376 H12 N E R Vol.37 No. 12
2020 4E 12 H Journal of Highway and Transportation Research and Development Dec. 2020

doi: 10.3969/j. issn. 1002 —0268. 2020. 12. 009

LT AN AT ESFNEATR

R H, #KH
CETBRT2R  HARTRSHT¥EE, Wk JEIT 361024)

WE: RBEREA—FHAASRENRE, REMNZHRES SN T ERAFRATRNGHARL, A THRKENRED
AT EE X AL, BARBERZRGEREL, RARE T EREAERHFRET ERETRERGENE
AGM Tk, ANMAREEGT R A RBATT BN, EFTREFELB SRR FTH. FHETARTRAL
BPEPHBFEFIARETEIATERRNA LSO TEAR, ATREFR IR EAZELT 2 AR
A ZHSARARBAMREARED R LZEET LR, S TRARRAZRLELLE, REEHRDT4EH
A A Aottt FE R Hra, BRAY: AR TR T, BRI SR EF kT F 422 — 549,
Folei@ fo] L EAEARIL, REHERRR D EEE PEHEELB, TERNNSEHGELZHMBA LA ZEGLG;
EARR L AL RO HRAINERAF, RERIAERRNEZALIALT, L 2B HEE4F5 L0k
RARK, REFZLEFELRBEI 08, REFEHAARRZAGHEE; EFOANEBTEAXNSARLT
THEREMH DT O%, EA—Te) TN AAFE.

KW MR IAR;, AR SRETE; KEN; gMESoM
hE4y S, TU393. 3 STRRARIED: A TEHS. 1002 -0268 (2020) 12 —0063 —07

Study on Static Structural Analysis Method and Mechanical Characteristics of
String-tensioned Bridge

ZHOU Guang-wei, QIAN Chang-zhao
(School of Civil Engineering and Architecture, Xiamen University of Technology, Xiamen Fujian 361024, China)

Abstract: As a new type of composite bridge, the structural mechanical characteristics and analysis method
of the string-tensioned bridge need to be further studied. In order to study the static analysis method and
mechanical characteristics of string-tensioned bridge, firstly, according to the structural characteristics of this
type of bridge, the static structural analysis method of string-tensioned bridge is put forward based on the
elastic method and the equal-substitute beam method in deflection theory. The calculation results of the 2
methods are comparatively analyzed, and the calculation formulas of internal force and displacement of the
main girder under 3 typical loading conditions (full span symmetric uniform load, half span asymmetric load,
and concentrated load in mid-span) are derived. Two kinds of FE analysis models are established based on
the example of the bridge project: one is the elastic truss element model and the other is the nonlinear cable
element model for the main cable. The influences of different element types and different cable forces of the
main cable on the calculation result of the internal force and displacement of the structure are analyzed. The
result shows that (1) Based on a certain assumption, the calculation results of the elastic method and the
equivalent beam method are consistent. (2) Compared with ordinary simply supported beam bridges, the
string-tensioned bridge can greatly reduce the bending moment and displacement of the main girder at mid-

span, and the main influence factor of the internal force and displacement of the main girder is the rise of the
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main cable. (3) The results of the FE analysis using different main cable element types are the same. Under

different cable forces, the increments of the bending moment and displacement of the main girder have

nothing to do with the tension of the main cable, the nonlinear effect of the main cable of the bridge is small,

and the structure of the bridge has the elastic force characteristics. (4) All the difference of the calculation

results between the derived internal force displacement formula and the FE method are less than 9% , which

has a certain engineering application accuracy.

Key words: bridge engineering; mechanical characteristic; equal-substitute beam method ; string-tensioned

bridge; static structural analysis
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Fig. 1 Calculation diagram of elastic theory for string-

tensioned bridge
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Fig. 5 Finite element analysis model of string-tensioned

bridge
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Tab.1 Full span symmetrical uniform load cases

EREH/ (KN - m)
=L Y

ERAIF/ mm
B 12 4 1AL

S oL T T R 624. 4 457.3 82.6 58.1
S sk L- 5w %) 625.3 457.0 82.6 58.2
N E L 635.3 476.5 80.9 57.7

R2 FEENRHBEFRIN

Tab.2 Half span asymmetrical uniform load cases

EREH/ (KN - m)
JUNe R N ZY

ERAF5/ mm
P12 4 1/4 4k

T4 THE TR R 312.2 609. 8 41.3 41.7
F 4 R IO 312.5 609. 8 41.3 41.6
NI AR 317.6 635.7 40.5 41.6

RI BREPEHIR

Tab.3 Mid-span concentrated load cases

FRLH/ (KN - m) F 2 F5/ mm
Bsh L2 0 AR i 4h 14 kb
FHHMTZR TR 1183, 1 109. 4 73.2 42.9
B k-4 STw: Bl 1183.7 109. 4 73.2 42.9
NI R 1192.1 100.0 71.0 42.5
HIRERBRRTW— N HEERE R T E S
MR, BB R JUM R et N . o 1 i —

ARGUESK XA B AR S I AR AL, W RSB R Em S
F5FT 10 f5 53 B S A BR TSR AT AR A A0 T, 43
B e W EE X 5K sX A a5 A N ) AL RS B 2 w5
ZERINF 4 ~ 6 IR,

*4 SBEINHRHHEHIN

Tab. 4 Full span symmetrical uniform load cases

EREHE/ (KN - m)
JLiN R N ZY

ERRF%/ mm
P12 4 14 4k

F AR R AT 625.3 457.0 82.6 58.2
55 FGER SR 626.3 456. 6 82.5 58. 1
10 £ EAE R SR 625.9 467.3 82.3 58.4

x5 FEEMNRHYBEAHIRL

Tab.5 Half span asymmetrical uniform load cases

TR/ (KN - m) FRAF/ mm

B2 4 as EBrh2 4 14 4k

FH R IR 312.5 609. 8 41.3 41.6
5 fiF EAER SR 312.8 608. 6 41.3 41.6
10 f5 4R IR 312.9 607.5 41.1 41.5
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