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Abstract : It is necessary to better understand the effect of age-related degradation
on the performance of reinforced concrete shear walls in nuclear power plants in order
to ensure their structural safety in the event of earthquakes. Therefore, this paper
studies seismic fragility of the typical shear wall in nuclear power plants under
earthquake excitation Reinforced concrete shear wall is composed of wall, horizontal
and vertical flanges. Due to characteristics of its geometry, it is difficult to predict the
ultimate behavior of shear wall under earthquake excitation. In this study, for more
realistic numerical simulation, the Latin Hyper-Cube (LHC) simulation technique was
used to generate uncertain variables for the material properties of concrete shear
walls. The effects of crack, characteristics of inelastic behavior of concrete, and loss of
cross section were considered in the nonlinear finite element analysis. The effects of
aging-related deterioration were investigated on the performance of reinforced
concrete shear walls through analysis of undegraded concrete shear walls and
degraded concrete shear walls. The resulting seismic fragility curves present the
change of performance of concrete shear wall due to age-related degradation.
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Fig. 1. Tyes of concrete structure deterioration,
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Table 1. Material properties of concrete and steel for static
analysis

Material Property Mean Cov SD  CDF
Compressive strength  24.97MPa  0.16  3.99 N
Concrete Tensile strength 25IMPa 018 045 N

Initial modulus of
elasticity

26.72GPa  0.18  4.80 N

Yield strength 464.0MPa 0.1 464 LN
Modulus of elasticity ~ 203.9GPa - - -
N = Normal Distribution; LN = Lognormal Distribution

Steel
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Table 2, Material properties of concrete and steel for dynamic
analysis

Material Property Mean Cov SD  CDF
Compressive strength  30.93MPa  0.16 494 N
Concrete Tensile strength 333MPa  0.18 0.60 N

Initial modulus of
elasticity

Yield strength 4992MPa 0.1 499 LN
Modulus of elasticity ~ 203.9GPa - - -
N = Normal Distribution; LN = Lognormal Distribution

2696GPa  0.18  4.85 N

Steel
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Table 3. Material properties of undegraded shear wall models
Initial modulus

Compressive Tensile

No. strength of  strength of of elasticity of Yieg} z;zrllgt h

concrete concrete concrete (MPa)
(MPa) (MPa) (GPa)

1 31.8 3.80 239 526
2 29.1 297 264 553
3 30.5 4.48 19.3 479
4 34.8 3.59 28.1 603
5 350 330 29.8 531
6 326 3.70 249 495
7 31.1 3.44 273 501
8 271 2.59 292 515
9 334 3.12 339 459
10 332 393 272 421
11 36.7 3.26 383 454
12 377 4.23 30.1 481
13 254 2.09 31.1 512
14 269 2.87 23.0 488
15 285 3.50 21.0 574
16 294 322 255 544
17 24.0 272 235 472
18 394 3.99 325 427
19 21.0 2.77 16.8 439
mean 31.0 3.34 269 499
sd 4.79 0.604 521 49.2
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Fig. 2. Concrete modelling using plain concrete zone and
reinforced concrete zone,
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Table 4. Comparison of accelerations at failure of undegraded
and degraded shear walls according model number

No. Undegraded shear wall Degraded shear wall
1 33 g 28 g
2 25¢g 22 g
3 32 g 31¢g
4 32 ¢ 27 g
5 27 g 25¢g
6 28 g 24 g
7 28 g 25¢g
8 24 g 22 g
9 29 g 26 ¢g
10 31¢g 27 g
11 32¢g 28 g
12 40 g 35¢g
13 22 g 20 g
14 1.7 g 15¢g
15 21 g 18 g
16 26 g 23 g
17 22 g 20 g
18 34¢g 34¢g
19 14 g 12 g

mean 272 g 243 g
sd 0.632 0.590
cov 0.232 0.243
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