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Debonding effects on ultimate bearing capacity of single tube
concrete-filled steel tubular arch bridge

TU Guang-ya', YAN Dong-huang', SHAO Xu-dong’

(1. School of Civil Engineering and Architecture, Changsha University of Science and Technology, Changsha 410004,
China, runner - mail@ 126. com; 2. School of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract; To quantitatively analyze the effect of debonding between steel tube and filled concrete on the ulti-
mate bearing capacity of CFST arch bridge, a calculation model was proposed based on reasonable assump-
tions. The calculation program was written by using finite element method, and used to simulate the process of
debonding between steel tube and filled concrete. The program was verified. By taking a single tube CFST
arch bridge as a case study, the calculation results show that under uniformly distributed load on full span, the
complete debonding makes the ultimate bearing capacity of single tube CFST arch bridge decreased about
10% .

Key words: single tube ;concrete-filled steel tubular arch bridge ; debonding ; ultimate bearing capacity

BUEIRBE BB RO OL S BR T T o5 A, £
BT NE 5% OIREE L B PR AR & IR GE
- R RS AS SR A AT A VR -
iz B AR, T TR BE 4 Ui 78 AR
S5t BE PRSP (A AR 5 A O R B - SR T 119

WA EL A - 2009 — 05 —02.

BEE&TH: Wira SR 0H F BA SR ) 5 Bha5i 5 (2008 ) ;
RAP R T R 2% 4 K 5 A 572 5 T 0 2 Rk 3 4 W5 Bl I
Fl (10QSSKO07).

EEE: R (1974—) B Fi+, RIE#;
BUARKE(1961—) T, ¥, A4 S0l
BRAR (1961—) , B, 042 , Tt E 0.

P g R 8 5 T B BORG TSR 2 RS K
A Z e B IR EE U 52 R A T AR,
Bl IREE+ 2 Bk A T A9 A2 1 1.
52 SRR 0 AR S B2 T PERERY AR A, T
PRI 32 T PERERY L BB bR 2 — , R
SCLAHE UL [5E AEA AE TR B L AT S 9], S
APt X AT PR R A 3T B4 5 i R

1 HEEE
S ELVAF 0 YR - LR T 5, S 193
R RS2 5 B LR 2, T BRSO 18, 71



+ 2000 - MmoR E T

3

a2

SIS ALY R 1) A S R IR
TIPS A A 1 A i) e W 0 K 5 2 ) TR F) oo B2 A
0;3) A SIREE T Z R JCEESE 7. R A2 DA 1
SE MR DURR R 58 22K , 76 58 WU % 00 T #94
SIREE AR LRSS (A PR B SR BE
TR S R BRI DR D 58 ok 25, B4 TR B L 11t
PRI SE PR32 TITERENL 129 T 58 2R 15 58 2Rl
Z ).

2 EABATEAEN

FEFHTFF 2 PR 0 B2 3 oLl A9
G RO IREE S EREITUN ] TR,

WA T i+l

Jj+1

BT
RBE L BT

B 1 RN EE
A2 . TT Y BT I Ry
k - k]. (1)
-k Kk
THE R 2 4 BRI I Al ) I BE & BGOSR 2544
ST BRI ] W B A RAELY 300 A5 RIAT.

3 ARG REEEAM K R

3.1 WEHNN -HEXER
HRAE I 3 — 72 ke mT AR T 3EUAE 598 4 iy
2, AN RN R 154k, A7
{0‘ =E &,

=

& =< &
(2)

o=0, & <&se¢g,.

[P o NE BRI T, E R SR B o

PERLEE, & B INIAE, o AN Y JE IR

e B WEIRBAZ , e, R B A BR N AZ .

3.2 RELHING -MEXE
FIEEHAE ], WA AL IR EE LRI ) ~

RIAESE R, ] R Ay By 2 323k M0

TREE T2 i A ARR BN

_ 2e e\’

o = 0'0[7— (g) ],s SO

0.1¢

o-=0'0+qa'0[(8i) —1],521.12,3>80;

0
THEE

- Ble —&,)° + eg,

o € <112, > &g,

(3)

i o WIEODIREEE BN I ,00 .80 .G & B 5T
s /NS =
oy = [1+(=0.054¢ +0.4¢) - (i“)o‘“].ﬂ’

(4)

- . /. L 02

g0 = £, + 1400 +800 (ﬁ _ 1)] &,
(5)

_er

q - 2 +é_— ’ (6)
£=, )
B = (2.36 x 107°) 02097 L r2.3 57 5107,
(8)

A(5) e g TR
e, = 1300 +12.5f. (9)

A (4) 3(5) R (8) (9 /o MIREEL
B AP TR B 5 5 2K (7) P o AT IR
WA NI, a = A /A 5 A KA 5500 AR
RS T AORRIRL; S BRI R 5 /o R
6 Lt o 3R A VAR

