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Abstract

As a new kind of composite material, Concrete-Filled-Tube has many advantages, such as
load bearing capacity, good plastic behavior and ductility, convenient construction. CFT arch
bridges make application of high strength material in arch bridge doable and simplify
construction. Since the first CFT bridge in China, Wangchang Bridge in Sichuan, was built in
1990, CFT bridges have developed very fast, and the breakthrough in spans and innovation in
structures of CFT bridges show us strong life-force and prosperous vistas. For it is a kind of
new material, theory research in CFT bridges is relatively behindhand, especially in dynamics
property analysis and seismic response analysis. Based on “Concrete-Filled-Tube Unified
Theory”, the seismic response analysis method of CFT bridges is introduced in this research.
Recent seismic response analysis of CFT bridges is always only for the structure in elastic state,
so three dimensional elasto-plastic seismic response analysis computer program is developed in
this research. The concrete-filled-tube beam-column element is introduced, so it is feasible for
the elasto-plastic seismic response analysis of CFT bridges. The major wok in this research is
described as follows:

1. Introduction of Concrete-Filled-Tube Unified Theory: the property of the CFT member
changes with physical parameter, geometric parameter, stress state and cross-section shape,
and the changes are continuous, correlative and unified. So CFT could be regarded as a
new kind of composite material. The mechanics property of structural members could be
analyzed according to the property of this composite material.

2. Double-clement method, effective section method and the unified theory method are used
to analyze the elastic seismic response of a deck-through CFT bridge, which is 46m clear
span, 1/3 clear ration of rise to span. And minor difference is found.

3. Based on unified theory, a three dimensional elasto-plastic seismic response analysis
computer program is introduced, which inciudes a concrete-filled-tube beam-column
element.

4. The unified theory method is used to analyze the elasto-plastic seismic response of the
same example, and it is found that when the acceleration increased enough, first yielding is
not in arch springer, but in the column on the arch.. And attention should be paid on this

point.

Keywords: concrete-filled-tube arch bridge, concrete-filled-tube unified theory, concentrated
plastic hinge model, seismic response analysis
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$E46 RERGE S LU X W EIRERERE 7 . BWHEBENEAENER. Bl XREGRETLIEH
FEHtnda, 7% CFST AL AL sh R A —& M (first grade member) 7,

1998 £E Tsuda AR R H I RMAR R T B2 E T EHWR S REAK PR8N T
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RSRMBURE R W4t e, EiTSaabmaim a8 ek e Ry 5 H 3 A
RBRAREGR, A TREGHAR, RN ERETETE THRREZE. Bl EA
W P I, 76 Neabs-11 SR B9 RH ESIAMIE R T B RER TR THE
JREk L HEEr RN A = S B R YRR Y.

4.2. FEHBREZNVFEHTE

EEHARTEMNER L, — RSN EBENEHERNESHE.
Q'N+R°(H+Q () =F@) (41
R F(t)—t HEBSAH SHRa R
Q' (1)—t B EIEIRYE A 1 I

O° (t) —t B IBERJR 1 1A i s
Q* (1) —t B RIAR X A M i

BERERESHREER, WRMEHTURE: Q' () =Mi'(t): H¥: M RERER;
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it (f) Rt IR . 245N R SCARWREY , R+ ST ARG b — AR =4 P35y
S REMEE IR, BRWF: o, () = ()0, 0)u, O » WREH R RETUFETR
B: QT () = Mii(t) + MBii (1) (4-2); 3+ B B—4 Nx3 MEHRHER,

B=p, b, 5] mRb(=xy)BENISR, LHRUMY | GHANEN 1 K
K5 RN 0.

— R ETEXFNASRA Rayleigh BHEME, BQO° () =Cu() (4-3); HH: C
RELBSERE: u(f) RAREE R E.

