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Abstract: Current specifications for concrete-filled steel tubular (CFST) arch bridges have already considered the impact of gap
defects in the core concrete on the bearing capacity of arch ribs. However, in practical engineering projects, the
degree of gap defects in arch ribs may exceed the limits specified in the specification, making it difficult to accurately
assess the bearing capacity of CEST arch ribs with gap defects. Therefore, this paper conducted parametric analysis

of large-diameter circular CFST (CCFST) columns with gap defects using the general finite element software
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Keywords:

ABAQUS and proposed calculation formulas for the gap defect reduction factor. Meanwhile, a spatial frame finite element
model of an actual CFST arch bridge was established using MIDAS software, and the calculation formulas for the gap
defect reduction factor were applied to the bearing capacity analysis of the arch ribs. The results indicate that when bi-axial
and uni-axial compressive constitutive models are adopted for the core concrete with spherical-cap gaps and crescent-shaped
gaps, respectively, the fundamental mechanical behavior of the members can be accurately simulated. As the gap ratio or
gap angle ratio increases, both spherical-cap gap defect reduction factor and crescent-shaped gap defect reduction factor
show a decreasing trend. When the gap ratio or gap angle ratio remains constant, spherical-cap gap defect reduction factor
and crescent-shaped gap defect reduction factor increase with the increase in concrete strength grade and slenderness ratio of
the member, while they decrease with the increase in steel strength grade and wall thickness of the steel tube. The
influence of eccentricity is relatively small. The formula for calculating the gap defect reduction factor based on parameter
analysis results can be used to assess the bearing capacity of CEST arch ribs that exceed the limit of gap defects degree
specified in current specifications, and the calculation results are conservatively safe.

large diameter CEST arch rib; spherical-cap gap; crescent-shaped gap; gap ratio; gap angle ratio; gap defect reduction
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Fig. 2 The division of application areas of different compressive constitutive models of core concrete
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Fig. 6 The gap defect reduction factor-eccentricity
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relationship curves
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Fig.8 The gap defect reduction factor-concrete
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strength grade relationship curves under

eccentric compression
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Fig.9 The gap defect reduction factor-steel strength
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grade relationship curves under eccentric compression
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Fig. 10 The gap defect reduction factor-steel tube wall
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thickness relationship curves under eccentric compression
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R AR E HE By RS R ERN
C40~C60, B9 ¥t 3% JiE %5 9% h Q235~Q390, 4 4% BE J& Ny
12~20 mm, K40 LA 12~60, 0 Fh 0~0.5, a5 R H
0~5% , Bt 25 f BE %k 0~0.5, % 4% 4 600~1 200 mm

h ARG 23 A e R R K, MK 5 SR TSR

BE AN TR TR RS AR AR S H0 A BR TR R Bk
SR 2, A B TR S A BRI Hr 5 R 6
DL, FE AT, Ky, B EE T 25 R 50 RO 2 #r 45
H HE M AE 0.946~1.065 Z ], ¥ 5 22 4 0.033;5 K A
H HAETE 0.963~1.059 Z 8], ¥ 7 224 0.033, f LAl %01,
N TE SR B A, T N T R ER e AL A A R
250 CFST HERfh 52 A 1 k3 1 56 5

F2 ATFALRIENARTOWNERSEILCE

Table 2 Summary of finite element analysis model parameters for formula validation

. WSt ExmEERXAE e . REEImE MHBE
i ¥ &) /mm * a3k W= &/ Vo BLE A A P % 15 5
1 650 16 X 3 900 24 0.8.2.5.4.5 0.3.0.4.0.5 C55 Q345 0
2 650 16 X 3 900 24 0.8.2.5.4.5 0.3.0.4.0.5 C55 Q345 0.1
3 750X 16 X 2 250 12 0.8.2.5.4.5 0.3.0.4.0.5 C40 Q345 0
4 750X 16 X 2 250 12 0.8.2.5.4.5 0.3.0.4.0.5 C40 Q345 0.3
5 900 20X 7 200 32 0.8.2.5.4.5 0.3.0.4.0.5 C50 Q345 0
6 900 20X 7 200 32 0.8.2.5.4.5 0.3.0.4.0.5 C50 Q345 0.2
7 1000% 18 5 000 20 0.8.2.5.4.5 0.3.0.4.0.5 C50 Q345 0
8 1.000% 18X 5 000 20 0.8.2.5.4.5 0.3.0.4.0.5 C50 Q345 0.2
9 1 200X 20X 3 600 12 0.8.2.5.4.5 0.3.0.4.0.5 C60 Q345 0
10 1 200X 20X 3 600 12 0.8.2.5.4.5 0.3.0.4.0.5 C60 Q345 0.1
0 st oo T L E EE P
43 0—=0. y
a U [ ERREMC,~0.033.-7 31 IREBSEAMTER
B0 65y wii A B 8 CFST R 2 FFHERR 7 2 4K 900 m,
Hossy o ,;4; 5 4% A B 2 (1902604260 190) m , f i 4> 55 43.2 m,
= x _#Ye % e —5.4% et Y v of e
080" i F RN TR BE - A S50, B A 12 R .
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0.75 0.80 085 090 095  1.00 i SR )
AT o 14 HERD R B4 IR EE £ DA A AR R L L, 190 m B
a) Ko R HER HER 43R 945 B, 260 m BSHE 0 R 11/ B, SRR
100 1 by (fE{f%=0.995 PR
0.95 - ﬁ]ﬁ%FOOB /’/, -7 /fIi/ij 1 OOO miio
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b) K, X HZE Fig. 12 General layout of the bridge (unit:m)
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Fig. 11 Comparison between theoretical calculation

