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O Development of design specification for safe plant tank structures
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Purpose & .
Contents mega-liter ) L .
- Development of standard design specification for plant tanks
- Analytic method establishment for structurally fragile components and
external loads
- Experimental verification of dynamic analysis results
O Development of design specification for plant tanks under 50 mega-liter
Results o . - .
O Development of seismic design specification for plant tanks
O Future fundamental technology for sate plant tanks
- Domestic unique design specification for plant tanks
- Internationally initiative design specification
O Availability increment in plant industries through official approval
developed design specification
Expected O Design specification strongly related with plant industries
Contribution - Development of educational courses for civil engineers in order
increase availability of developed design specification
O Enhancement of international competitiveness for domestic companies
expand overseas
- Utilization of developed design specification for domestic and/or
international tender in design and construction of plant tanks
Keywords Plant Tank Qegign. Seismiq degign Under.50
specification | specification mega-|iter




(7%
( Contents )

1 INETOUUGCT QN wererreeresmseesemsememseme s 5

D GEALE=OT—tRE=ar I «eerrerersrsrrsmssemssneessessssi s 9

3. Contents and results of the researCh oo 34

4. Degree of achievement of the objectives and contribution e 96

5. App| ication Strategy Of the research resultg e 08

6. Information of foreign science technology under research - 100

7. SecUrity level Of the reSEArGh s 102

8. Registered research facilities and equipments ligts - 103

9. Performance results of Safety MEASUTE s 104

10. Representative performance of the resEarh 105
11 OLNEE dETAI IS wereerersersrrsmmsemsinsisss e ems s 106
10 RETEIEINGE  «erreeesoessssresmssreimsns et s 107

-

ST 37 =T 1B K= 1 PP 5

O UYL T D THEE BIEF e s 9

3. 04T B L2 L AT oo 34

4. BT TEAE L BB EOF J[OIE oo 9%

5. OIIHEFA IO ZER HB] oovrorerrresemisorismisiessesiss e 98

6. oA TIHOAM FZISH S TIEIT|E HHE 100

7. CIFIHEFAI TS| ELOFS Tl i 102

8. RIS | SETHBA| A E25F ITAIA - BHH| BIEF e 103

9. ATUNEtM o wE AT S ok =X| OfF AH 104

10. AR TIA| Q] CHER 043 AIKd i 105
11, FIEF AFBF o 106
12, EFD B3] 107



H|1%k.

e

2N iR

HAE3 A A A= A (Cylindrical liquid storage tanks)E &, 3tHAl &, A7t~ HF 5
I e ggE 27 AAE AZSE ZAE YR FQ AME F9 syolt oA
AGAAE B FEAAES 2 ZWE A9 Fo7F FUHAHCE AEHHOE FUtEAL
Aom, ojof] wet TWE A|FO FQ FXEQJ] A AAAGHE I g FoUF AHH S
2 FAHZ Aok E= Sl A AEFa0 FUket A FA o] Wl wEk 97k Hd
Abdoll ok Bx7F A& E, AFseA R FEo] SIS EA FUY ZWE AJA o
3 FOE FFor A&F ASE oiFHIT Ytk

U] EWE AYPS PH R AA JFsAoY, FWHE A A AA g e
1&g SEIF o]Fojx YA ow o ZHE Ao st U AA7|FEo] wEE
AR 2 AAoith FUloAMe B3 FXE HAEe AAHOE AMLHIL e AANE
ol Eurocode 8, API 650, NZSEE 5<& Z&3lo] o]Fojx 3 gl omlliElEl oo wal A7
1ol e ArE YukExE vsle] AHo g BEa Ao gHIbl ojq wa HA
St AAIAZ glo] AAl, AlFgd '3 FXREANA A A ATt

g AT ARG WANMES Zohge] wek a9 R FA, A, 87 SuelA A
o 94el B ZAE Mol tld AT YALA 27HT Ak FAE W B3
FaEol AF T3 e g s W KA FE WAHE AflE AP EAR
ohet AAH AL EesA BN oo) me @3 FREY FPls dw Tx
Fol vlal o S Aol FuHofo} gk

