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ABSTRACT

More recently, the improvement of computation software and hardware leads to
the analysis of soil-structure interaction (SSI) of the nuclear power plants using
detailed model to replace stick model. Therefore, it is necessary to simulate Longman
plant with detailed model and to increase the accuracy of SSI.

In addition, in the nuclear power plant design, the soil layers are considered a
homogeneous horizontal plane to solve one dimension wave propagation equations in
SHAKE. However, in reality, the horizontal surface is heterogeneous soil layers. The
discrepancy between homogeneous horizontal plane and heterogeneous surface of soil
layers needs to further consideration.

The horizontal responses using SASSI Detailed Model and Stick Model can
achieve almost identical results. However, the nodes at the high elevation have a
greater difference. In general, the responses using the Detailed Model have greater
than those using the Stick Model. Moreover, the responses of the Detailed Model
present unsmooth in results. The eccentricity at the Detailed Model leads to this
unsmooth responses. The local modes are pronounced in the Detailed Model. The
nodes at the high elevation inactivate more torsion response. The Stick Model
responses have greater than those using the Detailed Model in the vertical responses.
No torsion responses in the vertical direction result in this difference.

In the analyses of Sway-Rocking Model, scattering ground motions served as
seismic inputs. The ground motions at the outcrop cannot use as seismic inputs. The
horizontal responses using SAP2000 and SASSI can achieve similar results; however,
the responses of SASSI have slightly greater than those of SAP2000 when the
frequency is greater than 4Hz. The almost identical responses can be achieved with
SAP2000 and Shimizu. In addition, the responses of Shimizu mostly close to those of
SASSI when the frequency of the responses is greater than 4Hz, but still less than those
obtained from SASSI. This phenomenon becomes more pronounced with an increase
of nodal elevations. SAP2000 cannot incorporate the rocking responses in the time
analysis, and the slab responses in the vertical direction are nearly identical except
several locations with the equipment. The responses of SAP2000 are in agreement
with those of SASSI better than those between Shimizu and SASSI. The discrepancy



between Shimizu and SASSI is attributed to no rocking time history as inputs in the
vertical analysis. Moreover, SASSI provides more accuracy results in the scattering

analysis than those of Shimizu.
If the site effect of the irregular concave folded strata is considered, the horizontal

and vertical responses significantly are amplified, particular at high frequency.

Keywords: Soil-Structure Interaction, Analysis of Nuclear Power Plant, SASSI,
SAP2000, SHAKE
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Foundation/Soll/Rock Properties

Structural Properties

Ground Motion input

. Side Wall/Soil )
Case Unit 1 . Stiffness Mass SSE OBE
N Separation Remarks
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Best Lower- | Upper- | Upper- without | with Best Cracked Best Post-LOCA | EW | NS | UD | EW | NS | UD
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Base
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Study
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% 3.2

Case01 = 03z ¢

>, A4 oL o

;X BT

EW(Case 01)

NS(Case 02)

UD(Case 03)

] ] ) Damping ] Damping ) Damping
Spring Elevation Stiffness o Stiffness o Stiffness o
Component Coefficients | Component Coefficients | Component Coefficients
No. (m) Kc Kc Kc
Cc Cc Cc
K10 12.30 Sway 3.82E+02 5.04E+02 Sway 3.82E+02 5.02E+02| Vertical 6.64E+02 2.61E+02
K11 4.80 Sway 7.73E+04 6.17E+03 Sway 7.71E+04 6.19E+03| Vertical 6.11E+04 3.76E+03
K12 -1.7 Sway 9.77E+04 7.18E+03 Sway 9.74E+04 7.22E+03| Vertical 7.68E+04 4.43E+03
K13 -8.2 Sway 9.02E+04 6.63E+03 Sway 8.99E+04 6.66E+03| Vertical 7.09E+04 4.09E+03
K14 -13.7 Sway 4.13E+04 3.04E+03 Sway 4.12E+04 3.05E+03| Vertical 3.25E+04 1.87E+03
K15 -13.7 Sway 6.01E+05 9.93E+03 Sway 6.01E+05 9.99E+03| Vertical 8.51E+05 2.05E+04
K16 -13.7 Rocking 6.34E+12 1.71E+10| Rocking 5.87E+12 1.39E+10
Notes (1) Units : Stiffness in t/cm for sway, t-cm/rad for rocking.

Damping Coefficients in t-sec/cm for sway, t-sec-cm/rad for rocking.
(2) Soil springs of lateral side, K10 through K14, are based on Novak's theory.

