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< SUMMARY >

The primary objective of this study is to develop the advanced technology in terms of
strengthening or retrofitting of piping system and construct the seismic fragility of Korean
Standard piping system, during and after an earthquake. Further, the seismic design code
of piping system as a nonstructural component will be provided.

O Finite Element of Korean Standard piping system based on the performance based
ear thquake engineering

® A reconciliation of experimental and analytical study with respect to piping system, using
ABAQUS, ANSYS, OpenSees etc

® Development of 3D Finite Element model associated with fluid—structure interaction

® Construction of Finite Element Models for seismic performance of T-joint, Elbow, Valve based on

Purpose & linear and nonlinear behavior of piping system
Contents . . - . .
O Analysis of uncertainty of seismic ground motions for Korean Standard Piping System
® Analysis of seismic ground motion uncertainties to perfrom the seismic fragility of piping system
® Seismic performance of piping system, by using time history and spectrum analysis
O Strengthening and retrofitting of Piping System and Fragility of Piping System
© Seismic fragility of piping element systems related to interdependency of piping system and
material uncertainties
© Development of state—of-art seismic fragility evaluation of piping system, using Bayesian Approach
® Improvement of advanced technology strengthening and retrofitting of piping system
O FE model of Korea Standard Piping System
® Understand the seismic behavior of piping system based on experimental tests and analytical study
© Development of analytical model of piping system, regarding seismic performance of piping system
O Seismic Fragility of Piping Element Systems and Emergency Strengthening and Retrofitting
Techno |l ogy
Results ®© Seismic fragility of piping element systems in terms of the interdependency
© Bayesian approach based on statistical methodology
© Development of Emergency strengthening and retrofitting of piping system during and after an
earthquake
O this study is to be contributed to the safety of piping system as a nonstructural component in acritical
structure, considering the connect elements of piping system
O Minimize the damage or loss of economics based on the improvement of seismic behavior of piping system
and development of the advanced technology for emergency strengthening or retrofitting of the piping
elements
Expected

Contribution

O Contribute the system of disaster mitigation related to the improvement of safety of piping system,
regarding the interdependency of the connection element of piping system and improve of an economy
invigorating of emergency recovery market, during and after strong earthquakes

Keywords

Probabilistic Risk Emergency

Piping system Seismic fragility Assessment Recovery

Safety Evaluation
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Piping System: Probabilistic Seismic Risk Assessment
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HZ7| HAEZ| HZ Orientation Foroe(kN) ,
Max Min
L1 X 5.605 -5.407
LCA L2 Y 0.132 -0.066
L3 Z 3.195 -2.186
L4 X 1.181 -2.868
LC2 L5 Y 0.330 -0.528
L6 Z 7.858 -6.632
L7 X 2.536 -2.372
LC3 L8 Y 0.157 -0.157
L9 Z 4.852 -3.681
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SG3 Elbow 2 406.7
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Table 3.1.4 &tH & 12 54

2|4 (mm) 2 = (N/mm3) EbAM A =(MPa) Poisson's Ratio
7

114.3

.856e-9 200,000 0.3

Table 3.1.5 RetA TR AFEE 24 8 = £

Properties
Pipeline Element Type Number of Eelements Number of Nodes
Name
T-Joint 23071 23206
Elbow-Joint 19738 19880
Straight-Joint 2840 2911
Straight-
b el inef 87188 87330
Slpe,'gf 3D Shel |
raight-
. 9 (S4R) 19738 19809
Pipeline2
Straight-
, . 7952 8023
Pipeline3
Straight-
. . 2840 2911
Pipeline3
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Moment (KMN-m)

Threaded T-joint Connection

Grooved T-joint Connection

(Yuan Tian, 2010, NEESR Nonstructural Progress Report)
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O ol F otz M2 A HolgE &AAelE 12{5t0 7HL=of AARS mistE2 W
As(SD)ol #xXH MHs5(SC)S =0 HEEMN LIEH .
P, =(P) <10 (3.1.4)
C
2) o]g A z=gloll gk A FH ok HIE7H
O Ml ZEX] A& &abatefel Zol, 7F, AMZaei= o|dof MolEl MEYH &MMElE ok
stozM Hol=ol ZEHE WX SEZE(Joint Probabilistic Seismic Demand Model;
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Braces 0.040 123 0.30
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Normalized Spectral Accelerationa

Table. 3.2.1 Seismic Ground Motion

5
—
#®9.

