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Method of Solving Initial Construction Cable Force of Completed Cable-Stayed Bridge

XU Yufeng, CHEN Si, XIE Yunfei, ZHU Mengyang

(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou, Guangdong 510641, China)

Abstract: To solve the initial construction cable forces of a completed cable-stayed bridge, a method that
combines unstressed cable length and forward-iteration is proposed. Firstly, the unstressed length of each cable
is calculated according to the completed bridge state. Then, the initial cable forces are obtained by using the
unstressed cable length for the forward analysis. The initial construction cable forces are adjusted by difference
iteration. Finally, the initial construction cable forces are fine-tuned according to the deformation of the pylon
deformation to obtain the bridge completion state that satisfies the deviation requirements. The proposed
method is employed in a cable-stayed bridge with a known completion state to calculate the initial construction

cable forces. The example shows that the calculation workload can be reduced by this method. The deviation of

this completed state from target meets engineering accuracy requirements.
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Figure 1 Flow chart of initial cable force cycle calculation

for construction process according to target bridge state
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Figure 3 Standard cross-sectional view of girder(unit:mm)
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Figure 4 Finite element model of bridge
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Table 1 Construction process division 160r
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" Bk Figure 6 Target pylon deflection state of completed bridge
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Ant1 R AL RI EHARKITELER
VSN Table 3 Calculation results of unstressed cable length
74 00 7 LR g
75 N N A %z — R G RIREE LN AIR
R T DA gl s
76 s A e B ke ZEK/m  B/mm BIE/mm KL,/m
77 o PR KR S RIS B I I [ 4 S18  PES(C)7-313  210.920 562.3 4.9  210.363
78 Prlbr il 5 3 48 M AL S17  PES(C)7-301  203.033 561.0 3.9 202.476
79 rh s B 5 UHPC, I8 5 W1 3 S16 PES(C)7-301  195.204 533.9 3.4 194.673
80 )i S15  PES(C)7-301  187.442 505.5 3.0 186.940
S14  PES(C)7-301  179.758 476.3 2.6 179.284
_ oA
#®2 BREFRARE S13  PES(C)7-283  172.085 472.6 2.0 171.615
Table 2 Target cable forces of completed state S12  PES(C)7-283 164.508 4403 18 164.070
WE i e mR | mE | B R S11  PES(C)7-283  157.022 407.3 1.5 156.616
zn zhaN|ze mhan] ze maaN] 22 %A/ S10  PES(C)7-265  149.667 404.1 1.1 149.264
S9  PES(C)7-253  142.461 389.5 0.9 142.072
S18 6308 | S9 5334 | M1 4803 | M10 3885
S8  PES(C)7-241  135.343 375.0 0.6 134.969
S17 6300 | S8 5153 | M2 3947 | M1l 4056
S7  PES(C)7-223  128.420 370.2 0.4 128.051
S16 6250 | S7 4962 | M3 2489 | M12 4243
S6  PES(C)7-211  121.723 353.6 0.3 121.370
S15 6177 | S6 4732 | M4 2658 | M13 4409
S5 PES(C)7-199  114.822 338.9 0.2 114.483
S14 6085 | S5 4531 | M5 2858 | M14 4583
S4  PES(C)7-187  109.015 323.8 0.1 108.691
S13 5939 | S4 4276 | M6 3060 | M15 4752
S3  PES(C)7-187  103.307 287.2 0.1 103.020
S12 5804 | S3 3993 | M7 3282 || MI16 4904
S2  PES(C)7-265 97.260 292.3 0.0 96.967
S11 5644 | S2 6073 || M8 3485 || M17 5036
SI  PES(C)7-265 92.058 286.8 0.0 91.771
S10 5509 | S1 6256 || M9 3686 || M18 5173
M1  PES(C)7-211 87.483 256.8 0.0 87.226
107 M2  PES(C)7-187 94.314 256.0 0.1 94.058
i S I
or o TR M3 PES(C)7-127  103.532 260.5 0.3 103.272
s -1oy M4  PES(C)7-127  113.451 304.4 0.5 113.148
20t
= 30 M5  PES(C)7-139  124.465 327.8 0.8 124.138
= 30
= 40l M6  PES(C)7-151  137.091 357.1 1.3 136.736
;‘fﬁfso— M7 PES(C)7-163  149.865 391.4 2.0 149.475
—60r1 M8 PES(C)7-187  163.162 399.6 3.1 162.766
_;g M9  PES(C)7-187  176.874 463.2 3.8 176.414
-500 -400 300 200 -100 0 M10 PES(C)7-187  190.850 530.2 44 190.324
FER A A7 /m M1l PES(C)7-199  205.094  561.0 59 204539
B5 HMEERTIRPHARS M12 PES(C)7-211  219.553 591.7 7.8 218.969
M13 PES(C)7-211  234.189 652.0 9.1 233.546

