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19} e horst AEANle RSB

=
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o

= 5§32 olo] = Hefolo} shnj
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% puseol Wk ¢ g WAHOR ZUhAYIN Higky AHsMS 4
GoAASE SHAWAAA A20] Fold %S WSH= WH pushover analysisS S sto] Hlgk
AGSE EA, SHLRAGT AHs) AEE A W-HASH WAS Tt ol2HE Ao

7} 918 A 27d0] Allo] AAE Selol MAAl 2 ANE 5L Brtekn A8E SHSgAS
ol 5] wdo] wojo} gtk ol WIS 15t 7HAHAAS H7helA Hek

(a) 25.8KV EGISQ| 2|ATH| RSt AsiA R H (b) 170 kV GISOi| Ch3t 344 A

(c) 170kV 1.5 CB GIS2| Z[ATtY| siA =

(F) 154KV A TIA A HYT|

24 DAY O (AS)
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& Ul A= Feole
A2 Eolol wbA A7
3t52 S E o] A gH ook
Q. o] 2 HHgshe= Aol 2
= WRSFHEA I8 4]
LR uhel 2t 9] 4ofl A
Al F2E WRSEHE 2
A& sto] FHo| A AASHE
TFEE WR-SHHE 1 5]
LHER Biet ) e du] o)
AHF AAe F2 5784
siAe AREStET o] 7%
SIS ARt ASHE Aol
71715 F0 % Wi 12 EF
H| 5o A7 H& o]
Sz} =1t o7 AdAelA
WA= YRR st
o, Adu] o] Aol W 71715
ZH|ot 2T =AleE I8 6
o A=l of A

71715Z0]7F A QA A

SEIREAE B 95

=

ojn

e o 1

TL Bay Air Bushing TL Bay CHD

e

TR Bay Air Bushing
S
- 00CB Bay

(h) 170kV 1.5 CB GISQ| Z2H{Z| s 2

Choh S4{of 224 4 0fl Tt Gota4 HEE of

1y 2F25m) E
= 8+ g
() sm 2
i e 2N
- == mc;
4 a—a—a O e

B1(5m) 5€-3¢-3¢Fa (Near fault)
@0 Fa (Far field)

+—+—s Fa (Near + Far)

=]
A

bas

Txe] FEE =0

=1z
O—|H

| 712 of

O SymAs 44 2o Uy 2Z6 84GIS 2 REAA7]) [(AIAM 23 &3]
O ML WEZFIN(FHF Hdk dhy)
TtAH O E R &
» =
T 25.8kV 170k 362kV AT
ES]u T 2.534 1.734 - 2.534
E[s 2462 1.704 - 2462
154kv e
@82 /s 2342 1.684 2342
AMBET(CIX E 1.084 1.684 1.684
345kv HIEZE 1.032 2.064 2213 2.345
SZd| gy HEF(1.00) : . .
@R HA) Arjse | @D | AMH@22) | HEH254)
* (EF) 258kve| AL 154kv CIX|EY 9 345kv HEA HE(1Z5 HX))
*lth) wA RYFO HEAO A WEEZH HE
% 5. SHM0jIM AMA[SHAH| A0 2 L2E LI 32|
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SiME 23.1 MHMEH|2 2|7 SEA T, SEHTEHAT L =FTAS(ASCE 7-16, ASCE 43-05)
FEAT | sHFAAT | 2AFEAT
e ay R’ 12
22 d )
Fehy| EE ERedE 2 25 2
HAEE W, AU e FEAgEA7 2.5 25 2
g £ 8 - -
ZAEARAR AAEA| G2 dzl, g, HE Q7] 8 ok 47 1 25 2
AAEANA R X2 HE ¢¥87] 25 25 2
7], el ], olwE], 2e @ iy Aas pE d2RE 1 25 2
Be AEE A, #@d BnE 2% 7)o, A7) Ay 25 6 2
FAH == g7t d s = 7 e 1 1.5 2
A1) A 8ksh waa] LHE 829 A% ay- 1006, 9 240t s FHE 2he] AF a,-
2500t} A FHHAA o+ FHE= BY Bd F4E #4Ro § 22 ayg AHE F Y oy 9
fh 12T FopAE gt Hr)

