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Seismic Performance of Miter Bends Used for Water Supply Steel Pipelines
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The purpose of this study is to assess the seismic capability of pipe elbows subjected to in-plane bending due to a strong
earthquake ground motion.

In order to obtain the ultimate strength of the pipe elbow, static and one directional bending tests were conducted in the
closing and opening modes for full-scale miter bends which are often used for water pipelines. Load-deflection curves
were obtained, and from these curves buckling onset or plastic collapse were determined. The experimental results were
compared with those of the nonlinear finite element analysis code (MARC) with its special shell element.

Possibly large ground strains and displcements are predicted based on the recent research works since 1995 Hanshin-
Awaji Earthquake, while a simple structural analysis method is developed to evaluate the bending angles of pipe elbows
herein.

Since the structural response in terms of bending angle is less than the critical values which were obtained through
thefull-scale test results, it is concluded that the miter bend used for water pipeline has enough bending capacity for

possible future seismic events as large as 1995 Hanshin-Awaji Earthquake.
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Fig.5 Relative displacements for various definitions of wave
velocity.
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Fig.6 Relative displacements for various wave velocities
in the current design method of IWWA,

Table-1. Estimations of the maximum relative displace-

ments for various wave velocities.

Epicentral distance (km)
—o— 10 —&— 30
—|— 0 —X—50

w

S

w

[\

—

Ground displacement (m)

(]

100
Fault length (km)
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Fig.11 Bending moments and shear forces acting at each
end of the bend portion.
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from the dispersion design curve of JGA(D=600A).
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Fig.20 Experiment of the miter bend.

Table-2 Dimensions of structural components

used in the experiments.

Straight pipe

Bend
Specification JIS G3451 (F29)
Bend angle 90 degree
Dimension 600A x 6t

JIS G3443 (STW400)

600A x 6t

s OB R ASE) & BUEM ICHREES B 720, LA
FEM 707 5 AMARCICX B Y I ab—3 3 VEHT
% ERFICER L BERTR ICAV T &G0 —&
ZTable-312R"$. $72, Vo VEELTHW <A ¥ —

R FOBNETF V% Fg2LRT. FEBEEH» &
EBY B 2DOEMOES T AR, Fig22lRT

HEG IRABRE R ZRA L2,
Table-3 Conditions of FEM analysis.

Fig.21 FEM model of miter bend.
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Fig.22 Stress strain relationship of pipe material.
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fiycl, mIPHEIERBO L A THIBEEIZ

ITEM DESCRIPTION
(1)FEM code MARC k-7.2
(2)FEM element 4 nodes shell element
(3)Pipe Diameter 609.6 mm
dimensions Thickness 6.0 mm
Curvature 1.225 x Diameter
Bend angle 90 degree
(4)Material Yield S'fl'eSS 350 N/ mm2
characteristics Hardening 2
coeff. 3 N/mm
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FLOBILWTESL,

Table-4 Seismic performance of miter bends.

Bending Serviceability limit state | Ultimate limit state
mode
Inward bending 3 deg. 55 deg.
Outward bending 3 deg. 22 deg.
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Fig.23 Moment and deflection angle relationship of miter
bend in the inward bending mode.
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Fig.24 Moment and deflection angle relationship of
miter bend in the outward bending mode.
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Fig.25 Axial strains and deflection angle relationships of
the miter bend in the inward bending mode.
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Fig.26 Axial strains and deflection angle relationships of
the miter bend in the outward bending mode.
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the simplified design approaches.
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1.4 Fig.29 Moment and deflection angle of the miter bend

5 12 in the inward bending mode.
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Fig.28 Moment ratios of the experimental results for
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Fig.30 Moment and deflection angle of the miter bend
in the outward bending mode.
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Table-5 Maximum bend deflection angle for various
wave velocities.

Bending deflection (degree)

Seismic effects

Dispersion  |[Current design | Base ground
(200m/s) wave
Ground shaking 3.6 6.5 34
Ground | Inward bending 206
deforma-
tion Outward bending 15.6
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