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Abstract

To study the behavior of progressive collapse performance of fully precast frame
structures, based on the static and dynamic tests of two fully assembled specimens
(PC1 and PC2) and one cast-in-situ specimen (RC), three sub-structural macro-models
were established by using OpenSees finite element software, and the results of model
verification were compared with this test results. Two seven-story fully assembled
frame structures (PC1-Frame, PC2-Frame) and a cast-in-situ frame (RC-Frame) were
designed. Progressive collapse analysis was conducted for the residual structure of
which middle/exterior column at the bottom removed by using column removal
method, respectively. The overall structural reliability analysis method based on
stochastic Pushdown-moment method is used to evaluate the reliability and robustness
of fully assembled frame structures.This paper mainly studies the following aspects:

(1) Two assembly node macro-models and a cast-in-place macro-models are
established by using OpenSees platform. The appropriate material constitutive model
and nonlinear beam-column elements are selected to establish the beam and column
section restoring force model, and then according to the structural characteristics of
the fabricated nodes. The force characteristics are used to simulate the function of the
beef leg and the bolt-plug. The numerical simulation results are compared with the
frame structure against continuous collapse static load test. The results show that the
finite element simulation results are in good agreement with the experimental results.
The proposed modeling method can be applied to the study of continuous collapse of
fabricated structures.

(2) Based on the verified fully assembled node model, two fully assembled frame
structures with seven layers and four spans and a cast-in-place structure are
established. The instantaneous dynamic response analysis of the three frame
structures after disassembling the column under different working conditions is
carried out by means of the demolition component method. Then the nonlinear static
analysis of the structure is carried out to further understand the continuous collapse
mechanism of the structure, and finally the simplification based on the equal energy
principle is used. The dynamic analysis method transforms the resistance curve of
nonlinear static analysis, and obtains the nonlinear dynamic response and dynamic
amplification factor of the structure. Therefore, the overall collapse resistance of the

fully assembled and cast-in-place frame structures under different working conditions
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is evaluated.

(3) Based on the concept of structural overall reliability, the global functional
function of the structure is constructed by the difference between the ultimate bearing
capacity of the structure and the total load of the structure. The point estimation
method based on the Nataf transformation (also known as the improved point
estimation method IPEM) is used to sample random variables that affect the carrying
capacity of the structure. Combined with the IPEM method and the nonlinear static
analysis Pushdown method, the high-order moment method can be used to calculate
the reliability index of the complete structure and the damage structure, so as to
evaluate the reliability of the overall structure.

(4) The structural robustness is quantitatively evaluated from the aspects of
bearing capacity and reliability. In terms of bearing capacity, the robustness index of
the structure of the most unfavorable A-axis column failure is calculated.In terms of
reliability, the robustness of each structure under different moments is calculated.
Through the robustness index, the continuous collapse resistance of the fully

assembled structure and the cast-in-situ structure was compared quantitatively.

Key Words: Fully precast concrete structure; Progressive collapse; OpenSees;
Column removal method; Reliability; Robustness
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P 2% 2 S ) i R R AR A ML AR s b OB AR AL A, 9 IE] 2.3 1 Ed/Eo; RN
J LA X s RN 14 52 Wi 3o Il 2R T AR 28 Ry DT OIR I £ 1 it R R K, B
PIUE RAE: a, ay LR INEI dh RIB 2B 6, WP LA &,
Jiit R 2 A2 o

222 HEMR

FEAR S, AT A R A Y F) 2 2 A T A R, R A R i A DR RE T I
2. 407 o R A AN R AN A B A T A S BT DI AR I, 1 B T AL 1A 43 i)
R 5% A 1) gk T AR R R e S A T B O A TN R BT, fBUE REAR AT 4E N AR
o) oA, HAXZS RE Rl 1) B A2 5 28, R DAAS 21 4 g I ) i 85 LA 2 T A 5%
R, I HO6E T4 A 00 2 R AR 38 5 2 TE A5 4 SR A A R 0% R i LA 5 R B

A FH 2T 2 A T S R 7 DA AR R e P, i R A AR T 4 2% R RF 1 TR 35 0F
5 IEAZ s ABUE £F 4ERRLHAL T 8 N R 3 s BOE VR B S A TR) AN HE A
XA, FEoRidh. AR SR R B 2 4 R 4y B o i Al R TR T X
RIsmd, %05 oo B IR B — @ R G, B0 7 A IR 22 A R AR

A
v Y § 85 A 4
=
»
| I I z
X MR A
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223 BRMR
R RAECRHE T AR AR & B R o B A ( Displacement-Based
Beam-Column Element) HEATALHL, ZH ook A G E w2, 12 & -3 1k 4l
R o3 J7 15 T A3 B A A BT 32 R AE . 1l E B MR RS, BT W
PR AW
[kF = [[BOOT k()T [B(x)ldx (2.16)

Horf: [B(x)] 9B ALALRE AR A B, KOO B0 0 480 T FR 70 4R 11 38 6

A5 BE % B A i e B R o Rk T ) A AT A, H AT OB A B B G B R A
B 2 As 4k, B S Bt
224 EKEHRTT

Zerolength 5 76 A DLAN 48 9 A4~ A& A5 A [R] 19 15 2 18] ) 4K B2 B e, FF 0] DL 8
Z AN B RE R A T SR B U B 1R TR 8 R, AN S EL S FE R SE D RE, H
AR W] 2.5 P . B K E B ol 4 Hequal DOFE R, 475 B2 2I/EH )
FR ML, JFE A AL bR E A AT s IAE R AL RS o AR SR R KRR
TG SE I A e e sU S A 15 R 2 TR) B 2, B AL AR A - A AW AR DL A B2 5 2 iR 2 1) 4 A

(14 RE
|
P
|
|

zero length

E 25 EKEETT
2.2.5 MirEEHE R IAELL M TR

£ OpenSees H1if i geoTransf i & 1] LLag S FE A 1 J= 3 Al b5 28 21 4 44 A4 A
AW, W HM UM ARG &M A A # . P-Dleta ¥ # UL & B [F] % #
(corotational ) o Xf T 4544 B e jml (5] 55 40 A1, R RARZE, B ™4 K8k
97 IR A 28 RN, i e SR Bl A1 A2 4 Ccorotational ) SR 38 32 i JLAT AE £k M 4T N,
FEM SR H P-Delta 4% 4

