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Abstract

At present, China vigorously promotes the industrialization of construction, and
precast concrete frame structure are the main way to achieve this goal. For precast
concrete structures, the reliability of its joint has always been the focus of research,
which plays a direct and important role in the safety and reliability of the integrity of
structural. Since the structural progressive collapse of Ronan Point Apartment caused
by the gas explosion in Britain in 1968, the research on the structural integrity and
how to improve the performance on progressive collapse resistance has been
increasingly researched at home and abroad. However, the corresponding research on
the progressive collapse of precast concrete frame structures is not enough. Based on
the experiment of fully prefabricated concrete frame substructure, the paper verified
the accuracy of numerical models based on OpenSees FE software. Then the integrity
performance of a prefabricated concrete frame structure to prevent progressive collapse was
studied, and selected the uncertainty parameters for sensitivity analysis to determain the main
parameters that have a great influence on the performance of progressive collapse resistance.
The main research contents are as follows:

(1) Based on the deformation and damage characteristics of the joint of a fully
prefabricated concrete frame substructures, the connection macromodel was established
by the FE software of OpenSees. By using the abundant types of material constitutive
and element in OpenSees, the FE models established to simulate the mechanical behavior of
fully prefabricated specimen (PC1) and a cast-in-place specimen (RC). Comparing the results
of simulation curves with the tested curves, the accuracy of the macro-models was fully
verified, then two optimized models of fully frabricated concrete frame substructures
were analyzed based on the test and numerical results.

(2) According to China's current codes for structural design, a seven-story and
four-span fully frabricated concrete frame structure and a cast-in-place frame structure
were designed. One of the frames was selected and the corresponding FE model using
software of OpenSees were established based on the well-verified macro-model
before. Under two typical failure conditions, the nonlinear static analysis method of
Pushdown based on the alternate load method was used to analyze collapse
mechanism and mechanical behavior of residual structure of PC1 and RC. According
to the optimization analysis results of substructures specimens, the model of a fully

fabricated frame structure was optimized and its mechanical performance on

11l
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progressive collapse resistance can be significantly improved.

(3) Considering the randomness of design parameters , three groups of 15 key
parameters were selected as the uncertainty parameters to research the sensitivity
performance of the fully prefabricated concrete frame structure on progressive
collapse resistance. By Tornado diagram analysis method, several main parameters
that have the greatest impact on the integrity performance on progressive collapse

resistance were studied based on the FE models in the previous chapter.

Key Words: Fully prefabricated concrete structure; Reinforcement concrete frame

structure; Progressive collapse; Pushdown analysis; Sensitivity analysis
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P i T il 2 | g
: 1= | ‘L‘:

! ] NN

| TR - s
e o PEER =
’Z A

) BESHESEHSR b) HEE c) REE

E25 B, BEEEEIENS SR
223 3, R TER

EHEAT S A BR o o A it JEZe it 0 A B B i O O BB 22, T 2 T ) R

ﬂ%ﬁﬂﬁﬂ EGE A A R 2 e A 2R S ) &5 ) JE 4 A UM AR A0, 23 T B bR 1 T
I H OpenSees A B Jo Bk At 47 o Ar ik, W H AR S M A oo 2 T A0 F%

EI’]EHE@ZT PHE L (Displacement-Based Beam-Column Element) 53T /7 #E4k
P 24 # 9t (Force-Based Beam-Column Element) o Frp 3T Jy ik 2ot 2 4
JC X B FE W R E E AR M 50, BP Nonlinear Beam-Column ™. JG 5 Beam with
Hinges #. G571,

T A1 ) AE 2 M B2 4 B 6 (Displacement-Based Beam-Column Element )
(57-581, W7 AL RS UE A B B o AT s A A%, dl I B T A e A #2121 eR R A5
FHN AT AR, BT VK B2 ) Ok & SR Ak T Pty 5 R T DR W R AR R . iz AR
Ly eI S W’%HGU% & H8 Gauss-Legendre 70 773, )5 Al i 5%
AN TT P AN) 2 NI B AR [ o i B B A R AR M, AT 3R O 5 e I R R A T

j [BOo)] [k(x)]'[B(x)dx (2.15)