Figure S Target stress state of girder of completed bridge
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M16 PES(C)7-241 278.800 742.8 17.5 278.075
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M18 PES(C)7-253 309.009 819.1 24.9 308.215
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Figure 7 Variation of cable force of completed bridge

during iteration
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Figure 8 Difference between cable force of completed

bridge and target cable force during iteration
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Figure 9 Variation of pylon deflection of completed bridge during

iteration (negative values indicate deflection towards side span)
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completed bridge during iteration
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completed bridge during iteration
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Table 4 Iteration process of cable force kN
B TN SR AT H 55 LUGEAR 55 2 Uk 5 3WILAR
£S5 S »=3.68% »=1.80% »p=1.28% »=1.09%
D {T1% AR {art® ATt AR {artt AT R AR T {FEP {AFP

S18 6 308 4511 6235 —73 4584 6299 —10 4594 6293 —15 4609 6297 —12
S17 6 300 4565 6242 —58 4624 6271 —29 4653 6282 —18 4671 6286 —14
S16 6 250 4529 6194 —55 4584 6211 —38 4622 6226 —24 4646 6233 —17
S15 6177 4493 6133 —44 4537 6131 —46 4583 6146 —31 4614 6156 —22
S14 6 085 4457 6058 —27 4484 6031 —54 4538 6046 —39 4576 6058 —27
S13 5939 4474 5921 —18 4492 5881 —57 4549 5895 —44 4593 5908 —30
S12 5804 4437 5772 —32 4468 5738 —65 4534 5753 —51 4585 5768 —36
S11 5644 4329 5573 —71 4400 5571 —72 4472 5583 —61 4533 5601 —43
S10 5509 4287 5355 —154 4441 5427 —82 4523 5443 —66 4589 5462 —47
S9 5334 4240 5148 —186 4426 5238 —96 4522 5265 —69 4591 5284 —50
S8 5153 4213 4951 —202 4415 5042 —111 4526 5082 —71 4597 5103 —50

S7 4962 4218 4774 —188 4406 4840 —122 4528 4890 —72 4600 4912 —50

S6 4732 4130 4536 —196 4326 4611 —121 4447 4662 —71 4518 4685  —47
S5 4531 4039 4338 —193 4231 4415 —117 4348 4467 —65 4413 4490 —41
S4 4276 3869 4063 —213 4082 4177 —99 4180 4222 —53 4234 4244 —32
S3 3993 3657 3759 —234 3891 3917 —77 3968 3958 —36 4004 3972 —21
S2 6073 5685 5691 —382 6067 6016 —57 6124 6054 —19 6143 6062 —11
S1 6 256 5983 5832 —424 6407 6251 —5 6413 6268 11 6402 6263 7

M1 4803 4443 4121 —681 5125 4558 —245 5369 4693 —110 5479 4742 —60
M2 3947 3135 3345 —603 3738 3705 —242 3979 3825 —122 4101 3868 —79