(3) Soil springs at the bottom, K15 through K16, are based on Vibration admittance theory.
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%51  $WaTHd » AT RN ERT
Layer Number Weight Shear Wave Comp. Wave
Density(t/m?) | Velocity(m/s) | Damping Ratio | Velocity(m/s) | Damping Ratio
L1 2.24 93 0.100 536 0.100
L2 2.56 747 0.013 1834 0.013
L3 2.56 738 0.014 1834 0.014
L4 2.56 735 0.015 1834 0.015
L5 2.56 725 0.017 1834 0.017
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Example -- 55.7-m layer; input:0.4g

Layer Type Hight Depth Unit Shear S-Wave . SWave
Weight Modulus Damping Ratio  Velocity
1 1 2.00 2.00 2,080 576.19 0.014 189.00
2 1 2.70 4.70 2:240 14389.95 0:.014 251.00
3 2 2.00 6.70 2.400 264692.56 0.014 1040.00
4 2 2.30 9.00 2,560 388529.00 0.014 1220,00
5 2 2.30 11.30 2560 388529.00 0:.014 1220.00
6 2 2.40 13.70 2.560 388529,00 0,014 1220.00
7 2 3.30 17.00 2560 388529.00 0.014 1220.00
8 2 3.20 20.20 25560 388529.00 0.014 1220.00
9 2 5.50 25.70 2,560 388529.00 0.014 1220,00
S Hotion{Otterop)
10 2 5.00 30.70 2.560 388529.00 0.014 1220,00
11 2 5.00 35.70 2,560 388529.00 0.014 1220,00
12 2 5.00 40.70 2,560 388529.00 0,014 1220.00
13 2 5.00 45.70 2,560 388529.00 0.014 1220,00
14 2 5.00 50.70 2,560 388529.00 0,014 1220,00
15 2 5.00 55.70 2,560 388529.00 0,014 122000
Base 2 2,560 388529.00 0,014 1220,00
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Modulus Reduction (G/Gmax)

Damping Ratio (%)
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Example -- 55.7-m layer; input:0.4g (Iteration Number=10)

Layer Type Hight Depth Unit Shear S-Wave . SWave
Weight Modulus Damping Ratio  Velocity
1 1 2.00 2.00 2,080 2047.86 0,106 98.26
2 1 2.70 4.70 2:240 3046.72 0:130 115.49
3 2 2.00 6.70 2.400 257415,31 0.010 1025.60
4 2 2.30 9.00 2,560 380262.09 0.009 1206,95
5 2 2.30 11.30 2560 37732397, 0.010 120228
6 2 2.40 13.70 2.560 374786,25 0.010 1198.23
7 2 3.30 17.00 2560 372384.06 0.011 119438
8 2 3.20 20.20 25560 369997.31 0.011 1190:55
9 2 5.50 25.70 2,560 366984.97 0.012 1185,69
S Hotion{Otterop)
10 2 5.00 30.70 2.560 36385988 0.012 1180,63
11 2 5.00 35.70 2,560 36136144 0.013 1176,57
12 2 5.00 40.70 2,560 35945191 0.013 117346
13 2 5.00 45.70 2,560 358024.12 0.013 117113
14 2 5.00 50.70 2,560 357000.09 0.014 1169.45
15 2 5.00 55.70 2,560 35631372 0.014 1168.33
Base 2 2,560 388529.00 0.014 1220,00

¥

g

B 3.16 EW = @y itjracio 2 233w 2 HHREF

Example -- 55.7-m layer; input:0.4g (Iteration Number=10)

Layer Type Hight Depth Unit Shear S-Wave . SWave
Weight Modulus Damping Ratio  Velocity
1 1 2.00 2.00 2,080 2135.19 0,102 100.34
2 1 2.70 4.70 2.240 3014.54 0:131 114.88
3 2 2.00 6.70 2.400 256677,03 0.010 1024.13
4 2 2.30 9.00 2,560 37831275 0.010 1203,85
5 2 2.30 11.30 2560 37511112 0.010 119875
6 2 2.40 13.70 2.560 372517,69 0.011 1194.60
7 2 3.30 17.00 2560 37000044 0.011 1190:55
8 2 3.20 20.20 25560 367426.06 0.012 1186/41
9 2 5.50 25.70 2,560 36433622 0.012 118141
S Hotion{Otterop)
10 2 5.00 30.70 2.560 361339.38 0.013 1176,54
11 2 5.00 35.70 2,560 35895625 0.013 117265
12 2 5.00 40.70 2,560 35712944 0.014 1169,66
13 2 5.00 45.70 2,560 355596.34 0.014 116715
14 2 5.00 50.70 2,560 35446556 0.014 1165.29
15 2 5.00 55.70 2,560 353493,09 0.014 1163.69
Base 2 2,560 388529.00 0.014 1220,00

