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Abstract The seismic performance of a containment structure should be secured to maintain the
structural soundness of a containment structure under various earthquakes that occur globally.
Therefore, an analysis of the seismic performance of a modular containment structure for a small
modular reactor is also required. To analyze the seismic performance of modular containment, FEM
models with contact surfaces between the modules and tendon were prepared and the modal and seismic
analyses were performed. The displacement, stress, and gap size of modular containment under
earthquake wave were analyzed. The effects of the tendon force, friction coefficient, and earthquake
wave on the seismic performance were analyzed. The seismic performance of monolithic containment
was also analyzed for comparison. In the 1st and 2nd natural modes, which most likely affect, the
modular containment showed horizontal dynamic behavior, which is similar to monolithic containment,
because of the combined effects of the tendon force and friction force between modules. When the
combined effect is sufficient, the seismic performance of the modular containment is secured over a
certain level. An additional increase in seismic performance is expected when some material with a

larger friction coefficient is adopted on the contact surface.
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Fig. 1. Modular containment structure
(a) Concrete module (b) Tendon

Table 1. Section property of modular containment

structure
Diameter Diameter .
Module (outside, m) (inside, m) Height(m)
Dome 10.0 8.0 -
Cylindrical
shell(top) 10.0 8.0 4.0
Cylindrical
shell(bottom) 100 8.0 40
Foundation 14.0 - 4.0
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Table 2. Concrete material property
Density Elasticity Poisson's Compressive Tensile
(ke/mm) modulus At strength strength
&/m (MPa) rato (MPa) (MPa)
2300 0.3E+5 0.18 41 5
Table 3. Tendon material property
Density Elasticity Poisson’s | Yield strength Tensile
(ke /) modulus Fatio (MPa) strength
(MPa) (MPa)
7841 1.96E+5 0.3 1579 1857
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Fig. 2. Artificial earthquake wave set, W10(duration 10
sec, horizontal PGA 0.3 g, vertical PGA 0.2 g)
(a) Horizontal X direction (b) Vertical Y direction
(c) Horizontal Z direction
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Fig. 3. Artificial earthquake wave set, W24(duration 24
sec, horizontal PGA 0.3 g, vertical PGA 0.2 g)
(a) Horizontal X direction (b) Vertical Y direction
(¢) Horizontal Z direction
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Fig. 4. Design and artificial acceleration response

spectra
(a) Horizontal X, Z component(PGA 0.3 g)
(b) Vertical Y component(PGA 0.2 g)
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Table 4. Parameter type for seismic analysis

Parameter type Description Remark
No. 1 Modu Modular Containment
© Mono Monolithic structure type
T99 99 Tend
No.2 T1283 1283 ereen,
area(mm”)
T2270 2270
F0.4 0.4 Friction
No. 3 F1.0 1.0 coefficient
W10 W.a ve set Artificial
(duration 10 sec)
No. 4 earthquake
W24 Wave set wave
(duration 24 sec)
ExamPle of Modu_T1283_FM0dular stzructure .wi'th tendox} area
analysis case 0.4 W24 1283 mm” and friction coefficient
name - 0.4 under wave set W24
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Table 5. Natural frequency of containment structure(Case
Modu_T1283_F0.4 and Mono_T1283)

Modular Monolithic
Order Frequency Frequency
(H2) Remark (Ho) Remark
1 17.6730 7 direction 23.3140 7 direction
2 17.6771 X direction 23.3168 X direction
3 31.5412 Y rotation 49.4489 Y rotation
4 42.9629  |Shell bending 54.1169 |Shell bending
5 46.9507  |Shell bending| 54.1303 |Shell bending
6 56.4070  |Shell bending| 63.3886 Y direction
7 56.4168 |Shell bending| 72.1220 |Shell bending
8 59.9338 Y direction 72.1275 Shell bending
9 72.2314  |Shell bending| 80.5497 Shell bending
10 72.2361 Shell bending| 80.5510 |Shell bending
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W249] PGAZE 27 [8X 0.3 g, &Y 0.2 g, %
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