3 JOPSS

JAEA Originated Papers Searching System

H AR A FE B AR U A2 B U
Japan Atomic Energy Agency Institutional Repository

B = 7 U — DINEREELZ S D SR AT O RS TP

Titl
© R TR RE R PSR D = YR TR B E S L = L — o = LT
Author(s) | sl 2%, Wit ML, Za W, 0 R, B E
Citation H A+ 22T i S0GEE, 21(1), p.1-14

Text Version

HH AR

URL https://jopss.jaea.go.jp/search/servlet/search?5071218
DOI https://doi.org/10.3327/taes]j.J20.038
Right HARR s

@32» Japan Atomic Energy Agency



https://jopss.jaea.go.jp/search/servlet/search?5071218
https://doi.org/10.3327/taesj.J20.038

BHARFHF

i X

RFGHENEE (2021), Advance Publication by J-stage, doi:10.3327/taesj.J20.038

e
BEFIFEEMEE

U — NIEREE (CX S D F (MR AZE# T D&
BERBLEAROD=RTHEREREZYI 1

FAM%RREY
— 3 ViR

R T, bR e, RAE B WO R, e R

Applicability of Equivalent Linear Analysis to Reinforced Concrete Shear Walls:
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In this study, we aim to approximately evaluate the effect of nonlinearity of reinforced concrete
structures through seismic response analysis using the equivalent linear analysis method. A simula-
tion analysis was performed for the ultimate response test of the shear wall of the reactor building
used in an international competition by OECD/NEA in 1996. The equivalent stiffness and damping of
the shear wall were obtained from the trilinear skeleton curves proposed by the Japan Electric Associ-
ation and the hysteresis curves proposed by Cheng et al. The dominant frequency, maximum accelera-
tion response, maximum displacement response, inertia force-displacement relationship, and accelera-
tion response spectra of the top slab could be simulated well up to a shear strain of approximately y =
2.0x107% The equivalent linear analysis used herein underestimates the maximum displacement re-
sponse at the time of ultimate fracture of approximately y =4.0 X 10~ °. Moreover, the maximum shear
strain of the shear wall could not capture the locally occurring shear strain compared with that of the
nonlinear analysis. Therefore, when employing this method to evaluate the maximum shear strain
and test results, including those during the sudden increase in displacement immediately before the
fracture, sufficient attention must be paid to its applicability.

KEYWORDS: three-dimensional, finite element method, seismic analysis, simulation,
reinforced concrete, reactor building, seismic shear wall, equivalent linear analysis,
nonlinear analysis, ultimate response test
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Fig. 1 Depiction of the test set up of reinforced concrete (RC) shear wall

(a) Appearance, (b) Plan, (c) Web side elevation®.
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BARRERFHESFGHENEE (2021), Advance Publication by J-stage



S > 7 1) — NERE IS B SRR IEAT 08 H PG -
JEF IR R I AR EE RIS R D R REER R Y I 2 L — 2 3 VR

(AT 7LD EEH40em) 1B L, 7= TREZ R
57T VRERIMER T T DL SN DHEILIRA
RS NIz, CAMTRYFIEIC L > TELZay 7)) —
kD% % Fig. 3(e) ICFHR TR T,

III. RC MEEDET )Vt EMEINERITTFE

1. RC MEEDET UL

Figure 4 |2 RC i} 528 0 =kt FEM £ 7 Vv B X '3
BERERO—KROBAE— FERT, KboEQET IV
&, SRR TR L2 =%kot FEM €57V, Ko
NL &7V, FERIEMHAT CHEM L7-=%oC FEM €7
ERT,

EQ E 7NV OBERIIIM BT AZMIEE L2y 2 VE
F#, NL &7V OBERE IS H B 2 R & L - F& 8
VI NVEFTETMUL, BFEAT T, EHATTBID
EHEITWIEO V) v FEZTEQET IV, NLEFNVE D
WCEFMEL7, EQ EFNVOEEDB & ORI, RE
Bk 245 (ASME) 255 8 % J5UT-J7 O SV PR B NQA-1
(Nuclear Quality Assurance-1)Z#JLL 7= ACS SASSI*”
%, NLE 7V OVER B X OHT 1213 FINAS/STAR™ %
Mz, %8B, EQ 7 VoOAMEMITIZIE, ANSYS™ %
Jivs7z, F 72, ACS SASSI |2 & 5 EQ EF NV OFH TIZ,
B & ARk FERERE 2\ X DB e HRHRET A 2 &
MWTERWIz, FEHEFEE L RSO E 2D XD 140
ZHiEE EQ EF VO TFIZEFMLELZ,

BEAREROEF s ENE, BRR LEBA T 7 i gef i o B0
EHORERRELCYIaL—Yary$52 E2AH,
7 x TREDRE ST 6 s HIRLEE, WRILTRAL: 381
E eI HEARGEHZED, IR HIZ 150 mm 2 5
500 mm, & X J5 12 200 mm 2> 5 500 mm @ FEH T E
FMALEAT o 720 REIFFHT OB 6y, TR ENTABRADZE
ExROLBEOHETLL, WHETZRDZITEEIC
T LLEIZZVDOO, KT HETVOREEE— FRE
ARBREI-HZ LT ELLEEHDL, 200, EQEF
W, NLET IO EZEw L, PEREICIEDS < H

Number of nodes:765
Number of elements:460

Number of nodes:2179
Number of elements:1536

EQ Model

NL Model
(a) 3D FEM models of the RC shear wall

1st mode Number of D.O.F.:7626
(13.3Hz)