XF G5 K JHEAT R AE I AR G 1tk 0 W 7R B E A R A A, BLFE A4 S 4 TR U7 R I A B
Tk, BN E BRI S IR TR R B ERSORE . kAR ME

I
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2.3 BHRTRBIGIUE

S S 0 2 9 K 2 45 4 4 A 00 T A (www. hnutest. com) FF JEE ) 75 4 4 %%
BE AT 45 K (PCLL PC2)FI— B T 4 14 (RC) 381186 73 1 3 77k 56 7 49 1 1 $O 4
192,931, Fi| Fj OpenSees 7 [ 76 ¥ 1 4 37 HE 45 5 2 BB, 4543 510 047 IR 76 504 158
Yo MR AT R L, (EE AT G AR R O 2 T ST T A R T A I

2.3.1 FLEMIRIGHER

1 pF it

o] 2he e 2R B A 2 - S5 K (PCLD) 17T fOE R TE 209 WY A4 R - 43 4 A - A 2
PAR, Wil 2.6 Fram. SR AL I A R o AE B TR FL R DL S R g 2R A A AT
P, B TR AR AR LA A AR S BB 1 U AN, 5 TR AL AT 2 JB P 3 A 7
G i ]

o o] 2 e VR A 2 - S5 K (PC2) 17T RUE R TE 2 I A4 R - 44 4 A - A 2
PR, Wil 2.7 oo TS R A 1, BEA T AN A i A 1K) £ 1 AR SR,
A B A R ) R RS . [ A R i A 1 B TR ALY R AR A AT, T 2
S T 05 A0 JER S B A TR P 3 A C B U RLAN A, R DA 4 A [ A A A

DLGEHE QL 7 45 M (RC) U 2.8 FTom o BLVRAE 2252 b 4% T B 19 AR 3 K49 7 »
S 748 K1) FH 25 B 3R 4T i ]

MR PR RE TR AR IR 2.1 P o Bl ROE R IE fi vE i A5 B L3R 2.2,

x 2.1 MR RE IR AR LM E DA

Rk B9 f K JiE IR 58 £ /MPa M BR 58 £ /MPa 391 155 B /105MPa
R6 385 460 2.01
D14 465 616 1.99
i D16 505 630 2.02
D18 485 622 1.98
D20 493 629 2.01

RC: .k 27.4 MPa [ A4k 24.7 MPa
TR e+ PCl: 74k 35.3 MPa [H#:4& 26.6 MPa
PC2: . 5ik 37.6 MPa [AH:{k 28.3 MPa
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350 5650 350
b R6@50/100 i
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1 12 :‘2| 2650 359 4718 8 H 8“ 4
) u e \i | ©
S |, 700, |, 1250 | 700 o 550 S8
IE E J | IE | m —H 8 <« A~A-B~B £
] = ] o
—}[ EENHIHITI R EL I||I||||||I||I|§_ 3
-8} B & ! ==
S<(S E=|fs! 2650 | Y S
o 1 A E=|bn »FH [
2 3 = — 10716 R6@50 | Hi o
-~ == °°‘ R6@50 R6@100 = o —H|
i 1 \i
== S A48T ) = | S &
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8“ > o) v e oo \) o v m
Oy 350 350 500 Y
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I_ c~-C D~D E~E
3000 | 3000
A i ]
2.8 IWiEMH RCO
#z22 RERTREHEEREFY
‘ AR 2 1) 4 1133 AEETA
A
g REBUE 0RER ORI R¥K O HES RH AR e e .
(mm?)  Jmm)  dmm?)  (mm) R A A S A FR
PC1 350>350 3000  200>300 2630 8T16 4T18 4T14 R6@40
R6@50 R6@50
PC2 350>350 3000  200>300 2630 8T16 4T18 4T14 R6@40
/100 /100
RC  350>350 3000  200x300 2650 8T16 4T18 - —
H: RPWHEE T RNBRMNG, RN emm 6 H 45 .

2. IR INE T =
Hy T 6 I 8] J 3 3t 5 48 T TR R, A AR R AT X PCLL PC2 2 RC i

T 15, X PCL AT RC i 7 A AR PR bR 2 77056, TR AE AR SCE: R R
A3 H B R 6 PC2 %5 S 4 M .

(D) LR S35 . i k5, W nE LR N =B, BT

W I8 AR e 2 R R I B ED AR Bl s B JE A R T DN BB B, R AR AR A
HhORE T 22 36 B T 000 oAk e gom g, BB R AR o ke w0 I A ) O A 3

f2 il

7E fif 5 2
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B BAAENE; FNBARGEDME 5 =B B 3 PR R
SV BN AL BT 25 BB RN B R SN . ndk e e s &
22 2 5 AN B, B EISE M R AR T I BR
3. WIS B R &

(D Wl . K 2.9 MK 2.10 Jydefic 2R B LA fF PCL AR . %
A ISF A T 0 1 A R BV B L ARV, S BUN AR R o b A ) A R R
MR ARSI B R Bl T A U TR e AR, BEANHE SR i N T R
A BN . 3 B B VR e R AR IR, A AL AL TR A P AR ROR
FL8% . T B AT IR 32 B ol T A R A A 1) ot 4 B B

B sURABE L HERR S MM biias o .
e Resisance of Py ST W R 128 B0

: |
¥ Assembled Concrete Frame < ¥ i -

b) ALMAT = o) S
2.10 PC1 5 AR IR 1E E 2
Kl 2.11 A 2.12 Jy e fio S 4 PC2 WAl IR B o Al R ISy o =5 i R i A 22 v A %
A R A0 ) B Rk 38 A st P T e i JER R A 1 5 A R A A0 fi D A £ VR B
skIF, DI S A R AR A € R R AR R, BRum B R T A B RE T IR
HLAHI .

a) EMAT
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_‘;'iiééﬂitiﬁ'—.i&ilfﬁ
1d Test on Progressive Co lap:

’i'l ‘.
pt

2.11 PC2 ZE{R 4 45 7 3K ] 192

a) My b) kMiAT S 0 BN S
& 2.12 PC2 5 s A IR i E 192
Kl 2.13 F1FE 2.14 S RC R B BROR 285 o A3 SR I 32 7= A T 4 28 1 = &85 4 K 1 A
W, FEi A AR AL SR B KT, A IR R X L R, RS R KR
e ERAETHE . PR A T BOVIEE R ER, Rk e e TR ORI 4.

| - L1t - =

£ 3% WP 70 IR A b HE 5% 55 40 17008 4% 481 0 e #it 0e

Static Load Test on Progressive Collapse Resistance of Fully Assembled Concrete Frame
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e TR - MEZR 2 M U T S (0 0% 65 A B P SE B O A

a) EMAT S b) LMD =

2.14 RC 11 R AR IR 1E E 192
(2) ZhJ1l5e . Kl 2.15 F1E] 2.16 8 X1 PCL BN K, AR ) B 82
Jir DR AT S R A AT S2 BT W 54, TRV AR A R, T 2 v A 3 b T s R Y
B, WiARARSKEEH . AN BRME, SRR 3 & R, Tk
NSRRI B, RIRAB DA R URITR S 3, S50 K EFIH.