Hodre [B(x)] A B i 60 % B3 18 8 R K, [k ()] S R 0 38 T P 170 2% W J3E R B

uT R T AR R H Mt ( Displacement-Based Beam-Column
Element) f¢ % 5 v fif th S B 50 5o 28 1 0 3 A AT D9 B8, H 28k i e B AN B B0 7 12 K
R 2 AR A, B LS A ?'JTf%iE’FﬁﬂEﬁ’EE%TE‘J&F“%E Al
M AEASCH) 70 fr o, s BOHRE T A48 0 AR 2 itk e A 0 etk D9 B8 o ARG A 1 B0 o5 20 M
R,

2.2.4 Zero-Length B JT
£ OpenSees A R G, 1@ id Zerolength iy 4 AJ 61 & — /N F K B H 0K €
SCH A A4 b AR 7] B 'EZ_IEUEI’HQ% AT R BME IR R AR AL RS I, AR
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AR B A IS T A AR XS AL #% . Zero-Length B0 1) W B A] 3@ i e S HR il A R
X R R S W PR 7T R T B 6 N - AR S FR AT SR S LGS B A B T 52 T R
oL, H B AR BT A AT @4k i 2.6 Fras . /£ OpenSees A R ot #k £ 1, Zero-Length
G RE TR AR R R B B AL R, AT DURAE R R WP A Ao kg, AL
BIGHMADN T R BRSERKE, HAELIRFEN R KE, LR S#
H AR T R AR, FEAR SO, X VR Bt B 2 R -4 A AT - A R AN AR G B T A
AREW L5, Wit Zero-Length B0 SE P WE 2 - A 7 AN B 0% 2 10 DA M2 2 55 2 i
V) 4 A 3 B B AL

€ X Zerolength ¥ JG ) fiy & : element zeroLength $eleTag $iNode $jNode
-mat $matTagl $matTag2 $matTag3... -dir $dirl $dir2 $dir3.... H A, S$eleTag £~
B ILHI 9% %, $iNode 5 $jNode FEIx & L H JC I P A 15 M AR FR, $matTagl .
$matTag2 5 $matTag3 FK/x 550 = H H L7 4] 1) B A B AR 9 5, $dirl L $dir2
58dir3 BB Xs YH Z =AHHETIA

T%ﬁ

P

[ ] L ]
P il — —D B III.'|,II ,"III'II .':’I'. ,"r"-l '“'.I
N x VAl —
! y V v
|
1

H &
z *

2.6 Zero-Length B TR B3]

2.2.5 R FRERI S A H E AER

7E OpenSees B A, i JL A 4% #: iy & (Geometric Transformation) ¥ %2+
BTGNS < Ahanf 2 LA K BT 1558 R I A A R L H B 4 fe Al b &R o FLER ALY J LA AR
o f, 15 28 14 A% $ ( Linear Transformation ). ¥/ [A] 28 #t ( Corotational Transformation)
DL J P-Delta AF #0531, fEARSCH o3t , A 7 LA AR #e b 1 3 [F] 3% #: - ( Corota-
tional Transformation) A&, ‘& REWE % &0 M ik #8 I KR ALFE 5 K /A I 52 ),
R m] DL 25 Fe A 4 72 R AR T ARG 0 51 11 B i B 882 (P- A B 1391,
2.2.6 T HTIRR

7£ OpenSees H [R e AF 1, X 45 M 3E 4T fa 2 AR 4o vk o0 M 75 15 0 o I A B 1
g, XEFXN RS ERE: HHES SN % (Numberer Command) #1451
X R (Integrator Command) « EfCHEN X% (Algorithm Command) . 5 %

WL SRS BB 2% AE X R (Test Command) - 35 £ 1% 75 %2 20 10 29 5K 4L X R (Constraints
Command) VLK IEZ M FEHAF G 1 FHXT SR (System Command) 25031,
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2.3 RENERTEAMELEA RN RN

ARSI I B A TR 3 T K S R T S 60158 R — AL A TR TR T A B - A
FE- A AN O B A 2 B sUHE R T 454 (PC1) F15 2250k B I 30 R AE 48 1 45 fg A
M. T OpenSees®fF, LA T ul8 1A RTHA, 8147 BR oA 1L 45
RELB AR, WEW 7R SRR @ S R IR PE, 9 8 A AR il SUAR
R 25 ) RE AR 70 R () 1 20 A PR A TR TR S A

