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Abstract: In order to solve the analysis problem of coupling effect between boundary nonlinearity
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and geometrical nonlinearity on bearing component of long-span structure where an especially big
relative slipping occurs in contact surface, a nonlinear solution in the whole process of mechanical
characteristics considering the dynamic and static friction effect in large travel sliding bearing was

The total

co-rotating

created based on the finite element analysis theory of plane skeletal structures.
deformation beam-column theory based on total lLagrange formulation under
coordinate system (CR-TL) about coupling effect between axial force and bending moment was
perfected firstly to make it suitable for rapid geometrically nonlinear analysis on large displacement of
general structure. A double element nonlinear calculation model of sliding bearing was built and
the criterion condition of sliding-stopping which was suitable for dynamic and static friction
coefficient was optimized. The dynamic element method, dynamic rigid arm method, and the
modified main and subordinate node method were all used to solve the bearing sideling
phenomenon in large travel sliding bearing. A beam-column theory calculation model in the whole
process of mechanical characteristics was built, and variable stiffness method for solving the
nonlinear equation was put forward. A collaborative work pattern based on internal discount
coefficient method which adapted to the multiple bearing element system was applied to
calculation. The results show that under the same precision level, the calculation efficiency can be
improved by 30% when using CR-TL total deformation beam-column theory to analyze the whole
construction process of large span cable-stayed bridge. When using different bearing simulation
modes, the result difference between single and double bearing rigid frame under the conditions of
absolute slippery and frictional slippery can reach 44 % to 55%. Under vehicle load, differences of
longitudinal displacement of girder and deviation of pylon can reach to 10 cm level, which
significantly changes the response characteristics of structures. The theory can be applied to
precise analysis for the same kind of engineering problems. 4 tabs, 9 figs, 26 refs.

Key words: bridge engineering; geometric nonlinearity; boundary nonlinearity; CR-TL beam-col-

umn theory; large travel sliding bearing; friction effect; dynamic rigid arm

- FNAAETT 3 3 DOAR BT A P Y SR B T R L
51 & a

UK B 45 M B0t il S SR 9 i SRR Al 4y SR

LRE S e 5 i) 52 g S8 VAR FBE 458 3 14028 30 SRR 1Y)

2017 4

BB B AL T2 LR PR RETT A2 1 2 Fh 2 TRL Ul Bl

Sk Beid B AR LAk RO R 7k B b A R T B
it SCHRCLD[2 078 1 J5 T il 1 %8¢ 2 S il 4 WF 5 9F
AT TOEA . EH A Ak K S5 H A LA R 2k
G AT ERE CAHX BAT  [ IAE 1 AR LR 43 B
WIS AR AR BB TR R R i IR — e b
T SR PR 127 4T O

e — MEA5HA B 3 R 5T SRR H T B
T7 A AT LA - O 35 S8 B TR, i S
Jo e S BTG A5 AR A A BRI E 11 585 O
JEL OB 8 1 P B A I e g R SOR T 5 A
FEMIER B @ T g B e RS AR AR B T
TRAZ TR S R R LIRS A R OT
PRP A D5 AR R S A 2 R BE S AT AT R
SLHE QR IT R S £ — R B Sl R

e S S X HE AR AR 5 K 3l g P RE E AT T s
WA BRICI T 44 3 7 1 8 AR LT SR
A ERER IR E B A, SCEk (14 ] A E
FIA BROTHA X 51 1 3% SR8 4T T A7 BR 9T 20 #r
BT 5000 5 H 14 S A8 € S TRT R A AR R G 91 3l 5 3C
BRL15 1016 T 50551 %ok S e e 5l i e 452 PR K22 1 R A
B iy £ S P v S AR ST X 45 g by 7R N 1) 5% W 4 4 T
TG AEAR SR BRI A A s SCRRL 17 ] [ 18 ]
R EM A CH iy B A J5 OB Y S8 TAE 1
RE . (ELR BE % R I 55 JL AT AR 26 1 1 88 & R0 5 SCHR
CI9TWFSE 1 i 2l S e 4R 25 00 A7 S i 28 41 b 72 S L 1Y)
SR s SCHRL20 1L 21 123 0 5 e SR G M s
(4 S8 32 T3 PEREHEAT T R AR i