oy —  eeTe— — - - o
£ 3R sCR5E L E 2R 4 b & S s B s
Dynamic Load Test on Progressive Collapse Resistance of Fully Assembled Concrete Frame S

2.15 PC1 Z& A 44 {5 7 34 [E] 197

| WL |

a) mH S b) dkMAT S 0 FH S
2.16 PC1 5 A IR ¥ E 7]
Kl 2.17 F11E 2.18 AR RC M INE . vf WM R 8E, RE=4E T
TUE A S, ) —LeT R AR L R . A BRI 2, AR
H I B A A R T — 0 B B A ) — U B KT AR AR, X SR B A A IR [
FER D, UM T BN . RC WM T PCL R B W & i A& K
DRV R B W m W B, $RAE T SO SRR BT I AL
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%fﬁi‘:;ﬂﬁiﬁg’k m#l. ﬁ@]iﬂaﬂ]iﬁu‘tq“

Dynamic Load Test on Progre: e Collapse Re nce of Fully Ass

a) miiaT e b) AkMhYs S

& 2.18 RC 5 s A HRIE E 07]

232 ERERDP R EEE

FIH OpenSees 73 HT #4F, BT LA 4k 5243 B o0 (19 S A D 22 36 5% A 0@ B M LA H
AR AR RE, EARYE R PCL A1 PC2 iR 11 32 Sy WL AN AS JE,
WA ER SR ALY, 7E 2 o 5 B A TH R 43 DA B R AR e b S5 AR S B T A AT
gk, PCL1 A PC2 5 s A PR T/ A i 2 an &) 2.19 P .

X 2.19 1 PCL #1 PC2 3015 s B 347 9 5, FF 0 PCL 5 s AT 9 5 BB
T;%iﬂﬂa*ﬁﬂ 1-18 #H Kk, X Diplacement beam-column 275 Bl 3& T 7 # i AF 2k 1

PR T MR A 16, 1. 2. 13, 15, 17 B TMIAE, %R 4. 5. 18 T A

JE R Fid %2, B Elastic beam-column B ER T 548 10, 11, 12 FEfLARR, 2448
52 RIS & 100 13, 14, 15 R WIPEF Y s NI, 3. 4 TRz AR E
RE PR EN 0, 6. 7 2 AFKE RIS SE-AWIEH, 8. 9 2
) =K B n R 5 A= R AR A AT O AE A, B¢ J5 A RigidLink beam K 22 (1) A
B RS EW ARG IS A HE, FH equalDOF x4 ¥ A 1) A& 5 &
HEWAMASWHME. PC2 5 PCL 1 EZX HITE T 1E4F XN K EARH T
AN TR 0 R B oG, 5 G Y AR Rigidlink #3472
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MR T RO IR AU, B R AR - A B ANAR L 5 A RS A AT DA S B A
FErb I AT AL AL . B ] Series Material i 4 2H & 58l #4 B} Hysteretic A1 fif £4
¥} Elastic-MultiLinear J& T 7 % K 5o B b i (1) 0842 - 7 4K 1R RE O B i b
EE Hysteretic > 45 4005 k% 7 12 A 40 1 T A 20 B BB 28, i b k) 8L 7 - I AR 1 48 il 4 G
K&l 2.20 o~ . Bk Rl Elastic-MultiLinear #4) 38 X 28 P 7 1 155 78 sfe A5 J0) 02 44 BT 47)
SRS, AR 2 4l 2.21 FioR . Series Material iy 4 120 & 77 s B 2.22 fir
TN TSR A R 2 18] () 4 A AT BRI B Zero-Length H.o6 1 H HE U5 [ T R
A KL Hysteretic #5400 32 5 45 bl 2 [A) BY ) (4% 8 94 0 nf F Sk 2 JR) 3% B b 9% 1 A5

W, BEE R DBOREE AR Oy HER” AR, RN AN 0,

2.23 FlT7RN o

e

i 28 1

B Master node — Rigid bar Rigid zone
® Drone node — Rigid link “CHE” Xk
WW  Zero-length elementl — Elastic beam-column element Inelastic rotational spring
= Zero-length element2 — Displacement beam-column element
ok [
| | | |
| | | |
1 6 7 o
| |
IlT e _______ R B i}
| 4 g |
2 3+;l . T e I L o
| pi_do ______ _ L ___ _i piod o __ _
4l 35982t
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74 0 )
($ut2, $ft2)
$620. $52 ($e3p, $s3p) ($utl, $ftl)
($e2p, $s2p) ~ /
" 7
($elp, $s1p) $beta*K, A7, /
Ky _ ) 0 / -
Ll / /. >
& 2 €
($eln, $sin) P
$e2n, $s2
($e3n, $s3n) (Bezn, $s2n) ($uc2, $7c2) ($ucl, $fcl)
2.20 Hysteretic # #} A 9 1% B 2.21 Elastic-MultiLinear #f# 7x 4 1% &)

I—F:?Z > A
£ . &
$matTag 0 £, s

2.22 Series Material X RAEH R 223 “RAE"RBRENNINEXR
233 HBESHWE
1. VR B MBS B e

Concrete02 7y & 7£ OpenSees H' [ 314 74 uniaxialMaterial Concrete02 $matTag
$fpc $epscO $fpcu $epsU $lambda $ft $Ets, fEACrh, N M B ML RIEM, H
SRR R K ORIFPREARIRE L& S48, K T#%(2.4)11 5. $matTag N #t
BEFR 25 $fpc NPt R I E 9 B, X T R4 )2 B TR &t -, BOTR 4t = b0 BT s 5 R AR
TR IRE L, AT HE R K $epscO Pt i 0 R 5 B2 X LK R AR, X
TR ERREE L, %X (Q210)1HE, X TARKEE L, %X(2.6)i15H: $fpcu
NPUEB PR SR B, AT ORI R R EE L 0, X T 4R XR B 1, 4% :(2.3)1H A
$epsU Jy Ptk W R 5 FE 56F B2 REAR , X T PR 47 J= 1 TR ¢ 1 B 0.004, X T~ 25 JIX IR
B, 1#%02.7)1H 5 $lambda N$ epscu EE R E SHIEM R 2, JEE L 0.1;
$ft NP R, BUSRME 2.2MPa; $Ets K S AL RIEE, BL 0.125Ec. % 2.3,
FK24ME 25 4 H 7 =R R S HE

|
|
fu b--F#--- —
Jcu ':‘
|
|
|
|
|
|
|
|
|
]
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= 23PCLIAHFERTIRESH

o 5 i 9 2 o X VR 5 - 29 X TR Bk L

BT mARE $fpe $fpcu $fpc $fpcu
$epscO $epsU $epscO $epsU

K (N/mm?) (N/mm?) (N/mm?) (N/mm?)
71,1912 23.6 0.0026 0 0.004 28.1 0.0024 5.62 0.0193
A 1.1480 23.6 0.0026 0 0.004 27.1 0.0023 5.42 0.0158