YO RBE LRI ) - A e R
e A

o =o0, lgng —0.2(;)2] e =g,
o =0, f) 1 , & > Epe

(10)

2
L o, WEERIR 1,0, = 0.26(1.5,)7 e,
VAR FI BT NAE e, = 43. 10,

4 HEEFKBIE

K2 8 U Sk b B E Ze 1 B i PR AR
SEA FRIT M B O BT A A R LT AR
PEZ 8T RALAS MWL 152 i, b kR e M 3T
VR BE VA . B TR AN R N TR %
JET A AION " HE A IR ) L AR R B SR
BaInfar 2k, AR A5 A I AR I FN2Z J1REIE , 2 i 4K
(RS IR A B B8P I T N AR IS Sk, A S 4544 2
RAHEEIR. WSCSIOAE IR A B RSSO ) , W SFs A
Koo —JHEL, eps HLA0.000 1 m. 345 45 FE B 7S
AR G (0t T 4% ] & FH R F BDCMS (14 25
Bili B HEAT G 3G TN A 5 %O IR BE 2 (8] Y i
F2 BT ISR T N AR BR R 25 TS Tl BE. DL sC
BRL7 ] e SO TREE+ 22 R S8 2R A - 1



55 12 3

TROGIE, 55 < GRS 0T 5[50 A5 590 AR 05 b AT A PR R 48 1 521

- 2001 -

A -2 WIRRAAIHE R 050 5 BRe T 45 R T
TR T B IE.

K AR AR A -1 1
W BR &2 S 36.8 kN, A — 2 [l# PR & 2% 1k
49.2 kN. SCHR[ 8 1t A — 1 BIAIHE Ty f7 P B BR 7K
AR % 319 kN, BiE I BN
36. 1 kN, {5 i BRISE 5 A SCH 5 A9 A X 1%
PR 15. 4% F 1. 9% 5 A 2 FERIBER) TH Y
PR AR 7 1k 56l 42. 07 kN, B8 B E R
50.5 kN, 50 AE IS (E 5 7R SCTF3E B9 AH XT3
AR 16.9% Fl - 2. 5% . i AT WA Scit
H 53R 8 ] B (E W) & 5 4F, 550 (8 AH 22
R, FEIRH TAMCRIRZEE. 546, A
SCPEAS Gt 2 VE R R T HR00 B K88 1) (57 A% 45 SR
F1.3R2 Pimw.

R1 A-1BPHESFERERATRREECLE

/AN RO /mm || fifER/KN SR AR/ mm
3.7 -2.4 22.2 -17.8
7.4 -5.4 25.9 -21.2

11.1 -8.4 29.6 -25.9
14.8 -11.5 33.3 -33.3
18.5 -14.7 36.8 -45.8

£2 A2 BBESGHHERTRA RS

/AN RS /mm || /KN IR RS/ mm
5 -9 30.0 -13.7
10 -4.2 35.0 -16.8
15 -6.5 40.0 -21.5
20 -8.8 45.0 -28.4
25 -11.2 49.2 -36.5

#1322 MRS ICHRI9 T TR 4 Ry
BRI, R ASSCH SR i 5307 22 0047
THT AR R AR R Al AT Y.

5 Bl

S IR BE LN B AR 46 m, KBS N
173 HERIEON B HEL, A R B m = 1. 543, HEj)
[ 4%, I8 by AR AR O 800 mm | BEJE
14 mm 5 IHE C30 TR EE L2010, WA H R
Q235 , J IR AR BR 4y 235 MPa. Ff B4 MR EE 170511
11539 20 A5, 36 40 A HoT RS S RGO IR
H5E T 9 S 0 19 AT, BN S A BURY
AT 0. A9 9 1% O TR BE - ) BT R R 73 SR Y
EEAIT, W RIA  BE T 17193 20 JR=. TR A%
JEHER BT 5 BB

THLRSY 2 R B & 1) TR T, B
FERAZ A BR AT 3 2 AT 254 A AR 52) B
it Tad 7, 25 BEAZ O TR AR 1 78 AT 2 ) 1Y
e BR AR ) (Wit ISR IS S a).

il Tad e 3 Fh 005 08 1) 25 N A ALK
2) A IR BE 153 ) AR I AR A 28 (A% T R A
A 240 kKN/m H &) .

BERUTHAR A3 2 FhiG O % JE: 1) B 500 R
%+ 1 5 A UR (FH 53E 1A 72 42 PROTARAL ) 52) 4N
50 TR A 5E AR A5 (T AE 5100 R
5t + ILZE SR .