2.3.1 i 5a 15 BY 5% 1A

1. 5 5 A 25 1

Z A I B R B — AR 35 o8 DU S B2 B A B e TR B R AE AR A5,
Bl 2.7 Fias, DEHEZR 45 Ry RS a4 B BE D 6.0m. A AR BE N 7.5m. 2N 3.6m,
BARTEAR 2 KN 24mx30m=x25.2m (1)K T7 44 2 18] J0 00 T2 AR &6 4 o #E 22 4 8k 1 R
S 700mmx700mm,  AE S ZE AT R ST Y 400mmx600mm o B A HE B2 45 b 2 Y
FR B A FH S i VR B B A R - A A AR - A T AN ARG T 5K, R AR R R R T
SUAE BB, 8 A AR T SN R R, AR e, R RRum B ak T —
A A BV, A A B ERAROCKS T S g AT A AR, 8RN R A R AT
MIPTEY e iR . WA A g R B K 2.8,

<%>6000<%>6000<%>6000<%>6000<%> <%> 6000 <%> 6000 <%? 6000 <%> 6000 <%>

| | | | |

a6 8 2) R

— RS

30000

AP 1)

- »
-

BT %

| 24000 | 24000

@ 7500 9 7500 C? 7500 @ 7500 @

a) L5t HEE b) £54y 37 [ [E
2.7 JRBIEE ) T & A0 37 1 [ 60
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M i
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/' ||' TR

wE || J
’_ F;,,.-"“)\:Fw

& 2.8 4 RB-HE4H E BT = A [E 00

2. HEBE 1 25 1) ik e A Y

16 U1 2. 7B 5238 43 BT 7 I AE 22 - 25 /g 4 IR 12 B 9 4 RAE R FE et &, il 58
TR L5 T A A R -4 A AT - AR 2 AN AROZE T AR T ke TC KR ek R HE AR T A5
(PC1) Fl— BB HE 42 1 &5 74 % B ik AR (RC) o HE 28 7 25 44 3K 1 A 1in R~ R
350mm X 350mm, &M N 7 N200mmx300mm. HHEEZEBREZE —EH
RE R, FHFRBARRAAE, HEAN3000mm, Ff & E# IR H
500mmx>500mm %2 . HoA, AL T A MR R W2 9 R, AW
THHEE W2 107~ , BLEAESE 7 25 1 il 50 2 e B 2. 10 s o i 58+ i A 9 1m) 4
§H 251 % FHHRB400 25 40 fifi , A [ 4 55 251 >k FH HPB3 002 4 i , 16 FH o i 55 2% 9 C35
iR &t -, BAAME ¥R etr inR2.15%2.2.

6350
R6@50 R6@100
R6@50 R6@50

D HHD 4118 | S 2 HH
S H 200 200 % 350 50 | EH
C BHHC - - - - HH
SHe 1A AR B BB O 22
R T Mi NN RN EE
N A B S S B

2 ! | 2 P 00 \ S

i At % ATI8 E g FH 2
g L 700 \ 1250 \ 700 =1 2714 |RO@40| 2714 H
Z  H{Re@s0  Re@100 ~ R6@s0 | BN
SH @ @ @ NP o ammm—n 5 VR & &
—EH= 2650 N ==
cHc N7 ==
== — bi% —1 1

AR TC 7
3000 ‘ 3000 | -

2.9 PC1 FHHid B8 22 3 [B] (60
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10mm [71] [ #E

_2T184u k¥ ‘
®407L s e A
2T20224F D407k ) T18H &5 )
e D40ILHES osofLiis
ZTZOA‘EW% \ ZTlgﬁ%ﬁ/ﬁ
2T20
3071 A Pk A A R
2.10 £H X T s iF E 00
350 5650 350,
] R6@50 R6@50 ]

p EFd b 1
_TH 2030 L amis %MD% H 2
& EH._700 1250 700 _EE g 200 200 ==

e al s T s R A4 BE

- 1] i (=]
— WL L T IO ER T LT LT LT TN =
H s/lA IB 1A |HH EE
1] < 1] < 1 S
i 5 [t EEIRS 10T16 R6@50 B [
S 1 Sl |
2 H] 2 Re@so R6@100 - 2

D2 S

CHHC S z y 2 H =

IEEH S s1i6 R EE

EE 8T16 EE
350 350 500
C-C D-D E-E Iy

IE | 3000 | 3000
2.11 RC F it 38 %= 3< [ (0]
Fz2.1 WEASEMOEMESH

e o n JEARGE O RIRGRE SRR E .