B 3.17 NSt joacfs2 2 2 2 HAEF
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Weight Shear Wave Comp. Wave Poisson's
Geologic | Elevation | Depth |Thickness| Density |Velocity|Damping| Velocity'” | Damping | Ratio
Profile (m) (m) (m) (tm’) | (mis) (mis)
ng;nliqn 12.0 0.0
B e 2.0 2.08 100 0.104 453 0.100 0.476
nSZ‘““ 2.0
LA 2.7 2.24 116 0.130 615 0.100 0.482
i}f} 8 73 47
2.0 2.40 1,025 | 0010 2,590 0.010 0.407
53 6.7
7 23 2.56 1206 | 0.009 2,900 0.00% 0.395
3.0 9.0
23 2.58 1,201 0.010 2,900 0.010 0.396
/ 0T 1.3
/ 2.4 256 1,197 0.011 2,900 0.011 0.397
A a7 137
/A a3 2.56 1,193 | 0011 2,900 0.011 0.398
;’ 5.0 17.0
3.2 2.56 1,188 0.012 2,500 0.012 0.399
8.2 20.2
Sddda 55 2.56 1184 | 0012 2,900 0.012 0.400
3.7 257
v 5.0 258 1179 | 0.013 2,900 0.013 0.401
187 307
5.0 2.56 1475 | 0013 2,900 0.013 0.402
vy 357
5.0 2.56 1472 | 0.014 2,900 0.014 0.402
£ -28.7 407
7 5.0 2.56 1,170 0.014 2,900 0.014 0.403
vy R 457
s 50 2.56 1.168 0.014 2,800 0.014 0.403
-38.7 50.7
5.0 2.56 1467 | 0.014 2,900 0.014 0.403
437 557
s

B 318 R”EI;HEZL47

kT Tinz 2 2 HHRIEE

Cek-Scattering

)
B25-Within

Azs-Outcrop(zx st &)
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Best Estimate

Layer Motion Height Depth Unit S-Wave P-Wave S-Wave . P-Wave )

Weight Velocity Velocity Damping Ratio Damping Ratio
1 [0] 1.0 2.080 00.00 63.00 14 0
2 U 2.0 2.080 00.00 63.00 4 [0]
3 .35 33 2240 16.00 15.00 130 0100
4 35 4.7 2.240 16.00 15.00 130 0.100
5 2.50 720 2400 1025.00 2590.00 0.010 0,010
6 1.80 9.00 25560 1206.00 2900.00 0.009 0.009
7 2.30 11.30 2.560 1201,00 2900.00 0.010 0,010
8 2.40 13.70 2560 1197.00 2900.00 0.011 0,011
9 330 17.00 2.560 1193.00 2900.00 0.011 0,011
10 320 20.20 2.560 1189,00 2900,00 0,012 0/012
1 3.00 2320 2.560 1184.00 2900.00 0,012 0:012
12 2.50 25.70 2560 1184.00 290000 0,012 0.012
13 SVI( 0) 5.00 30.70 25560 1179.00 2900.00 0,013 0.013
14 5.00 35.70 25560 1175.00 2900.00 0,013 0.013
15 5.00 40.70 25560 1172.00 2900.00 0,014 0014
16 5.00 45.70 25560 1170.00 2900.00 0,014 0.014
17 5.00 50.70 2560 1168.00 2900.00 0,014 0.014
18 5.00 55.70 2:560 1167.00 2900.00 0,014 0014
Halfspace = 20 2.560 1167.00 2900.00 0,014 0014

, I 4 N\ 5 ¥ - NI
B13.44 KT Adr2 26 & R
Best Estimate

Layer Motion Height Depth Unit S-Wave P-Wave S-Wave . P-Wave )

Weight Velocity Velocity Damping Ratio Damping Ratio
1 [0] 1.0 2.080 00.00 63.00 14 0
2 U 2.0 2,080 00.00 63.00 4 [0]
3 .35 33 2240 16.00 15.00 130 0100
4 35 4.7 2.240 16.00 15.00 130 0.100
5 2.50 720 2400 1025.00 2590.00 0.010 0,010
6 1.80 9.00 25560 1206.00 2900.00 0.009 0.009
7 2.30 11.30 2.560 1201,00 2900.00 0.010 0,010
8 2.40 13.70 2560 1197.00 2900.00 0.011 0,011
9 330 17.00 2.560 1193.00 2900.00 0.011 0,011
10 320 20.20 2.560 1189,00 2900.00 0,012 0/012
1 3.00 2320 2.560 1184.00 2900.00 0,012 0:012
12 2.50 25.70 2560 1184.00 290000 0,012 0.012
13 p(I 0) 5.00 30.70 25560 1179.00 2900.00 0,013 0.013
14 5.00 35.70 25560 1175.00 2900.00 0,013 0.013
15 5.00 40.70 25560 1172.00 2900.00 0,014 0014
16 5.00 45.70 25560 1170.00 2900.00 0,014 0.014
17 5.00 50.70 2560 1168.00 2900.00 0,014 0.014
18 5.00 55.70 2:560 1167.00 2900.00 0,014 0014
Halfspace = 15 2.560 1167.00 2900.00 0,014 0014

B 345 =L w
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