O3 6. 2H| YA WE 77155415, SIS 2 2UE =A<

ol B9 FR{X oM BALHE ] 3w F7HH EAE op7|StEE ofof] tigh tiH] & &S]
€ ABARE o1& SHolH ‘B‘H 12 #dsta A|&Eojop & Zlott. &

o|25E 7=l titt 7HE =S| HIZA
7HEE S2HE Fris "o 29 60l UERd
AANSES QYIS tiEshe st gle= + 24723
Hﬂ*OlE} NERE
He A2 E= 9 1.ASCE (2017) Minimum Design Loads and
A5t T"_L/\Pﬁ,gi H 7}A] Q—Gi}i‘} FA1S ESlo] Associated Criteria for Buildings and Other
FAste A2 7kt Structures (ASCE/SEI 7-16).
2.IEEE-693 (2018) Recommended Practice for
Seismic Design of substations.

4 ot 3. Korea Electric Power Corporation (2021) Seismic
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o
ol
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é
1o
!}
X
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N
>
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i)
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Design Guidelines for Transmission and Substation

durA o g A= EAMo] t2F 7 Hz Facilities, Korea Electric Power Research Institute.

()
v
i
=
l‘h‘

16

The Magazine of The Korean Society of Hazard Mitigation



SPECIAL ISSUES HVDC $2HaH| 9| LA QFAfSlof Tigr A1

HVDC tHehat| 9f
L 2= A 2~tAFehol] Chist
2l

213 1.ME
Zeloysta

e LR ELT

=ImES

jmoon1979@kangwon.ac kr

P
=

W2 FEA(HVDC)2 1930 dth 78] 7HLE 7] AJet el 7la2A
7ol g AP aEE Sol v 5obd Aot Bg H 7oA A

o3

oz e & =

asryen A mRA7)E Mgto] Sgsith Ao] AT ST W) A e

UEESSHESHE

a% o] 2ol Wl Wrhe TAE Qick ool A $7 Alol: HgdAlo] He

songj@kangwon.ac.kr
2175 &8st ikt 4] Aol 1R S8 A S A=A
oft}. E=3H HVDCE ARzt EAYsHA] ghot 847 ool Ath= g4 &= Ut
2 FUelME 2 FE4 (HVDC)ol thet A= F7tstar 9lont =+
Ulolli= HVDC #ghdn]of] tigt izl ds 87ARgoll tigh 712 Gl Al7go]
o}, £ 7]AlollA = HVDC WgHdH| o] UiRlid 5 B7He f13t 8FARMEl o

stof U9 T AR5 arsto] A2sialth,

2. HEHaH| £9 8 30 23 2P |E e
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) =3
ZHAIAL QU 28 12 AR SRR a1 e
AAIE HolFm L2/Fo 2 o] 2 A5 tE 7
o do= AdH|9| B4 AA-s] agsto] Yzl
AAE $-3Ystoof it
HEAdH| o] F o3 Al s 2= A2 A E A (Insu-
lator) 7} 1o A ZE B34 (Composite
material) 7} $2 AFSHTE B4 A9 &o] ¥l
Hollow type insulator”} AFH&-%] &= RFHo] HgHAH]
o AF&E]= A= F2 Solid type insulator7}

X
=2
i

2 Astol
Q= AAYIEL w2 Qs Ao Lt
Shek hak P A Sl sl HEelo)
A9 UREAVIE FEASAF0IT) 0] B8

UZAAZE 354842 (2017) 2 A
Hlof] £8}=]0] 9)A] ¢ T

18

The Magazine of The Korean Society of Hazard Mitigation

(2021) 2k FHizlAdu] W
JAA ARAR AIZA
(2022)" oIt SHAIT, 919
71ES ACE 7IEeE A
%43k Zojuz DC et
H| o] e o] W& *
7HAR] aref7t gt wh
2hA, Righdu| o] 49 AC
ot & o] A ol
uhE Wrlsde st

=2
BEASA
.]

