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Fig. 1 Mechanical model of seismic analysis

HEH At - S EERREN M EES TR, U for soil-structure interaction system
RGN S RE AL TE S RE AR PR ST 7. 3 4 45 188 i b A A IR 32 2T AU — B 45 A I T K K TE
L X B e B AT o 9T . T4 R R shBER R

_ 1 . . . 2 BL H . . 2
T= ?M[u(H,t)Jrerug] +7 Op[u(z,z‘)Jrug] dz (€D
ARG LI HREER RN
x H
V= | kGt perde+BL | [ edydz )
0 0 0

i TR (D R GESBE AL SBARE AT R A3 B O T AR B B 7R MR P b R A
o 2k ek %, I

u(z,t) = q (= (5
A g () M IE BB AR FR. a5 S+ g YI R Ty .
c=Gyr =62 =Gg, (0 6)
dz

AR 5l HSRAT YD 770 590 T A2 3t 6 T s 7 A% 1 0 8 M R 4 K R A AL 3 4 A A
(VIR A3 2 A

914(29t)
dz

(3D ~ (5) H M. p g 45 A ) S5 0 o B A b K - 0 o 5 42 5 v b Ak L i UI 8 s G H Oy ik 4 ) B
PR SR 50 (H 1) = ¢ (o) H Ay b 5k 5 S5 46 42 fid 17 1) 7 P 3
G 6) AAAKXC) (DB RGEMBIRE T AR HEE V 200N

u(O,t) — OyT(H’t) — G

= Gq, (1) (7
—H

T = 1\2*/[ [ H 4 g2 + u(,wcosa)t]2 Jrﬂ;IlB[QIBHH + ¢, Hu wcoswt + ulw? COSZ(ut} (8
_ k 2 4 (1%
V—I(Zqz +ﬂqz)+BLHG? (9

K8 (D FEH ¢ (0 B 2. RGEX BT AR ¢ (0 vq. () WHELRSF T1 0

Qi = 05Q: =— 12 (10)
Aorf g S5 S AP S R B PR 1 Q. 53U BLIE H. 4250 (8) A0 A ATEIRSF RGBS
WY H A2 8l R

=Q.i=1.2 QD)

AT\ AT | ov
d (991 ) dq;  Iq:
AR RSz 8 7 e



54 BRSSO B 2R G M B 0 R Y R A R o A 465

L+ 2m)g) + 2, + whqy = (2m+3)pusmﬂ

H 2 H
- ) ) : (12)
G +qﬁz+ /\;Iwzch %(12 +ﬁ[¢_}zq; = %sincut J
KA2) BT AR ¢ g Tt - S EAER RS ZEZ sh g, Hd
3 1 G [k, _ g, »
" 2oHBL " H«/Twz &v/\z sl e = (13)

Hor m S S5 40 5 3 B BCER FE IR T s o1 v 20 501 0 MR S FIAE M B9 B AR IT R 52, M BHLJE EE 5 p, 9 HIRR
T3 32 e (R 5 5 P i s 3 5 B A L RS IR AE w, > 0.

3 L -ZMHEERAANNFUENRARTEATHITA

AR SCRBE A RS N F R, = 0 BT 4. 1 T2 (12) L (13) g b fr 202 (& 38 T30 J1 p, sinar » 1
A A2) WHEAEF g TSN
q; = A;sinat »1 = 1,2 (14)
P AL VAL J3 5 Dy i 0 A5 AL Y 4R
A0 AKX A IR T

sin ot = %sinwt — %sinSwt (15)
A Bsf B 2 = I L A5 3
, , 2 3.\ P,
ol — (14 2m)w’ A, —2’”H‘” A, — <2m+2>ﬁl
3007 . ) (16)
Pps W T N N )
HY Tt g A eA g {
F(16) FoR IR A LA, AT .
ic:
fi=— ' fr = b — (17)