Magni tude
No. Date Seismic Events Location PGA(g)
(0z,)
1 January 17, 1994 Nor thr idge Beverly Hills, USA 6.7 0.3265
2 January 17, 1994 Nor thr idge Canyon Country, USA 6.7 0.4820
3 November 12, 1999 Duzce Bolu, Turkey 7.1 0.2025
4 October 16, 1999 Hector Mine Hector 7.1 0.2656
5 October 15, 1979 Imperial Valley Delta 6.5 0.1450
6 October 15, 1979 | Imperial Valley El Centro Array #11 6.5 0.3796
7 January 16, 1995 Kobe Nishi-Akashi Japan 6.9 0.5027
8 January 16, 1995 Kobe Shin-Osaka Japan 6.9 0.0587
9 August 17, 1999 Kocael i Duzce 7.5 0.3579
10 August 17, 1999 Kocael i Arcel ik 7.5 0.2188
11 June 28, 1992 Landers Yermo Fire Station 7.3 0.1515
12 | September 12, 2016 Gyeungju Gyeungju 5.8 0.4426
13 October 18, 1989 Loma Prieta Capitola 6.9 0.5285
14 October 18, 1989 Loma Prieta Gilroy Array 6.9 0.3674
15 July 20, 1990 Manji | Manjil, Iran 7.4 0.4964
Superstition
16 | November 24, 1987 Hills El Centro IMP Co Center 6.5 0.3579
17 | November 15, 2017 Pohang Pohang 5.4 0.2830
18 April 25, 1992 Cape Mendocino Rio Del |l QOverpass FF 7.0 0.1954
19 | February 09, 1971 San Fernando LA Hol lywood Stor Lot 6.6 0.1359
20 January 17, 1994 Nor thr idge Beverly Hills 14145 Mulh 6.7 0.4158
21 | September 20, 1999 Chi-CHI CHY 101 Taiwan 7.5 0.5120
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1) Bayesian Approach

O &2 AFdM= MCS Z|ete] X7l F etz 24 o|2lof Bayesian UpdatingS XM-ScH X|& F 2k
T 2M8 sA5IH o0 dHrXM ol Bayesian Updating2l EXt= olzliel 23 .

w M T8 KT ZER 7A27F =HE Seismic Motiong TESID AEMoz HE=E fot
4L HH" Fx.

s PEE G4 ZEe| el HIME A[ZH0[E SHA 3

» oMM et (Safety Factor Method, SFM)S AF23H0{ Prior Seismic Fragility
Curve(SFC) +5%.

= Prior SFCE 7|82 2 HH Seismic MotionE ZZASI0] FIHAQl AlZH0|YH M ES =3

- mgs

gt

* Bayesian Updating2 AIE35t0{ FIIAQl HEE 7|92 Z Prior SFC Update.

QO Bayesian Approach= ® Xl PosteriorE 0|&35t01 ct2 ttH 2| PriorE FHsl= MAA
(Recursive) o= ZIal

O o] Moo HdS =7|gt A™o| =EHA|Zto| 2 ¥&s n|x=22 =742 ZH-o| JIE &
.

O #ds5H Hslsls thabol thshME F=Ho| 7tssi o M2 Hole =z wzH 588 FH
& 4= A7| uf 2ol Computernal Coast?} ZA=El&= o|Fo| =X .

O Bayesian Approach Z|dte|l X|&l F|efx HIl= ofefet 2 FE Sl PriordlAM

2 gEXHe dopPls.