TRy 4 PR :1) B5hErh J52) L4
AbEET T 33) A s A (a4 5 4 ) 2 e B AT i 2
5.1 ETHEATREE

FERE S50 IR EE R TR BT, 58
S BURG 55 58 ARG 4 2 R LAE 4 2T far 24
AT IR BR A 2R T A0 3 BN A BIR 8 1) o1 B
w3 4 PR,

®3 EHRRAIEEN LB (TR S)

o BTREE L/4 b4 REWE, RS
faf 2 7 ) )
/KN thi/kN (kKN -m™") (kN+-m™")
SEAKLGE 2366 1 798 491 151
SE4RE 2 361 1798 445 151

x4 EHRREEACELER(THRS)

fi#%/mm
TR R L4 RhE ARSI R
Jiu O R Ay
FEARGL, -232.8 -298.1  -77.1  -232.0
S A IBURG -232.3  -299.2  -69.8  -232.2

52 BREEIFREER

FRAUUtE T R A A PR AR e 2, S8 42
Jikl 55 58 kb4l 2 BhiOLAE 4 B IBL AT F
(AT AR R 8 ) AN 5 7, Al B 088 ) 7 %
6 R

x5 EHRRAFEEN LB (EBIETEE)

i BhE L4t SR P s

A hJj/kN i Si/kN (kN +m™") (kN -m™")
Se4kigh 1201 1051 140 74
ek 1200 1 049 122 72

ML LIS A R AT 1) IR LT, S 4
Il A 5 49 A iy 23 P A P A BR 7R 2
RTTTAT P R 6t i) 37 % i 1. B2 Dt AR 1 42 85 4%
At AR AN TR BE L HE LIAZ2 I 3, 250



- 2002 - MmoR E T

3

a2

{ECHR EE A (B 5 EBDN, M58 2 RS s A 5
A0 TR B B4 Bl T3 23 T ML 5 50 4 R A A
[F] 10 S Bt et A AT A R R R 8 R A Y B
PR, 12.9% , i A BIR 185 o) 437 B 3% AR F) L £91)
BN, N 3. 9% 5 Ui WA A T B 1 P B FR K
BRI, IR SR AR 22, 2) PR LT, 58
SWRE LR R T | L /4 B S DL K 5 P A
A0 23 T PO T PR A IR AR 28 T3 R T PA A PR 1 1)
MBI, 22 E A 2 A 4% . T2
PURTELL L 3 P RG34 T, 40787 TR o6 - 43t
W A28 o 3 Rl AR O R HEBU 0N, 58
BRSNS A O IR BE L R R L
S AR AR )
F6 WEMIRREEAHLE (ERIETTE)

Hi#%/ mm
WHKRL psehaE L4 gMET SEG RET
gt Syt foE-1h) FoE-din)
SEARigE - 140.5 -129.2 -82.0 -107.2
SEeiRE - 138.2 -131.8 -78.8 -109.0

6 %

1) KA BRICIT LA T ST R
RO TRBE 73 330 o3 BT A, R 3% T
HAE SO IRBE L RO SE 2 BURS 1917 50
PEATE R 1 B Al AT Y.

2) R g 09 A BROT R 7 HEA T 0 TR BE L
PRI R PR BT 38, 25 IR aT AT Y, S5
M SCHR AT AR 45 R AW 5

3) BT, S8 A BURS AT SR A AN AR TR
B AR L o 5 2 A i 2800 T 9 T AL FRR 28
RE 7 R0 THT PA AR BIR 125 1) 07 8% IR, AR IR 32 4R

10% Fefy; WA H & J1 | L/4 S 1 LA K E
5 A AT AT AR T BB B A R g R T PRy A R
6] 2% 5 58 ARl 235 I 22 1 A W 2, 22 L1945 A
L 4% .

225 Sk :

[1] ROEDER C W, CAMERON B, BROWN C B. Compos-
ite action in concrete filled tubes[ J]. Journal of Struc-
tural Engineering, ASCE, 1999, 125(5) . 477 —484.

(2] B, BURME, AREAR. BRI NS R 5E 1
B2 itk [J]. P EA AR, 2007, 20
(6): 61 —66.

(3] shbkily. B8 R EE L4544
5 Bles AL, 2004.

(4] shakife. WA TREE LA [ M]. Jbat: B8 i,
2000.

[5] DEPPO D D, RSCHMIDT. Nonlinear analysis of buck-

Mg S IM]. b

ling and post-buckling behavior of circular arches[J].
Journal of Applied Mathematics and Physics, 1969, 847
(20): 31 -37.

[6] DAWE D J. Curved finite elements for the analysis of
shallow and deep circular arches [ J]. Computer and
Structure , 1974 (4) .22 - 28.

(7] BRACS. SR BE LT Bt N 32 1 axad FEF5E [ D .
FEM AR, 1998.

(8] BREHE. M IREE LBt ST M]. JEst: A
RS H A, 1999.

(9] gk, E . WAETREE L HL o s 98 1k 7R 287 43
Mrid]. WAL TR 28240 B TR, 2003, 28(5):
110 - 113.

(10] WG i 28 X4 A8 TR B 1 32 77 1 Be s ma BIF oY

[D]. K¥b: KT R, 2008.
(g #AAE)



