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Three-Dimensional Finite Element Analysis of Reinforced Concrete Members
Subjected to Reversed Cyclic and Dynamic Loads
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Abstract

The nonlinear finite element analysis software “FINAL” has been continuously updated to improve the
analysis accuracy and enlarge its application area. Recently, three dimensional analyses considering tri-axial
stress states have become available for reinforced concrete (RC) members under reversed cyclic and dynamic
loadings by using material models established from authors’ past studies. To verify the analysis accuracy,
predictive analyses in a blind analysis competition were conducted for five RC beam—column joint specimens
subjected to reversed cyclic loads. As a result, FINAL predicted the nonlinear behavior of all the specimens
with good accuracy. Furthermore, a post-test analysis was also conducted for a shaking table test of 1/3 scale
pier models. It was found that nonlinear dynamic response of the specimens was simulated well up to failure.
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Details of Specimens
BN Al A2 A3 B1 B2
YIRS |- i) L A b b
oy ) — MR 28.3 N/mm
il ) 216 kN
Sl AR S 22 2700 mm, £E : 1470 mm
T if 300%300 mm*
e 8-D13 + 8-D13 10-D13 + 10-D13
PR > >
- SD390 (f, = 456.4 N/mm®) SD390 (f, = 456.4 N/mm”)
* [EIEEGT T.20% T54%
Y] O-D6 @50 mm SD295 (f, = 325.6 N/mm°)
HIELHHIE 0.43%
[ 300x300 mm”
R 16-D13 8-D13
e ’ SD345 (f, = 356.9 N/mm®) SD345 (f, = 356.9 N/mm”)
FEERAS 2.26% 1.06%
I O-D6 @50 mm SD295 (f, = 325.6 N/mm?)
HEREE 0.43%
FE- | AR 3 X [1-D6 SD295 (f, = 325.6 N/mm?)
kil e 0.33%




RMALEATATIEFTH No. 72 IEAMNK L R OB EZ %) 5 R CHF O 3L F EMART ORE

EREL, HELZSEOTENETADZ AW, TR
FI~EfI— o O 2 BAFR O & Fig. 412~ 5l8RMAIE
OVENE TRIEZEL, OOEhZIERHETTAY
WZE D BEFOSIRECFREEZBIE L, —77, M
B RIREE F TIHEEAhmad & 7 A0% FIV, it KIREE#% 1
B L X — S PR - HEF A E VT,
3G T OBIESE I O DR E 485
A—=H T L DIRE Liz, OOENRE O AKHIEE
B R OV OOYEIN B O FERE S (L RFME I I3 S0k 12) IR
5 V& WA,

A OIS I ~OT HBEFRIL, BEHRIT AL ) =T 21K
L, JBIEEFRE IS IE Menegotto-PintoE 7 /L % Fiu 7=,
gL a7 ) — MHOMET Y EPEICIE, Fig. 5
R HIARE T AN Z IV, e KA SR I R FE
IRV RD, (FEBEROT Y IT10mmEEE LT,

2.4 FRABMHEREEREBEROLE
241 BREZREBOBTAWA - BRERADLLE
H I ELR NI LT fgw AW K OB R A
IZOWTHRNT & EBR D [l A& Table 2127”79, LV KH
LOFRARNCE LT, Mt & EBR O ER I R25910%
DORRAEOFFIZINE > TER Y, FEPT & FEBRIZ BTG
LTWDZ ERbND, AIBRBRIEOERFERICKBWL T,
FED #T IR 713 0 #HTF IR 712 HE_C25% Kk & < FHE &
NTHDITHE b L TREEMHOEIRN R Sz, T
WBWTHRBRICHEEMABRR L TRBY, MrnEks
BERS PHITEZZ EBHERTEX D,
2.4.2 FE~EREROLE  TXToORRKICS
W, FEERE RN GG DA AW ) ~ AT A
BAfE % Fig. 612759, Al, A3, Bl, KUB2RER{KIZKW
TIE, A2RBRKICHRTar 27 U — FoEERKEL,
BIEEMERICE T U IRRBND, D 4 (KOREBRIK
DIBFERFEICEA LTI, AT IX BRI~ TR IRE D &)
BRI TH D, = RAF—RILFES] 200/ N
LCWA2, it OWMIPEIZ B U Craseirfb i & BAFIC
KIS LTS, —FF, A2RBRIRICOWTIE, JBEMERD
HEERL 2R L, I OIS ) G e < BIR A — T TRAR
HER ST B L CWE, kXY, BEL—
TR T DHETF U THERICETFOBENELH D28, T
TORBRIKITH LT, fTIEEROWE~LERBRE B
IR TP TE R b,
2.4.3 #HEERROLE L L TEBERAL.0%0E
BT ALK CASRBR KD BRI & Fig. 712”7, #
BEOIERENT 50 HOBERIZ I L TR Y, fi#
HrZIBWTHR TR E 5 5 I XERE R COT 2R bk g
WCE - EHEERT,