M3 2489 1923 2232 —256 2179 2358 —130 2310 2423 —65 2375 2425 —64
M4 2658 2117 2513 —145 2262 2589 —69 2331 2613 —45 2376 2589  —69
M5 2 858 2306 2794 —64 2370 2825 —33 2403 2816 —42 2444 2783 =75
M6 3060 2476 3032 —28 2504 3045 —16 2520 3013 —47 2567 2994  —66
M7 3282 2602 3277 —4 2607 3266 —15 2622 3226 —55 2677 3241 @ —41
M8 3485 2696 3502 17 2679 3452 —34 2712 3434 —51 2764 3484 —2
M9 3 686 2871 3683 —3 2874 3644 —42 2916 3658 —28 2944 3723 37
M10 3885 3044 3862 —24 3067 3847 —39 3106 3889 3 3103 3950 65
MI11 4056 3162 4025 —30 3193 4030 —25 3218 4090 34 3184 4135 80
M12 4243 3313 4215 —27 3340 4236 —7 3347 4307 64 3283 4317 74
M13 4409 3415 4361 —49 3464 4439 29 3434 4485 76 3359 4464 55
M14 4583 3506 4561 —21 3527 4644 62 3465 4654 71 3394 4614 31
M15 4752 3605 4789 37 3569 4832 80 3489 4803 51 3438 4763 11
M16 4904 3758 4951 47 3711 4982 78 3632 4924 20 3612 4902 —1
M17 5036 3878 5135 99 3779 5084 48 3732 5034 —2 3734 5034 —2
M18 5173 4037 5276 104 3933 5167 —6 3939 5172 —1 3940 5172 —1

n

1
if:p:;Z(AF,-/Tz)c
i=1

A AR R R LGN PRES B RES L BREZWIIIRES AFRREEN I .
LN JIAH2E 2 14 MPa, 2838 15 3 R 22 fH R AQ, iiAr 32 (3) B RIS TH 5 4 B A9 AT 25 D 5 F Aok 2
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Table 5 Calculation process of initial cable force for modified

cable construction according to target pylon deflection state kN

FAVTHAOE TR 58 5SUat i Gt TR J1ibks
FARA K100, Esm/NL.02%) IR 1.506, Pl /N1.5%)

=
W1 p=1.17% p=1.25%
(T {FtY {aFl* Ty {FP {aF)®
S1 6256 6466 6281 25 6498 6290 34
M1 4803 5424 4732 —71 5397 4727 —76

M2 3947 4060 3874 —73 4040 3877 —70

M3 2489 2351 2434 —55 2339 2438 —o5l
M4 2658 2352 2595 —63 2340 2598 —60
M5 2858 2420 2788 —70 2408 2791 —67

M6 3060 2541 2996 —64 2528 2997 —63

M7 3282 2651 3244 —38 2637 3245 —37
M8 3485 2736 3489 4 2722 3492 7
M9 3686 2915 3730 44 2900 3733 47
MI10 3885 3072 3957 72 3056 3960 75
MI11 4056 3152 4144 89 3136 4149 93
MI12 4243 3250 4327 85 3234 4333 90

M13 4409 3325 4472 63 3308 4476 67

FAVOTHEGE TR I HSUaHEGE TR0

L BARM SERLOYRESENLO) BIKL5%, TN 1.5%)
= e p—1.17Y% p—1.25%

{1t Rt AR AT (R {AFP

S18 6308 4656 6339 31 4679 6360 51

S17 6300 4718 6321 21 4741 6338 38

S16 6250 4692 6261 11 4716 6276 26
S15 6177 4661 6178 1 4684 6189 12
S14 6085 4622 6073 —12 4645 6081 —4
S13 5939 4639 5920 —19 4662 5926 —13
S12 5804 4630 5773  —31 4653 5776 —28

S11 5644 4579 5601 —43 4601 5600 —43

S10 5509 4634 5459 —50 4657 5458 —51
S9 5334 4637 5280 —54 4660 5278  —56
S8 5153 4643 5098 —55 4666 5096 —57
S7 4962 4646 4908 —54 4669 4906 —56
S6 4732 4563 4680 —53 4586 4677 —55
S5 4531 4457 4484  —47 4479 4481 —50
S4 4276 4276 4239 —36 4297 4237 —39

S3 3993 4044 3968 —26 4064 3965 —28
S2 6073 6204 6067 —6 6235 6069 —4

Ml14 4583 3360 4621 38 3343 4624 42
M15 4752 3403 4766 14 338 4768 16
MI16 4904 3576 4897 —7 3558 4894 —10
M17 5036 3697 5015 —21 3678 5005 —31
M18 5173 3900 5131 —42 3881 5111 —62
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Figure 12 Variation of pylon deflection state of completed

bridge (negative values indicate deflection towards side span)
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Figure 14 Stress variation at lower edge of girder of

completed bridge
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