R 24PC2IHMHRBELRESY

o 5 i I 2 31X i it 1 29 X IR Bk L

BT m AR $fpe $fpcu $fpc $fpcu
$epscO $epsuU $epscO $epsuU

K (N/mm?) (N/mm?) (N/mm?) (N/mm?)
7 1.1797 25.1 0.0027 0 0.004 29.6 0.0024 5.92  0.0193
£ 1.1391 25.1 0.0027 0 0.004 28.6 0.0023 5.72 0.0158

T 25RCIRHFRETRESH

58 JE $ig 4 29 X R ik 1 2 X TR Bk L

BT m AR $fpe $fpcu $fpc $fpcu
$epscO $epsyU $epscO $epsyU

K (N/mm?) (N/mm?) (N/mm?) (N/mm?)
7t 1.2059 18.3 0.0024 0 0.004 22.1 0.0024 4.42  0.0193
B 1.1594 18.3 0.0024 0 0.004 21.2 0.0023 4.24  0.0158

2. MBS

Steel021y 4 ££ OpenSees ' 1] & 1% AyuniaxialMaterial Steel02 $matTag $Fy $E
$b $RO $cR1 $cR2. $matTag M Kl %5: SFy Ji IR o 5 HCSE MUAE ;  $E N AN 5
B 46 55 PR B IS s Sh A AR AL 2, i IR J5 V) 265 0] i s 1t ) 2k 2t B 1%,
R 4% OpenSees Wiki#f #£1%%1, I T~ il M3 P8 2 4% 2 X I I 2 20 RO HUE
10%]202 8], $ cR1H10.925, $cR2 HX0.15.

2.3.4 IRIGEER

PCL i fF. PC2 ik & RC st i /7 155 1) 50 B A5 40 25 2R 5 X 58 4 % b 2 1]
2.24. B 2.25 Fior, HE 2.24 A7 R F R R R 5 IRE S RER TS,
ERHLM B RESAME. FEEH TEMEBEUN, @ aRuosEim T
Fitr 2 R ST S8 45 ) R 5 R A0 5 B S A e o ER L 2,25 BRI Y R O A - A
] 7 il 2R AL 45 R 500 45 AR B A R — 8, R E R H 32 B RO B
IS () 12 57 2% A 5 S B A U AH LU A AE — 8 B 22 7
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i e
20 - - S

U F (mm)

0 1(:)0 Z(I)O 360 460 560 G(I)O 700
HodE R A2 F% (mm)
(¢) RC R fF
2.25 BT R KR LR
PC1 ik {1 RC A i P id #% B 3h 776l 5o 1 25018 A2 40 &5 SR 5 il 90 B0 0 B 4 1
2.26 fion . PCL 1A A 52 ik BCER — 2 n #0453 21 (1) 1 56 2088 5 018 73 i 45 X L,
F 83| RCIRAFAESE — FATBAE T 7 A 1 B 1) AL # m DL RS ANt gk A A
TR M B AT 3 55 B s S BUE o i A R AT RO . AT aE R A, AR S
L PR BB A B B 47 M AR AU T HE SR 1 25 M) AR 5 ) A BOAE T Y el Re . ARIR AR
SCEATT IR IR R, e H T A T TUHE 28 45 0 1 130 3 20 A

— &=E
- - e{E

— 1&flE
- - SefE

10| i[\/\/\/w‘ i U\N\W
-2

10 15 20 25 30 35 40 T10 15 20 25 30 35 40
I TA] (s) 1A (s)

RN, (mm)
(o))
SRR, (mm)
[o0) ~ (o)) ()] SN w N [l o -

(a) PCLl ik (b) RC it
2.26 FFENFE-FTE KRG E R

2.4 WE I

RELEWA 2R A (PCL. PC2)FI — AN LB R A (RC) I H A 72 Bk 8 773K
i e 5 7156 i 3k -, R OpenSeesf K AE#23. T = AN F 45 MR, Stk T 4%
048 B SR K s, IRAE TN SR A T B uE TR PE, NI T ORI X R HE AR A
SR S S P

(1) FMNATHRA R EANSER S UM, SRR R Xt
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R BIUH R FRIZHEIC, AARFE R DR ARL A 0t <5 55 . AR 4 2 e 075
IR s S 52 I VERE . S0 1 4 2 i 3 W A R -9 A AT - A R ARG A 4 e i S g
A R - 36 A AT - A 2R A 3 P Y R AR A

()41 7 23R Bl X1 S 0 5 BB 1 45 140 38 82 {8 13 b AR 2 B 40 & 0 A 3l 70k
6, MR U K Hodk LL K OpenSees i #5275 A, THHEBE M B & (A G 2 5, I X ik
Prissah /o olie i REREAT AL AU, 15 BIAH DL Y A AT i 8- 82 i LR 0 ith 2 L 8
N H% 1 £ A B s 28 AT o AT 57 52 - I T il 26 A 56 b 28 o 30 LB 20 A A BIR oo 5 40 A0 1k 36 &5
SRR LS R e 5 IR 45 R BUE A Z A K, U 7B RN e 55 2 40
BEEMEEME, WO N RENN 2 EHER AR HrIT T A
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FIE e RENERTEREGWNELEFIEDH

IR 5% R A 25 0 — PR 45 40 0 0% 42 18 B 14 B B I R VAL T VR, RE SR IF HhoF 52
| 4 5 R HE T G50 R A SR MBI B A8 7. T VE R IR IR IR E IR R A5 R A
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Zhao 1 One T4 th [ v 6005 100 L 5 4 45 0 ) T S P 0 WA 0 86 £ 5 44
[y ] 3 AT 5 A P

4.2.1 T Nataf E|E R lH5E (IPEM)

KT e mE s 2 =900 MG S B, KA 4.1.3 % 425 [ Nataf 25 #t
AT LA B L 16 fee X HEAT AR, A58 2 80 o v I A 245 ] v 12080,

#z = [ 900, ()dx = [ 9IT " (u)lp, (u)du (4.50)

o = [[900 - T £, ()dx = [{g[Ty* (W] -2 ¥ ¢, (u)du (451)

0% = [[900~ 11,1 £ (9dx = [{Ty W] ¥ ¢, (u)du (452>
r=34

e

M, ——Z WI¥I{E (mean);

o7 ——Z ks % C(variance);

Uy, ——Z WP R H (skewness);

a,, ——Z W& JZ R4 (kurtosis):

f, (X) ——X Ff BBk & #2255 15 2R %0 C(joint PDF);

@, (U) ——n bR v 1E 2 B AL R &GS AR % T eR A

T, () ——Nataf 25 ;

Ty (+) ——Nataf ¥ 25 # .