BN RO () THREMKIESE, HKRMTMEEE. MRmRTRRRHALN,

QS (O FLLETR: O°() =Ku(t) (4-4); R K RMRBIBERE, u()RAMMHB. WTF
— By . BRI AR, OF BMITRIBRRERE, TLUERRu() KN

0°(N=0"(u(®) (“4-5).
# (4-2), (4-3) f1 (4-0) RAR (4-1) BBGEREERNEFTE:
Mii(t) + Cu(t) + Ku(t) = —MBii ,(¢) (4-6)
¥ (4-2), (4-3) M (4-5) AR (4-1) BIERKUEERKEINTE:
Mii(t) + Cu(t) + O° w(®)) = -MBii, (1) (4-7)

N TEBMEERRNZ A5, TUFNAEERD R BINEHATRE: 3T IEE
HEARMS S, BEAUEHERIEKEPRNE. XHTECRNENNEN T AE
. HEHERAEFHRNE, NHF-ITHE, HRKREERRITEERN. XMEEERD
Fett BT BT R 2B 2 M9 48, BRI At BRI R R RN J R R
E. X, FEHEARRIELOI—RIMKRBILHIRIEERB . HEMT (4-7) WF

5 LA S IR M O° (u(t + Ar)) R LR T A5 . I8 A REHRIF I8 2 T 108

B 0°(4,.)=0°(u,)+ K, (u,)Au,, (48); K. u,, =u(,,)
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b
Bu,y = u(t,) - ult,) Kr(w,)= %|,=,_ 3 £ = 1, WA TR R R R

B TEEMEHNAEENRR, 0°(u,) it M EERE AR R R TER TN

NEL
O (u,)=0 +Ku, (4-9), BFQ¥ ="q)7, q)s RRBTT jHE ¢, WA ALK

j=t
qThEk.
¥ (4-9) RN (4-8) 8: 0°(u,,. ) =0 +Ku, + K, (u,)Au,,, (4-10); # (4-10

A (4-7) BB ELNEERE,, RS FHTT1E:

Mii . () +Ca,, () + K, (u,)Au,, =-MBii ()-Ku,-Q," (4-11)

4.3. EIHEOPEME

e A RAESHFI AR (4-11) TTLURANEELBIMERTIHE. BERI N
EABMEE (4-11) HAMNERS T ERERRAYTER, MERANBEETERE.
Bk, AHIEE Ar BFIEIRRR, R, XERMBEZ FSIA-PTMRANSENXE, B
HEBHAARMNBRTFOTE, REG—IREE, ATTARAQKETERR. &£
A3 AIRY R Newnark 7 X N . Newmark RS/ SO e 75 H: % 1 w38 BE A s

EET W THRE:
u., =u +[1-8) +d&i, |

u,, =u, +ut +[(l/2--a)’i,, + 0ol ]Atz (4-12)
HpS Mo RTUBESRSBREHAMENERSFTERERNER. H6-1/2 Mo =1/6
i, BUREBHEHEDE: %o=1/2Mo=1/46, PREMERE.
# (4-12) TEHRBEANEUBER RPN

i, =4, +Chau_, -Cu, -Cii,
(4-13)
!}IH-I - ﬂn +C4Aun+l _Cfﬁﬂ _CGﬁn
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I | 1 ) o be)
K':F'z C] :;;MT’CZ =——,C3 =—“,C4 =;A-';,C5 =;!C6 =[E¢;—1JN
¥ (4-13) LA (4-11):
[CM+C.C+K, M, =R, -Mi, ~Ci, —Ku,~Q)° +M[Ct, +Cil, |+ (Cste, +Cyi,
BH R RFRR EACHBIEMN: C=aM + K, KA LR, FHIIATIHER:

C, =C +aC,,Cy = fC,,C, =C, +al -a,Cy, =C; +oCs-1,C,, =ﬁ(cs _])sclz = fCs

B3| Kr M, =ARw (4-14), 5 ARy = R, , +MIC,gii, + Cgi |+ KIC, i, + G i, —u,)- O

Kr=K, +C,M +C,K
BB (4-14) REH Au,,,, 1, =1, + A ERIRH SRR, RS HR
ATLURIER (4-13) @F,

i =i +CAu,, -Cu,-Cii,

(4-15)
f‘u+l = ﬁn + C4Aun+l - Csﬁnncéﬁn

un+l = un + Aurﬁl

4.4. WEOIREBE

(4-14) ARB AN BB N BRI RERIEX R THTE, CRF—AHE
SRR LEE R THER. BN EaIIER R R R R Ar g9 C, R
HALEI T R TR A R RANESE. b T oRARRY TR e YEFO3R MR RO A 3E, BT UL
& P45 i R A PR AR T . BRARR, SMEOMEAWES EERN, AWM

