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Abstract

The tension sequence problem of the abnormal cable stayed bridge is very complicated. As cable
stayed bridges are highly statically redundant structures, the structure systems are constantly
changing with the construction process and the tension of the cable will affect the stress state of
the structure. And it is important to determine the tension time of the back cable in the cable stayed
bridge. In this paper, we make a construction stages analysis of different tension schemes, and com-
pare various solutions by the parameters of the stress state of the bridge, like the stress of the ca-
ble, main girder and the main tower stress and deformation and so on. At last, we get the optimal
cable tension schemes, which will provide guidance for the construction process and be time saving.
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Figure 1. Diagram of stay cable arrangement & number
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Figure 2. Finite element model for JING river bridge
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Figure 3. The extreme value of the main beam’s tension-compression stress in the

construction stage (MPa)
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Figure 4. The extreme value of the main tower’s tension-compression stress in the
construction stage (MPa)
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Table 1. Summary of tension schemes from the far tower side to the near tower side
1. BmiBimErEiRaskR A BCE

B 7 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10
RIL1 s1 s1 s1 s1 s1 s1 s1 s1 s1
s1 RIL1 s2 s2 S2 ) s2 s2 s2 )
S2 s2 RIL1 s3 S3 S3 s3 s3 s3 S3
S3 s3 Ss3 RIL1 s4 s4 sS4 sS4 sS4 s4
3; sS4 sS4 s4 s4 RIL1 S5 S5 S5 S5 S5
i S5 S5 S5 S5 S5 R1L1 S6 S6 S6 S6
& S6 S6 S6 S6 S6 S6 RIL1 s7 s7 s7
s7 s7 s7 s7 s7 s7 s7 RIL1 S8 S8
S8 S8 S8 S8 S8 S8 S8 S8 RIL1 S9

S9 S9 S9 S9 S9 S9 S9 S9 S9 RIL1

Table 2. Summary of tension schemes from the near tower side to the far tower side
2. HILEIRETEIREIKALTS LR

T % n 2 3 1 5 3 37 8 39 J10
RIL1 S9 s9 s9 S9 S9 s9 s9 s9 S9
S9 RIL1 s8 s8 S8 S8 s8 s8 s8 S8
S8 S8 RIL1 s7 s7 s7 s7 s7 s7 s7
s7 s7 s7 RIL1 S6 S6 S6 S6 S6 S6
3; s6 s6 s6 S6 RIL1 S5 S5 S5 S5 S5
I S5 S5 S5 S5 S5 R1L1 sS4 sS4 sS4 sS4
& sS4 sS4 sS4 s4 s4 sS4 RIL1 s3 s3 s3
s3 s3 s3 s3 s3 k] s3 RIL1 s2 s2
s2 s2 s2 s2 s2 s2 s2 s2 RIL1 s1

s1 s1 s1 s1 s1 s1 s1 s1 s1 RIL1
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Table 3. The minimum stress of tension schemes from the near tower side to the far tower side
%< 3. RIEEIREITEIRAI KR 5 RN & /ME

BT SN L Behi R e 73 (MPa)