FA) o fo 23 e R A R B R R R AR - T 2 8
KA6) 55— A B AL =X AR QD #EF7EE, AT
RAFA A6 L THRME A 19 =W AKOT 2

A+ uA, +0v=0 (18)
A

" — 4 . fife - 2mw® [ - 2mew”
3B ws (1 — 2maw®) l
_Ap, | [i 1.5 [
38 f1 — 2mw’
AR P (19) 2 DI IRIE A, RS 5 AY 9 M 8728
RSP i 1 AR AR HETE R rh e o BRI AR R N8 R B2 R s R TR TS
(- il e MR el 2, R« << 0 Hou Mo iR A = 4o’ waE M Ay L& B
+270° <OFBsrA =it A EE M M h i ERRGRAEATR Fie2 Equilibrium surface M and
L M M R RGURASRE. i M LRSSy Myl FL i bifurcation set B of cusp catastrophe model
.Sk Sy BT LA 4y UL B o LR T RN
A =4y’ +270 =0 (20)
REGTHALE - RSB A, I M ECRM b 6 S AE (wso) ST B35 R 73k B
B, HRN RG-S - RS A, Bl Bl ar 4R S S, I RGEAL T ilm FURES R 2 T AL A
Apy ZEEREI N IECEM) B Ay BARLA, TERINHY v T EERITHY o, BERIFHY vy 5T FERITHY o,

(19

v =




466 ook o# RORE R o MARBREERD 844k

4 k- HEMAEAER ARG T AR R R AT

4.1 ZMIRIBERTMN « BEH
1 2 Rowh A i 9 AR AL Pl 1T b S5 4 RGEAT NIRRT o << 0 2 ZEMHRIE A, RASHY LB
A EELAD Pu o M SH. MRS £ ERERMUSMELE K. FIH o = [+ IF
BHY fi —2me” M, i AD I w5
w = %[1—ﬂfz 72%2}",2& o ﬂhﬂ} 21)
A0 TR« <0, HE

Cszx
f1fe = 2mw’ fr — 2mw' + & f) >1 (22)

AT LT
H o' fi > 0.0 o > o B AN (22) 155,

fifo—2mw® fr — 2mw* <0 B (0} — ") () — o) — 2mw’e; <0 (23
23 8 2 XML Y wf <o <ol By o > of | BH o > o |0 B B (0 — o) (0 — o) —
2mew’w; << 0 Bl u < 0 BT,
Mo f1 <0, of <o B A% 22 15
fife —2mw’ fr —2mw' >0 B (o —o")(w;— o) — 2mw’ew; >0 24)
B O FE 2R Mol <o <o BT HH O > ol |0 BE o > o | o B BEA (o — o) (o)
— @) — 2mw’w; >0 Bl u <0 BT
4.2 HHMIRBERTH o EBEEHY
Mo <0, HY B 2 sp il i G o) B Sl B 45 00 100 70 7 LA B 25 M PR A, A o koA o872 sk
(1) B IZAP u v AP NEFTHRA =40 4270 = 0S8 HET 110" m BEBEREEIRN KR
2 ME DA X R 1 O 22 2TV 45 A0 IR R 528 (9 2% 1. AR 2R B0 4. 1 15 R B4 ik kA7 40 7.
A P v AT of pe = o’ 5N

_ 4])(, . fl —+ 1. 5a)2 _ 4u(,w2 . w% =+ 0. 5w2 (25)

3ws  f1— 2mw’ 307 @l — o’ (1+2m)
. 41/{[,(02 ys 2 2 N2 2 2 5 QL A
2 (25) G >0, F i +0.50" >0. B —*(1+2m) <0,H w A+ 2m) 7051’7)[3’]

ARBICAEL AT AR o 3 1 15 4K T 7 B 1 42 W e B0 8 0 SUAR A 26 B BLARAE b R ZS AL & A, [ R
HBEER; X wf — o’ (1+2m) >0, H o — (1+w712m) I o AR AT LA bR g R 7 1 9 O i

{5 2 P il ) B 1K 23 AR B Ze 0 BUARAE TR RS | A, ) b i R ER.
4.3  SHfRIEER A8 AR H Bk R iR E

MNAXAD FHL YT f1 = 08 fo = 0 W w0 B8 E B AN HY A, (S 7 R0 18) . 7%
TE V&L 2 1R -6 i ML RIS R B S 1) R R A T M R A TR I S A G IR R AL A R R
B RAE L ME R G YRR UG, X B T AR M TR R g B A T AR R AR AR BT R
PR G IR R

HT 2R A A G TSP A T ML PR AR R 2 A T 2 il ML f s AR T A AR o) R
TEBI P oy SCEEATEL By » 0 T il 0 MLl G S g 254 R 1 S AR IO 1) 245 4 I 30 Ak

