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Study on Effect of Bolt Contact Nonlinearity on Mechanical State of
Steel Corbel-anchor Beam Composite Structure

WU Yan-bin, HUANG Fang-lin
(School of Civil Engineering, Central South University, Changsha Hunan 410075, China)

Abstract: In order to understand the effect of bolt contact nonlinearity on the mechanical state of steel corbel-
anchor beam composite structure, and the mechanical state of high strength bolts, on the background of the
constructing Hongshui River Grand Bridge in Guizhou after macro mechanic analysis, the hybrid finite
element models of the whole bridge structure and cable-pylon anchorage are established based on ANSYS,
and the calculation and analysis are performed. The result shows that (1) on the one hand, the bolt contact
nonlinearity has a favorable effect on the associative mechanical properties of steel corbel and anchor beam;
(2) on the other hand, as high strength bolts involved in bearing loads, the longitudinal restraints at both
ends of the anchor beam have been strengthened, the bending deformation of middle of anchor beam is
increased obviously, the relative sliding between steel corbel and anchor beam is reduced, and the local
stress around the bolt holes is increased significantly. In general, the effect of the bolt contact nonlinearity on
the mechanical state of steel corbel-anchor beam composite structure lean to unfavorable, the analysis result
without considering the action of high strength bolts is in unsafe side.
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Fig. 1 Structural diagram of typical steel corbel-anchor
beam composite structure
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Fig.2 Schematic diagram of forces on bolt connected steel

corbel-anchor beam composite structure
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Fig. 3 General arrangement of Hongshui River Grand Bridge
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Fig. 4 Schematic diagram of cable-pylon anchorage of

Hongshui River Grand Bridge

Rl S b, e S R AR A T S A R
PR [ VR 2 S H 3 1 BB BTk, P R e i
B SEAR A PSS 8 (ADDMAS) 5 3C, B[



84 OB %

ST $34 &

PRAR DR AR R A0 (Mass21) %€ 5 Rl
Link180 FICHLIRIIER,, 3000 0 2 BT HoC L%
JEAEPERLN 5 R MPC184 [ 4 5% 5 5046 71 2K i
RIS R EIE AR, DRIERHIER

R T

N21 584

(a) ¥E1K

TER AR B SR b, PRIAARFR iR, il
Fdse /NI TG B T N2 L S R A SRS A AL
R PSR B TR I TR RIS L SR DU 9 2 s AR N 4%
NS, 5Y 75T R TR L Pk 3 S oo UL,
FEANBY T F 3 A 5 ) 3 5% BT AL R BT AT hidk
VERT, SREERINIBEARYE Sk [13 - 14] #iE,
FERR T 17 () 85 B T — A 5B T REAR Y T,
— AN R TR R NS BR Y S BT SR OLE, LA
RS L R R b e

WASTREE LR . N SRR T . A
B0 5 B DY G £ M fh T L B R S A AR 4 fl AT |
BEE AR M i STt B9 — T BE 2 ) BE 4% R I
0.4 4 — MRt bk 2 ] BE R R B 0.2, A4
B - BEVUR Z M A EE 4 R B 0. 061 % e i
BB AE IR BB BT AR SR BE L 2 MBS, &
FCHk [16] PR R K A KR B A TR, I
0.5 MPa, @il s ohy S8 BOE Lo IR
5 20 Ak Jm) TS 5 ) B T 7 5 SR TG SR R P T i 2
WE S (b) BT, 9% 2K 40 4k J=& 36 4 %
Bl5 (e)fim,

SIS BB 2 fh A £ R ) A A R 2 1 RS R
Wi, ASCHEEST 2 REA, BOAY 1 (G MR R R A
ML) . ANEESZ IR AL S MR Se iR, R R i R
NVERT, NG5 AN AR R 2 (] o BRI B G R AR
WD (REREEAMARY , M2) . g HER L R R
. IBRESIR, IR B S AN AR 2 ] S B A
FFS5FLEE Z [0 B H2fi

3 BBiEMIRL RIS T
AR B 208 A i 2R ) 25 I e AN MR, 5 IR Y

RO E E B 5 RIS A K Contacl78
A — AR TT AT Combin39 JE 2R M B B TR
JAE ST EE AR R BORE | R S8 E
RARAROTEAINE S (a) PR

R AR LAY
WIS R

CIREE
HBERR

(c) A A AL £ 55

(b) S
ES5 RBERTHRTEE
Fig. 5 Hybrid finite element model
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Tab.1 Horizontal components of cable forces (unit: kN)

Th XM21* Xs21* FEN
1 4610.9 5445.3 834.3
2 5115.2 5194.4 79.2
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Tab.2 Summary of displacement calculation results

LC1 {3 #%/mm LC2 v/ #%/mm
Al —_— % —— /%
M1 M2 M1 M2

MR LMK 114 116 1.89 1.20 1.21  0.68

JE AR 2 A 0.44 0.40 -9.60 0.42 0.40 -3.50
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Fig. 6 Distribution curves of longitudinal and vertical

displacements of web plate of steel anchor beam
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Tab.3 Summary of principal stress calculation results of concrete

F= L 1/ MPa F R )
I — % —— /%
M1 M2 M1 M2
LCl 7.16  6.99 -2.37 9.12  9.05 -0.77
LC2 7.00  6.99 -0.14 8.50  8.45 -0.59
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Tab.4 Summary of equivalent stress calculation results of

main steel plates

LC1 )i} J3/MPa LC2 )i} J3/MPa

g —— % — /%
Ml M2 Ml M2
R 134.0 133.0 -0.75 145.0 145.0 0
78.5 50. 38 71.2 42.97
g 52.2 49.8
53.9* 3.26 50.3* 1.00
125.0  20.19 107.0 10. 88
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101.0* —2.88 95.8* -0.73
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Fig.7 Nephogram of equivalent stress of typical bolt near

middle of anchor beam (unit: Pa)
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Fig. 8 Distribution curves of internal forces of shear studs
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Tab.5 Summary of internal force calculation results of

shear studs

£k, 9] LADLLY
T n/ % n/ %
M1 M2 M1 M2
LC1 9.36 8. 86 -5.37 7.95 7.56 -4.87
LC2 9.40 9.42 0.14 7.77 7.74 -0.44
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