RA, <A, #4: A, B—AUAPSEOEEMEN: A, BRRH R, MKRTHH,

Ap =I&ZH-IH d &gwl =‘Rn+l _wm-l “aiml _Kqﬁl _Qﬁ =Ro+l _Mﬁml +ain+l]_K[ﬁ2n+l +un+t]_¢§
(4-16), BT 5 s FaE~dN.
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(4-16), BT 5 s FaE~dN.
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44.1 WAHitH
% T e EB A KB A A e Emma R R 8, TURE~D

BUFA MR, M1, DEGRTRHZXAERER, BFRLREZ L, HAES
WH, e, R, @HAT B, R EEER (,, 1)/ n, n RATEH.
Besh, ¢, RIS AmEE, EEALBEHATLUEAUTXRRXEEER L, i H:

un = C14Aun+l _-Clsunﬂ _Clﬂurﬁl

ﬁn -~ CiTMnH "Clsﬁm-l _Cwﬁm-l (4_17)
u,=uU.n _Mnﬂ
H.
1 C C
Cy = 5-0’—1)’2’6'" ='Efi'=cu =_51':_':Cu =C|3(°"'5)’

J~1 ]
C, =Cyp ( . ), Coa=C,loc~172) C, =C‘3(?J'“M

442 FHEHELHN
AR, M1, MMM REANEN, BRREA, =[RO| <A, BT
MR, WREAEE, BRSNS TEHRAMTLE M. FAEOK

n+]

SHWIR: A = I u)“

LD (i+1)
"um-l “ + lun-!-l

1, RN WEHERBEHFRIT: MEL), +Coail) + K o) = RE),

<A, .
ll

(4-18), M RC S HARREHEAEBIEE: KO R1 HRKEI KEAAH SR
BiERE SO, & ) HHRBI RERNBEY SRE, ERATBER, =

> () gO¥1) _ () e (l) _ (41} e () (1) _— 5, G+1) () (i) F YA 3
Xﬁn—F &"nﬂ = Upyy ”“n+]s&n+l = Upn “uml!&‘m] =U,n *unﬂ: 5Rn+l E%I ?kﬁ
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R ERE DR, R =R, -Mi®, -Ci®, - Kt - Q)77 (4-19),

M (4-15) FBE/MIRTE, 64 = Coul),6ull), = C bul), (4-20),
B (4-19) AR (4-20) HRRAR (4-18) aT&1: K P6ul? = SR (42D, K
4 KO =KD+ CM + C K. ORE =R,y - M, + il }- Kl + i |- 0150

BB (4-21) RBHB WERHBELB ), B, TUNATABHSHENT
RIERE, EERGS R

+Cou® a» =4

(+Y) _ = (F)
=u n+l * ¥ nel n+l

n+l n+l

FCBUD D = + Bu?

u n+l n+l

4.5. =HRBPUMBRNIHTERF

ZRFE—AERLOER EX (Z48) GHRiTiaemm Rz N i BEF.
FRFFE A Chen (1982) RS BN, O EARLHMATRBELE —-EieNER L,
RHUTHRBRTRPBABRERERT, FBRFREHRE R BHF T LR
F i R sE 1 .

VR HHEK, AAMRTTHRER: WEREHE TN (SHEEEERE) HE
BT REET, HPLAABRet- R $ouel il BEE SR ER D EBEAER T
i X py S AR R T 32 8 T

2B 7E Fortran Power Station 4.0 FSNEMRE T HiE. Wik, &1T. B 4-1 BiE
FFHIEEIEE.
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MAEERB: input. dat

!

(ERRIAERE. MRS RAENE |

T
e T
\En
=)

Y
> R (4-14) . KWABHR

!

] (4-15) , BRUNMTRAMS. 2. nEXGR

REESE RN, BE, HHENAEER

[ MEX (4-16) , ANRKAHE

&
REX (-17), RN 1PRA
Eéb WML =
&
L )

BB (4-21) , BT FEELHN

{1=1+]) = i=0 B

E4-1: BFREGHA

4.6. WERSEL YR E R T

SRS IR BT 3 R R R R PR P e, BT A
THIA —IE (P-M, —M,) MARE AR . ERSRERSR MR B, RALL

TEERE:
(1) 852 Ry e YEvE 08 R PR7E B JT P M T BE Y BB 1
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(2) BEEBHRRARIBENERLYERE:
(3) i/ —FWEMHERRBILP-M, - M, TRIF = XERELR:

