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B E: SR XRETIERROREEA SRS UWARARZ R AN R, hRELEWHREEX, X
il OpenSees &K @ 7 —/> 5 |2 3 BRI IREE TAESE A RS A . Rog M R B 10 2 AR 0 7B shxet 540052 4T
RS HT (IDA), 454G IDA MIZRIRER LM RGHEN, R+ IDA Tk ss R, BE
P th =F 77 XA EAT RBRAL, oo LLEE & B R e 2 P R OB T B 56 S IR AT R “ AR SS R Y
&R RFERE R BN T BB, HEMORBA B, T IDA FENEHRRBEARL, I ZAFH
MR, h TREMTIER) ORE TR T —HF i

KEEiE: BEIN N UDA); KK WERE-454; 1L: OpenSees

Optimization of Failure Modes for Reinforced Concrete Buildings

Based on IDA Mothod

"Jiulin Bai', Jinping Ou'*?

(1.School of Civil Engineering, Harbin Institute of Technology. Harbin,P.R.China,150090;

2.School of Civil Engineering, Dalian University of Technology, Dalian,P.R.China,116024)
Abstract: The structure’s failure to withstand heavier loads is primarily caused by their unreasonable failure modes. In
order to optimize the failure modes of structures, a five-storey and three-bay reinforced concrete plane frame is established,
based on the fiber model using OpenSees. Ten different ground motions are selected according to the site condition as the
input of IDA analysis. The weakest failure mode of structure under the failure criterion is obtained based on IDA curves. '
Finally, three approaches are employed to improve the structure's failure modes. The results indicate considering both the
order of failure section in failure path and energy dissipation occurring only in beam sections to achieve the “strong
column weak beam”, have the best superiority to improve the seismic performance. The optimization of structure's failure
modes based on IDA method can also be applied to other structural systems, providing a new way for the seismic design.
Key words: Increment Dynamic Analysis; Failure Modes; RC Buildings; Optimization; OpenSees
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REE TR NE)T, RYATEEMSWER. ASOEEI —RE T HEZE LS KEAT IDA 04T, MEER)
FARIR, BREWAED) FRARKE. IR, X AR R AR F IR T T
&, REACTNHEEMAHENSREMERHOATR TEFRESMPENERE, MEhEERMARYGT
RIZFH A

| BEMHHHAZE (IDA)

W) 7193 B (Incremental Dynamic Analysis, {##R IDA) & —Fg 7 4 A2k MR R 4 A L RE E 5D
hEHWTTk. XMTER AL 1977 £8 Bertero 121!, FR T L ¥ EMHRARE, 150k
Vamvatsikos Fl Comnell §] RGi AT AN B LS, LTS 12 T 45 M A5 B AN 5] SR B Hh RS B 1 B S5 4y
WS MR B A TLIEIREE 77, I8 FEMA3S0UAI FEMA3S1®SR . IDA 404 A L ABR i 5 R b i B
RS K AIMEE IM (Intensity Measure), X745 M T —L4e8| R sh o, FREARE IM fH MY
“ikPEAE DM (Damage Measure). Kt IDA 77 & T 4500 RV RV ABATRE, 0T 3 4544 46 Ho AT H
B R SIS AR 81 330 98 4 T B 5 R B 0 K AR A AT O VPR, DB BB S fe Bk 45 MU A TR TR) R S AR b RE R
e K BE D A B TS IR AE T, IF HRe BRI S5 A R BE . WUE BT ARt e, A T-HEREM)
HE UK R RITRE T RIS AE

B—HEFNICRK TR IDA 4T 2 X 44 E MG MR TURSR R E sk PR — RV AR s f1 g R thsh L
13RI B, B4Rt O R IDA 24 JE A RE 58 B 45 M 1 AR KW A Ho A% T I M . 4T
MV &S f e tERe, NIEFEB L MR ILR, HEBSIE LG TREE Z R M RRZihksh, X
FEIN T £ % IDA k.

2 GEMIEEE ST

AR (R T 4% HTE) (GB50010-2002)F1 (M HE

SETRIE) (GBS0011-2001), KM B SRR PKPM, & BTN BTN m—
IT =45 2 3 BT THESR . NESRGAAO P 1, 3 2 g g
4 K LT ST AEE) 2, S RS 22 A SE R R 2 5 4.2m, e
HAES90 3.9m, Sk : : : HE
BE v 19.8m, H AR A M gl T ]
120mm. BitHEFE N 8 8 E : 5 HEE
I 020), WENANE— ] N o o e R
Al b K, Hi : : : HE
TR 2 Y : I oem ] e
HE 28 4% i E 17 8O . - : : HE
S.0KN/m® i T # s T T e T o T
2.0kN/m>. B, HEvREt+ | 4800 | 4800 Y 4800 | 4800 | - e b
o R N C25 A, HAhky B 14 R I B 2 25 i A A

1 £ VR HE AL 9 BE 3
C20. #\#5 4 HRB335 2%, filififih HPB235 &% 4R FUR A5 HPB235 2. &5#HT —F AR 0.93s.
0.29s f1 0.16s, —MRMS L REN 1.27, —MIRMNS L FiE ZEN 83.5%.