Az, = V/—u/3s g1 = Ay isinet = v/— u/3sinat (26)
T Sy ARELHRERE T 72T Ay, RS RAE N
Ag.g - 2 V2 u/3 (2.0 — Ag.gsina)[ == 2 AN u/gslnwl (27)

M(26) .27 FF]L A, BIAXHETE As (B 2 45, 9 H w (<00 B KB B/ (ot X 8RO 15, Bk BR



54 ERRAE . L -F M AR TR Gt 5 3 0 e 1) 58 e a3 B 467

B J5 RS AL i BBOR. W R £y L AR T S AR iR A, Az BRER L AHL by T A R BRGSO A 50 A
T3] o Bk B R U A (] 5 BV AT 30 A8 A 0k 28 596 5l ) A ) 52 e LA B AR U

KD PIRINRE o A H)“—" S IXAEIEATRERE 1 T — sinat = sin(owt — o) MRS B A, BR
BT A LA ) S5 A I BN T S Oy

Goe =— 2 /— u/3sinat = 2 /— u/3sin(wt — ) (28)

K (28) H5(26) 55 2 S GF B AW 2L (us o) 35805 SUER I A IR R A A= 1 R A2 Chy 58748 i
19 2 485 R IR S AL R A T RS ARy o IR

RS B T & 2 Pl MR L L AR AT P A (o) AR BN 3 A B By S S5 H IR
R S5 MR Sh A AL 2 kAR R (26) F(28) By AL A R,

5 % i

Za

i LA BB T AR AR AR

(B R A% B H 32 3l 75 B 08 32 M A T A -2 40 A0 AR T AR GE 3 0 5 1k 20 B R0 48 D DA A
R W 2 AR 78578 i 2 e R A TR 18 o L P PR A A B 5

(238 3 X 2 i 5 728 A T (1 o IO PR 8 20 A B 3 A 2k R R A AR 8 B AT T S AR A L AT AR AR
R -2 AR AR I R GEA K AL R G i SRV 4.

(3) 254 R GEM AR AR A A 42 ) A Cus v) 5B 2R o R A8 AL R 70 SR INF S5 A iR W 2 2B R 2 45 M I 3
FHAE AL 2 e A2 SR I L2385 A 4 W 1) 2 2 (L I 3t 7 A0 3 T 78 Ak 3 3 WA R A8 A 0 - 25 # AR LA T &R
GEBh 1R PR R R A AR RO

(O FEAR LM AR 3 #I8 vh B AT AR B0 45 18 (2) L (3) i i BE e e vkl 1 3158 454 RS0 sh g FE
AR RE R A9 AL BIAR T 35 o0 A o T X - 45 R A AT 28 Gt i 2 g e vk ik B O JE S Ll AL

S EZ 3 #Hk References

7
=

N

(1] % & ARSCAE . BT MS. -2 A0 AR B 1R X 45 0 S gl s il i s ma i 52 [0 ], 4R 30 5 ik . 2009, 28(3) :98-101.
YANG hong,ZOU Li-hua, HUANG Li-shan. Study on active control of soil-structure interaction[ J |. Journal of Vi-
bration and Shock, 2009,28(3) :98-101.

(2] FA B.5k B2 %L - 1 5 B/ CEST $E8F #0528 5N 434 L1, B8k K 224 41, 2008, 37(5) .
652-657.

ZHOU Yong,ZHANG Bo, LI Shu-cai. A seismic response analysis of CFST arch btidge: considering structure-
foundation interaction[]]. Journal of China University of Mining & Technology, 2008,37(5):652-657.

(3] skEM.E£ 4. . 225 H AR R R AR PRI R S BT LT ] IR 2 2 4R« 24 i, 2006, 39(3) + 64-
67.

ZHANG Guo-dong, WANG Zhao, MENG Wei. Nonlinear seismic response analysis of soil-structure interaction sys-
tems on stationary random excitations[ J]. Engineering Journal of W uhan University, 2006,39(3) :64-67,

(4] BMRAY Al 00 X AR -5 4 3 Jy M B FR R B B e S B2 #T LT ). 26 34,2009, 30(10) - 2923-2928.
XIA Dong-zhou, HE Yi-bin, LIU Jian-hua. Study of damping property and seismic action effect for soil-structure dy-
namic interaction system[ ] ]. Rock and Soil Mechanics, 2009,30(10):2923-2928.

