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Abstract: In order to simplify the strong geometrical nonlinearity and contact nonlinear
relationship between the large number of steel wires in the main cable of suspension bridge, and
to research the transfer rules of firmly tight forces of high strength bolts in the steel wires, using
the idea of homogenization, based on the macroscopic mechanical properties of the main cable and
the cable clamp fastening system, the method of combining the experiment with the finite element
analysis was used. The three-dimensional anisotropic solid model of the main cable was
established under the cylindrical coordinate system with lengthways, radial direction and ring
direction. The three-dimensional anisotropic uniform material was proposed to represent the
average characteristics of the main cable system and was tested in two experiments to get the
stress-strain relationship of three-dimensional anisotropic equivalent material. The results show
that the frictional force of the contact surface of main cable clamp distributes in band along the

length direction of the cable clamp. The firmly tight forces of high strength bolts show layered
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distribution in the cross section of the main cable after transmitting through the cable clamp, and

are smaller in the centre and bigger at the surface. The comparison experiment proves that the

equivalent material is suitable for the study of the main cable fastening.

Key words: suspension bridge; main cable steel wire; nonlinear relationship; finite element analy-

sis; experimental research; analysis model; homogenization
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Fig.1 Schematic Diagram of Main Cable Homogenization
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Fig.2 Relative Position of Main Cable and Cable Clamp
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Fig.3 Field Measurement
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Fig. 4 Clamp Bearing Forces Considering Friction
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Fig. 6 Finite Element Model
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Tab.1 Relations Between Tension of High-strength Bolts and Perimeters of Main Cables

F4A K /mm
RIS i
AL RS — g [ it 3| =HERE Y £ 5 [
I 749.1(20.9%) 743.0(19.5%) 739.2(18.7%) 736.4(18.1%) 734.5C17.7%)
! T 749.6(21.0%) 743.4(19.6%) 739.3(18.7%) 737.1(18.3%) 736.0(18.0%)
A 747.7(20. 6 %) 740.9(19. 1%) 736.5(18.1%) 735.3(17.9%) 734.5C17.7%)
? T 746.7(20.4%) 740.1(18.9%) 736.4(18. 1%) 734.1(17.6%) 732.6(17.3%)
] A 746.5(20. 4 %) 739.9(18.9%) 737.9(18.4%) 736.9(18.2%) 735.9(18.0%)
’ T 747.1€20.4%) 741.4(19.2%) 738.2(18.5%) 736.4(18.1%) 734.8C17.7%)
A 748.2(20.7%) 742.3(19.4%) 737.7(18.4%) 735.3(17.9%) 733.5(17.5%)
! T 750.2(21. 1%) 744.0(19.8%) 739.2(18.7%) 736.2(18.1%) 735.5(17.9%)
r A 752.6(21.6%) 745.2(20.0%) 742.3(19.4%) 741.5(19.2%) 740.6(19.0%)
0 T 750.8(21.2%) 744.1(19.8%) 740.6(19.0%) 739.1(18.7%) 738.5(18.6%)
F 4 FK B (E/ mm 748. 8 742.4 738.7 736.8 735.6
FHEAEHMHE/ mm 238. 4 236. 3 235. 1 234.5 234. 2
B KRR % 20. 8 19.5 18.7 18.2 18.0
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Tab.2 Relations Between Tension of High-strength Bolts and Spacings of Upper and

Lower Halves of Cable Clamp mm
FJe LR IR
RIS (AL
RN EL — R ZRER =RER Iy 2 % [
(S} 309.9 307.7 305. 6 303.7 303.6
! FH 310.7 306.5 306.7 303.7 304.1
(S} 308.9 306. 4 304. 3 303.3 302.3
? TH 307.5 306. 7 304.1 303. 4 302.7
A 306.5 304. 1 302.1 303.1 301.7
’ THa 308.5 306. 1 303.8 303.9 302.4
A 309.0 307.1 304. 8 303.4 302.5
! T 310. 8 307.4 306. 4 305. 2 304.7
R A 311.1 309.4 308.0 304. 7 305.6
’ A 310.9 306. 1 305.5 304. 6 303.7
R R I 309. 4 306. 8 305.1 303.9 303. 3
x3 WATEPHMRSEETN 750.01
Tab.3 Changes of Material Parameters E
During Fitting Process % 745.0
SEAH/EN | Exy/MPa Exr/MPa . =
80 119 36 000 0.02 {~ 740.0
160 1162 36 000 0.02 @
240 3321 36 000 0.02 1 L L ]
320 6 689 36 000 0.02 735.00 80 ﬁﬁggj/kN 240 320
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Tab.4 Equivalent Material Parameters

Ei./MPa | Exx/MPa | Egr/MPa VLN VLR UNR

195 000 22 000 36 000 0.26 0. 26 0.02
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Fig.7 Comparison 1 Between Measured Perimeter of
Main Cable and Finite Element Calculation Result

312.01

w
—_
d
=1

308.0

306.0

A

304.0

LT3 0 2R S B /mm

302'00 80 160 240 320

BRAT B F1/RN
B8 LMEXLTHOBESHRTITELERILL 1

Fig.8 Comparison 1 Between Measured Spacing of
Upper and Lower Halves of Cable Clamp and

Finite Element Calculation Result
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Fig. 9 Comparison 2 Between Measured Perimeter of

Main Cable and Finite Element Calculation Result
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Fig. 10 Comparison 2 Between Measured Spacing of
Upper and Lower Halves of Cable Clamp and

Finite Element Calculation Result
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Fig. 15 Cross Section of Cable Clamp
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