of Soft Soil Sites During Earthquakes, H. Bolton Seed

Memorial Symposium Proceedings, Volume 2, Bi Tech Publishers, May 1990. b
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ABWR SEISKIC SOIL-STRUCTURE INTERACTION ANALYSIS REPORT, REY. 2, .j
APRIL 1993 !

t

[

SUMMARY OF CHANGES OF THIS REVISION: ;

I
:

2. Tables: 'l

i

Table No. Comments !
;

!

3A.6-2 Revised
. -{

3A.9-7.4 Added '

3A.10-1.3d Deleted >

3A.10-4.la,b,c & d Revised ;

i
3A.10-4.3c Revised ;

- .f
I

h

. i.

f

In addition, unit conversion scale factors are added as a note for .

each table. |
:
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Table 3A.6-2
:
j

SSE Free-Field Site Response Results

for All Soil Profiles (Average Properties) |

.i

SOIL AVERAGESHEAR SOIL COLUMN :

PROFILE WAVE VELOCITY FREQUENCY
ID m/sec (ft/sec) (CPS)

.|

.

UBID85a 283 (927) 2.73 '

1.

VP3D85a 499 (1638) 4.82
~

UB1D150 320 (1050) 1.75 \
UB2D150 320 (1050) 1.75

.

UB3D150 320 (1050) 1.75
'

VP3D150 487(1599) 2.67

VP4D150 659 (2161) 3.60 t
,

,

VP5D150 877 (2877) 4.80d

UB1D200 345 (1131) 1.41 -!

VP3D200 483 (1585) 1.98

UB1D300 431 (1415) 1.18

VP3D300 486 (1595) 1.33 / i

VP7D300
~

1486 (4876) 4.06 ;

R Cases 6097 (20000) > 33 .

I

1

3A.35
CD/09/93
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UTABLE 3A.9-7.4
;

!

,'t

Effect of Adjacent Buildings
'

Enveloping Seismic Soil Pressures

.

|
Elevation R/B C/B

(m) (tsm) (tsm) :
.

12.0 to 9.9 94 94 ,

,

9.9 to 7.9 44 44

7.9 to 6.3 22 26

6.3 to 4.8 16 14
.

4.8 to 3.5 15 22 :

3.5 to 0.90 12 14

|0.90 to -1.7 17 17

-1.7 to -3.8 24 24

-3.8 to -5.9 16 34

-5.9 to -8.2 40 40
1

.

>

a

i
1

|

|
1

1
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TABLE 3A.10 4.la

ABWR REACTOR BUILDING

SUMMARY OF ENVELOPING MAXIMUM RELATIVE DISPLACEMENTS

REACTOR BUILDING: BUILDING WALLS AND FLOORS

Reference Motion: Displacernent at Free-Field Grade Level

N0DE ELEV. LOCATION MAX. REL DISPLACEMENT trnml

NO. TMSL(m) HORIZONTAL VERTICAL

95 49.70 R|B 28.5 7.4

96 38.20 RIB 22.3 6.7

98 31.70 R!B 18.7 E.8 -

100 23.50 R|B 13.7 5.8

102 18.10 R!B 10.1 5.6

103 12.30 - RlB 7.5 5.4 A
104 4.80 RIB 8.2 5.0

105 1.70 R|B 8.8 4.7

88 8.20 R|B 12.0 4.3

NOTE:(1) Horizontal displacements are the envelopes of X and Y direction responses

(2) The results represent the maximum responses at the respectrve floor elevation

(311 mm - 0.0394 inches

|

1
1

I

fsDSSUMHVFJiX 3|2'S319.39 j

3:4

|



. -- .

4

.

*
,

i

i

|

i
TABLE 3A.104.1b

ABWR REACTOR BUILDING

SUMMARY OF ENVELOPING MAXIMUM RELATIVE DISPLACEMENTS

REACTOR BUILDING:RCCV

Reference Motion: Displacement at Free-Field Grade Level

NODE ELEY. LOCATION MAX. REL DISPLACEMENT (mm)

NO. TMStim) HORIZONTAL VERTICAL
'"

89 31.70 RCCV 18.7 4.1

90 23.50 RCCV 13.7 6.6 -
,

i
91 18.10 RCCV 10.1 6.4 '

,

92 12.30 RCCV 73 5.6 i

93 4.80 RCCV 8.2 3.9 [

!

94 1.70 RCCV 8.8 3.3 ,

e
'

88 -8.20 RCCV 12.0 4.3

t

:

NOTE:lllHorizontal displacements are the eweispes of X and Y direction responses .

(2) The results represent the mesimum responses at the respective floor eiwetion . ;

(3)1 nun = 0.0394 inches ,

,

t

!
>

|

,I

'h

I

!
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! TABLE 3A.104.le !

!
ABWR REACTOR BUILDING |

|SUMMARY OF ENVELOPING MAXIMUM RELATIVE DISPLACEMENTS

REACTOR BUILDING: RSWlPED
i
,

Reference Motion: Displacement at Free-Field Grade level y

.I
NDDE ELEV. LOCATION M AK. REL DISPLACEMENT (mm)

fNO. TMSlim) HORIZONTAL VERTICAL

70 2120 RSW| PED 11.1 2.2 |
,

78 18.44 RSWlPED 9.5 2.2 ;

79 17.02 RSW| PED 8.9 22 j

!

