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Dynamic Contact and Microslip Mechanism between
Main Cable Strand and Saddle

SUN Yuan, WANG Dagang , XU Wei, ZHANG Dekun

(School of Mechatronic Engineering, China University of Mining and Technology, Jiangsu Xuzhou 221116, China)
Abstract: During the service of the suspension bridge, the time-varying load caused by the coupling of dead load, wind
load and live load caused by vehicle passage causes the unbalanced force on both sides of the saddle of the main cable,
resulting in dynamic contact and microslip between the main cable strand and the saddle. When the unbalanced force
exceeds the limit friction force between the main cable and the saddle, the main cable and the saddle will slip. Then the
suspension bridge structure instability and even collapse accidents. Therefore, it is of great significance to study the

dynamic contact and microslip mechanism between the main cable strands and the saddle of the suspension bridge to
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improve the anti-sliding safety of the main cable and ensure the structural safety of the long-span multi-tower suspension
bridge. In this study, a self-made test platform was used to simulate the dynamic contact and microslip behavior between
the main cable strand and the saddle under dynamic load conditions in the actual service environment of the suspension
bridge, and the dynamic contact and microslip mechanism (contact state, microslip amplitude, friction coefficient,
contact pressure, etc.) between the main cable strand and the saddle under typical working condition were revealed, it
was of great significance to ensure the service safety of suspension bridge. The results showed that there were
differences in the contact states between each individual cable and saddle when the main cable was under dynamic load.
The contact surface between the outer cable and the saddle was in a completely sliding state, while the contact between
the inner cable and the saddle was in a partially sliding state close to the completely sliding state. when the main cable
was subjected to a large dynamic load, it was easier for the outer cable and the saddle to slip completely, and the
stratified slip phenomenon occured between the cable strands, and the microslip amplitudes of different cable strands
increased from the inner to the outer layer. With the increase of loading force, from the inner cable to the outer cable, the
growth rate of slip distance increased successively, and the microslip amplitude increased gradually from the fixed end
to the loading end at different contact positions. The friction coefficient between the whole strand and the saddle
increased rapidly, fluctuated slightly and became stable gradually. The average nominal friction coefficient of the cable
strands was consistent with the average friction coefficient between the whole cable strand and the saddle. The contact
pressure at the fixed end of the saddle showed a trend of slow increasing-rapid increasing-slow decreasing-rapid
decrease, and the contact pressure at the loading end was basically the same as the alternating load. With the increase of

the loading force increment, the contact pressure at the fixed end was basically unchanged at the beginning, and then

43 %

increased slowly, while the contact pressure increment at the loading end increased linearly.

Key words: typical working condition; main cable strand; saddle; dynamic contact; microslip
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Fig. 1 Arrangement of the main cable strands in the saddle
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1. spoke type pressure sensor; 2. hydraulic cylinder; 3. fixing frame for hydraulic cylinder; 4. strands; 5. high speed industrial camera;
6. saddle; 7. saddle bracket; 8. push plate; 9. adjusting bolt; 10. gasket; 11. cable force sensor; 12. anchorage;13. base bracket;
14. camera mount; 15. test platform base; 16. hydraulic cylinder base; 17. bearing block; 18. contact pressure sensor;
19. sensor base; 6-1. saddle side plate; 6-2. diaphragm; 6-3. saddle groove; 6-4. outer baffle

(a) Structural diagram

(b) Physical drawing
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Fig.2 Test platform for dynamic contact and microslip between main cable strand and saddle
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Fig. 3 Saddle force diagram
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Table 1 Test parameters

Test parameters Specifications

Number of strand 4
Alternating load amplitude/kN 60
Alternating load frequency/Hz 0.5

Preload force/kN 220

Cycles 600
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Fig. 4 Gaps of the saddle
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Fig. 5 Video capture taken by the high-speed industrial camera
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Fig. 6 Slip curves of cable strands
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Fig. 7 Contact relationship of cable strands
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Fig. 8 Hysteresis loops, dissipated energies and microslip amplitudes of different cable strands at the same contact position

B8 [A)— A 7 BN AN R R BB PR I [ 2 e fpiod R MRS RE A Tl A i

JEE ¥ 77 -1 F R B i I Rl 2R R TR AT B TSR AE R
IS 5 R o R e B A T A AR T 5 R AR,
FH I 8(b) R %1, ZR ST, S2A1 S35 4 Jak 43 fnh ick 2 v b4
EHBFE AT 75 RERLRE 2 719 8.382. 9.620F19.372 J, iX
UV ER M S2-45 i g [ F fid A R P 437 0 2 P2 ot v, BRI
S3IKZ s B S1s /s HHE8(c)n] i, &M S1. S2HH
S3 (1) Bl FEAR IR K.
22 AEHEMAE TRERREBEYE

2 ) o VAL 7 ol e o [ o R R 2
Uity 3N 110} 28 i S2-55 Hic i 1 42 fih S 1D 32 AT LA A
T, R RS2ME G L, WA R — RSB
Al A 7 B N T B

B9 /R AN R Bl o B T TR R I BE - B B
B G IR 2 3R g i R i R PR RE R R AN R
(o R MR AR FR B 9Ca) mT %, A R B2 i o B Ak 2R %
S2 (1) BE 45 71 - #% BE B3 5 51 4 IR 3 AT 1Y 34

T, ] 58 o A A0 o S5 3 A4 o7 B ) &R I S2 5
O 1 P2 A TR 250 89 56 A BIPIRAS, I RS2 5 %
JAE 11 (14 42 i T 2R 4k 351 b T 56 418 BIIRAS . 1 19 (b) AT
A1, FR S2TE [ 5 vty A HB I S A B 5
A 42 fid Tk R TR R4S AR BT 7R )RR ERCRE 23 ) M 4.873
7.203F19.620 J, 15 BH M [E] 7 v 2] 0 5 A [F) 4 fi o
(AR T R 120 0T 1 O, 2% M 5 i ) A [ 2 ik 7 A4 )
(0453 127 R P DT s s 80 o 28K o 26 47 488 K.l B9 () mT
S, B EAS [F) Al o7 5 ) e R P L] 5 i 81 o 28k iy
TG R, H A R BRI K AR

3 EBEEARY

P T2 48 2R e -5 e )42 A D9 164 9T 3T B
BTN, ARIEDEE AR BE BRI R A :KQ) T 348
BRI 5 i R ) PR R R .

Fy = Fe" (2)



310 41 PNITE, & T2 28 2R M e ) 2 A 2 ok 5 s B L ER A 1171
15 —=— Fixed end
—o— Middle part 10 - 9.620 g 500 473.75
10 . 1 aded end - D)
< 5| % 8T 7.203 U
g g = 312.46
3 S 6t E 300
. 2 bl s 215.68
£ -5t & 4t 2 200
= £ 5
-10 - _ 2 F = 100 |
- 0

5 1 1 1 1 1
—600 —400 —200 0 200 400 600
Slip distance/pm
(a) Hysteresis loop

Fixed end Middle part Loaded end
Contact position

(b) Dissipated energy

Fixed end Middle part Loaded end
Contact position

(c) Microslip amplitude

Fig. 9 Hysteresis loops, dissipated energies and microslip amplitudes of cable strand at different contact positions
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