WHHERE WHER HKE (%)

(MPa) (MPa) (10°MPa)

6 HPB300 385 460 2.01 85=26%, 810=21%

16 HRB400 505 630 2.02 05=28%, 010=23%

18 HRB400 485 622 1.98 85=24%, 810=21%

20 HRB400 493 629 2.01 85=27%, 810=19%

FT22 REEIIMOEZEMESH
R A bR e ¥4 SE T R PUE 58 (MPa) (7] A5 & 0 % 58 FE (M Pa)
PC1 T4 C35 37.6 28.3
RC T 451 C35 27.4 24.7

22



Bt 27 18 ST

3. I mE T £

SIS IR T RN I B, B — B, SCEELE RS R A AL T T T Ay
Ry ALy ml E a8 B8 B, R R oA i b R O T T TR AL 45 1 4y
PME, B PN L T 5 R 0% B IR B AN B W, B O TS Ak BRI R IR A .

4. HEZE ¥ 45 I i R T 3

(1) HE A PCIHE L T 454

K212 A PCR A 1) B i 30 B, L d a5 0 5 i s s I SR S X 161213 @)
~d) Fin. ERIGIEFEF, oy SRR ER T R L YR, RN R R, B
8 b AR B R R ARl s AN R AR E BR AN B K A, B
TR IR, ARG b 5 A T ERRR A I I RS [ A R R B ok R B W, & 3K
S8 T BHIA

vssembled Concrete Frame Qiroe.

#7410 40 99 4% i

2.12 PC1 HEZR F 25 ) & LR Fk 1 (& [00)

a) ¥ A b) 5 AL

23



A2 e AR B T HEZR S5 K U BB 1 Pushdown & R U 73 B

c) BT M d) B = 4E
B 2.13 PC1 %5 o= fif 3 (2] (6]
(2) BLBERCHEZE T 45 1)
@2.14%Rciﬁ1¢ﬂﬁm%ﬁ)§%l, Horp i m 5w s AR AR X E12.15 a)
~d) Fi7x . RCT 45 75 i B B2 Fh 2% N e SE A5 SAR O 1m) 409 A5 40t oz o, JHG rp rp o A
PR A 22 8 5 A6 AN 32 S R BB S G A R B, B v S A AT 0 A8 ST HH IR &
24,

]

ﬁﬂlﬁﬂl'ﬂﬂlﬂﬂ“@ﬁﬂmﬂﬂmHuhi%

Static Load. Test-on Progressive lapse: Resistance of Fully Assembled Concrete Frame Sty

e — 7 - d - -
& 2.14 RC 1E 22 T 45 ) B & T 34 [&] 100

a) B S R b) #H ¥ At
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c) BT M d) % =4t

[ 2.15 RC ¥ &= A 3 %] (0]
232 ERAT R EREES

T A A B LA A B AR R E AR, W AR IR AEEY . B
SRR EAEM 1, TP AR b, n RS AR EAE . T RUR A
S 7 B DR B A AR YT B AR D ML R RS SR L, T Al A R A R R A
HRE A2 Rt . EX R APCHA M P S F R G 45 B, AN
BRI 3 BB v AR 30 YT R b i S A AR AT A BT B, P R R L TR R Ak VR T - Y
Jis 148 3 E0A TR A0 0 0 e R 0 O A5 2 e A S L g I A e, S e A S
A JE R MR YE R A SUPC LB 15 5 52 J1 28 8 DL S AFAE I R B, Al i e i 5
PC A1 R A AN B2, 16 s o AR 7 /0 IE B2 1 RF 0, 25 50 = 38 70 3R AT ] A A
O, BIBE v MR A - g TR AR B2 AT AL AR AL L ST S 5 2 B 09 4 A T B 4 T A ) A
UL S AR 2 T B B . AR B A S O I