SR LA E RO, B 1 BRI —ROHEZE AT A 0 AT . 3R M PKPM TR IT, BHEE TR O %
AR R A R AT . AR T RRAEC RS, T AMAC A £ b o TR K B A B ER A, AR b Y
JERCHIFR] . PKPM Wit i 45 A EC A 1 L 1l 2 B o

K H OpenSees B 11 % 45 My AT ARLE MMM o BFXFASCH RC HESE, 7 MY SRAH LA N ASE7RY . Bt kg gk
1A H Concrete02 (% T Kent-Scott-Park #£71): %% H Steel02 ( FE J- Menegotto-Pinto £ /1)); #4 k5% %

*111-002+



KHEEME, UURBEHPESERZ SRS SENSRHFERT; BTt S RHE THRETRLIEN
1R 4444 82 7T (Nonlinear Beam Column Element), %287 3 T- J1 487 s& BRI IR HERR TR, e i
WL (G2 Ak, 18T 7 B Tois S & O MAE ST AT RIBEFE RS, 4% #4 Gauss-Lobatto #3477V HY
KRS oH B B BT I H I 2RI B A R,

3 BT IDA SRS R UK

B AN N IDA BHLR AT B L ELRALYE . TEALE R B TR AE, ZAMERI N IDA gk
NAMAMERYE, XHBERRHERELCEFRERE AR B N IDA thik. 442 % IDA fhLkrfs
i, FIBSK O 5 MRFTE, W7 LUK 5 B K RHE 0k
1) HEMPRRTHRS IDA #idk, A RERTEMNSRELRENT 02k, (k, NESK IDA HZHHH

A, WIERE AT A0 S AR E P,

2) IDA HiZHIIBA BRHTIRYE, BIHbEZNEK, MEHWMImNARERS D, B BHmRM RS S
1£0 IDA 73 B IR PR 5 .

3) SRR, X TEBESH, — MRS —E SBGH AR, S50 R ol E T
KGR, SR S TR AR SRS MR RPN S E A TR B4 R R T S B
KR S AN REREEY 5, BD:
ﬁ |K|=0 (D

4) GRS RN BER . SWTTRAEREBIE, SHEAEIE Km0 = AS, H4
KK 4k SE T ARRIRE ST, BT EREA NG R SRR IEHIEMN:

A<[A] (2)

A%%M%ﬂﬁﬁ,Lﬂ%%mﬁﬂﬁﬂMﬁWEoﬁ%%$%iiﬁ%ww,QWEkﬁoxiﬁ

I E ST MR Z B A RIBHIG AR, WA/ H<1/S0,H h#§Z&E.

4 IDA S TR B Zhi AN

IDA 7T O E T S B ESNIERE . MRS T LR LR O R AR E D), AT LU s
(IR KAN | A B . A SCEFF LA H5R DR, 35 B 3% E i Fith il #r o0 USGS 3% + 43 A P92
dermEM, AR YIREI A NS A ST, S2. S3. S4 TUKpHh, XA I BT HIR 4 51 N T 750m/s.
360~750nvs. 180~360my/s Fll/N T~ 180mv/s. A< SCHEZRHETRY BT AL 1) 11 2K bRl L S2 I AHL, MR E KF
WA 0 PEER B4R F P IEI T 10 FIEEMIERE LA 0.1~1g Z B A %, 1743 IDA 74
Mg, W& 1. ARG, RESFRRHEICRBIMEIE. %5185 Hh R 2 FFRF T X 45 k) A R 1
BENRIREMR, A< 3CHY 20s.

* 1 FHMAERIRESH

e WEEH e E myy FOA POV POD HHE

g cm/s cm b /s
EEl  Cape Mendocino 1992/04/25 89530 Shelter Cove Airport 7.1 0.229 7.1 0.39 0.02
EE2  Kobe 1995/01/16 0 KIMA 6.9 0.599 743 1995 0.02
EE3  Coyote Lake 1979/08/06 57383 Gilroy Array #6 5.7 0.316 245 3.85 0.005
EE4  Imperial Valley 1979/10/15 6604 Cerro Prieto 6.5 0.169 11.6 425 0.01
EES  Kern County 1952/07/21 1095 Taft Lincoln School 7.4 0.156 153 925 0.01
EE6  Loma Prieta 1989/10/18 57007 Corralitos 6.9 0479 452 11.37  0.005
EE7  N.Palm Springs 1986/07/08 5070 North Palm Springs 6.0 0.694 338 3.88 0.005
EE8  Northridge 1994/01/17 90013 Beverly Hills-14145 Mulhol 6.7 0.416 59 13.14 0.01
EE9  San Fernando 1971/02/09 128 Lake Hughes #12 6.6 0.283 127 297 0.01

EE10  Whittier Narrows 1987/10/01 90061 Big Tujunga, Angeles Nat F 6.0 0.178 6.7 0.37 0.02

*[11-003



TR B R R R VAT, MR B RHIZ B Rayleigh B8, FRBEHCHUY 5%. 43R4
Mrint 8T P—A ZHiakV., FH OpenSees #4T £ KB FE 1T 15 2N 45 A WA Y . EDE IS AT RE PGA A3
PR BRAR AR RSP K 0.1g #4T0H, BIEEARLHE SRS K. A BB
MR R AAGE R IRB 553 IDA fhiZk, izH Matlab 7§ spline 1A B AT SEHR .