693(2018)°] Utk IEEE 6930141 ANNEX Vol
DC equipmentoll tgt 71%-& #7Jstar it o] |f
o] MgHdn|of] Ak AF&-E] = Solid type insulator2]
739 IEC 61952(2008)°l Al g0l thgt 51871
o] WAJ=lo] St} Aot ¥gdn] o] WzlAdA
£ [EEE 6939] ANNEX V& £85t= Wrlsd 2
AR ok 52 9] SulAdn] YA AR
A1ZM (2021) < SuiAde] WA A A]
M (2022)F AFHEsH= Aoltt, o3t THES
7102 HEHAE] WRIAA A1HA QA
)5t ohgat 2t

3. BB LTI QAR

w2 SHIZAH] WA ARAIRA

(2021)% wh=n] Aol W FEL DCY| 7S



ACOl thg5k= AYS 282t Adnlof Uixl%

FE2 715 Yo o Kol SHi

H] A AERAM 202D 2§ A
ket 2t AR $EA N B,
AN, ANEEAS, EEAAL

AARZAZYOIE, 57 A A, AgAIRsh

A A,
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N
»

g9l 523
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rE
ot

N
N
o,
o
)

T

2L

Q.

off
ol rlo & o

1

X n@ P

dulo] £F+ [EEE 6930l wheh 13 29)

7}t du] &= Referenceol] A3] Annex £ Table

<

29] ol whet /5= B7IRIGE Wi

Bk e 2 A2 TR AENA, 5

A A (SHAHEY si4) 2 AFH Aol 3

33725
o) £7)9] S B1E Siste] 71 8A 02 3%
2§34 BYL o= itk

3451871

BRI 2 Y F2FA Y] 5] 87]%2 ASME
Section VIII, Division 2, part 55 WZ&t}h ASME
Section VIII, Division 2, part 5% Class 2 4&-&7]
of] Tt sliAol] o3k AAHE BAIRH 7lee =
51-8-82(S)%= ASME Section I, Part D] whe} <1
SR = FEA o) tisto] 2,49} 1,59 QHE &
HSI=E shal i}, AAIgH Ad5gaol wE A4
TF2EA Q] 5] &7]E-L SHlR/dn] WA 17
AlE A1 A (2022)0fl LHERY Qiet

[EC 619520114+ Soli type2] B3 ZHAA9
SCL (Specific cantilever load)< AoJsta it &
Aoz A7 Al AAA| 715l FA7F §l7] 9
sto] = AZAMA| A Al5-5H= MDCL (Maximum
design cantilever load)& AFg-5Fojof st o] Zr
o] 53] AlF|A] g ?F SCLO 50%E AH&-=E

o, A AAA ] 7

Type Suk Fy tegory Reference o B Hkx] 1 A
DC transformers and liquid filled dc reactors HVDC/FACTS Annex D — —6_']4 o ] A 7] o
DC wall / dc roof bushings HVDC/FACTS Annex D - -

= Jo o =
DC disconnect switches / de grounding switches HVDC Annex E og Oﬂ }\1 % é = Trx] O]’
DC air core reactors / smoothing reactors HVDC Annex G =1
DC high speed switches HVDC Annex C oo} st= AS R DS-
DC surge arresters / voltage dividers HVDC Annex K =

005001141 F+75kaL 91
DC filters
7.1DC ﬁlFers towers HVDC Table V.2 ong —3.] _g_ 7] % __8_
7.2 Capacitor cans HVDC Table V.2
HVDC converters =

= 9}
8.1 Valve towers HVDC Table V.2 MDCL O 5SCL§ ]-
8.2 Valve modules HVDC Table V.2 L Ao| giErRls
9. SVC converters A ] ]—‘:' - O}E}_'
9.1 Converter racks FACTS Table V.2 .
=i
9.2 Power modules FACTS Table V.2 A2 (Porcelain)
10. Cooling systems
o =] r

10.1 Cooling and protection cubicl TIVDC/FACTS Annex L AGQ] AARA = [EC
10.2 Piping HVDC/FACTS Table V.2 = - o
10.3 Pump skids HVDC/FACTS Table V.2 621555 utzt 5185
104 Coolers HVDC/FACTS Table V.2 ° =1 A
11, Control systems HVDC/FACTS Amnex L Hg AA-g 4