iR ar 7Y — FofEERKE VALRRKE
LW, FOMORBRKICONTS, BT & EBRITEE
PRI OEE T — RICB L TR BAFICHIE L TW5,
244 H-REHOUVTHLMOLEE  #HilL LTAL
RERIROMENT & BRI D, k&R fErRrm o =75

O B34 O LLiE & Fig. 81289, BRI A1.0% % Tk
AT & FEBROD O B MR 3 FLHRAY AR IS 6 LT B
FERICBWTIREEANLONEB XS &R OGO
FIERER O FFFOT HBEREN S ERICEE T TS, L
N, T CRAERANKEL Ko THLZEDOEFH VT H
VIR O £ £ CTHER L, MM & EBR TR 2 O3 Ak
ERLTNAEZENbNE, ZORKE LT, ERiX
T L0 LRI EMOMERHIL L2 BB LN
b, NI CIEEBOMBE TN 2EBE L, (FHEREITHN
PEHEEHRD (LW RDTWDMN, Z ORISR DEEICH
LCIEA#%, MEtoRMRS 5,

Jin 7 (o)

I
A or \ O (g)

fE1E Ahmad €5 /19

Grllam g
'''''''''''''''''''' C
PHETAD N 2 =(%7{)
G e =88y Omax NG (=10)
Lom: BRI A X N | S

Fig. 4 a7V — MEh~UF HBERO SR
Stress — Strain Relationship for Concrete

(A MR EREAR
AR
— " 5~
| L

Fig. 5 & =7 U — MHOAET <Y Ktk
Bond Stress — Slip Relationships between Longitudinal
Reinforcing Bar and Concrete

Table 2 #EE AW/ K OVBHETA
Story Shear Force (V) and Story Drift Ratio (R)

T | oEmmpr

ST ES AT ET IR ES MM TES
AL V (kN) | 110.1 118.6 0.93 119.4 126.6 0.94
R (%) 1.37 1.48 0.93 2.61 2.30 1.13
A2 V (KN) 58.6 63.3 0.93 66.6 74.1 0.90
R (%) 0.84 0.86 0.98 121 118 1.03
A3 V(kN) | 132.8 158.3 0.84 162.0 176.4 0.92
R (%) 1.14 1.34 0.85 1.58 1.62 0.98
B1 V (kKN) 71.9 73.6 0.98 81.6 88.9 0.92
R (%) 0.97 1.01 0.96 1.43 1.43 1.00
B2 V (KN) 65.9 745 0.88 825 834 0.99
R (%) 1.06 1.15 0.92 1.49 1.40 1.06

FEE ORI 5 Ko AW

T ES NI ES AT ES M ESA
AL V (kN) | 130.8 126.6 1.03 133.2 126.6 1.05
R (%) 1.90 2.30 0.83 2.00 2.30 0.87
A2 \é((ko/:‘)) No yieldingNo yielding ;305 1793 (1)(9)1
A3 V (kN) | 144.6 156.1 0.93 169.6 176.4 0.96
R (%) 1.98 1.83 1.08 2.00 1.62 1.23
B1 V (kKN) 88.3 88.9 0.99 88.7 98.1 0.90
R (%) 1.93 143 1.35 1.88 2.99 0.63
B2 V (kN) 85.8 87.2 0.98 90.1 922 0.98
R (%) 1.63 2.20 0.74 2.00 1.96 1.02
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Table 3 =27 U— b OMEES
Material Properties of Concrete
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BEFRER (No.1) 14 27.9 28.8 2.65
BB (No.2) 21 28.8 26.5 2.62
Eﬁ;gﬁgg - 28.4 27.7 2.14

s AT IO B BB B 1T, FEMEIEE K0 ISCER V% il CHE

Table 4 §Af DI EHEEL
Material Properties of Reinforcement

FRIRDREE  HEMELREL

et (N/mm®)  (kN/mm”)

15

E#77:D10(SD295A) 351 178 No. 134 H
E#%5:D10(SD345) 374 179 No. 234k
Wi D3 280 213 No.1, No.2 &
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