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Abstract The internal pressure capacity of a modular containment structure requires analysis to prevent
the release of radioactive material in the case of an accident. To analyze the capacity, FEM models were
prepared while considering the tendon arrangements and the contact surfaces between precast concrete
modules, and then static analyses were carried out. The changing characteristics in the displacement and
stress under step-wise loading were analyzed, along with the effects of selected parameters. For
comparison, the capacity of a monolithic containment structure was also analyzed. Parametric analyses
were done to suggest ranges of parameters such as the tendon force, tendon spacing, tendon location
in concrete thickness direction, friction coefficient, and concrete thickness. The tendon force and
frictional force provide a combined effect between contact surfaces of modules. The same level of
internal pressure capacity can be secured even in the modular containment structure as in the

monolithic containment structure by increasing the tendon force with additional tendons.

Keywords : Internal Pressure Capacity, Modular Containment Structure, Small Modular Reactor, Tendon
Force, Frictional Force
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Fig. 1. Modular containment structure
(a) Concrete module (b) Tendon

Table 1. Section property of modular containment

structure
. Outside Inside .
Section diameter(m) diameter(m) Height(m)

Dome 10.0 8.0 -
Cylindrical 100 80 40

shell(top) . . .

Cylindrical

shell(bottom) 10.0 8.0 40
Foundation 14.0 - 4.0
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Table 2. Concrete material property

Elasticity . , | Compressive | Tensile .
Poisson’s Density
modulus Latio strength strength (kg/m?)
(MPa) (MPa) (MPa)
0.3E+5 0.18 41 5 2300
Table 3. Tendon material property
Elas;iity Poisson’s | Yield strength TenSilS_l Density
modurus ratio (MPa) streng; (kg/m?)
(MPa) (MPa)
1.96E+5 0.3 1579 1857 7841
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Table 4. Parameter type for static analysis

Parameter type Description Remark
No. 1 Modu Modular Containment
) Mono Monolithic structure type
V3 3
2
V2a (between dome Module
and cylindrical division
No. 2 shell) number in
2 vertical
(between direction
vzb cylindrical shell
top and bottom)
C4 4 Module
division
No. 3 2 ) ‘number in.
circumferential
direction
T1.6 1.6
No. 4 Il LO hicknesdi
T0.4 0.4
T99 99
T691 091 Tend
No.5 T1283 1283 ar:a‘zm‘i;lz)
T1875 1875
T2468 2468
0 Outward Tendon layer
location in
No. 6 M Mid concrete
I Inward ?ickn.ess
irection
Modular structure, divided by 3 in
Example of vertical direction, 4 in
analysis case Modu_V3C4T | circumferential direction, concrete
1.6_T990 thickness 1.6 m, tendon area 99
name i,
outward tendon layer arrangement
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Fig. 2. Convergence of analysis results(ultimate
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Case Modu_V3C4T1_T1283M
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Fig. 3. Deformation of modular containment
structure in Case
Modu_V3C4T1_T1283M(the figure (a) is
magnified 6000 times and the figure (b),
(c) and (d) are 1200 times.)

(a) Step 1 : concrete self weight only (b)
Step 2 : concrete self weight + tendon
force (c) Step 3 : concrete self weight +
tendon force + internal pressure(0.95 MPa)
(d) Step 4 : concrete self weight + tendon
force + internal pressure(1.0 MPa)
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Fig. 4. Dome crown, spring line and mid-height
displacement in Case
Modu_V3C4T1_T1283M(when the internal
pressure is 0 MPa, it corresponds to Step 1
and 2 in Fig. 3. In legend, the dome crown
means vertical displacement and the spring
line and mid-height are radial
displacements.)
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Fig. 5. Maximum gap and sliding at the contact
surface in Case
Modu_V3C4T1_T1283M(when the internal
pressure is 0 MPa, it corresponds to Step
1 and 2 in Fig. 3.)
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Fig. 6. Maximum and minimum stress of tendon in
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internal pressure is 0 MPa, it corresponds to
Step 2 in Fig. 3.)
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Fig. 7. Maximum principal stress of concrete in Case
Modu_V3C4T1_T1283M(internal pressure is
0.95 MPa)

(a) Isometric view (b) View from bottom
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Fig. 11. Effect of friction coefficient in contact
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