(5] BRERIR . B VAR, 22 15 PR AN [R) M i st -5 440 3l 0 A0 B4R P 9% 3 5 B B30 % lE 9T L) . R T RE 2741, 2006,
39(5) :58-64.
CHEN Yue-qing, LV Xi-lin, LI Pei-zhen. Comparative study on the dynamic soil-structure interaction system with
various soils by using shaking table model tests [J]. China Civil Engineering Journal, 2006,39(5) :58-64.

L6 skrc A . 13 J-#l M. dbo: MR At 1989:59-68.
ZHANG Ke-xu, XIE Jun-fei. Soil dynamics [M] . Beijing: Earthquake Press, 1989:59-68.

(7] R M BRI IM. b . b S0 K% kL . 1987 :173-186.

LING Fu-hua. Catastrophe theory and its applications [ M ]. Shanghai: Shanghai Jiao Tong University Press,1987:
173-186. (F#% 473 T



54 BT A - ST TR A A 3 5 A R N g R A ) 2 O 5 473

J1 Wei, LIU Shi-zhong, LIN Peng-zhen. Dynamic Characteristics of composite box girder with corrugated steel
webs[J]. Journal of highway and transportation research and development. 2011, 28(11) :55-60.

(9] e NRILAIEZZ @IS Hi#8. JTG D60-2004 24 B M R B i Hi@ A MLELS]. b . N RZSHE AL 2004,
Ministry of Transport of the People’s Republic of China. JTG D60-2004 General Code for Design of Highway Bridg-

es and Culverts[ S]. Beijing: China communications press,2004.

Study on dynamic characteristics parameters of equal section
composite box girder with corrugated steel webs

JI Wei, LIU Shi-zhong , LIN Peng-zhen

(Key Laboratory of Road Bridge and Underground Engineering of Gansu Province,
Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract ; In this paper, a continuous box girder bridge model of corrugated steel webs is analyzed, using the ANSYS finite-ele-
ment method, to evaluate its vertical fundamental frequency. Experimental test is conducted on the continuous box girder bridge
model of corrugated steel webs to verify the finite-element model. There is good correlation between the results from the tested
model and the finite-element analysis. The parameters considered herein are the number of the diaphragm, prestressing force,
wave pattern of corrugated steel web and the span length. The results show that the span length influences significantly the fun-
damental frequency of such bridge. The number of the diaphragm, prestressing force, wave pattern of corrugated steel web have
little effects on the fundamental frequency of such bridge. The vertical fundamental frequency estimation formula of the continu-
ous bridge in code (JTG D60-2004) is not suitable for the continuous box girder of corrugated steel webs, thus empirical expres-
sions for the fundamental frequency of such bridges were deduced.

Key words: composite box girder; vertical fundamental frequency; model test; corrugated steel web

Biography:JI Wei, Candidate for Ph. D., Lanzhou 730070, P. R. China, Tel: 0086-13919891668, E-mail : jiweil668(@163. com

(3% 467 70

Analysis on the seismic dynamic characteristics of
soil-structure interaction system by Catastrophic Theory

WANG Zhi-qiang , SHEN Jian-hong

(School of Management, Qingdao Technology University, Shandong Qingdao 266520 ,China)

Abstract: Under earthquake loading, the dynamic characteristics of structure can be reflected better when soil and struc-
ture are analyzed by a system. On a simple model of soil-structure interaction system. the kinetic energy and deformation
energy are calculated. The dynamic equations of soil-structure interaction system derived by Lagrange Equation can be at-
tributed to the cusp catastrophe model which takes structure amplitude as state variable. The analysis by cusp Catastrophe
Theory shows that because of nonlinear spring, the system has the frequency characteristics and the soil-structure interac-
tion system does not produce a “resonance” phenomenon in linear systems. When the control points (u,v) get across the
bifurcation set of cusp catastrophe model, structure amplitude and vibration phase will change and the structure amplitude
changes with the earthquake frequency, i. e. the earthquake frequency change has path effect on earthquake dynamic char-
acteristics of soil-structure interaction system.

Key words: soil-structure interaction , catastrophe theory . nonlinear, dynamic characteristics
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