B AZHTANNE QHY FAE 9aTEE AAsFE AL 98 TAE 9ay
220 483 3F T FAEOl W AT sk TRIAGR g FATRAY A7
A%E #2509 Qo] TAE WATEEB) AzaFel g A% B o
Aol WA I B ASL BARPOM, dAFRE WAMANFS B AT
2. AT B

o FNS AaTEEBe] A% WASE FAAL

T A AU AAVZF glo]l AA, AFE JAFREAMN ALHoR dAATLI}
TSR gom, HAME AR S Aol e ARAA L AEHOE BuHy
Tk ohdlel 1@ 1S 20149 49l WAT 4 AREI FAAT o)T, TY 2= 4
929 A otk 19 13 19 29 AfoldelE A3 A4S @3 ehdAIst B4
Sasd, oled B GRATE TRAF(AAAN AAR, FG AE F)olA @

A Aol A
slelol A LT BATEEe] A TE A ol 7
9. 29 3& 1999de] WAE g 9 ARHAY AR Ael o BT Au
A sAge]l xS 9elo FAHM, 1Y 4E 19989 FolZEIAA B
29) QAR Ao e A Ao HFo] WAT A gl
FuelA B2 PRI BASE A1e Bae] AT tF Aot B
ofuel 4% A/NE glol AF/EL AEs AA, Adstty 1 90| 3
Zoglem slole] Aol AR AAVE w BAS AT A7) WA FEE




B3 Ev w3 AbEZE Bo] BAE glo], Sej A Y

©

N —

S ml_mo " E T o o o
e & TR P ~ O
— g XX il . X
S T~ 4 L

= il X X T T B
L %o e ™ il o RO
n__.M_ | o = w_._m_x ) z]tlmﬂ
X s | N = o T

o X o B Sl T T

n W o % q @ & av o X0

b %.__%q ! T 57A_1,E_
= - O~ L~ £l %L.hﬂh

q,l\.l ~  — ._*Iofﬂ‘mw 2__0‘._;0

o TR of Tl i L

N < ML (- B - = %Wu&oﬂw
A w Z oY "R e

N X ﬂ_.mc_ % No NJo % % oY
< . 0
A_,T o W%L
—~ W (S o] — 0©
- = o B mﬁuma?
S Pi®IT 4 3w
< d!_/ﬁ_.n ﬂqﬂ._ﬂ@;o
= 5 T o N ® ol gLl
8 0@ wuweﬂﬂaﬁu..nolx%%
ﬂ .WAN_ %0 < NJo of =) oW %ﬂ J:.@ & 1D|
% £ o a2 il S
5 %)% Xow oo B Ty TG
o rax AM%@,@,WEEQOOAT
o RS A%ﬂ@%ﬂo_q%:_%
o ! 4r Mo < ~o o = -
ofF wgd £ CIN o R o ofp
- 5 O T o o Ty LT
AT“ s x xo WO A A %o A o o
O] v - —

i o = < mo,m.%_ < No " < a_.iﬂﬁ
- o Ejlo_ﬂe_lle_mw‘_i
m w ~ @Xl C o| o
A A REL PRI TP

Wy X 4ot P o= op

JLI‘LIWU‘W‘IU MZ1~_/I

v 2B o TS
o 2 o of ® e

A AR o

o Ko

215

.