a) B RER b) B RARE

25



A C R BE T HEQRL S M BT L (545 Pushdown N2 R B 70 #r

w ijﬁ I
o MRIA ik
y

M Zero-Length # 71 Zf_] = “!:
—————lft =

— Displacement Beam-Column .75
= Zero-Length B2

Elastic Beamn-Column & 75 /‘ M Bl

| Rigid Link
— RItEAT <K ,\
@ Inelastic rotational spring WY e Y=

H Zero-Length-Section £70

c) T RMIE A d) TRZHERE
B 216 RERXTRAEER

1 2 - R AN AOE #2 -

G b (R AR - A AR AN AR A JE R R AR SR A B L AT R I B A2 Ty ou A, 1%E
P AR SR AL 1 E ZR YT AU g ) B Ay S RN 2 B AR T, 0 G R T T 4 ] 8 R 1)
PR AR B RE 1A BAR s, £ SLie i R, PCLIRAT B 28 (KBS IR 52 1045 R 4 A
WRAT A A AL AN AR BY B, L AT R AN AR AR N B A R B R AR T S e AR o TR R
T b AR R - A B 1 U BAEL N 2 2 R AR AR S A Y AN B DR AR . R iR A -
FANE BRI T A2 2 T R E IR e 5 4 0 HE 7 o iR 4E Simsl¢1 5 Yang 6215} 52 4
TR IR A - A AN R AT A ORI 5 S AU A IR T it 7T, B E TR AR - A 4
EEFEN AR I DIBAR IR SUR s 2) IR AR - A AN A S il BIR AL s 3) iR A Y
DIRCER ML 5 4) %8 150 A B/ AT i B A BR AL s 5) 8 1 Ay R R AL AR Shen A1
AstanehlI7E I 5L fift E X6 22 20 0 ke A7 400 K 1R 3R 47 0 N 40 5 1R Be B2 A 48 s
T T AR 5 O OB R i 5 M TR L ) A AN - RR AR SE R (0 T AL AR AR R, Sk
T AT AE AR T G ST THURS A AW MR A B (R R A . IR KR B e AR
FE UL At |, o0k AT R R - A AN B AL R G T I R [ A B T P R T AR
A RIS ORI aa S NI 2B AR A WL L BTG S W EEART A2 Ay L A2 T
R 7K %% 77 (R E

AN SCHIE U (1 4 2 e 325 440 R R [ D o ol g R AR, K 368 A A ) o T AR A A Y
X T AR R AN AR BT 7T IR R Ao 2R R K S KR STL SCHR 4T rp Ay AN AR 7 Dy S Ak,
o S A6 5 A R e AR UL 45 oxt s A AN A e R AT 1B O B A T IR KR T
PIARWIEE DL K i AR 77, 49 B0AH L (0 A7 A L Ao fal AL A AL, AR SO 1 4 il A7 4
HE AR R A R A T B IR . fERR e AN R T, R e i 5 R R D
117 A A 5 58 K AR I, A R A 3 3 P MR A A A5 BY BB 1) SR RO K062, IR e AR %2R
OB T L 22 a7 M e B D) P BE AR ALl . SCHRIeo-o8lE I se 6 5 A R oo 23 i B
AL B - A A B MR AR AT B D) T AL A A, R SOR Y R MR A B D) AR 5% R
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72 3 F b . 7 OpenSeesH F) F 55l #4 %l Hysteretic >R A5 FUUMR A% 1% $2 M1 8N 1O T8 16 7
Prii Y, Rl A R Hysteretic I N /) - 838 By B8 il 26 an B 2. 17 v 7 o B FH 50 il i
Elastic- MultiLinear 4 i& X 2k 11 4% A4 A5 Y SR 452 F00 MR A% BT ) 3 i A AL, - 22 il 4% 4
218F7n . A BRI AT 5 AN 32 J15E %, B OpenSeesH [f] Series Material
Ay 2 P B A R A Y 2H 571091, Series Material iy 4 20 & 75 s a0 E2.20 T 7

L &
E g 2 = ft?
o E | (sulshy  (Fud.sfid)
o =]
A sedp.ss3 o
S [(se2p.552p) o 3 //I
7 £ v ol
1 f
selp.sslp) Flgbeta'k, /// K ,,,\'
K P f
strain or deformation //straiu or deformation
(seln,ssln) re
} R {(5e2n, %52n)
(5edn. s53n) o tsucl.sfel)
2.17 Hysteretic #f # Z # 4% B 2.18 Elastic-MultiLinear #1 %} A< #) #& &

PR %k M Rl Hysteretic £ OpenSees A [ tcl fiy 2 : uniaxialMaterial Hysteretic
$matTag $slp Selp $s2p $e2p <$s3p $e3p> $sln $eln $s2n $e2n <$s3n $e3n>
$pinchX $pinchY $damagel $damage2 <Fbeta> -