%i J1 J2 J3 J4 J5 J6 J7
S9 200.90 200.80 200.60 200.50 199.2 186.90 181.10
S8 193.90 195.15 193.65 193.65 189.7 170.45 159.45
S7 194.25 195.45 195.45 194.20 188.3 161.80 144.75
S6 201.45 202.45 202.45 202.45 193.1 159.70 136.20
S5 214.35 215.15 215.10 215.10 215.15 162.45 132.55
S4 231.70 232.20 232.20 232.20 232.2 232.40 132.30
S3 104.15 104.55 104.50 104.50 104.55 104.70 104.90
S2 116.45 116.60 116.60 116.60 116.65 116.65 116.75
S1 123.75 123.75 123.75 123.75 123.8 123.80 123.80
L1 33.73 37.98 51.71 71.78 98.27 130.90 168.90
R1 33.73 37.98 51.71 71.78 98.27 130.90 168.90
Table 4. The minimum stress of tension schemes from the far tower side to the near tower side
4. mBiREIEIE AR S RN hE&/ME
77 R LM B 2 /N /1 (MPay)
%%; Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10
S9 202.30 202.60 202.40 202.50 202.70 202.70 202.60 202.60 202.60 179.60
S8 195.30 195.60 195.30 195.50 195.65 195.65 195.60 195.65 167.55 158.80
S7 195.55 195.90 195.55 195.75 195.95 195.95 195.90 164.30 152.55 145.25
S6 202.45 202.85 202.50 202.70 203.00 202.95 168.45 153.75 143.65 137.95
S5 215.00 215.50 215.10 215.30 215.70 180.85 161.10 148.20 139.80 135.55
S4 232.00 232.50 232.10 232.30 205.10 175.60 157.50 146.55 139.70 136.70
S3 104.20 104.80 104.40 99.33 52.71 25.64 9.17 -0.10 -5.80 -7.69
S2 116.25 116.75 111.95 95.22 48.22 23.15 8.03 0.10 -4.72 -5.74
S1 123.35 124.90 108.20 92.00 45.55 21.58 7.22 0.28 -4.14 -4.32
L1 30.95 74.35 103.75 121.45 159.00 183.20 197.90 206.40 211.20 213.15
R1 30.95 74.35 103.75 121.45 159.00 183.20 197.90 206.40 211.20 213.15
Table 5. The quality evaluation of the scheme obtained by the main beam & the main tower
5 BAERTBERNHBHNOFRRLINF
B M7 1 2 3 4 5
[ISUMIES 4, )5, 6. J7 Y4 Y3 Y2 Y1

ERI ) s R VA G S AN AT E S SN
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Table 6. The maximum displacement of the main beam in the construction process (mm)
7 6. ILEEERFKMUBEMM)

R KB AR (mm)

ESOWES 1EALF koL
Nz 213 2515
J5 213 2516
J6 213 2515
J7 21.2 2513
Y4 213 2514
Y3 213 2513
Y2 213 2516
Y1 214 251.2

MFE 6 AN 7 ATLUE Y, 05 S T AR R KA AR S A &8, it TR 35 I oK IR S S % th
AR R IE PR BRI EAAING MR RE" . REEABIRE DR, TN, TR
TR IR AT o AT DA B % T RIS R, Wk 8.

34. RS ER, HEBABE

JEMF I R AAE LIS 60 |1 5 RIRD,  RRATRRI B R B i KA S A &, T B T A7 R 22 )
A A EE T Al N B o TTANIET 6 ATBAE Y, & 75 A5 B SOMR I B R R B v B EE S AR SE, ik
RS RIM BT, Wk 9.
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M ERFTUE . J75 Y3, Y4, J4. 5 R SR AR G HOIRE A8 23) HAX DU Fh 7 S8 B HE PP A4
i, BN NI DR AT %

FRA R A VRN 2 005 2 10 HE 7 BT U A4 (007 S B B — AN geit, R 1L,

LREAE 10 AR 10 PR bLES, W DAAS B S A 177 RS BT -

BRMKITTRA Y3, I5, BARN J4, IR Y4.

KX DU A5 S BRI AT AR Tk 81 T35 12,

FERTFURH LR I & PSR BRI, 58 2050 58 207 RIAIARTK AL 0, X T AN BETA 5E & BRI AR 7K AL
JIHT5 BT AT ARJE 70 I ST SR TR BOH SRR, X P it o AR AR R N R T
REFEABE R NI AR A AR AR LA B RO B T S5 P B8 JRER B i (2255 2 MOk AT LU, PR
BRI R HTEEL -

AT PR TR BEAT AU B PR R S M i TR R A R B B S IR S AL AR
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Table 7. The maximum displacement of the main tower in the construction process (mm)
= 7. LI EEEREKUBEMM)

KB A7 (mm)
pS¥iN:4
SISV EfE Ffr e
Y4 40.9 30.7 71.6
J5 40.6 34.6 75.2
Y3 39.9 37.7 77.6
J6 48.8 29.6 78.4
J4 40.4 433 83.7
Y2 41.8 43 84.8
J7 66.2 29.6 95.8
Y1 39.9 57.7 97.6

Table 8. The quality evaluation of the scheme obtained by the displacement of the main beam & the main tower
8. HERFHBMUBEBHNARMBINF
RBNF 1 2 3 4 5 6 7 8
(ST 3 Y4 J5 Y3 J6 J4 Y2 J7 Y1
eI eSS ISANEY €2 S U NS E S SO