T

Bolw A 2015l

f

)ok zrol 2010 o

o g




M=o o R =~
I I e W WO o e 1
~ X o : N )] =
8o aﬁﬂﬂ} = = K T me%wu oF nil~e
o RN N P ™ ﬂﬁwﬂ&% = oy,
g . el : ; N )
: P So0I3 edy ix sifer.  § 1
_ el $ ; N — ~ ,_LI O
: . |5 ) %m% g R e
< g = — X T — X7 0 ~
| 5 | Hp — 5 % ofu o — T oo T o & Mw g o
» g XE oy .9 = o o T80 G =
o W o o 7o T of = o N RGN E T Y 3
- 5 8l < ~ ) o NA = oH ~ o5 X L el o X o R . e
< P LE T aw T F I S x B o
mm o0 = MWH iz - i m = K e W o) 1 Wﬁ o ok T - o < ,*,
g te L N B o il P oM N
g K ~ - ol A I = ﬂ171,aﬁﬂw < o| -
) ¥ z.__u U o) n, ™ < o” \b 0 o of < o o z_ﬂ
- ~ I J v <
i 5 & @ RO Sogl o < = = ooy — W N o =
K ) o W e EE oM LT 2]
Rk KR FLRIY SRS M= n_.,__ ol mﬁ oy M- % %_ N %. wmu oA W ok MM_ mn o
E — it ) = —
- = A R o N - w02
- SN W 2 d o omy P wom T g o
— o/ P - " — —
. 2w SE e T by %wmmzvmﬁuw%i o Rl
g . . X n N o o8 of X ) o © = .
e Mﬂﬁﬁw w5 %11%4%1.%1%&%% E_Ear%u.
m \..‘.Aﬂ \Ur..m AT mﬂ 1%.0 U — J._l 71_ OM 1Cu o wL N ‘nm_l ‘m o MV_M WIM ﬂ
) ® TN T X I o T gy R b o R 2w
5 - N T ~ A+ B o T oy ) L N — % 5
w &8 2= il X KX N bl o o ™ 3 o —_ — X o 5
g8 =& = 0 > N~ < B
" E| W P E e By A LT M el
G T % o- Ho < o] w K — sy
w| WO = o o N o o1y oF = < o o do 7 = 0 BT ™ oo T
Y2 HTMﬁsz@@ﬂnﬁo; Logem 8 sl w T o
& r _ K © ‘_Ll f T \m_m ! il —_ %
z mﬂﬂﬂ_@ﬂomufmﬁ%ulz E@%%ﬂmagmew OTWME%%
g o ®E R S e, e = e
S = ~ ol < ol o N < 35 N X Nb F it} ) N
i I L Aeﬂﬂﬂﬁp.ﬂ7%wm% Laﬂhﬂmﬂ
333838393 i w BT . e L F 5wy
(ERbR a TARI SRE - " I "o o " % W o= N %o T W B RN T O N oo+ wﬁ o
L ) — —~ —
M *oLt_ﬂ_%ﬂ/lmm;_.Vﬂm__onnmﬂ?maa%ﬁ.mﬂﬂolc; ¥ "
= o GS oo o Mo - ~ W 9w \mu oy =3 w
o T Hp w oM z ~ W B 8 T
PERF LA TR
T o~ T R

SEEE

=

o

23

1=}

. HA

2%




.

!

o

Nfo

—_
fIfe)

Hlo
J)

R

+

ol

oF

1o,

ks
R

?l,

g4 A

o
°

&=

el 3]

i)

a

W
S
N

o
NJo

o

| Eurocode, API, AWWAZ<9 7]

9|

g 9

SRS

AA A

A,

gl
M

I~

T

o

i

T
~d

e

ol

o

A W] gatx




H2E. =Lhel 7l 7HE

il

7k A E

o|J

)

o] WA}

Ko

ox

™~

i
o

-
“m o o
TR = = e I e L = N N
o o - S © S S o o o
=
\mmo
\mwo
g —
T i I
Do ™ i
< _,_H L._ﬂ
ﬂ ﬁo _Ev Eo B w_lm#A mf
<O W5 m & i/l
~ O T
i R B
11 7!
Nﬂo W H o mo Mﬂ 0 o
™ o =3 i TR < o1y
% | g 2 wow A Mo
o I ﬂ W WX g Mo
0 oo iy o
o, | EE | s |« ETD
N H M 0 %o ° N 0 g
S IO O T ow & | BWy,
o o T H = A %.r W H) B
T N o B W o T
o N 0N mm oo ek ol mm T B
w R o oo k| T oa o
L T Ko x° IH ™ O T W
S "N H H B N
= W Ak il S ) ) B
El |
O
o Do | ) & o
— jo]
ZT_ N e T o
N < 2 2
N o) T < WS
W P < k 3

v I@ATY 71E#%

=
T

£ 1. Z= AA7IEY ASH Addd o

mj

Lol A Be= A" ol A

-
it

—_
file)

e
=

& QA o

mj

MERIEE

o)

o ey @A 9 oleR

sl o ot

7}

Nr

= g

¥




ofy
Nm

e

R

o]
il

ol

N

il

<& (friction stress)©] 24
& (friction force)©lzt 3t F& &

z

R

Fg v

z

(compressive normal force),

N

—_
fi’e)

(1)

|Fl= uN

ol

)|

np A R A

Ho
of

A

ZA

® FA v

0|/

AAF7} 27+ A

3% v

A

)
o
ﬁo
o

oo
N

Nfo

—
o

_,*_'