T2l 2 tH5t

AH

=

| 25 2 @A efim2Aa

IEC 621559141= &
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AdE 5019 MFL(Mechanical failing load)& 2 2L °o]/¢2] ZI9kol| tisto] ZgafsiA] 7ol 2]t U
ZJol== o 9lom MFLS EAId & "ﬂﬂ}”—‘, 4 AT H7E a6t E sk it
ARAol| G} 22 Tho] WASHA] Y= Sh5 312 [EEE 6930lM w17 skaL e A sA
< o)t} whebA, MFLS &850] 318-38e  7I8& Ul 2k AAsIA S ffstol A F4
A8 4= Al DS-00500] whe} 7|2 A os B o 2 W A 7HEEE AE5to] AU §HE =
2 BIGA] oM = &30 Qlojok For B Eokal o] & Foto] x5S 7Rt [EEE
FHOR 7Pt B pE BT N2 6930l 4= performance level®] 3% 3L (,5g,
AARMN = MFLS 83 949 58718 AF 42 04gE A8t design level®] 49 82
& 43tk 0.25g, 42 0.2¢5 Ygsto] A S Yotz
SkaL Utk SHAIRE oFe] UHkARtoll A = Adrgsked
3.5 AaE M %ol Ul Wt A& AV IR 384 8A

(2017)& A&stofof Foz 949 Z5 Itz 4
&5 52 P71= o]FojAH &4 & F 4 flom YR Tol Btk ule] X
BA 9] 742 717 KDS 14 31 25(2019)2F KDS 14 7FS=E Algatofop 3t 7o = wotE
20 54(2021)& AH&-sto] AAgITE

2,
NG
u
Ir
0
>,
J}OI'

4.3 Annex E
4. |EEEO|| [[}2 B2tAdH| & LY RIAA| Annex E+ Disconnect and grounding switchesell
B i3St 4ol th Disconnect and grounding switches
o thstoi= Aol whet Z7] g WA= Y
4.1 AnnexC s HEE stex qfdsta 3o 1 Hele

Circuit breakers®?} 2t} 2 2ol 4] W2 QFA] A
Annex Ci= Circuit breakersoll tiet Y822 7 S SIgleBR of7|= 54 oA 3ol tisto]
ol wiet M2 o RIS WS sk
t. Circuit breakersell 9] 73- 38 kV 0%H izl FAM 2 7I2H o AHEHH S -
ASE oYotA dor 38 kv 23 123kV Bl ot AE oJu|gith WRlSFol et High
ke A3l Adof oJt WHo g HE = moderate performance level2 ATEiS 4= 9J
123 kV ~ 170 kVE S4814A], 11 o] S+= AHA 4 ™ design leveloll A= performance level2] 50%
S W= Bt Uzl 5= Bt £ A3ttt ¥ 32 [EEE 6939 moderate
performance level2] 2ZEZH S LHERAT] o] T3t
4.2 AnnexD UM Argsiixol ule] Uikl 55 9 AdAlaE
Edo] [EEE 6933+ TH2EE o] igsto] A
Annex D¥ Transformers and liquid-filled A AHEHL YRIEA 7S Z5AE8AFH(2017)
reactorsell Tiet W25 B7H S st gl & &85tolof & Zlo= wdsct
o}, 34.5kV 0T WIRd s B7HE a8stA] ghar

— W)
z
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_0|L
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o
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lO oo

lr nllo
> 4 8
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Spectral Acceleration (g)

0.40 LA
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Frequency, (Hz)

Spectral Accelerations, S, (g), for Frequencies, f (Hz):
S,=1.144pf for 0.0 sfs1.1
S.=125p for 1.1 <f<s8.0
S5,=(13.2p—56.28)/f-04p + 0.66 for 8.0 <f=33
8,=0.50 forf=>33

B=1(3.21-0.68In(d))/ 2.1156 where d is the percent damping (2, 5, 10, etc.) and d = 20%

3 3. IEEE 6930 (-2 moderate performance level AHEH

4.4 Annex G 4.6 Annex L

Annex G= Air core reactorsell gt A7) 7]&0] Annex L& Substation electronic devices,

. TF2 ] 9F fAFsHA ZQdol] whet Wiz A distribution panels and switchboards, and solid-

HE B7ES 5k Qe 35 kV T W57 state rectifiersoll Tiet WXIAE WS #4352
EEZ 5k o, 35kV oJ4} 115 kV u]THe A U} Annex LO] ti/d-2 19 49F Zom §IgHAdH]
QWS ARESHE 115 kV ol4ke] AL TA 54 Z cooling and protection cubiclesE ¥ 7|&&

< AH&sto] UiR1d5 B7He =383it U5 HEE #3435t

4.5 AnnexK These requirements are applicable to the following substation

electronic devices (SEDs):

a) Remote terminal units (RTUs)

Annex K= Surge arrestersol] tgt AA|7]&0] ¥)  Digital funkt rocordars (DFRs)