Hp & S8 A& L $SmatTag AME G55 $slp. Selp. $s2p. Se2p. $s3p
5$e3p AR ONE M IE TR 1 2 K 3 SN A MRBAE (BRI
$sln. Seln. $s2n. $e2n. $s3n. $e3n A K RNBEHEMML R T 1. 2 & 3 &1
N J3 RN AE (B AR TE ) 5 $pinchX 5 $pinchY 70 A R R W AF (BAZTE) IRk
RlF R A7 (B A7) BIHRER T $damagel 5 $damage2 43 7 3 7 5 4E ¥4 #4 K} AH
BT BERIR 22 HOR 5 RE B A 5¢ B9 A BEBIR 2 8 Sbeta 3R Dy i 2 1R A0 ) F A
R B, BRIANEUON 00 FEA SO, AN R8N AR (B3R ) AR g (B0 B4R 3e B8,
FATAT A BPE B3R, #$pinchX Al $pinchY ##4 1, $damagel fl1$damage2
WA 0.

BBk A4 Bl ElasticMultiLinear £ OpenSees H ) tcl fiy 4 : uniaxialMaterial
ElasticMultiLinear $matTag <$eta> -strain $strainPoints -stress $stressPoints.

HPBEZSHNE L. SmatTag N B 5, <Seta> AL B VIZ (FETD
$strainPoints 5 $stressPoints 43 7l iy B 77 - A8 il 26 E & s R ) (80 5 R AR (Bl
BT [ HIRE .

2. 5B R ERE

GE 5 0 R 2 TR)GE R A RS AR R, AR RIRBESCHE Ty, AR AT R R S A
B SR e A B P IR R AL B BT o R A RO T 2 P QR v
R W R DT 20, A A K& e A A A 5 e U7 AT T A e A
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AR TCEAE o3, FFXF X Bl £ 77 S R AL B AT 1 AR R, X R
FEAFAE PR R0 AT B 1 2 LI 00T 1) SR SR R, B4R R AR A e R DA R a0 R g L
MEwEs 20 RJRRA, HlAH NS LA B 2 A (VR e L RITE o B X IX P Fh 2R 2L
i, O T A R T SR AE B AR S5 T I A 43 A S Y 5 AH N 1R B D) R R
HARCLETSIR A F$E H . Fischinger 257273135 F b, o J1 A G2 A 48 W 0% 2
T2 30 I BY ) a FE T H 5 A U AT TR IG 30 E,  FF 52 1 AH N7 1 25018 faf A A5 28 o R AiE
TR R AT BT . BT UL X R AR B A W T, BA S A
A R e OB T AR AL, X TR S A R 2 1] () 4 A A 42 R A OpenSees H
Zero-Length ¥.76 1 B H EE 7 MK T 5 5l B} Hysteretic #4022 5 4= & 2 18] B 77 1
&34

3. e 5445 A B L

X 5L b 55 A 2 16)AH TAE R RO ALL, 25 R B 2 R R A KT I, sk T I hr
BLF19 0, B T 3o R 2% &AL 52 e XAR IR B J7, B0 (1) 52 47 8 8 i k1
oy “H R N JIRAR R R KL . FIH Zero- Length-Section H. It K A5 UL 52 bify
B 2 TR B B R CIRES 5% 5w Ve ) P R % - RN 5 A 4 1 b R 5 B A NI BE 8
B kg otel, 2t Zero-Length-Section oo N £ R %t -+ 5 80 il 09 4% #4852 4L R
OpenSees FAF 1 1] Series Material iy 2 (Ul & 2.19 ) #H B (] concrete02 5 Steel02
oy ) 5 B PE TG 5K 718 Bl Elastic-No-Tension material (ENT A BRI 4] 2.20) 20
Er R BT, IX PR AL EEAF 43 Zero-Length-Section .70 SE br b i o R g f& i & 711

A TR
.I / “.I‘:.' I'.".l."I 1 ! ",II.I."I I.'\I.:'Ill L EreS I-
stagl $tagl

strain or deformation
sE e
VAt
smatTag

& 2.19 Elastic-No-Tension #f %} 7 4 #& £ 2.20 Series Material #4) & XF % 4H & 75 =
Zero-Length-Section #. JG 7E OpenSees H [ tcl 1y 4 : element zeroLengthSection

siress or force

$eleTag $iNode $jNode $secTag <-orient $x1 $x2 $x3 $ypl $yp2 $yp3> <-doRayleigh
$rFlag> »

H %2808 X $matTag A H 0% 5, $iNode 5 $jNode 77 7l A5 &1,
$secTag A EH M Kl 9% 5, <-orient $x1 $x2 $x3 $ypl Syp2 Syp3>h 4= /A br & X
Rt R E R (ML) , SrFlag R B F EHEAIHE (ATEdE) .

