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Nonlinear Analysis of Segmentally Erected Prestressed
Concrete Cable-Stayed Bridges
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Abstract

An analysis method for the time-dependent nonlinear analysis of segmentally erected planar prest-
ressed concrete cable-stayed bridges was described. To account for the time-dependent effects,
load history, creep, shrinkage, aging of concrete and relaxation of prestress were considered. Cha-
nges in boundary conditions and loads, installing and removing frame elements, stressing, restres-
sing and removing cables and prestressing tendons were incorporated for modeling segmental erec-
tion operations. One typical example on segmentally erected prestressed concrete cable-stayed bridge
was presented to illustrate the analysis method. Results of this example show that it is important
to follow the development of stresses and deformations at all stages of construction to predict
the true response of the bridge through its various load history.
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a8 10. Dimensions of the Bridge Deck.
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sH.o 2 — 400 MPa 31-3-8/38-3-21 = 1,860 MPa/1,680 MPa
epAd A4 =200,000 MPa dA 5 = 165,000 MPa
Aoz 2HE =78 kN/m®
A W %70 H 1 HEZ sl Al7le dRed Eagle A
Table 1. Cable Cross-sectional Areas (mm?) and Initial Forces (kN)
Cable | Area | Force || Cable | Area | Force || Cable | Area force Cable | Area | Force
1 8960 1410 11 3450 | 1095 20 2320 653.0 30 4770 1452
2 8960 3758 12 3290 1010 21 2690 653.0 3 5160 1554
3 8960 2446 13 3100 964.0 22 2690 873.8 32 5550 1650
4 8960 4125 14 2900 914.8 23 2900 914.8 33 5740 1768
5 3450 1310 15 2690 873.8 24 3100 964.0 34 6110 1890
6 3450 1554 16 2690 653.0 25 3450 | 1010 35 6520 2005
7 5550 1452 17 2320 653.0 26 3640 1095 36 6870 2120
8 4020 1368 18 3100 8244 27 4020 1181 37 4970 2286
9 4020 1265 19 3100 8244 28 4020 1265
10| 3830 | 1181 | J 20 | 4500 | 1368
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Table 2. Sequence of Construction of the Bridge

No. Construction Steps Days
1 | Casting of the precast elements starts. 0
2 | Approach span is cast and ready for prestressing, with auxiliary pier 0

at the cantilever end. (Node 14) Casting of tower starts.
Approach span is prestressed and casting of tower is completed. 4
The cast-in-place portion at tower is completed. The deck is restrained 28
horizontally at this location.
5 | Back-stay cable 3 is anchored and stressed, and forestay auxiliary cable 37 is 38
stressed and anchored to the bottom of the other tower.
6 | Erection trusses are lifted into position and erection of the precast elements
begins from the completed deck at the tower and progresses symmetrically
in both directions.
Two precast element in each side and cable 16, 17, 20, 21 are installed. 38
Two precast element in each side and cable 14, 15, 22, 23 are installed. 48
Two precast element in each side and cable 12, 13, 24, 25 are installed. 58

10 | Two precast element in each side and cable 10, 11, 26, 27 are installed. 68

11 | Two precast element in each side and cable 8 9, 28, 29 are installed. 78
12 | Two precast element in each side and cable 6, 7, 30, 31 are installed. 88
13 | The last one element in the side span is installed and are joined with the 98

aproach span. One element in the main span and cable 32 are installed.

14 | Four elements in the main span are erected with remaining four forestay cables 108

and three back-stay cables simultaneously.

15 i The forestay auxiliary cable is slackened. 108
16 | The last one element in the main span are erected. The horizontal restraint at tower 123

is loosened and the two halves of the bridge are joined by a cast-in-place closure joint

17 | Approach span and side span are joined by a cast-in-place closure joint. 123

Cable 5 is stressed and auxiliary pier is removed.
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