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Cyclic Flexural Behavior of Steel Pipes Repaired by
Patch Plate Subjected to Constant Axial Force

Kazuo Furunisar ¥, Yasuo Kirane ** and Yoshito Itor

k3k

‘This paper presents a study on cyclic flexural behavior of steel pipes repaired by patch plate subjected to constant axial
force. In this study, repaired steel pipes of piled pier are modeled. In FE analyses, steel pipes having various pipe
diameters are analyzed under several levels of constant axial compressive stress to understand the buckling behavior
of steel pipe repaired by patch plate. It is shown that a required thickness of patch plate is larger than the thickness
reduction to achieve the same level of ductility performance in the repaired pipe as in the intact pipe. Furthermore, it
is found that the required thickness of patch plate increases with the level of axial force.
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Fig. 1 Typical piled pier and corrosion rate.
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Fig. 2 Displacement and bending moment of pile
subjected to horizontal force.
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Fig. 3 Analyzed model of thickness-reduced pipe repaired by patch plate.
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Table 1 Mechanical properties of steel.

Fixed end
[Displacement:O, ]
Deflection angle=0

Reduced pipe

. Yield stress | Tensile strength [Young's modulus . .| Strain at tensile
Material 5 5 R Poisson's ratio
(N/mm”) (N/mm”) (N/mm”) strength (%)

SKK490 s

SM490 315 490 2x10 0.3 18

. Loading end
Intact pipe (Point A)
Patch plate

mm
2th=3750mm

Fig. 4 Finite element model.
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Table 2 Analysis results of pipes subjected to cyclic bending and constant axial force.

Diameter | Ratio of Thickness TT::;T::; P;;mit:;_?;izz:;:f Hysteresis Loop
of Pipe |Axial Force
Pipe |Patch Plate] Load Pipe |Patch Plate] Area |Ratio of Area
D(mm) V/V, (%) t,(mm) ty(mm) Prax (KN) Ry, R A A/Aq
0 R (v s R 316 0.0474 | 0.0000 12.82 1.000
8 13 410 0.0936 0.0613 13.61 1.062
0 R v i R 281 0.0474 | 00000 967 1.000
600 8 14 410 0.0936 0.0570 10.42 1.078
20 16 0 265 0.0474 0.0000 7.35 1.000
8 14 388 0.0936 0.0570 7.82 1.064
- % | o0 | 20| oosa| 00000 280l 1000
8 16 421 0.0936 0.0500 8.35 1.708
0 16 1 R 0 DET NSNS 427 06555 0.0000 10081000
8 14 583 0.1098 0.0663 14.07 1.396
‘0 16 iy 0\ AR ;1133139‘1: S 00555 :;f 0.0000 745 1000
200 8 | 14 558] 01098 0.0663 1096 1471
2 16 s 365]  00555|  0.0000 747]
8 15 562 0.1098 0.0619 7.97 1.067
25 16 0 350 0.0555 0.0000 5.04 1.000
8 16 576 0.1098 0.0581 8.45 1677
o T R 553 0.0637 | - 0.0000 742 1.000
8 13 718 0.1260 0.0813 9.98 1.345
0 16 oo 517] 00637 | " 0.0000 5.44] 1.000
800 8 14 725 0.1260 0.0755 752 1.382
2 16 0 482 0.0637 0.0000 5.29 1.000
8 16 768 0.1260 0.0663 8.32 1573
25 16 0 464 0.0637 0.0000 5.05 1.000
8 17 791 0.1260 0.0624 8.62 1.707
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Fig. 8 Relationship of axial force ratio and patch plate
thickness.

Fig. 7 Buckling deformation at the fixed end.
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Table 3 Change of maximum transverse load ratio and hysteresis loop area ratio according to axial force ratio.

Diameter Thickness Ratio of |MaximumTransverse Load Hysteresis Loop
of Pipe Axial Force
Pipe Patch Plate| Load Ratio of Load Area Ratio of Area
D(mm) tp(mm) ts(mm) V/Vy(%) Pmax (kN) Pmax/PmaxVO A A/A\/o
a0 I;:‘f"’ 316 1000| = 1282| = 1000
16 0 10 281 0.889 9.67 0.754
20 265 0.839 7.35 0.573
600 260 03| 489 0381
410 1000| = 1361} 1.000
3 13 388 0.946 7.1 0.522
367 0.895 3.96 0.291
25 355 0.866 403 0.296
1.00 1‘00
0.80 B \L\\\\ 0.80
\\ o
o 060 N % 0.60
i .\ n.E
< 040 - % 040
\\\ E .
‘-1 a —@— Intact pipe
0.20 —e@— Intactpipe 0.20 --Ji-- Repaired pip
--4-- Repaired pipe
0.00 0.00
0.00 0.10 0.20 0.30 0.00 0.10 0.20 0.30
V/V, v/v,

Fig. 9 Relationship of axial force ratio and hysteresis
loop area ratio.
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Fig. 10 Relationship of axial force ratio and maximum
transverse load ratio.
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