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Unstrained Element Length Method

ABSTRACT

The propose of this study is to demonstrate how efficiently and accurately the construction stages of cable-stayed bridges are analyzed
using the unstrained length method (ULM) in which all unstrained element lengths are determined from a simplified analytical method
(Jungetal., 2015). A forward analysis of cable-stayed bridges using the commercial FEA program, MIDAS is sequentially carried out
considering the lack of fit force but the ULM is able to analyze a intermediate construction stage directly by taking the corresponding
unstrained lengths of the construction stage model simply. The closing load step analysis is achieved by loading the pavement and
counter weight forces in reverse. An Incheon bridge model is analyzed using the present ULM and the commercial program,
respectively, and the two analysis results are compared.
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Fig. 1. Initial and Deformed Shapes of the Cable Element at a
Typical Construction Stage
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Fig. 2. An Incheon Bridge Model with 4 Temporary Supports

Table 1. Material Properties

Member | E (GPa) A () I(m" | W(KN/m)
Girder 200 2.12 3.16 250
Tower 1 37.50 43.00 240.27 1065.60
Tower 2 37.50 24.13 141.71 689.10
Cable 1 195.00 0.02 - 1.86
Cable 2 195.00 0.01 - 0.93
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Key segment

(a) Closing of the Key-Segment Using Lack of Fit Forces

Key segment

(b) Closing of the Key-Segment Using Reversely
Loaded Section Forces

Fig. 3. Two Schemes Closing the Key-Segment

Table 2. Closing Forces

Shear Force | Axial Force Moment
(kN) (kN) (kN-m)
Left 798.88 -398.07 34,968.0
ULM
Right 1,201.25 385.84 -34,968.3
Left 799.32 -537.95 35,004.9
MIDAS

Right 1,200.65 535.81 -33,804.9
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Fig. 4. Deflection Shapes of the Girder Before and After the
Closing Step
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Table 3. Comparison of Max. Displacements and Tensions at the
Initial and Completed Shapes

ULM MIDAS
Initial Compete Initial Compete
Shape Stage Shape Stage
Analysis g Analysis g
Displ.of| Vertical 0.8 0.8 0.6 1.3
Girder
(mm) Horizontal 233 233 261.0 260.0
Displ.of | Vertical 1.4 1.4 49.4 49.4
Pylon
(mm) |Horizontal 72 7.2 1.0 14
Max Tension (kN) | 17,060.8 | 17,060.7 | 17,056.4 | 17,295.7
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Table 4. Comparison of Max. Girder Displacements and Forces
Throughout All Construction Stages

ULM MIDAS
) Max 1.07 0.95
Ve.mcal (stage 44) (stage 44)
displ 138 137
m M. 1. =1.
() " (stage 23) (stage 23)
) Max 0 0
Hori .1zonta1 (stage 45) (stage 1)
displ 0.08 0.26
m . =J. =V..
() Min (stage 1) (stage 45)
Max 75,017.0 74,380.5
Moment (stage 15) (stage 15)
(kN-m) . -114,066. -113,180.
Min
(stage 3) (stage 3)
Axial Force Max 142,341. 142,430.
(kN) (stage 45) (stage 45)
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Table 5. Comparison of Max. Displacements and Forces of the
Right Pylon Throughout All Construction Stages

ULM MIDAS
. Max 0 -0.05
V;m(l:al (stage45) (stage45)
ispl.
. -0.03 -0.02
m
(m) Min (stagel) (stagel)
) Max 0.57 0.67
Ho;}zolntal (stage8) (stage8)
ispl.
. -0.49 -0.35
m
(m) Min (stagel3) (stagel3)
291,448.76 346,815.70
Max
Moment (stageB) (stageB)
(kN-m) Min -245.790.87 -181,243.07
(stagel3) (stagel3)
Axial Force Max 214,686.64 253,757.09
(kN) (stage45) (stage45)

Table 6. Comparison of Max. Displacements and Forces of the Left
Pylon Throughout All Construction Stages

ULM MIDAS
. Max 0 -0.05
V(';m(;al (stage45) (stage45)
ispl.
-0.03 -0.02
m Mi
(m) n (stagel) (stagel)
. Max 0.49 0.49
Horfzontal (stagel3) (stagel3)
disl. 0.57 0.58
m . =V. =V.
() Min (stage8) (stage8)
245,790.86 252,375.40
Max
Moment (stage8) (stage8)
(kN-m) Min -291,448.76 -299,762.11
(stagel3) (stagel3)
Axial Force Max 214,686.64 253,754.25
(kN) (staged5) (stage45)
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