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Evaluation of Ductility Reinforcement Effects for Existing Pipe-Racks with
Exposed Column Bases Using Concrete Confinement
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Abstract — This study proposes a seismic reinforcement detail utilizing concrete confinement effects to enhance the ductility of
pipe-rack column bases, specifically focusing on constructability and economic efficiency for easy application to existing
structures. Experimental results demonstrated that the reinforced specimens exhibited superior ductility compared to the
unreinforced specimen, with the P-GFD specimen showing the most significant seismic performance. The reinforced specimens
showed an increase in initial stiffness by approximately 12-23 % and yield moment by 5-10 % compared to the control.
Furthermore, the ductility factor and cumulative plastic deformation ratio improved by 28 % and 46 %, respectively. These
improvements result from the confinement pressure maintaining load-carrying capacity until the ultimate state, thereby securing
structural ductility and effectively suppressing concrete damage even at the limit state.

Keywords — Pipe-rack, Exposed column base, Ductility reinforcement, Damage prevention, Energy dissipation capacity
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Specimen Steel grade . T— E (MPa) Elo (%)
ie imate
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olumn
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Table 4. Mechanical properties of GFRP

Type GFRP
Tensile strength (N/mm?) 206-343
Tensile modulus (N/mm?) 10,297-30,989
Elo. (%) 1.6-2.0
Compressive strength (N/mm?) 206-382
Flexural strength (N/mm?) 314-520
Flexural modulus (N/mmz) 13,729-27,459

Table 5. Mechanical properties of epoxy resin

Type Epoxy resin
Flexural strength (N/mm?) 100-110
Compressive strength (N/mm?) 90-100
Impact strength (KJ/m?) 7-9
Hardness 70-73
Heat deflection temperature (°C) 60-70

Table 6. Mechanical properties of ratchet strap

Type Ratchet strap
20 kN

Tensile strength

Table 7. Mechanical properties of non-woven fabric

R o] 83 7| To|nY 159 F2420) Ay 1Y

Type Non-woven fabric
. Length 1088.20
Breaking strength (N) -
Width 1224.30
. Length 121.00
Breaking Elo. (%) -
Width 127.50
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Fig. 12. General yield point method Fig. 13. Envelope curve
Table 8. Summary of experiment results
, k 0, M, 9, M,
Specimen (KN/mm) (rad) (KN-m) (rad) (KN-m)
P (+) 2.0 0.01238 90.15 0.06963 103.23
) 1.89 -0.01123 -76.24 -0.0833 -103.53
PNS (+) 2.18 0.01102 86.72 0.08233 109.75
) 2.19 -0.01112 -88.63 -0.07685 -99.97
P.GFD (+) 2.33 0.01086 91.87 0.08883 112.68
) 2.45 -0.01028 -91.49 -0.08809 -117.77
6, ultimate rotation 80 % of the maximum moment,

*k: initial elastic stiffness, 6,:

M,: maximum moment

yield rotation angle of specimen, /7, : yield moment of specimen, 6,,:
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Table 9. Energy dissipation capacity of specimens

Ratio

Specimen Qy0y W, n (reinforced/
non-reinforced)
P 46992.4 48.4 1

P-NS 970.4 52945.6 54.6 1.12

P-GFD 68507.6 70.6 1.46
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Fig. 15. Energy dissipation capacity
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