Su A4 H4E WA Puy

s °l

Atk Tworzydlo

S HoJ

|
——

;A A E FEEL

T
L.

sk

73

I

l

FAG} B

of wel o

1

;OU

Z7t

ox

™
N

oj
KA

)

R

¢+

Nz e

I

A

oo

Aol A ol

Z

L9 mt

il

il

i

B B
M 2
A

T
R

—
o

ol
pul
B
o)/
olp

0

ij
T

ol

o|J

A

S

o] l‘ﬂj_bng

C])j)-

_,__v

N

o 4 ke ol

o] 7hal =

=
3

gl

\
g

_AO

—_—

)

FH A Bl 25

S

=13
=

10



5ol AL Frhstel wpEHo]l AT FA RS Foltvhd mIiye] &
=H oo stFe wIIHslETola st =T Y GACd HE nndsE
d A g ddel £E -

o 3

2,
dk
rx
l
fru
X
i}
o
i)
my
rlo
12 o
of
»
A
of
(2
N
i

2o
L N
A

i)
2
o%

o

o 1o &

.

o

i)

rr

2

v

fru

>,

o

2

=)

lsj

jaits)

2 o

e

g o=

o ot

rlo

ik

[

20

i,

.t

s

>,

=2
Mo

N

)
Mo & ¢
Ho
ﬁ;{
=
(g
i)
oX,

y

ol oX
AL ox & dlo ofN g

o
X

il
i
—E’
_Nl_',
AC)
1o,
of\
?"\‘“ :‘m L
e o = A
=)
)
[l
o X

ol *
iy
o ¢
o
O
o
bz
L
rir

(o0
o
ol
o

o |r
ik
I

— ooy
el
(o]
)
&
Ol
o2,
=
=2
>
au)
oX,
2,

hass
O
w
o
O
0Q
9]
oo
o[N &
o
*

o
e

N
il
ol
ol
rir
(e
X
o

STt R = J T 111 A A< e Y G
HU rlo (B
o
rlr o o
0%
ol
k-

By
)
1o
E
of
o,
oty
o2
12
o

2o

o 9
2 do

T i. T [
r{m SN o O e i | =~

h— —4 | ©
U [ - LT UL

I" 7.2 E 2§ B4

- — T L1
(5]
Ph‘ DR ‘[ ] ‘ﬂp
= -
| - 4 — __4 |
v s T s s
a9 8. "1 EA A
T T T T
'_3 _‘"'-_ —‘P*E —-'._- ‘
- | HEARE m -
| — 58 l— e ] =4
=1 = 5 U

I™ 9. A F BEES 2A R o|F#e AALH

ol

Ol

o[\
N

o — o
— ol
-

ol

o
oo —z olX

o

o

—_

oy
)

ATV

S

1 w A S5

&M o BN loogr X3 o oo



e -
Failure of plate or bolt
Yiald of plate or bolt Stage3
- : " Lead transfer mainly 9
o by bearing + shear
° ¥ g X
5 |@ 6 Major Slip e Stage2
: Load transfar
Contact with Plate o
Slip Point by friction
o Stagel
© g,
Elongation

Y52 etk 2% F2E A0 AHgstE whRolg R 47 HEHFS AF 9 4
of el obel A Zol e o,

I
npEo) 5o AA mInygsksd =
-

slede e 293 nnAASFERE QejHE
Aol%, Wetd TAYBE pEolg TxeA BE FU3% MNAAFE 4 FLE A
o 247 B3, o] ¥ 744 fat dAAse v
1
Pattow S psllp ksmENdi — koo ZO& * fy * Ac (3)

ANA, Py AA &7, ST A& (A 71E4 1.7), Vv AAEE 8, as
e e dg M&(FI0TS 4% 075), £, BES) 7EF2H, AL BE YAR
FETAA T,

(W) mp&A ok m g A

ol el 715e Austs EWAe 243 aeE 249 T A ARE Mg
o zAYBPNN Boid WARFR) EWzA] BE AL Aot TE WAL
0= vpEolgo A wiEAFSY xdHE 7HE 712A skel AlL"e i EAEY
gold ¢ ok &, olg e TlEketd A mE AolE2 uwpEolgo] ol g 7185
ZA50] THE FARAMY AFe Holr] "ol A= sty 7Fx2 ALE EAR A
o 4 gtk whef k9] Alad B AR AAY i ok o] Eubd vt thF