L b R 5 ) 1 S B FL AT — MBS I 52



%23

BRAEIE,F . HBIETA T KRATREHS 5 AR A8 5H 47

ASTEARFPESN 38 AT LLR 4 o - O b i AR Sk v 1)
AR A A2 AT I A X 3 2l L 7R TR AR A 51 R (19 25
Fy it R B R B A SR A M it T i o o A v 2R
FHXH S T RS IR BRE A PR MO R A 5 R A Al R
JEAEAR DL » HAH X 1 A% 4 8L 2 0] ik B 5 4 1 SME
JRST AT 9 2 95 @ 45 4 A2 T 1ol e i ZE AR Bl 52
JAE TAT F) ) 7 B 45 DR B 2 o T 5 FG R 45 0 O ) Wk G
SN EIEN DN P SNSRI A( £ Y
B PR 52 B PR A5 o D PR UERS B2 PR AE A1 5
A FHT Wi SO 4 3 ) o e P B o R A A RO A L
FEXR X S R BT IR AW ST o L L 3 Ak B ST e
I TARTERER 7 U7 7E — 2 L - O AN T 4%
RATRE W SR VA s @ R 57 5€ 36 19 1 N 1 3l-15
1 R B B A1 s © 5 1B L5 JLAT AR L ik |
AE T SR ROCRHE LR T ZOH R ARG O
R S i L Bl 4 R R E AT X s © W B8 Uk
B A PEANIE T T 22 S0 o0 TARRBE S . X ek
B B & 3 FOW 5 R BT il T K s iz s o AR
240 0 A S IR A B 2 2 A BB IR A 45

BT WA ST A R B R s A hR R T
R PLAS B H 5150 (CR-TL) 4 5 AR PG % 18
— e JUART A e A R SRe FH LB S0 A 7R AL 41 5 JA8 B
JC K 2 B 32 T R L S A g AR T -4 Ak ) 2R
M B A BTk L 3 245 W 12 A8 TE 9 S5 Y
U5 4 7 W EE K i R SR AR SR 20 SR fige (] AL 5
o 3 1 2 SRR R B R A

1 CR-TL £EZ#FEip

AR SCAE 3 SR F T R PE A T R E - D32
JAE L) A AT 5 R R Bl R AR AE BN AR B E Y
T BN TH b 6 A A S AR R A1 0 D0 AR Sy S A
SR ) — 0 5 O 22 W S AR AR A 1 s el PR RE L AN
SESIDAK SR
13T CR A PR 22 ) B R . -
Wl S IC IR SR I 5X K 5 0a 0s 43 BN BT VR
Uiy (A5 2 D FOBR NI RS /1 J5 2 AL MUN
Q 73 i A e il V5 Ty R S5 R R R 18 TG
RS E U CR-TL 4% i A He .
A3 3] CR ARBR T B ICHE T /NNy 28 R 5 1 — B 1
(COA N -
Ely +M,—Qsx— Nyy=0 (D
A ELT g3 0 g i 455 S R A IR BE R M Qi
5399 A BT E S B SRR BY 75 N iy B 90 K i 1) el
sy 3B RAEAE 2Oy A FR 22 H AORE (AL R .

(a) BT (b) BEES T RITZ S

1 BT CR AR5 AL HLE

Fig. 1 Beam-column theory based on co-rotational procedure
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Fig. 2 Finite element model of bearing
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Fig. 3 Sideling and reduction of bearing element after slipping
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Fig. 7 Rigid frame of single bearing
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Tab. 2 Calculation results for rigid frame with single bearing under

different horizontal thrust

AN FAE ol R EE W 4 7K A
p1/kN ATEIN N {8/ mm
i 92.2 .
50 73.3 R ) 3. 20K WD
76.9 R
100 ) 5.6(FF )

BF (4. 4 mm) K, (H A8 58 42 ¥ ah 15 X OR 25 1 3l JBE 4%
BN B (10, 0 mm) /),
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&l 8 I 73 18 WS JAE (25 e B BH 3% g 1 KA T
TR S WA, oo 1,4.7,10,11,12, 14,
15 B S A 17,12 g5, B AR L
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Fig. 8 Rigid frame of double bearing
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Tab.3 Calculation results for rigid frame with double bearings under

different horizontal thrust

&VK¥@ﬂ&N%%%ﬂ&Nﬁ§%A&N WHLIK
p1/KL — — — — — — o
PFATT by | BATT by |BATT by |BATT by [BATT by BT b;| A5 /mm
1.1Cby b 1y
50 85.7 | 24.8 | 89.8 | 92.2 -
KU
2.4 by W
100 55.8 92.2 | 74.8
&P
3.6(fL b W
150 81.4 92.2 | 74.7
BIp)
6. 3([)| \{)2 ﬁ]
200 74.7 | 76,9 |
w3
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G S JE B TT R EE A ) R S A X8 Bl 2 py =
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Fig. 9 Load arrangement for maximum longitudinal displacement of girder in load test on Jiujiang Yangtze River Bridge
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Tab.4 Comparison of longitudinal displacement between calculated

results and measureed results under condition of maximum

longitudinal displacement of girder mm

& MR T | BT | #W | RN | S2ilfE
& AL AL

o ) 97.1 1.0 4.4 0.7 0.1
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db ¥ 52 58 # 4k

. . 85.6 —8.5 —4.9 —8.5 —9.0
ERY AL

5 7 202.8 98.2 101.9 97.9 95.6

A6 i A —164.6| —260.9| —257.4| —261.1| —244.0
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