results of the formula and finite element analysis results
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Fig. 13 Finite element model of the whole bridge 0T B0 56 [ 19-20 ) % HE 15 3% 186 3 77 22 58 136 25 47 0 2 5K

FHE TR RATA RSN N EETE C60 B MR R IR AR ) IR AR . SR B IR S I 2
SCAMEWCAR TR & o 260 m B5 1/2 LA EE — e Y AR BRI A3 AR IR 3.63 %0, A SF AU &S R IR 3 mm,
BEYTEAT R Q420D 4, oA BE R T Q355D N ;190 m JBE4s f B R 0.5, 25 JE B AR R 2% T80, % BR 7R 28 7 56
B 1/2 HEM (58— BE S5 AT R FH Q420D 4, AR B BECRINER 3R 4 PR .

x3 EEEAFKBEBRZMB/HEFBERRAZENRELER(KEHEL19])
Table 3 Check results of the ultimate bearing capacity of the overall section of the arch rib considering the most

unfavorable spherical-cap gap defects (according to the specification [19])

. x mj/ (k\?]/u/ YN/ Ni=glp > (KK f AL/ o= No= ¢lo D (K Ko f AL/ o= f):/(;;
‘m) kN kN N,/(yN) kN N,/(yN) 100%
Ei R S )

BT 48463 16634 53309 110 993 2.082 93117 1.747 0
PRI 66750 46293 73425 101 235 1.379 84931 1.157 16174
THERRKIIL
BB 46431 42785 51074 88 342 1.730 74114 1.451 0
P 64786 76988 71265 86 505 1.214 72 573 1.018 1617

E - TRRP LB B D B TRR A, B AL % A AEAR R INI 3k b AR & SR AT 4 ) A M R BB T 4Ry A S E RN
R, o) Z MM RN R, ol HAE MM TN R LK) A AR 6 R KA B A R 3, K A AR R R
LR IR F R Ko A BN RS LR R AR IR AR AR R 220G S AR R A, A A R R L A
& & AR, N, 55 N, A AR AR B A 3+ F AL, N, P BLE 3  R SORATEAL N, P LS R 2 A AKX (D)3 L 00 AR ER %4 R
B hA A FREEE W,

*4 EEEAFATEBREZHHEMEFEERRAENRELER (REHE(20])
Table 4 Check results of the ultimate bearing capacity of the overall section of the arch rib considering the most

unfavorable crescent-shaped gap defects (according to the specification [ 20])

sy N M/ N/ Ni= 0o Kb KD NSHND/ 5= No=¢p K kKD (Ni+ N/ o= fT/(;lx_
kN (kN'm) kN kN N,/ (yN) kN N,/ (yN) 2100%
A RK T
H-I 48463 16634 53309 87 503 1.641 82 350 1.545 D
PR 66 750 46 293 73425 83 425 1.136 78 512 1.069 o
THERRKINL
H-BT 46431 42785 51074 70 184 1.374 66 051 1.293 o
PoIR 64786 76 988 71265 72 233 1.014 67 979 0.954 o

E A -BTRA A BB TRG A LR o AR R, o RS BT AR B K, AW BN E R0 R kAR SR
EARBEABEITRE K AME R LAREA BRI R R K AMERE LA T RBE I &8, N A B R E &R E R
He A Hh ) R SRR A N A 5 AR R SRR E 3k Rl R AR AT B 00 3R B AR 09 AU R SR R A LN B N, A AL FRR B Ay it S
AR, NP L2 A 8, B BCRHLIEAR , N, o B2 A7 & 2 2~ X (8) g 3 SR,
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