]:]— E o H] 9’]’ TF}‘]'—G]'H] %l %01] E]'E]' LH lézﬂ c)  Sequence of events recorders (SERs)
%]—tg—% BEE 5l %E]— 35 kV O]9k 7l }\6]‘_8-_ d) Intelligent electronic devices (IEDs)

AEE 5HA] gon 35kV oA 54 kV 1|TRS A

These requirements are also applicable to distribution panels

Z_‘" Q] % % /\]’ Sk} 54 kV~90 kV 9] 731 ) %Zﬂ, and switchboards for ac and dc power and solid-state

_B_H )li % ]_ —g—'é‘]— 0:] LH A }v] J:_ _37]__5 '5']- - 0] rectifiers for battery charging.

1&-9,] ?f_ o] o o}-OqE- T_ZH /\E]";—% _/;‘—'5‘(])1 ‘6‘}0:‘ of Seismic qualification levels are given in L.1.2 through L.1.4.
gt O 4. Annex L 282
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Type Method Acceptance criteria
DC filters
7.1 DC filter towers Dynamic analysis A2.1
7.2 Capacitor cans Dynamic analysis A2.1
HVDC converters
8.1 Valve towers Dynamic analysis A21
8.2 Valve modules Performance level time history shake-table test A22
SVC converters
9.1 Converter racks Dynamic analysis A2.1
9.2 Power modul Performance level time history shake-table test A22
Cooling systems
10.2 Piping Dynamic analysis A.2.1 (see NOTE 1)
10.3 Pump skids Dynamic analysis A.2.1 (see NOTE 2)
10.4 Coolers Dynamic analysis A2.1 (see NOTE 2)
NOTE 1-—Nominal loads from the appropriate code should be considered in combination with the seismic
loads.
NOTE 2—While both earthquake loads and acceptance criteria are determined from this recommended practice,
normal operating loads may be referenced from other appropriate codes and should be combined as specified in
A2l

%! 5. IEEE 69301 [HE 4.1-4.6 Tt 22| ZBUH

4.7 Table V.2 Stk Apol7} Qo] A goll 917} B a5l

87|58 A EH Performance leveloll A= A4

a9 28 A= = AdH S Al~A6 Y o A=

SHA] o= ARl O 5o ol w2 Uiidsd  &uHol

ERE st ol 50% 9= & 4 Utk
R 5484 S 215kaL 3loH Valve module

I} Power module performance level®] 215t A

dE =8 45t Utk ©1714 performance 5 SHESEF

level:> U] BIA] 3 FAFSIEE oo

>

Job
rlo
B
i)
olo
J\.“E/{
o
N

N
lo
fu
qQ
ofo
N

N
Ne)
N

)
l
g2
&
9}
8
rlo
o)
@
g
8
@
3.
1o

8ok Aed Alde ashe 2] Br2 gt 2 Aol M &= FRARANE E5to] HDVC g

Aoz HET), H|9] U5 B7HE 91Rt LA S =E513
SAsNA E AeT Ade Bt |9 B2 oL IR oA =2 LA e EdE

SHE Tl o] & 5l 87IET vlastojop ity 3 W 7|E A Al VIR ARE EE 7SS A

a9 504 & 4 Y%0] BANAS Design level o2 HHET A

olA £8¥5h= Zlog waEth L olf= 18 5

ollA EA 320l th-g-5h= 31871 (Acceptance 2235

criteria) & A.2.10]3L O]3= Design leveloll tht 5

&71&0]7] wlZo|t}. Performance level?] %15l 1. HUCHAE (2017), LIRIEAHY |2 SEXEA.

AlBl S Sdlste AL 587|122 A222 o]l 2.9k (2021), SHIZEH| LHRIEH A RAIRIA.

HEA Q1 Performance levelol| A Q) 5]8-7]&o|th, 3. 5F2212 (2022), SHHZAIH| LHRIAA QIZAIS 2| 21A.

A213F A 2200 717=l0] Sl 5187IE2 T 4.1EC (2008), IEC61952.

2t 7184 0 & Performance level 5344 5. IEEE (2018), IEEE Std. 693.

Z3} QARSI Design levelS Performance level 6. KDS 143125 (2019), 272 HZHAT |2,
AREAQl 50% 43S Qulgte g U9 7|5 7.KDS 142054 (2021), 232|EE YH LA |2

i)

o 4
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