/ Supersystem s iy \

Sy Steim

Ol S (0] 21 B M=)

Subsysterm
2ia P (alRMN =)

a9 1L A2Y 2D AdelA hEASS BnATe B

a9l AzdoM Dot U HAASE AWSAT oA MAAFES AL A

Fue) Jstes 2] 45 Aol o BAHE T2 A2Y vn

2 98 MAASE B@S/INHE o9 THHE VnHAFGE §of
3 = #es 2 5 doa s

APE AT o] B3 AFENFAA Im*F FatT the Aol sl A ALrso

Im?% 2.05kN

Im?3 2.05kN

1m?% 2.94kN

& 2. 718t 7R BE FoF

(2) KS B 6283 (AqAAZ T WF © Wzl st AAL7)
NAFEHES GoH 2 4L oGt
Q=c+ P, A (5)




& (kPa, kN/m?)

AAF

P, :

A &% (kPa, N/m?){kef/m?

o] Zol W

oz

]
|

el A 9

DA E®

q.

SEDENERE

3

b2

CEEEEEDE!
°2 A% ga ARFAEFUE ()

of o
Aol el A= 0.6, +HE A&l thHal A

1=] o
E%T

]

o

k=5
o

0]- .

<
T

A

e

Sl M= 0.7,

2

1A= 1.0,

9|

|

[¢]

HH

2

Al =(Gf)

ek

jgxce]

i)l
<]

O;

el 7t

2.5
2.2
1.9

1.8

B39 7}AE 434

i

M
H

>
T

=
T

3. =F% T o

3

(7)

¢} (kPa,kN/m?)

A &

A
=

q. -

1A 1.226x103(kN « s°/m4) 2

S

TLERA 7

p :

BR
fi%e)

oo
ol
c
o|J
N

ojm

o|J
4r
Hlo

T

(8)

VO'Kzr'Kz‘['IW

V,=

A

B
g

™

o)
il
Hlo

Kzr :

Ar

=9]

1.13
0.97 Za

1.0
0.71 Z«

0.81
0.45 Z«

0.58
0.22 Za

Hew 5§
sz°] Z(m)

2| 3E

72<7,
10<1=Z,

)

2ol (m)

A

71 A Sl Al

7y -

] (m)

o)

HH
Ho
H
ﬁo
NF

+

B
i

5

—_—

0}
A4
Hlo

=

il

5o

B

gl
ap

1
H

o] Al ZF=0](Z),

=

o

7178 A

14



250
0.10

10
300
0.15

9] A ZEol(Zb), 7IER =T

15
400
0.22
5

=

20
500
0.33

il

M
Ko
A

e

o]7} 1.5m

o3l
o] 10mell A
S

1.0 AHE)

o

=

\

3L

o =
.
Agol M9
1

& 1.0 °olth)

3]

A T4l A 10

Foigol Ael

Zb(m)
Z.(m)

i

M
Hlo
A

AHER 7]

AL A&E 77wk

A ST )

o

79

CERIEA IR

P
T

D F8x Al

i
Hlo
ol

30m/s

25m/s
40m/s

35m/s

40m/s

35m/s

30m/s

o

1.10=

=
)

ol g HE=

=
=

I 2857} (

T

T

T B

°

=]

—_—
fite)

jraxe]

2

=l
C

i

i, 2=,

9]

—~
;OO

—.AO

=0
o}

fusel

&)

