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Design Optimization of Valve Support with Enhanced Seismic Performance
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In this study, modal analysis and equivalent static load analysis for valve supports of 26" gas
piping in gas stations were conducted and the existing straight and inclined types of valve
supports were compared using seismic performance testing. Also, a new valve support shape
was suggested by optimizing position of fastener holes, width and thickness of the support, and
size of bracket. Improvement in seismic performance by design optimization was verified through
equivalent static load analysis. The seismic performance of the newly proposed valve support
was greatly improved and the maximum displacement and maximum stress of the seismic load
was about 20% lower than those of the existing valve support.
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Mg A2 ojel weh b el dig W B
#3t A7} JAEEe] gom AT She g

o

4 Ao W Adel WHe WA AR ATAS ol8del Fitnelnd Ao
FHAAE Ao By 857k ST ol A o U WASHAE Sk = AR
A9 fggel W wAol wdel FAsa 9 & Brkel FHom BAtE /A oH“t”Sg
o bedulE Aot £4 5 AdAlsl B olgste] T 24ae WAYES Brskadnh
BT ASANE g A b Fitel AbsE AN G ks ARE FoIME shaue)
E% g Suaol Buk2 E@ shs wiwe] s BuAAY B WS B Bl AT A
ESY hae] Bl FUHT A} FU 5o o o|FolAA @tk sbx Hue WASH B
244 St AT S Yomz sbx Auels  FFom RRHM AWF/) s00de] A
ARl o Ay Fug 98 WAAAL 2T BolE BHRA UelA At AvrarEs

Copyright © The Korean Society for Precision Engineering
T'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



=g USS3X M 32F A 113 pp. 997-1005

November 2015 / 998

wEsop Bk @A FRHAzANN AgHE
2ol A4S T, AR, AgPd, 2E A4
Foll et 7)%ol vheislel glo] ofo] whel A%
2 RN A @ AL fFEas a9
2 B AEel A FA BuAA Y] WA
& Agdn ARSE 34471 99 A
Adl AAPFE ALt = AFA AL
A muAAY gagel da Uzl AL Bl o
A4% A 29E Qe

Zeoll AAE 267 vl =
Fa Ao 7P ol AHE-H

it

WHo BES Ko

3 e WEAAY e dHE Fig 29 A4 @

Aol AT ol 267 wiake] A

Aol ARgE AL glar MEA AR} 378 BE
H

al

of <& Ewnel AFEo k. WHEAA Y9
2 °F 190 mme|™ F7= 20 mmo|th. HEFE A
A o] opefZe FFo® °F 100 mmA = o] A
AL F3 FAE A AAY AFe] A4E F
glo] Bepzlo] Fokoll &3 =] Arth. Fig. 2(b)<t
2o A AAYE A4y o R @ol Akg
Ha e ot 26" BB ApAFE oz A
AE AATE A AAG7E 3AH 49 A9
ANA=E™ olu wety= oF 70°9 Z4EE o] %
Hoh HEXA g B8P wde] AFS BT
W gled BEFe JrkE e wjde] dol=
2.5 m= 7HEGITh ol 26" EHE O 22 63t
ojn] By o} S BT X33 XFL 7.1 to]

WP A2 )= gl Hyto] AFH ZAE 7]
el EofA 9le W WMuAX|e wgy vz
MZ AAE] YA @t Thujd, ME g W
AA el AA L 7| AZ EAQL Table 13 )

22 I/AS iy
A ANA FEES BFAEFE dNA

ARl 2E WY (0~33 Hz) o]He) A= <
gdadEedy galoln} Azteld A7y e FFH
A ok akX|

= %, 33 He o] 42l 7 g0l 4
4 SAEe ol gt UAAES BAE & dnk
WA MEAA e A RES DHAES
& dalsp] gl 25 oaE s ol
3 ol x BT AP (v 3D

[z B 8

Fig. 1 26" gas pipe and ball valve system installed in
gas supply station

Fig. 2 Two types of valve support; (a) Straight (most
popular) (b) Inclined®

Table 1 Mechanical properties of pipe, valve and valve
support

Part
(Material)

Pipe Valve Valve

. (API 5L Gr., (ASTM |support
Mechanical X42)  |A350 LF 2)| (SS40)
properties

Yield strength (MPa) 391 250 250
Tensile strength (MPa) 476 485 460
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Table 2 KOGAS standard for earthquake-resistant design
Earthquake area division

Earthquake
1 st Mode (61.7 Hz) 2 nd Mode (98.2 Hz) Earthquake Administrative regions area
area & coefficient,
2(g)
. |Seoul, Incheon, Daejeon,
Si Busan, Daegu, Gwangju
3 rd Mode (111.3 Hz) 4 th Mode (124.3 Hz) > £
Gyeonggi, South
I Gangwon, Chungbuk, 0.11
} Do | Chungnam, Gyeongbuk,
N ‘ﬁ Gyeongnam, Jeonbuk,
5 th Mode (136.6 Hz) 6 th Mode (148.4 Hz) Jeonnam
Fig. 3 Mode shape and natural frequency of straight type 1 Do Northern Gangwon, 0.07
valve Support South Jeolla, Jeju :

Risk coefficient
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X,Y : Fixed ——7‘
Z :Free 1

Gas Pipe

Mesh Size : 50 mm
Mesh Size : 8 mm

Fig. 6 Boundary condition and FE mesh for equivalent
static analysis, longitudinal load

Gas Pipe

" Gas Pipe

Equivalent Seismic (2.8 t)

Fig. 7 Boundary condition and FE mesh for equivalent
static analysis, lateral load
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Fig. 8 Von-Mises stress; (a) Displacement (b) Contour
plots for straight type valve support, longitudinal
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Fig. 9 Von-Mises stress; (a) Displacement (b) Contour
plots for inclined type valve support, longitudinal
load
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Fig. 11 Stress variation by shifting position of valve

Fig. 10 Von-Mises stress contour plot for straight type support with 2 holes
valve support, lateral load
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Fig. 13 Stress variation of valve support according to
change in bracket height
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Fig. 14 Stress distribution near the bracket toe according
to change in bracket height
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1 st Mode (54.5 Hz)

2 nd Mode (101.5 Hz)

3 rd Mode (113.6 Hz)

Fig. 17 Major mode shape and natural frequency of
newly suggested valve
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Fig. 18 Von-Mises stress; (a) Displacement (b) Contour
plots for suggested straight type valve support,
longitudinal load
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Normal Stress
(Z Axis)

14425 Max

Fig. 20 Normal stress distribution on bottom plate and
deformed shape of valve support before (upper)
and after (lower) applying seismic load
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Fig. 21 Variation in the normal stress at node B and the
longitudinal displacement at node A with increase
of seismic load
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