ST B4R B R, Nataf 284 m] UGB LN 2548 3 x = F O [@(u)], 843X
(4.50). (4.51)F1(4.52) 7] LA FH 5 # 1F 2 7% 8] 1 1) Gauss-Hermite F 43 ok 3£ R (102,101,

1, ~ 3P (R ()T} (4.53)
ot =3 PIe{F [0 - T (454)

@01 = Y PG [0} 44T

r=3,4

(4.55)

E

58



Bl S A7 S

W.
u, =~/2x;,P, =—- (4.56)

Iz
AT RN S AN, f
X, = 0;w, =0.9453087205
X, =—%_ = 2.020182871,w, =0.0199532421 (4.57)
X,, =—X,_ =0.958572465;w, = 0.3936193232
ATRANENT AN, A

X, = 0;w, =0.8102646176
X, =—X_=2.651961357;w, = 0.0009717812

(4.58)
X,, =—X, =1.673551629;w, = 0.0545155828
X;, =—X;_ =0.816287883;w, = 0.4256072526
NTERERE, A
Z~g(X)=>.(Z,-Z,)+Z, (4.59)
i=1
Z#:g(ﬂ):g(ﬂl!“"ﬂia'”)ﬂn) (460)
Z = gl.TN_l(ui)] =G(u) = G(ﬂylvﬂﬂw"'wuyi—l’ﬂi’ﬂﬂm"”aﬂyn) (4.61)
R H; 2 (4.59) 75 A JLBir 9 30 AULAEL O -
Hy Y (4 -2,)+Z, (4.62)
i=1
DN (4.63)
i=1
Q05 zZa3i0i3 (4.64)
i=1
n n-1 n
a,,0; Y au00 +6> > olo’ (4.65)
i=1 i=1 j>i

4.2.2 Zhao-One &M 56X
¥ FH Zhao Fil One F 2001 4F £ Hi (46 v 5t 45 #4338 47 0T 5% 55 g A (0 11 g 2200

(1) B, MR RN Z =900 & EAS N, 5T HE u Ak

% oy () pAN P, RN

Bow — (4.66)
0y
P, =®(=B,n) (4.67)
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(2) =Wroik. R =M LIE. sEENRWEZRECH, B

7, =2"H (4.68)
%
HAE = S HN RS A0, AadEESBENALE u KRR AT R
_ sign(a,, ) |n[\/x(1_Z_U)] (4.69)
JIn(A) Uy
7N EI:I
1
A=1+= (4.70)
ub
_(@+h)" +(a—by* -1 (4.7
Oy
=___¢__ _g (4.72)
O3z 0‘32

b:_ziz Job +4 (4.73)

3Z

BRIP, T LU R N

Slgn(asz) ﬁzm
Paw = m In[\/_(1+ )] (4.74)
Pis=®(-fy) (4.75)

(3) YR AL SR A DU B RO A8 . bR 22 . i FE 2R B5ORH g BE A 4k L
P HOMST JEIITHO, 58 (4.68) e F b7 e 25 i 77 LL 3 75
_ y +3(y, -7, — a2 (4.76)
J6aZ, —9a,, +9)(1-a,,)

B P, T bAoA

B = 32z = 1) Bom + %5z (Bpu —1) (4.77)
\/(9a4z —~5a, —9)(a,, —1)
P, =0(-L) (4.78)

WA LB, 2 ey, =0 1, By = foy -
ot # K F] Edgeworth 3 &, 34 X (4.68) H bx i A6 A & 1 ME =R 7 A 2 $ 7T DL
BLF B A R -

F (1) =0(2) - 98l Ho(2)+ (0 ~IMi(2)+ el Hi(@)] (a79)

Hr
H,(x)=x"-1 (4.80)
H(x) = x* —3x (4.81)

60



Bl S A7 S

H, (x) = x* —10x> +15x (4.82)
o Rk F AN A] SR b AT R on A i — MO L
P, = (D(_ﬂzlvl)_¢(ﬂ2|v|)'

1 H 1 y 1 > (4.83)
[Eaaz 2(_ﬁ2M)+ﬂ(a4Z -3) 3(_ﬁ2|v|)+ia32 5(—Bom)]

ﬁ4|v| :_q)_l(Pm) (484)
423 FEHBEMEEFHBAEESHSE

gE A S YE L 2T Nataf 2241 S5 vHvk CIPEMD. B ANL Pushdown 725 L &
Zhao-One 75 B 50 722 %o 45 /) AT AR P IE SR R v A B IR 1E 4.5 iR

43 ERENERFWBEMEZQARATEETH

4.3.1 MRRS R Y R LR
A1 R M 26 = B g ST B S5 R A BR T B AR B AT A 4 2k TS aME 2R 5 4 S I
HE 4 555 Ky 70 10 465 A6 RN 452477 &35 A8 () BE AR 0 2R B IR I AT S8 5 o 40 o) 2 37 45 ) 1 A
152 PREIR 2 oR 3
Z,=V,-DL-LL (4.85)
Z =V -DL-LL (4.86)
e
V,—— B & B R # T
V, —— 455 &5 K B AR 3 T
DL —— 18 fif £ ;
LL —— 3 fif 2o
H1 - 7E 45 /) 1) Pushdown 73 At o & M 4 80 3R B0 o SR 17 52 205 g 1) 470 348 85 £ B
ARERE S, TS5 A ) KB R J) 2 A2 ANH e TR B2 e, Bl nds Bk 2 5. JL AT
A LR TmHEATHEESH, o R AR WA AR E
X =(Xy, Xy, X)) IR KL, AV, AV, AT LLH BLR B 30K -

V, =a,(X)(DL+LL) (4.87)
V. =a (X)(1.2DL+05LL) (4.88)
¥ b AN (4.85) F1 K (4.86) 1, A1
Z, =9(a,(X),DL,LL) =, (X)(DL+LL)-DL-LL (4.89)
Z. =9g(a, (X),DL,LL) =, (X)@.2DL+0.5LL) - DL - LL (4.90)