4.6.1 BRI —MRY

ZHRERRETMEHEREA TEE W ZE B IR
AR EREHREATARRRLE
RERREIrEE. BTAIERNAER LT
F A I A MM EAE A REIN, T MR
BERA RS TR B s
kb, BFTRBE—MEWMERT RTRRHR
BZERRIEHE R ETHAL, WA 4-2 s, M 4-2: BTEHIER

W B AT LA 0 — RAIMRIEHE T4, SATFRE X h—T XSRS M E
WXE, FANTRERE—REROSN X H—T XEBRELEHNBMXE, B
WA BTH X H—T XBERTURBEMN. HRIAERE T AR
XA A B RN RR, F7e A U418 B8+ Bt R R R
FRMERA TSN SR —NEHE, BBEENr X hE XEB X R NS
2.

$A B 00 4h h — 3 KR L4 F AT LU R AR S 4k i B RS R % e T X h—
XA BMERMHEARAAREETE - R RARNNEBR L HEER - RSN
BEAEF R B et e R 3.
4.6.1.1 A EHE

i 4-2 FiR, RITFRNRICE BN GS HR B — NI AN —A AR A%
B, BEEREEMAEY AR,

[FAIMET S 6 N E B, 2 RREXYZ BEASIER TN 3 AN F3 8 hER 3 M
HEBE. EXVZEELEETHETHIB Y ANECBERUE 4-3a FiR,

P =r,n l 1 B T By B o P T T |+ TE Xyz RBRASHR R T (0 BTSN A5 B 8 1

T — - — - — - — — — —

®inAE 4-3b FoR, ;’ =[V1,V2,V3,V4,VS,V6,V?,V!,VQ,VIO,;’H,;H:]“ M XYZ B R R B

xyz A RN RTURTY: voar (4-22), Hhaf 12x 12 MERER, H—
R ERHRRERE, REER.
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B 4-3a: BELIFERATHRTERE

7 xyz RBABERTHEZRTHATRIEEZ
&, 7L B 4-3c BRI RTRIATER B H

B, EXH: V =[vl,v2,v3,v4,v,,v6]= MIBER AR
ETHATCEHFEIEAHEH¥KRATLURT

B: v=av (4-23), Xfafk6x12 BEHRIEH,
WTFER: BRPLRARATKE.
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K

Vg Vs Ve

| y? '/

& 4-3c: TR EHE
4-3: BTHKIEBRE

0 0 0- "’1:% V9-V3)+Vs
1
01 0 V2=-Z Vg-Vg)-i-Vn
\,
TR Y (T
O 0 O 3 LL 27 Ve 6
0 1 v, ='Zl- ;z ;s]+vlz
0 O - -
1 0 0 Ve =Vr—W
N Vg =Vie— Va4

Fy P AR AR R IR B 7T — MM IR BLTT, R 4-4a BT, BETE B BB RE R
wh =[w,w,,w,, w,,w,,w, |1 8H0 T MREBEIRT & g W 4-4b FFR 4 B2 XS0 F



WIUE REREE BN =ML 5 thB P 41
w =[(v1 -w) (5 —w) (% "ws)' (Vs 'Wa)']’ w; =[(V2 ~w,) (Vi—w,) (¥ *'ws)' (Vs "'ws)"]=
Kb v, i=1,4Hw,,i=1, 4 0B 4-3c M 4-4a Fim, B (v, —w;) +(vs ~w;) =v, —wg;

(Ve _ws)i + (v, "ws)" = Vg —Wes

) 4-da: IR R E HIE  4-4b: 1IMEIE

H4-4: BEBEHE

4.6.1.2 BRI
EEAEY ARRATHSFRMIERE, AL RIREE M ZM¥ ST IR

AR RMAAN BILX FIELEATRERRE, HAERBERBIRXT w, Blw,

B AR 6 6 MRACAERE, F4rAlnL R TPiMs B TIKRRIMERE, NREBI A
FTHRIXRTEHEY, 8 v, IREER. SEMFKETRXTRTEHEY, v, 1 6x6 f&

TCRIBESERE, BERAR (4-22) 1 (4-23) ATERBELIRRETH 12x 12 g TTHIBE R .

462 BRNMMTEERE
WE 4-4a FiRREEABY KPHRRTT HME AT, MRS f L RS

WEFkdw RAKIMER R RFRWT: dw=f"ds (4-24), Hi:
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