Table 9. The quality evaluation of the scheme obtained by the displacement of the bridge main beam & the bridge main
tower

9. HRMER, TRUBEBHNFRREIF
A laE 1 2 3 4 5 6 7 8
CSUNIES J4 Y3 Y1 J5 Y4 J6 Y2 J7
e A YU INAINE & YN A I ST

Table 10. Comprehensive ranking of each scheme
F10. BFRGAHF

1 55 HE ‘
FILETT R F B BRI N F R R TSRS FREBERIRS AL e

Y1 5 8 3 16
Y2 4 6 7 17
Y3 3 3 2 8
Y4 2 1 5 8
J4 1 5 1 7
J5 1 2 4 7
J6 1 4 6 11
J7 1 7 8 16

Table 11. Frequency statistics of program appear in each top four

= 11 BFHFRTNE R RENR ST
[SOWES Y1 Y2 Y3 Y4 J4 J5 J6 J7
I 1 1 3 1 2 3 2 1
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Table 12. Tension sequence and initial tension of each scheme (kN)
= 12. B RKRRUNF RAIRIKALTI(KN)

Y3 J5 J4 Y4

KB HIERTKHL ST LGP HIERTKHL ST LGP YRR AT KB HIFRTKHL ST

S1 584.67 S9 1981.76 S9 1977.74 S1 601.07
S2 455.79 S8 1839.35 S8 1835.33 S2 464.39
R1L1 1529.34 S7 1648.52 S7 1644.60 S3 404.50
S3 801.82 S6 1427.1 R1L1 1058.01 R1L1 1790.14
S4 2196.83 R1L1 2011.06 S6 2049.90 S4 2198.98
S5 1940.59 S5 1448.3 S5 2010.51 S5 1942.58
S6 1743.89 S4 1951.33 S4 1950.95 S6 1745.64
S7 1600.48 S3 539.72 S3 539.57 S7 1601.98
S8 1515.08 S2 575.65 S2 575.56 S8 1516.33
S9 1495.43 S1 577.78 S1 577.76 S9 1496.50
e v g o T AR 37
T S i

Az B (mm)

Figure 5. The offset value of the main tower in the completed bridge stage (mm)
B 5. BN ER SR AL{E (mm)

JRF G5 r 17 32 (mm)

BRI TR e i B
peq | 72L2 —2512 2513 2513 -251.3 —2513 2516 -2516
3
S
- I —— SRR — TR — ER — FERRE —— BERR— B — R
Y
=l
—255 1 1 1 1 1 1 1
Y4 vi Nz ¥ a7 Y2 5 Y3
UES )

Figure 6. The mid-span deflection value of the main beam in the completed bridge
stage (mm)
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Table 13. Comparison of measured & theoretical cable force values in finished bridge (kN)
= 13. BRATFSENZR S SRR EELE (KN)

5 EaEne i Sidlilhg FME F1(KN) MR FI(KN) ZEfA (KN) BRE(%)
1 kEr S9 1943.7 2003.9 ~60.20 -3.00
2 K4 S8 1926.7 1985.33 -58.63 -2.95
3 HKfr S7 1913.9 1960.97 -47.07 -2.40
4 K4 S6 19225 1937.16 -14.66 -0.76
5 ik R1 4570.8 67.41 150

4503.39
6 s L1 4639 82.01 1.82
7 3kHr S5 1849.3 1920.35 ~71.05 -3.70
8 jkHir s4 1834.1 1916.57 -82.47 -4.30
9 jkHir S3 453.75 463.07 -9.32 -2.01

10 jkhr s2 462.63 475.79 -13.16 -2.77
11 k4L S1 49457 504.86 -10.29 ~2.04

J5 U5 RN MGE B s T A6 5K 4L, 5KAL 4 IRBL R TKET R, AR KUGRIR AR R Y3 T EEIMN
IR, KL 2 IRBL R AR R, RS RIGR BRI R R R .

ML T AR TRALIN » F5 R KA AR BB By B /N L 0 10 s 1T I8 85 S T K AL
GESCGSTRSE Ay ke B Al N )8

B 75 b LBl TR R R R KRN 7, AR B S T 4 5K 77 S K b Azt B8 5 T AR 5K (K /0N T %
J7 g R T RE O T A0 B it T I R e K B AT A AN A%
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