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An Analytical Study on the Simplification of the Shape of
PS Tendon Through the Optimization of Material Properties

Aol Hug?

Do-Yeon Kim', Il-Young Jang®

{Abstract)

This paper derives material properties of steel bars that simulate the distribution of
stress and strain of prestressed tendons used in Prestressed concrete(PSC) girders and
presents an optimal material model. ABAQUS software was used to establish the 3D
solid model of the PSC girder and strand wire rope for a PS(Prestressed) tendon. Then
the model of steel wire rope was imported into the Isight interface plugin directly
through the ABAQUS and the Data Matching. In ABAQUS, the contact pairs were
established, the models were meshed, the constraints were applied to solve the finite
element model and an axial tension of 0.5m/s was loaded to analyze the stress and
deformation distributions in the normal working range of the PS strand wire rope. In
Data Matching, classical experimental data is fitted to the optimal material properties
through finite element analysis and multi-objective optimization. The results show that
the steel bar with optimal material properties presents a similar linear area and stress
distribution with the PS tendon.
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PS Tendon

Diameter : 27mm (9mm*3)
Length : 2,000mm

Element type : C3D10
Number of element : 75,627

27 mm

Steel bar

Diameter : 27mm

Length : 2,000mm

Element type : C3D8
Number of element : 31,000

Fig. 1 Geometry of PS tendon and Steel bar
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Table 1. Elastic material properties

Properties Value Remark
Density 7.85E-09 t/mm’ -
Poission’s ratio 0.3 -
Young's Modulus| 210,000 MPa ACI
S pu 1,860 MPa  |ASTM Grade 270
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Fig. 2 Stress-strain relation of PS tendon
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Fig. 3 Force-Displacement relationship
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Table 2. Options and values of Evol
Option Value
Max Evaluations 10 / 50 / 100
Convergence Tolerance 0.01
Minimum Discrete Step 0.02
Parallel Batch Size 5
Max Failed Runs 5
Penalty Multiplier 1000
Penalty Exponent 2
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Fig. 5 Optimization - 10 cases analysis
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Fig. 6 Optimization - 50 cases analysis
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Fig. 7 Optimization - 100 cases analysis
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Fig. 8 Optimization process using Isight
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Fig. 9 Optimization process using Isight
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