Posterior 2 Updating

P}Jost(au):/P}orior(a;a)f(md)de (325)
F0ld) = 1(db)f(6) ‘Posterior PDF (3.2.6)
2f(d\9)f(9)d49 o
k
£(dlo) 1:[1{ }P’"“"a 0))" (1= Py (a:0))" " (3.2.7)
047|A, f(0)=Prior PDF
a= PGA or SA or PGV or Mw
2) Bayesian ApproachS %83 Wy Fofw #4
QO Bayesian ApproachE X &st W2 Ftx 2EM2 ME/H|ME T-Jointoll CH3H 35199 20
Zt A|AEIe] MLE MethodE AFE2EH F| 2T =M 3} Bayesian Updatings ARESH ot 3M
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QO Bayesian ApproachS X &gt L& Fetx Mol A< 0.692F 1.0g2 siA Cjo|e{E 0|5t
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Case3 o Case4 o

Fig. 3.3.5 22t Case ¥ HE &4l

Table. 3.3.1 24 Case ¥ sifA{Z 1}

£ 2| ClES 2HE SE
(mm) (N) (N-m) (MPa)
case 1 242.75 9,339.19 39,654 385
case 2 231.88 9,214.72 39,382 382
case 3 231.88 9,214.72 39,382 382
case 4 231.88 9,214.72 39,382 382

2)de =& W MAXE A mo|ZA|Ade LR HS HI}
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Table. 3.3.3 T2 AldH o +MH =AH

Part Name Model| Name Specification Material Quantity
Standard Rigid
SUS 304
Coupling
Grooved P SEN Stainless Steel
. = 114.3mm
Joint 71EE 100A Dimensions (mm)
Length (L) Width (W)
180 143
O AX A EO| MxlEls =HE E235 Tislod Mx|51F 20 2MPas| =2 Jetst A
Efoll Al AlEsto] = 52 DIAMEfE &olE = JEF MEES T8
O XM Als =HE 15| s &2 Hel s8d2 ZAE = e ZA = ol thatAy|
£ Mx|st¥on ZA =g grdlEo W45 2EEZ I1H
O 38 s2tHs 3 AFST= 7|=0A HMAISH 2zt HEE5Z2HHS 0.02h(F =0l2 2%) &
atEst7| /s 600mm/mine Z +60mme| HFHIUIE 153 HH=E M-It AEHS =™
O tiatMddlel Ald M| Fo| 2F iy g mi&Mel(sx, 4, F£2 &2t 2 g J§),
I8 2E MZe MHEMH S8 g2 HAL
O =3t Elbow, Tee Jointoll Strain GaugeE A x|5t0f v &te| HEES EMSIF o0 HizdHl
off Load Cellz} LVWDTS A x|5t0] 713 stE 2 HE HAS
O 52 & SoH4AI Z21f AdoiatAdb|e] FAH Al bfatE BFAZEEH Grooved Joint
Elbow, Teel| 2(FH Y U 5= 2 BSHX S
O ActuatoroflM =X™= =|Cf k42 2 4172kN, =& v 2 -2 4978kN2 2 LIEFG2 0] Elbow
2 TeeO|M HZEl HEES Table. 3.3.40( ™2|5t0] LIEFH
O HAzs= HaEEZ 0|235t01 Von-Mises Stress= Hl&SHE 0| A Ab=l Z[Cf Von-Misese

Table. 3.3.50 &2|.

