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/] ABSTRACT /

Structures of domestic nuclear power plants are designed to perform elastic behavior against beyond design earthquakes, but studies on the
nonlinear behavior of structures have been insufficient since the beyond design earthquake. Accordingly, it is judged that it will be necessary
to develop an evaluation method that considers the nonlinear behavioral characteristics to check the safety margin for a standard nuclear
power plant structure. It is confirmed that the restoring force characteristics for each member level can be identified through the calculation
formula, and the lateral stiffness for each story can also be easily calculated by JEAC 4601. In addition, as a result of applying the evaluation
method of JEAC 4601 as a nonlinear restoring force model of the nuclear power plant, a certain degree of safety margin can be identified.
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Fig. 2. Peak-Oriented Hysteresis model (Shear) [6]

Table 1. Shear stress (7) and Shear strain () [6]

Node Formula
2
First Node = 031VE (031 VEe+o,  (N/mm?)
’Y] - Tl/G

Second =1.357 (N/mm?)
Node 7] = 371

)T0+T (N/mm?) T, < 1.4@
(N/mm?*)

14\/
714‘/
—40><10‘

Ultimate 0.56 M
Node |T = (094~ =557 VE

M M
w> 1, Apply as @f 1
(Py+ Py)oLSUBs, (o +0y)

T = 2 2

In case of

I, : Compressive strength of concrete (N/mm?)
G- Shear modulus of concrete (N/mm?)
ELSUBc : Young's modulus of concrete (N/mm?)
Py, Py Stirrup ratio, Main rebar ratio
Oy 0y ¢ Shear stress, Axial stress (/V/mm?) (Compression force +)

oLSUDBs, Yield strength of rebar (V/mm?)

M .
@ : Shear span ratio
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Fig. 3. Degrading Tri-Linear Hysteresis model (Flexural) [6]

Table 2. Bending moment (M) and Curvature (¢) [6]

Node Formula
{]l[l =Z(f,+o,) (N/mm)
FirstNode [¢ M
%= prsom + 7 V)
My,=M, (N/mm)
Second Node 2
{¢2 = é_r (1/mm)
_ M,= M, (N/mm)
Ultimate Node {@3 0.004/X, (1/mm)

F, : Compressive strength of concrete (NV/mm?)

G': Shear modulus of concrete (V/mm?)

ELSUBc : Young's modulus of concrete (V/mm?)
Py, Py + Stirrup ratio, Main rebar ratio
o .o, . Shearstress, Axial stress (N/mm?) (Compression force
V'Y H "
+)
oLSUBs, : Yield strength of rebar (N/mm?)

: Shear Span Ratio

1, : Area moment of Inertia (Considered rebar) (mm")
Z, : Section modulus (Considered rebar) (mm®)
: Flexural tensile strength of concrete (N/mm?)
M : Yield moment (V « mm)[7, 8]

#, * Curvature (1/mm)

D : Distance of flange (mm)

M, : Full Plastic moment (V « mm)[7, 8]
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Fig. 4. Structural Analysis model

Table 3. Numerical analysis information [9]

Iltem

Contents

Mode synthesis method

Complete Quadratic Combination
method (CQC)

Shear restoring force characteristics

Peak-Oriented model

Flexural restoring force
characteristics

Degrading Tri-linear model

PUSH-OVER analysis lateral load
pattern

Story shear force distribution using
response spectrum analysis [10]

PUSH-OVER analysis load method

Displacement control method

Non-linear time history analysis
method

Direct integration method

Analysis model

Lumped mass model / 3D analysis
model

Boundary condition of analysis model|.

Considering the stiffness of the bolt
joint of the base plate

Damping ratio

£=0.02

Considering of damping

Instant stiffness proportion

Table 4. Eigenvalue result

Mass Mass Mass
Mode Frequency | participation| participation| participation
(Hz) rate rate rate
(Trans—X) (Trans-Y) (Rot=2)
1t 15.3555 41.379%4 0.0000 37.5217
2md 26.2931 0.0000 75.1399 0.0000
3 40.6090 41.1976 0.0000 37.9014
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Fig. 5. Shear restoring force characteristics
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Fig. 6. Flexural restoring force characteristics
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Fig. 9. Calculation of performance point

Table 5. Non-linear static analysis result - X dir

Response of performance point Contents
Calculate method of Performance Point ATC-40 (Procedure-A)
Structural behavior type Structural behavior-C
Strength of performance point (Vg) 159.6 kN
Displacement of roof (Arof) 0.2760 mm
Capacity Spectrum acceleration (S,) 1.891¢g
Effective damping ratio ([3ef) 2.00 %
Effective period (Tex) 0.0290 s
Member performance Elastic
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Table 6. Non-linear static analysis result - Y dir

Response of performance point Contents
Calculate method of Performance Point ATC-40 (Procedure-A)
Structural behavior type Structural behavior-C
Strength of performance point (Vg) 328.1 kN
Displacement of roof (Arecf) 0.8457 mm
Capacity Spectrum acceleration (S;) 21409
Effective damping ratio (3er) 2.00 %
Effective period (Ter) 0.0380 s
Member performance Elastic

Table 7. Story weight, Stiffness, Damping ratio

Stor Weight | X—dir Stiffness | Y—dir Stiffness | Damping
I (kN) (kN/m) (kN/m) ratio
1F 76.37 2,669,059 3,812,941 0.02
2F 75.30 2,793,615 3,990,879 0.02
3F 52.35 2,793,615 3,990,879 0.02
PGA (gal)
i’iﬁ ——1000gal
400 —750ga:
500 —500ga
__ 400 —280gal
E 200
‘8—- 20(; i
< -400
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-800
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-1,200
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Time (s)

Fig. 13. Input seismic wave (MKL.NS)
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Fig. 14. Story response acceleration calculation position [13]
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