No
:.AL
=
ze)
nr

ok

7o

7

X

g

o

N

15




/S n
& n
HE ¥ <z 1z
55| & g £ E
<t <t &3 m /S S
5|z £ 2| 5 2
£ E| E £ E 2
< Lo (@) m &
[ap] (9p] 2 m
— - O
KA ; T© :
ofy % o ,
: e E B
3° % e = 2 A
e go T s i
1rL, O 2 ol W__w_ ,muru ,
E wA Jl, . I _LL \‘w
23 Hu. 50 = m_-ﬂ " , ; ;
~ —_ - ks) ? 5 = ® ,
| N | o | 5 R _L
ra N L |
=l EIR R " |z
- = : O J'! 7
o | 9 X T | o N e rin MAL 15
ARt A3 A 53
bolol | BT | < <! w5
ofy G el U oo G
- - i WM % e ceiicy 7 |l o oF
[rvz0) - ) e al i y y
Eﬁo T | %%% 2 | A zmﬁﬂ@; -
. b S | R 8| i Ao ~
_ —_— - 0 N ,.m.o ,mw S Jl 5 ﬂAIL
w | N | e TR : &
™ D o | (R “ ;
,Nr‘.’_ ﬂ o _ZL N G— ™ ] AU 1_&.0
| | <o 8 E
- | = In N X F $:
X — 3 < i -
N - el , : -
- o) o : e &S
Bo NE R w = g
o dw el " 4 : :
cd W (T MW Z
o o , it
I Mo -
L ; Mo N
X -
ﬁo
oy
5 N
3

a9
2 12. B3 F3
F3s AAVIE 718 F
735 &
= TEE

16



(3) API 650

%3l% wind load (design wind pressure): €%3d xEWo HX= AA FIT
0.86kPa(V/190)°9] #< AHE3s9 Y, 959 FAEGAA AL E= A AFolA e
352 144kPa(V/190)%e] 3 AMEaA L, AEe FHEFEIHH A &5y, o e
2 A B9 Autekoltt AAFEAEEE ASCE 7-059 “wind exposure Category C” & wh
2tk 1% 132 ASCE 7-059] “wind exposure Category C” ol 2 d T1olm, u]= X
o] FaFHol HEHAJY X Vo &9 = km/holth

= .|... : - = 8 '. = .
7 : : 3| jpeoen
3 T ez
a2 T -‘:’nnn QJ’WH)
nsEn | (L1
g )
¥ 400 TEb
) Special Wind Region
Lecation vgh  (ms)
- RS (871 TEBIT) 160(72)
sy 88 (74) s ':"_—_-_f'f-u:u‘rﬂ
180 721
| 158) Puerto Rico

1% 13. ASCE 7-05 for wind

=) B .
exposure Category C a3 14. ASCE 7-05 for wind

exposure Category C

(4) ASCE 7-10
259 (velocity Pressure), q,
4,=0613* K, * Ky * Ky V2 (N/m? (9)

Z3A S (wind directionality factor), KdE +8 &= +XE
st Kdel s 3tk Kde BE ol&3sle ot 93 83 g

&= FH FTHA T
(Structure Type) (Directionality  Factor) Kd
Buildings
Main Wind Force Resisting 0.85
System 0.85
Components and Cladding
Arched Roofs 0.85
Chimneys, Tanks, and Similar
Strucktures 0.90
Square 0.95
Hexagonal 0.95
Round
Solid Freestanding Walls and 0.85
Solid Freestanding and Attached Signs
Open Signs and Lattice Framework 0.85
Trussed Towers
Triangular, square, rectangular 0.85




All  other cross sections | 0.95

£ 8. 2= Fdl @& FFAF

by

T =44 (velocity pressure exposure coefficient), K,

% W (exposure Categories)
B: EAo AlZA Qo2 FEHAGOIAY Hollzo] B2 A,
C: =ol7F oF 91m Hut 22 Foll&Eo] e /s A9,

gtz golEel gAY FHol Ak Ao REe e A Aol

L
T

[e

47}

HEoE HEd HA, WA A
Ao ZHEO| o] .
. 2 (Exposure)
(Height above ground level, z)
B C D
Ft (m)
0-15 (0-4.6) 0.57 0.85 1.03
20 (6.1) 0.62 0.90 1.08
25 (7.6) 0.66 0.94 1.12
30 (9.1) 0.70 0.98 1.16
40 (12.2) 0.76 1.04 1.22
50 (15.2) 0.81 1.09 1.27
60 (18) 0.85 1.13 1.31
70 (21.3) 0.89 1.17 1.34
80 (24.4) 0.93 1.21 1.38
90 (27.4) 0.96 1.24 1.40
100 (30.5) 0.99 1.26 1.43
120 (36.6) 1.04 1.31 1.48
140 (42.7) 1.09 1.36 1.52
160 (48.8) 1.13 1.39 1.55
180 (54.9) 1.17 1.43 1.58
200 (61.0) 1.20 1.46 1.61
250 (76.2) 1.28 1.53 1.68
300 (91.4) 1.35 1.59 1.73
350 (106.7) 1.41 1.64 1.78
400 (121.9) 1.47 1.69 1.82
450 (137.2) 1.52 1.73 1.86
500 (152.4) 1.56 1.77 1.89