E0 15.60 RSWlPED 8.1 22 l

!-
!

81 13.95 RSWIPED 7.6 2.2 ;

i
.

.

82 12.30 RSWlPED 7.6 2.7
- '

3

71 8.20 RSW| PED 8.0 2.6 i
i

B3 7.00 RSWlPED 8.1 2.6

72 4.50 RSWlPED 8.3 2.5 i
<

i

84 3.50 RSW| PED 8.4 2.4
e

(i
73 1.70 RSW| PED 8.6 2.4 j

t

85 -0.18 RSWIPED 8.9 2.4

)

86 2.10 RSW! PED 9.8 2.2
,

87 -4.70 RSW! PED 10.8 22
.

88 -820 RSW! PED 12.0 4.3

NOTE: til Horizontal displacements are the envelopes of X and Y direction responses !

|;(2) The results represent the maximum responses et the respective floor elevation
]

(3) 1 mm - 0.0394 inches \
|

|
l

fm CSSUMWFJIX 329318.3e
1:4
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:
i TABLE 3A.104.1d )

ABWR REACTOR BUILDING ,

SUMMARY OF ENVELOPING MAXIMUM RELATIVE DISPLACEMENTS i

i

REACTOR BUILDING: RPVilNTERNALS
. i}
i Reference Motion: Displacement et Free-Field Grade Level |

N00E ELEV. LOCAT10N MAX. REL DISPLACEMENT (mmi

NO. TMSL(m) HORIZONTAL VERTICAL

17 16.48 RPV 10.8 1.6

18 15.68 RPV 10.3 1.6 ;

f25 9.65 RPV 7.7 1.6 k i

|27 6.75 RPV 8.0 1.6
i

j i

[
4 28 26.06 RPV 14.9 1.6

_

i<

] 33 20.49 RPV 11.0 32 i

! !
'

d

36 17.18 RPV 9.0 2.8 ,

i !
! 38 15.68 RPV 8.5 2.8 |
1 l

t

j 46 9.29 RPV 7.9 2.8 |
?

50 5.95 RPV 8.1 1.6 f

!

51 5.49 RPV 8.2 1.6

- 52 4.82 RPV - 8.2 1.6 |
:
i

60 1.115 RPV 8.4 1.6 (
!>

86 1.65 RPV 10.6 1.6 ;

I
*

4

'
|

j NOTE:Ill Horizontet displacements are the envelopes of X and Y direction responses ;;

(2) 1 mm - 0.0394 inches ';

!
'

3
; v

i
i

l fm0ssuMwvFftX 3tB31028
u .

i
'

|
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TABLE 3A.104.3c

ABWR REACTOR BUILDING,

i SUMMARY OF ENVELOPING MAXIMUM RELATIVE DISPLACEMENTS |

REACTOR BUILDING: RSWIPED
: i

Reference Motion: Displacement at Node 88 i

i

N00E ELEY. LOCATION MAX. REL O!SPLACEMENT (mm)

NO. TMSL(m) HORIZONTAL VERTICAL
;
1 70 2120 RSW| PED 8.8 2.2 i
i i

s

78 18.44 RSW! PED 8.0 2.2 ;

L

79 17.02 RSWiPED 7.4 2.2 !

l 80 15.60 kSWlPED 6.9 2.2

! 81 13.95 RSWlPED 6.3 2.7

-

82 12.30 RSW| PED 5.8 2.7
-

;
j i

71 820 RSW| PED 4.6 2.6

!

83 7.00 RSWIPED 4.2 2.6 |*

j-
}

l 72 4.50 RSW| PED 3.4 2.4

84 3.50 RSWTPED 3.1 2.3
.

'

:

73 1.70 RSWIPED 2.5 2.0 |

!

|a 85 -0.18 RSWIPED 2.7 2.0
"

!

l 86 2.10 RSW| PED 1.6 1.4 i

'f
i- 87 4.70 RSW! PED 1.3 1.4 r

!
-!..

i 08 -B.20 RSW! PED 0.0 4.0 ;

i
i

NOTE: {11 Horizontal displacements are the envelopes of X and Y direction responses

(2) The results represent the maximum responses at the respective floor elevation

(3) 1 mm - 0.0394 inches ,

!'

i

)

!

|fa ossummvs.nx 3: stas 15m
14 |

|
t

i
'
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ABWR SEISKIC SOIL-STRUCTURE INTERACTION ANALYSIS REPORT, REY. 2,
APRIL 1993

SUMMARY OF CHANGES OF THIS REVISION:
i

i

3. Figures:
''

:

|
-

.

Ficure No. Comments
.|

3A.3 -2 Replaced

3A.8 -2.2 Revised

-2.5 Revised
J.

-2.7 Revised
- i

-2.9 Revised [
i

-2.11 Revised -

{

f-2.13 Revised;

.

-2.15 Revised f
f

3A.8 -4.5 Revised i
t\

+ :

-4.6 Revised i
3

i [
4 -4.9 Revised {

!

-4.11 Revised
{

..-4.13 Revised |
.

1

-4.15 Revised {

3A.10-2.23 & 24 Replaced |
!

-2.37 & 38 Replaced

.I
i
!

i

'

i

f
!

!

:
:
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