196 B i K 2 5 4 {5 1 0 2] B LOAVRIE 2 B AW 8 S B SE R I e 45 SR,
K 4.6 FTos.
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e TR - MEZR 2 M U T S (0 0% 65 A B P SE B O A

%:-FOpenSees T,
HESL AR AR A IR e AR 2

A 4

Tiff 7 45 K4 1) S AR AR ROTR 765
Rk HZ

A PR T

A 4

B € S5 AT L BE LA B F) 3 AT
KRGS 5

A 4

i R A 2B LA 5 1 7 A1 2R
M55 S 5

all 2D+ .51y

(1.2D+0.5L)

A2 T Nataf 22 40 ) sifilivHA (IPEMD XTREAL |
% AR R HAT IR E PERIHIRE T RO 1) IR A4
Pushdown 43 #t =1 it #L.Pushdown 43 4t
a SRR G M FE A HEA T Pushdown 70 4T, 3k
.,::_%1 3 BEHLPushdown i £&

,/&:ﬁ : h
/[ ) 4
I}

> |ZEThENLPushdowntfiZk, F ATz (PEMD it
BT R G A

Fifi HLPushdown ith £&

A 4

FIPEM TS A5 H4) (B AR FRARAS )

AR VAL IES A o E]
= 3((142 _l)ﬂm +a}z(ﬂ;‘, -1) |
e onae Rz B, FImZhao-
P =0(-p,,) One T Y4 v 1 8 5 P B R 3 S (R B T S 45
L ihsERES I

45 FHBEMESRBURESHLR
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Al -2 8 S

YNGR - - @ ] YRR - ]
HEES - I HEEE I
PUBHER | = A - =
RAEEE - PUNEER -
BE [ ] - [ ]
EEE [ ] EmEs [ ]
BIRPEEE [ 2B [
EmEs | e s | .
R [ RIRPEEE - .
2 I| BB | |
RS - _ IR v |
Yrpiisg | Eas SERVEIER - AN
ERTEER | l/ e I
FNBEER - | R - ]
RS | ! ! ! l ! ! ! ! R | ! ! I ! ! !
1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 1.40 1.45 1.50 1.55 1.60 1.65 1.70

AR, o
a) IiFLEH Tornado

4.6 MAEMANHE LS K Tornado &

AT, o
b) ZBLR 454 Tornado

A 7 3 UK 25 ¥4 5 i K B BE AL AZ B AT 0 A, R oA SRR g i 2 58

F#K 4.1 MFE 42 G,
=41 MHRBENTE

B AL & B WEE & TREAMS=0lu AT
f./ MPa 23.4 3.042 0.13 Normal
f, I MPa 452.05 42.04 0.093 Normal
E,/MPa 2x10° 6600 0.033 Normal
* 42 TwHMENETSE
b LA = H1E b ifE 2 A A oy A KA
Dead load (kN /m) 3121 3.121 0.1 Normal
Liveload (kN/m> 238 118.86 0.47 Type | largest
P R 1925 4% 1 50 (4.56) A1 20 (4.57) HE AT 1 8 1 B R, A2 B &85 A O R AR 1
£ 43 R
* 4.3 HHER
p——
A f/MPa [‘L*}E‘yx/ipa E./MPa
1 23.4 452.05 200000
2 32.1 572.16 218856
3 14.7 331.94 181144
4 27.5 509.04 208948
5 19.3 395.06 191052

432 EFERNES R REE S

gk & v BEA, % PC1-Frame. PC2-Frame M RC-Frame 34T 58 #F 45 K 1
Pushdown 73 #7 . 73 2| 2 R4 o BIHT VUM AEAS 2, W3R 4.4 Fios . R A 20 nT
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B, =AMERGEWNBHEMNY RS RIFMPUESBIEHEE . TEEHT,
PC1-Frame ] 45 ¥ % K& 3 71tk RC-Frame {% 33.7%, PC2-Frame [¥) 45 #4) £ KK %
77kt RC-Frame 1% 24.2%.

K44 THFEWTHRBANIMERSR

SRR A b %2 i J5 2 24 U i 2 K
PC1-Frame 7.0338 0.9480 0.0145 5.0229
PC2-Frame 8.0445 1.0741 0.0448 3.7457
RC-Frame 10.6106 1.4131 0.0523 3.7391

M H Zhao-One =i 58 2 7t 55 58 & 45 749 1 W] 58 B2 48 A5 AR O R N3k 4.5 Fois
ANEFEVR PR M T S hr W 4.7 Fioas. HBET A, EEEHEERK
)R] 5 JE 48 A5 A0/ B R RONE A, R B A5 M B BOA AT I O SRR IR R .
PC1-Frame ) 5E B 451 By~ Lo~ Baw W FE L H5 733 HL RC-Frame i 12%. 4.3%
1 14.8%, PC2-Frame K52 B 454 By~ Sou~ B M HEFLFE 5 RC-Frame {1 7.4%.
4.9%F01 8.0%.

% 4.5 FEEFLEH T 5 B AR AR AN R R

%*’Lﬂ?@ﬂ ﬂZM Pf2 ﬂBM Pf3 ﬂ4M Pf4
PC1l-Frame 5.21 9.645% 108 5.07 1.975 X107 5.24 7.990X 108
PC2-Frame 5.48 2.106 X108 5.04 2.297X 107 5.66 7.741X10°
RC-Frame  5.92 1.635X10° 5.30 5.711X 108 6.15 3.830x 1010

8

V777 PC1-Frame
| PC2-Frame
RC-Frame

ﬁZM

PNy =R EIE =t
4.7 AEIFEZE T RFEMB A EI5FR
433 MG EMINEESRIEFEE 2
M 58 = & P R BRIk AL FIPRER A b C1 45 %) Pushdown 3 AT 45 51, %15
BRI A AL NG T 0, % PCl-Frame. PC2-Frame 1 RC-Frame =AM HEZH
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Al -2 8 S

PRERGAE AL AT BEAL Pushdown 7347, 75 2 B AL Pushdown i £k 4 1] 4.8 o
DL 32 HCFR A B 2 Ak 2 0 S0 S A PR BE A BRI RE I, = HE 2R 45 4 1) il 2k
HORE FE IR, JF HLBEAE R 80 S R AL A% O M0, 28 0 20 SRR 32 tho S 1 K

25 25
2.0- s 201
3
5 B
NR g5 /o il W& 154 oIoTooIIIII
K ettt K e Al
= CITTEEE s = m s = ms--------lIIIIIIIIIIICN
G Y #K 104
= =
05 — YA 051 — Fi5E
- - - R - - - HHE
00 T T T T T O-O T T T T T
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
B E A7 (mm) B\ 7% (mm)
(a) PC1l-Frame (b) PC2-Frame
25
s 204 TTeeee--_
;ﬁf IIT=s=zz--Izs
m—\v 154 e R S
K P
gy
X 10
e
0.5 — FigE
- - -HEHE
0.0

0 200 400 600 800 1000 1200
Bz (mm)

(c) RC-Frame

4.8 HRRLEHIBENL Pushdown pli £k

R B K R B IIANE 4.6 h. FEIRREELHE AL I THT,
PC1-Frame ) 45 ¥ i K& %% 77 kb RC-Frame 1% 19.3%, PC2-Frame [¥) 45 #4) 5 KK %
71t RC-Frame 1% 17.2%.