4. LRI A 35 1
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FZEAAMAL SR EI T —E B, B H OpenSees 4! 1] Elastic
Beam-Column H yo R AL 4= BB /E A, 4 BB 548 2 [k FH NIPE IE 42 . 0 T B A4 32
FEEE R UK UL, 55— & F| F OpenSeesH ¥ A JE 17 s 8 & H HHFE R 8 7 2 4%
BIGIE T A B R . AR A, i g RigidLink beam i 4 4 42 B T 1) 3y 5 717
RSB NG RGN S Fahadm, MR T A SMHENMIMNEN AE
equal DOF#E & & H H & .

233 MiRT R EER—Joint2D R A

X B g5 A 19 A8 B 6 SR A OpenSees H Y Joint2D #5 Y, 1% 5 A 2
Altoontash 78142 HH K (), J& & T Lowes 5 Altoontash791 i H [ 77 A5 7 ff) — A ] 4 A
M. OpenSeesH Joint2D 7 s 152 8 AR 45 T 58 Vi ok - 45 1) 2 A 49 A0 IR BB T U3
552 1 P AN 7 O LB AT A . AR TERER . ST AKX,
RO T AR AR R AR 1A BT g . BT UL BRI, Joint2D Y AL EL T H
— AN NI ES D) H LA A DU A A1 350 5 Bl s 2 2 R, 43 ol P R ASEAEL T SR B vp ) B A7) B
MEY)RTE SR MEAZY, BT AR R E 221075

T B0 A WA B R READL I B A Y R ) 32 R ME . E SR E A E Joint2D Y
RBTCHABERNAM KR TR0V SARE 2 )l B R A7 B
LIRS, 3 1R BY DBy ) % 07 12 5 AT D30 8 1 LRI e PR AE G B, 51N —
A e B BB R R AR B VI 156 -5 M K &R . 1% Joint2D i SRR, B )
PR A, K H OpenSees H ELEE B 1 ) X — 4 fuf 25 - 2% J2 ¥ [9] 455 Y (1] Pinching4
MERFAE, WA 2.22. ZME R FE TR R ER A . W IR AL DA AR Tk
RN, RENE IR F i S i 5 46 A2 B VAR FH N B0 0 5 ma B . E AT EUER T, Hix
B Er SRl 42, JREWE 16 M3, HrphEJrm 4 M s 52, L
KAATiI 4D R EREZE, &EXNTHmENE, & 1205 MEEES
I 52 3R A 7 T %) AH 58 2 8

Wi Fretaa]
EVipEg ™
NS /7 | .
'\\ i
"
JT / it
=7 77 =
i o M J
d

2.21 Joint2D BT S & E
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i

{¢Pd,. <FL )
o Tl ))
(ePd,, eFl,)

Pd, cFf (cBdl,, €PL,)

(* uFarceF ePf)

ig.d,,., tForceP fld_ . ])

AR L
(" uForceM-eNL) kﬁ;

leMd.. eNIL}

[&] 2.22 Pinching4 #1 ¥} K # #& &Y

LR, B ST X 4R R R AR, 32 B e o 48 2% i 4k
A A R AR L SR . W IR . BT E RS e L, AW
Fhrik, — MR TFEIEEHGEE (MCFT) , B —FfEETHRIEMNHEL (stru-
and-tie theory) o fEASICHR FE IE & /3 BHAR K 4 € e M KM S 2 8. AR
T P R 0 X R Tt = 5 AN A R PE L BT D) B 0L S 5 R AL T MCFT # g it 5
13 I AH B (1) BT U L 7 - N AR BB 4 e, P 3fe LUORH B8 50T A B0 4 BRI AT 45 2|
Joint2D i i M b B ) i I R - A E el 4. RN, WAKOKX
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