IDA HZMRAFERTH ZFHE, A gAbRTR, ARIGEH AR R B 0 45 A DM
B, LURBRGHIMTESSERTERE S Mo oR A IM ik H V(B Inid A KR 1k .

5 T IDA BIm S5 EHHAER IR A

M 3 FAIZRTE T 45890 IDA #hgk, MEIHHTLUE 7 EEL. EE9. EE10 i\ FHI$ 4 IDA ik 2
T “DEetE” 55, BEHEAM 7 FEEMNENRK. SR, 414 IDA MK R T SRR
W 5 SR I AN RN RREE B R . S A ARSI MR S5 M R HEN, X IDA BT R ML b BB .
EE1. EE9. EE10 8\ I, PGA ¥ 5g ZZ4iRf #) IDA BiZ KIS KMIAFEEY, H EEL, EE10 2L “47
B FHE. R4, W\ERREHWEFTREMSMERRR TR, £ PGA h SgMHES T, SN
B KGR RIRE BN . PRI ASON IDA R IM HEURBR . Sg, BB 456 E ) H R BHEN, AT
VISR B XS ML 45 H IDA Bhsk, il 3 Fior.

AR RSN RN T 40 K HET, 2 PGA. BRNERIMB A RAISME .. B AEKE A,
HAWR 2 FiR. MAAT LR IR/ Kbt S E IR AR E 1R K, A/MBEZEIR 10 £5, B KERKE] 7148
% 1.4 5. 46 IDA #hk, ATLLRINA BES BN K, 450K DM X —[E 2 (ERT, thEz@ERK: &4
KRR, HBEABKE A&/, N TREESH, RahUIE Iy T, M la1HR A 45 14 BT il Z 1
EhE/N, IDA Bt B T %58 . ik, Z587E EES KIS, AEZRER/MItEFH T,
YRR RN, SSHBRAS KK, HI{E BE8 (Northridge ) 1EH] I 6445 44 2 50k 2y 45 ) 1 B 55 2R R
Ko HILGEHHBRITAFERG, RBLSHUHKEEARFAZYIIE, BEAHKXHN URNREE, KRES
KSR BT BEST o

i . Z i '5 *x2 FBHRYIESLE
EEI ‘ \ '

L o WU S8 T R 1 B BEN RARR  BATE  BAME
== EEs ; W W /g MR (iB/mm  8YJIKN
e ; § § EE9  5.000 0.0118  389.2950  650.1020
2 I T E EEl 5000 00159 1317110 6653140
= - bt T8 § EEI0  5.000 0.0161 208.4370  646.5120
i A i EE4  1.744 02000 2825220  589.6570
EE2  1.719 0.2000  771.8130  590.6240
EE7 1551 02000  241.0670  556.2210
EE6  1.439 0.2000  459.0440  515.6290
EE3 0952 0.2000  288.1560  579.5480
LTI ' ' EES  0.658 0.2000 224.8140  540.7042

EE8  0.508 0.2000  270.1770  474.1919
K3 HETREHERI L5 IDA gk :

6 G ERFHRIARABIMA

£5 K445 EE8(Northridge ) N AR M AT LUH KR T X ExR, WK 4 Fis. g H C13BU)LE
FrumEn A4k, Hep C13 MAETT (W) %5, 13 X8 1 ENERAE 3 M BURSRER N (1)
Ak, T2 HE: B23R(LA R G E kS, HA B23 N IT (K1) 5, 23 KB 2 ENA
FAE 3 RY:, RILERERA (L) mam, HEEH. SHAMEHTHE 2 ZHEEMVEER, 45A
AT IE) ) 8.93s. BN&E LR E M A S RG, B T AKEAH BERMRN, SHWBEAS. G845
Rt AR M 45, o 4 b B AR DA AT SR B DD o 48 e LA U BE 45 4 1) R e 3R, A5 BB T 9 A /N AR S ik 4 A 1)
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R B IR R, B G R T A B SR 5%3‘
i, UM T RERBCRIOBI AN SR o o o o aEE—
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Xi2in: EREKR; BiErrd RERS: AR LR

Numerical Simulation of Localized Blast Loading on Thin Plates

Bai Zhi-hai, Yan Bo, Jiang Zhi-gang %
(National University of Defense Technology, Changsha Hunan 410072, China)

Abstract: The spatial distribution of localized blast loading on thin plates was investigated, and the 3D
distribution fig of specific impulse was plotted. Based on 3D commercial code LS-DYNA, the blast and the
interaction between shock wave and plates were simulated by coupling arithmetic. Compared with experiment, the
numerical simulation technology’s rationality was validated, and analyzed the impulse on thin plates conformed
the fig of loading’s spatial distribution, the results indicated that it couldn’t be regarded as uniform when simulate
the blast load.

Keywords: Blast impulse; Thin plates; Fluid-structure interaction; Finite element; Specific impulse
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