BB 2 FEHi L 72,

EQEFNVE L ONLEFVORAFHWIHIL, Ko
132Hz LIk L CENZFN 13.3Hz & 14.1Hz TH 1,
NL ETVHRDbITNICEDOTHS, ik, NLETIVIZ
B LT 2 IR O IR OB TH 1), Rab$
% RUN1 OfzER D 53K F 2 rilIREN £ & RS R o
132Hz 335 L) WAL ZE L Tnb720Th
5, EQEFNVENLEFLVO—KOEAE—FIE, 7=
TREDORFAWMERSAERLTBY, HHTL2HARERS
Ay Y ah g ZEOETFIMEDENI X BEEBIINS VT
b2 s,

2. HMiRIERTFE

HAE O SN CTl, SRER ORI A Mtk %
A % 720, AREMERE G, WEER A OBHE
TEAFVEAT LT L 7 B, MR OBIRZE TNV, & A WY
BEG D L RIREEE h OO AR (G-y BIR,
h-y BAAR) 12 &k » TS, EPWRER 15 IE Ramberg-
Osgood & 7 IVEED I 5 7V (FHIL 4B X OTREE
B DI G, RITld, Hilko S m &
kI RC THREEED G-y Bk, h-y BIREFHI$ 5 720,
JET-HR R S o0 JE T D S I It R O By 2SR 2w LS
FHLL 7400 045k B X OTERE M2 & SEAGRITE B X 0%
ik 2 DFE 24T 9 o Fig. 5 (AT HEOF R TIEZ RT,
ZZTC, al3TABOT RBERE, BT ERER R
BT, FEREREAW AN DEFNVALIZY - - T,
Fig. 4 {RTMEEEEF VO Y = ThER FF 2 MU 5454
L, #NE1 Panel A, Panel B & it L7,

v = 7BED Panel A B X U Panel B O] {4 1 X OF
SEATG I FE O 27 12 12 ACS SASSI @ Option NON?” % ik i
$ %, Option NON 1Z, ACS SASSI |29 SN T\ 5 I#
WiRED 1o TH Y, IR AR SR VNI NE A
WO AR S, 78000 T & OIS & Ok % 5F
flid2HHETHb, 22T, IFEFBEAW SRV &L, fiF
WrBEDTRET BREMNOMIED Y = VEFED TNV —TTdh

Ist mode Number of D.O.F.:2212
(14.1Hz)

NL Model
(b) Fundamental modes of the fixed base 3D FEM models

Fig. 4 (a) 3D finite element method (FEM) models of the RC shear wall and (b) fundamental modes of the fixed base 3D FEM
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Fig. 6 Relationship between restoring force characteristics and hysteresis curve of RC shear walls
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BARRFHZ

Effective Equivalent Hysteretic

Equivalent Stiffness

Run shee}r stiffness reduction damping  damping
strain . factor factor
No. ) k, coefficient h
e eq
(x107%  MPa) Rk (o) (%)
RUN1 127 996 1.00 1.00 1.00
RUN2d 421 814 0.82 6.85 6.90
RUN3 614 589 0.59 9.00 9.11
RUN4 1,400 330 0.33 9.00 9.11
RUN5 4,010 176 0.18 17.7 18.6
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Fig. 7 Modeling of nonlinear characteristics of RC shear walls
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(a) Layered shell element for RC, (b) Tension (Izumo et al. model®), (¢) Compression (Maekawa et al. model®”).
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Table 2 X ), RUN4 @ EQ & 7V D #ix KJIs &2 A7
RUN2d @ NL € 7V O KINE 2 AL TRBRG R & DR
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Table 2 Comparison of test and model dominant frequency (f,), maximum acceleration response, and maximum displacement

response of the top slab (The values in parentheses indicate the analysis/test ratio.)

Test (max. value)

Analysis (max. value)?

Input

fli\lltn Ace. £ Ace. Disp. EQ Model NL Model
' (e) (H) (@) (mm) f, Acc. Disp. f, Acc. Disp.
‘ (H, (©)] (mm) (H,) (&) (mm)
13.3 0.207 0.28 13.2 0.208 0.29
RUN1 0.054 13.2 0.212 0.29 (1.01) (0.98) (0.97) (1.00) (0.98) (1.00)
. 12.2 0.618 0.98 11.4 0.628 1.29
RUN2d  0.310 0.619 1.05 2 (1:00) (0.93) =) (1.01) (1.23)
10.7 0.663 1.39 10.9 0.699 1.73
RUN3 0358 113 0.718 1.63 (0.95) (0.92) (0.85) (0.96) (0.97) (1.06)
8.42 0.904 3.04 9.54 0.955 3.69
RUN4 0.588 9.0 0.899 3.72 (0.94) (1.01) (0.82) (1.06) (1.06) (0.99)
9 6.29 1.35 8.18 7.81 1.27 18.1
RUNS 1.254 77 1.37 18.2 (0.82) (0.99) (0.45) (1.01) (0.93) (0.99)

¥ Dominant frequency of the test result was calculated by obtaining the transfer function from the small amplitude vibration test.

Y Small amplitude vibration test to calculate the dominant frequency was not conducted before RUN2d because the specimen responses in the previ-

ous steps (RUN1 and RUN2) were in the elastic region.

¢ The results of RUN5 were calculated as the maximum response values for the results up to around 3.9 s before the ultimate fracture.

Y The color of each cell indicates the maximum difference from the test results, with: 25% or more, black; 15% or more, gray; and less than 15%, no

color.
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Fig. 8 Comparison of analysis and test on acceleration response of top slab for (a) EQ Model and (b) NL Model
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Fig. 9 Comparison of analysis and test on displacement response of top slab for (a) EQ Model and (b) NL Model
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Fig. 10 Comparison of analysis and test on inertia force-displacement relationships for (a) EQ Model and (b) NL Model
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Fig. 11 Comparison of analysis and test on acceleration response spectra of top slab for (a) EQ Model and (b) NL Model
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