HIH Zhao-One 75y B H6 32 v 5450 4 45 4 1) 7T 52 FE FR AR A2 SR R 1 3R 4.7 TR .
ANAEE T RGEWHTREROE 49 FiR. REAMBEET (RIRA
Bous Bous B TTEETERR ) S HEZLSE 4T 540 5 40405 &5 # 0 L 1 4.10 Firos . AT 40
PC1-Frame HI R 451 By~ Lo~ Baw °T5E L B5 70 59l E RC-Frame 11X 42.0%.44.0%
H119.3%, PC2-Frame I B 45 44 oy~ Lo~ Pam P4 L AR B L RC-Frame 1% 37.5%.
40.0%7F1 12.9%.
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e TR - MEZR 2 M U T S (0 0% 65 A B P SE B O A

* 4.6 MBS MEHAKAIEMERER

shER T NSOLE bR Uk 2 UTIEE U i R 5
PC1-Frame 1.3773 0.1155 -0.0915 2.5028
PC2-Frame 1.4128 0.1201 -0.0691 2.4264
RC-Frame 1.7071 0.1432 -0.1805 1.9751
= 4.7 WG AT B I AR A0 SR A =
é,“:ﬁ’@%ﬂ ﬁZM Pf2 ﬂSM Pf3 ﬁ4M Pf4
PC1-Frame 1.16 0.1240 1.16 0.1233 1.13 0.1286
PC2-Frame 1.25 0.1062 1.25 0.1054 1.22 0.1116
RC-Frame 2.00 0.0229 2.07 0.0191 1.40 0.0801
4.0
35 PC1-Frame
7] 2\l PC2-Frame
ﬂZM IB3M ﬁ4M
RNEFEERI ] SR
4.9 NEVEE TG EHINT i858
8 8
77, 75551 S
7- B i 7- i
6 S 6-
= ° 5 ] -
3 4 - I 4]
i 4
= 3 & 3
2+ 2
- . s i |
o :

PC1-Frame PC2-Frame RC-Frame

FEHSEEY

(a) —BhsEvk
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(i

r——3 b
B
(@) = N w o (&3] D ~ (o]
1 1 1 1 1 1 1

PC1-Frame PC2-Frame RC-Frame
LEHIRE

(c) DYMHEVE
410 FRIBEEATEERTHFEMSRGEHWITLLE

4.4 IRE I,

AE SR T A5 AT S FE R AR MR, R FH FE VL -BE AL pushdown 43 T U7
V2 O0F B = B g T I VR g - B I 2 R - A T BN - A R I T I 22 2 A B T A e
GE KL RO I B S5 A JEAT T S5 A 0 BEAR T FEBE Sy M, A9 3 1 A T 24 1 R B B 45
(1) 5 B 4 My B 1 S5 M I T SEFE SR A, BARBE AN AT -

(D REEHRNHE T AT EEMS LI TP R, AT %A
I SERE AT IV, FEVEAAN A T UL BRI RS RN, K ARG AE IR
A B A5 ST B AR A TR A AR B AT BN T IZ TR, B X T AR G S5 R AR R
A HE e DAAR H R O SR AE s a5, VEAH A2 TR 4 R B A R R R IR AR ok
TR G5 W 1 AT R R O RO

(2) F 2T Nataf 283 1 2 Al v 5 72 DA R A e oK 2 {5 W ] A 2 /i 46 itk
4 e 0 2 45 A ANV IN 58 445 A i 1) 2R RE A 30 BT 45 ) S Wi i K 1 2 B0 AT 1
PERI AR, TG MPEAR, 4568 =% 1 pushdown 4387 7%, XJ &5 Wit 17
pushdown 43 #7, 15 245 % ) pushdown i 28 F1 A% BR AR 7, 4k i v 5 H &5 f B4k
P BRCIR S R B SE i 465 8, R Zhao By A 5 40 ) E 5 4 2 ic SOME 28 45 #g A
T 58 G5 A TR 50 5 A RN A A5 445 A0 1) 0T E BE AR bR DA SR MR ER, T A s B A R 3 R
A 8K ) AT 5E BT AR FR AR /N I 2R B R, PCL-Frame 158 B 458 Lo Bom~ Bam 7
SEEE e AR > Wtk RC-Frame {% 12%. 4.3%#1 14.8%, PC2-Frame M5 % 45 ¥4y
Bow~ B~ P T EEFE AR HL RC-Frame {i% 7.4%. 4.9%#1 8.0%; PC1-Frame f45
155 45 K ] 52 B FE AR 4 ) EE RC-Frame 1% 42.0%. 44.0%#1 19.3%, PC2-Frame [
153 45 ¥ ] 5 B $5 b b RC-Frame 1 37.5%. 40.0%#1 12.9%.
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EOE ERENIERGHNESAREEE TN

GER MR PE— B TR RS O I H ), S5 BRI R TR ST SR
Wi G R Re e Fr 4 AR B ERIRE 0. S EFE MG LR B &SR &%
WAL TE bR LB W &, WS mmE g mN g B ). JLf. Ar
P R B A RE B AR A S A5 R I 4 M R S I RRE T

REELEER T EMEEENIES, B8 T XT4HERENEMLIEERS
W, BG4 &% =% PCl-Frame. PC2-Frame 1 RC-Framen %5#Jf# Pushdown
O3 BT DA K o DU 2 v 4 2 i 2 HE 28 435 ) R B 1 HE 2 45 K9 1 RTS8 R 2 i e o = B g T
(1 VR 45 L BRI A TR - A TR AR - e A O 2 T SN 22 ) A e T A B8 4 A R L R 4
BEAT 7 2 T ARER DRI T AT S B ) B R FR AR T B

