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/] ABSTRACT /

For the OPR1000, a standard power plant in Korea, an analytical model of the containment building considering voids and deterioration was
built with multilayer shell elements. Voids were placed in the vulnerable parts of the analysis model, and the deterioration effects of concrete
and rebar were reflected in the material model. To check the impact of voids and deterioration on the seismic performance of the
containment building, iterative push-over analysis was performed on four cases of the analytical model with and without voids and
deterioration. It was found that the effect of voids with a volume ratio of 0.6% on the seismic performance of the containment building was
insignificant. The effect of strength reduction and cross-sectional area loss of reinforcement due to deterioration and the impact of strength
increase of concrete due to long-term hardening offset each other, resulting in a slight increase in the lateral resistance of the containment
building. To determine the limit state that adequately represents the seismic performance of the containment building considering voids and
deterioration, the Ogaki shear strength equation, ASCE 43-05 low shear wall allowable lateral displacement ratio, and JEAC 4601 shear
strain limit were compared and examined with the analytically derived failure point (ultimate point) in this study.
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Table 1. Number and depth of voids found in Hanbit Units 3 & 4

Bottom of Around Bottom of top Boltjtglrz rOf

Unit | buried plate | penetration| T—Shaped crane Total

reinforcement region reinforcement

bracket

Hanbit] 41 37 ) 46 124
3 (378 mm) (620 mm) (450 mm)

Hanbit] 54 61 1 24 140
4 (380 mm) (1570 mm) (200 mm) (450 mm)
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Fig. 1. The void at embeded CLP
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Fig. 2. The location of voids
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Table 2. Loss in yield strength and section area of reinforcement
over deterioration periods

Reinforcement Deterioration period [year]
property 0 20 40 60 100
Yeld strength
[MPa] 455 439 418 401 372
Section area 196 187 175 166 151
[mm]

Table 3. Deteriorated material properties used in analysis

Deterioration period [year]
Property
0 20 40
Concrete compressive
strength [MPa] a4 641 67.0
Concrete modulus of
elasticity [GPa] 2.9 348 362
Reinforcement yield
strength [MPa] 420 406 386
Reinforcement dgcreasmgzg 0 33 10
rate of cross-section [mm®]
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Fig. 3. Shear fracture in test[3]
vyeme D oo t,
v, =4 — v - 3
47]A,
2.0 for M/ (VD,) < 0.5
Ck{1-67+0-67M/ VD, for 0.5 < M/ (VD,) <1.25 4)
2.5 for 1.25 < M/ (VD)
v, =0.066 /1, +(po,),,, <175/, )
(o, ) (o F Py (0, +0,)
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20 s

3 15
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= + Reinforced Concrete
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0 T

T ¢ =0.85 (84 % exceedance)

Fig. 4. Shear strength over reinforcement ratio[18]
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Table 4. Allowable drift limit for low shear walls (ASCE 43-05)

Allowable drift limit
Limit state
LSA LSB LSC LSD
Shear controlled wallls,
hy, 0.0075 0.006 0.004 0.004
<2.0
lll,‘
Mean Response
Load LS LS, LS,
LSp H . H | Mean Ultimate

: H 1 Capacity

E

1
Mean Yield, Qg| - - -1 —_—
Y 0.25 5,

Code Capaci
pacity Assume Elasto-Plastic
Behavior

Displacement

Fig. 5. Damage level for each limit state in ASCE43-05
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Fig. 6. Tri-linear skeleton curve of a concrete shear wall
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Multi-layer shell model

Fig. 7. Containment building model with multi-layered shell elements

Concrete = Concrete

Horizontal
rebar

Vertical
rebar

Fig. 8. Layers in a multi-layered shell element

o3} 1 A, o] 9X|SHe 4@ 4 0] HTZolut Ak} kAl
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)
TS

Fig. 9. Buttresses in containment buiding[19]

Steel liner

Fig. 10. Cross-section of a buttress
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Table 6. Comparison of the 1% mode frequency and the initial slope
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Fig. 12. Average shear stress over drift ratio for the case with no
void and no aging (V0-AQ)
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Fig. 13. Average shear stress over drift ratio for the case with no
void and 20-year aging (V0-A20)
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Fig. 14. Average shear stress over drift ratio for the case with 0.6%
void and no aging (V0.6-A0)
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Fig. 15. Average shear stress over drift ratio for the case with 0.6%
void and 20-year aging (V0.6-A20)

Table 7. Yielding points and ultimate points for the four cases

Yielding point Ultimate point
Case | Drift ratio | Shear stress | drift ratio | Shear stress
[%] [MPa] [%] [MPa]
VVO-AO 0.0469 2.74 0.28 6.84
VO-A20 0.0328 3.08 0.32 8.47
\/0.6-A0 0.0413 273 0.27 6.81
V0.6-A20 | 0.0312 2.90 0.33 8.43
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