——"
Tl




£
0t

Table. 3.3.4 EH= HEE

Location Orientation lsgsired) Stiralin
Max. Min.
R(Axial) 1.4821e-4 -5.3510e-5
SG1 W(Hoop) 2.1681e-4 -7.0090e-5
G(45° ) 3.2808e-4 -2.4591e-4
R(Axial) 3.0038e-4 -2.6320e-4
SG2 W(Hoop) 1.4006e-4 -8.2400e-6
G(45° ) 2.4732e-4 -1.8541e-4
R(Axial) 1.0317e-4 -1.4440e-4
SG3 W(Hoop) 2.5963e-4 -8.2390e-5
G (45 ) 6.5700e-5 -6.1590e-5
R(Axial) 1.1510e-4 -3.6980e-5
SG4 W(Hoop) 5.3887e-4 -8.2210e-5
G(45° ) 2.7965e-4 -1.2340e-5
R(Axial) 2.7944e-4 -9.0380e-5
SG5 W(Hoop) 3.1742¢e-4 -1.1538e-4
G(45° ) 3.7041e-4 -1.2340e-4
R(Axial) 9.0340e-5 -1.6420e-5
SG6 W(Hoop) 2.4746e-4 -1.6490e-5
G(45° ) 3.3148e-4 -8.9990e-5
R(Axial) 1.3155¢-4 -3.7000e-5
SG7 W(Hoop) 1.4788e-4 -8.2100e-6
G(45° ) 1.6025e-4 -1.0681e—4
R(Axial) 7.7870e-5 -6.9670e-5
SG8 W(Hoop) 3.2533e-4 -1.2350e-5
G(45° ) 3.8189%¢-4 -3.2830e-5
R(Axial) 1.1081e-4 -4.5140e-5
SG9 W(Hoop) 2.7554e-4 -1.2330e-5
G(45 ) 3.5726e-4 -1.1492¢e-4
R(Axial) 9.5450e-5 -5.8100e-5
SG10 W(Hoop) 2.6729¢e-4 -2.0550e-5
G(45° ) 9.0380e-5 -1.2320e-5

Table. 3.3.5 Elbow & Tee2| Von-Mises Stress

Max. Von-Mises Stress
Description Location
(MPa)
SG1 Elbow 99.7196
SG2 119.9538
63 (Upper) 90.8980
SG4 Elbow 170.1712
SG5 116.1729
366 (Under) 93.7697
SG7 78.7682
SG8 Tee 63.5731
SG9 87.0807
SG10 62.3188
2) Grooved Joint¢} S22 RIEE A &3k o]l WiIAE R 7F A3 vl
O & AFoM =5t Grooved JointZ7} M= mo|Zzlele| LZRIMs "ot Aolel Ml
oM 2Ast B st XX ehxjod TME{o| A s st Qr=tAl FOIEJL M= mo|Zz}el
o LYRIMs HIF AnE d|wE,
O ¢=tA =olEQo| AR Flexible Couplingg OiAsh?| fd W= =IEZM Grooved
Jointe| MEZulel WS O MSMHZ HAES.
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oIE BE Aol 114.3m=E SYstnd, L5 AHZ= SUS304E S e
O F el ANEA 25 A AFSEHS 13sty| fIsh 2uPas| =4S X Es5IR M HEFXE
7|Z=(KBC2016) 2| =t &8 57+ S 0.02h( £60mm)2 M als M et
O #lseaz mokEl= Upper Elbow2t Under Elbow?l Von-misesS2 S H| WS 204 ASMES
SHZAD} vlmgt,
O ASME Section I, Part DOllA Hi2te| 51 &S S CtS 4l (3.3.1)2 &0l MAI5tL AUS.
=2/35, or S, =1/48, (3.3.1)
0{7|M, S, S 83H
S Mzel =534
S MEe MU E
O ASME Section Ill, Division I0A HAlstl U= AX LMo Class 1 v ol s S
H J|F2 ks A (3.3.2)2 Zo| MAlstD /US.

PpDy
B— + B, 2IME<3S (3.3.2)
017|M, By, By FSHX|F
Me: AEZSE2E D2E &Y THE
O SUS 3042 z|4 =322 205MPaZ 283 Sm2 137MPao| LHAMsEIF Al ASE
Von-Mises 230 3Sm@! 410MPa 2t =™ X|Zlof otM&r o=z mhehat
O Fig. 3.3.14= &HA xlE9| 28d-A|Zto|&0|o] Fig 3.3.15= Grooved ZQIE 2| S&-A|
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