5.1 ZHHIEHMERITMIEHR

Robustness & ¥ 9 & #1t , AR N B s PR 702 ] 1/ H Ve, SRR N R G s
B IR IR R, IR R GRS AN I T PR S 1 T I IR R AR R s AT Y
RE MM, fEIFENL. ARIES . ERHAWNEG KRGS L NUIEAHE A K E
SCRNRE Y, AE 25 46 A3 b, & F 1t T DABE N R R S M fE 2 SR ARME - R it
g AR AR R R B IR S R R R BE 1 o MR I 45 R [F N oh 22 o X T 45 W A bk
(ot e t2 18] T DU s R 3oy 2 i 5.1 BT

SR E PR DAL TR AR

ST O B A SEF I S LA
s AR RSN Rt
5 A R A
|| st et et | s s e et

1 T RENE IR

— 3T RBUEI G AR IR bR

5.1 LB ITAIEIRT £
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SOMR 45 2 SR VE (B35 19 5E SC, ) 4 B 5 A 1Pk R 485 A ) 328 452 178 38 8 ) ) 5 BEK A
Ky BRI p Br G5 4 1) 5 A Ak i A 0 1 8 45 ) 2 15 L 2 RO B9 038 6 480 ) 1) o

5.1.1 T HEHEMHNEEEIEMR

2003 4F, Agarwal SRR W 7“4 i 55 1 OSBRI S T A8 4
R SR 41 20 &, R S5 A R ZR b A7 A LU B0 3% A AR AU 45 4 ) 2R 28, DA 3k
PR Ig WSS MR, 3 ST ) P 5 ) ) T 58 R I S D ke 45 A D TR 3 O Y
FIEAEN CRIFRAy “ RAPE"):

Q=£iq (5.1)

X

Q——HEE R

O ——BEERH S 1 T R R A

2008 4, Jy 7 g e SR AR A IR 3 U AN S M R AR AN B R 90 BESR B RT REAE
England SR T IR IS, A AR RERA:

%/
H =Y (5.4)

1 Qi
Q,

SV A
U%O — 55 | DR FA R A S I A A AR E Y PR A

%0——’5‘“% OSSR GREE SRS TR S of A=Y AVER M= =¥

5.1.2 ETHEMEHMENEEMIER
5.1.2.1 ET A NN EHEMIEIR

[ 1986 4k, Feng il Frangopol %56 I I & 7 HY 17 4 b 56 T 7K 30 1 I L 42
FE B DU R B 48 b, AR S B ORI &5 U8R 1 43 2%, AT DK % B & 98 AR T A B 4

5 6 B
H R IRBE N BRI RSR 7, AR
RSR:\i (5.5)

d

RO AR BRI E L DSR”, A RN
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DSRzﬁ (5.6)
\Y

d
BEREE N “RAREI AR RIFY, A
RIF = Y - D3R (5.7)
v, RSR
FVURFEAR N “RETUAR R SRE”, AN
Y RSR 1

SRF = u o— =
V.-V, RSR-DSR 1-RIF

u

(5.8)

X

V,——5SEUF S5 M IR AR R DT

V, —— 4547 45 ¥4 I AR 3 5

Vy —— W7

FE A8 R F8 Am R 25 48 B BOE SR B IR R T AT B 2, W 24 DSR>1,
8 RIF>1/RSR, B, SRF>RSR/(RSR-D I, ZEitfE it N2 %4an, Kk
ZEEMN R A E SR SR, RN R OK, AR R AE IR NE R N
5.1.2.2 ETFABHEEMIER

2008 4=, Biondini ZEM8IEE T FTGEM AT IS A0RS ELA 4 14 Fe A -

p:M (5.9)
4]

vl

Sy —— SCUF S M I 0 B ) &

s —— W S B AL RS ) &
—— R TE
5.1.2.3 ETHEMNEEMHIER

2011 4, B RRWISEISE T 45 & J7 4 ifOR 2= B (11912001 2007 42t 1) 8
IS A

P R T 25 A R A T I R B DL SGEE 2 T R
'mbz:% (5.11)
%f%- (5.12)
lrova =2 E_“E (5.13)
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| ops —— TR % E B S 2R 4L
lgpe ——RERTUR R AL
E,« E, —— MR AR BRI AN IE B v tF H bn bR 25 I 1) 45 7 FE T RE &
E, —— 451073 45 ¥4 3% 2R IR FROIR 25 O A AR BE =2
5.1.3 ETMERMELEHMERENEBRMEIER
5131 ETHEENEEMIER

1987 &£, Frangopol 1 Curley [M17UR ¥ 457 195 45 7 F1 56 I 45 7 1 5% R4 MR 5 A0 ]
EERRRELEH S EN, RN

P,—P
RI=_4___f0 (5.16)
PfO
__ 5
By = (5.17)
i ﬂo_ﬁd

A
Py — — 150093 45 1 2 O 2
Pro —— 58 i 45 F SR O 5
,Bm —— R TR EESEER,
By ——SE U R T SE TR AR
By —— 10475 G5 H T FE SR A

52 ZRENIERGHWEZEMEIEN

HEFLL RS HEMEER, AKX PC1l-Frame. PC2-Frame £l RC-Frame
ZANHE R AT I T AR AR ) A AT S R B VRN

5.2.1 ETEFE NI EEMIERR

P TR 5 1 Pushdown 73 #4856 5.1.2.1 i I &t HR bR, X451
BEAT B VAN R P IR 5.2 s

X 56 BE TN AR I 1) 45 7 73 0 BEAT AR R AL 8 0 0 b, IR S HESE TR A BT &% =
FECRI AL~AT B AR IRIF B o WiEfr #8000 i 88 2 % 1.1, PC1-Frame. PC2-Frame
H1 RC-Frame = /™ HE 22 1) 56 5% 25 #4) () far 2 & #0734 7.15. 8.06 A1 10.64, R4 =X
(5.5) 1 B¢ B 45 MY ) RSR #8452y 6.50.7.33 F1 9.67 . #R 4 R (5.6) . 2 (5.7) A1 K (5.8)
TH 55 45 K 1 FG At B A MR R A

K 5.3 41 TSR AL, A2. A3, A4, A5. A6. A7 ¥ LW T #4755 45 ¥ 1)
DSR &#:Efadr. mTULEH, =/MEZM THAH L DSRE KT 1, RMALEHEA
HRIEFMEBEM, 7£%00 o0 T 88 5 vk fr 8 B G IPUE S BIm e /. #
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RSB IR S K T SERE A

F£-FOpenSees - &,
AT GE R AR LR A PR e AR T

A 4

Xof 5 ¥ £ K HE 4T Pushdown 20 #T, AR
Pushdown fH £k £5 21) 45 44 1 B BR A4 2% J1Vu
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