£ 9. =HF9 wold wWE FTY

A1 g A4 (topographic Factor), Ky
AZJAT Ky ot o] 2ol what Asidch

Kt = (1+k; ko ks)? (10)
Ky otefel ol os) A4 =t

ky = (1—%) (11)
h
ky=e 0 (12)




Parameters for Speed-Up Over Hills and Escarpments

k1/(H/) u
. Exposure Upwind | Downwin
Hill Shape Y
B C D of d of
Crest Crest

2-dimensional ridges
(or valleys with 1.30 | 1.45 | 1.55 3 1.5 1.5

negative H in k1/(H/)
2—-dimensional

0.75 | 0.85 | 0.95 | 2.5 1.5 4
escarpments

3-dimensional axisym
hill

0.95 | 1.05 | 1.15 | 4 1.5 1.5

£ 10. 99 & AAA G & AFax

3%

Aol AATE Qe HBH Ao A K,=12 ST

rr
i

Afhy, (D=025)
Afh, D= EI:\ \

\ A

&
=

}"f fﬁfﬁl‘l‘h-nﬁ'l.ﬂ:l
R 1 L] Gy D =0)
Zf o
[‘:_55 a2 / -,
3 wul = ¢y 0205)
P
£l 7{;’ Hﬁwf
B ~ B (h, D=0)
A e
i P #_',,.--'JL" - B (h, D 205)

i "]

] 0.1 02 03 0.4 0.5
Ralio of Rise ta Diameler, fiD

External Pressure Coellicients for Domes with o Circolar Base.

a9 15. ASCE 7-10 °] @& X5F¢ AAF 94y

= A5 R UHA T (domed Roof external pressure coefficient), C,&= L8 159 1}
stk 19 150 wEk K89 A, B, C AH Atele] 7 AMYPYHRIME e Coats
AatHth EN1991-1-40l M= A &0 Wi Fit5S 7t Wy $ds8in.

(5) EN 1991-1-4

al
244

71¥%-% <4 (basic wind velocity) v,

Vp= Cgit * Cseason vb,O (13)

71 A,




v, - 718%F% (the basic wind velocity)
v ¢ 7SS 2713k (the fundamental value of the basic wind velocity)
cur - A S (the directional factor=1.0)
Cocason - A A S (the season factor=1.0)
A % (mean wind), Vu(z) &
n(:) =) C) O (14)
¢, (- =A% (roughness factor)
co(z): AF2F Al (orography factor)
¢ A (15) ¢k A (16)= °l-&3tiTh
ZEA% (roughness factor), ¢, (.
) = ke + In(z/20)  ( Zmin< 2 < Zmax) (15)
¢(z) = € (Zmin) ( 2 < Za) vy (16)
A A4 (Terrain factor), K,
K;=0.19(z0/20,11)0.07 (17)
z0,11=0,05m (terraincategoryll,)
z(mn) © A8H HAEoloh
Z(max) © 200m 2 S},

T . t ZO Zmin
errain category
(m) | (m)
0.00
0 Sea or coastal area exposed to the open sea 3 1
I Lakes or flat and horizontal area with negligible 0.01 1
vegetation and without obstacle '
I Area with low vegetation such as grass and
isolated
. . . 0.05 2
obstacles (trees, buildings) with  separations of at least
20 obsacle heights
I  Area with regular cover of vegetation or buildings
or with isolated obstacle with separations of maximum 0.3 5
20 obstacle heights (such as village, suburban terrain, '
permanent forest)
IV Area in which at least 15% of the surface is
covered with buildings and their average height exceeds 1.0 10
15m
NOTE : The terrain category are illustrated in A.1l.
X 11. Terrain categories and terrain parameters
L(z) %< ©39 =olo we} o] @A BR AAb2 oA F Q3
IV<Z) = Ov/vm(z> = kl/[CO<Z>1n(Z/ZO>:] (ZminS z < Zmax) (18)
IV<Z) = Iv(zmin) (Z < Zmin) (19)

20



ki: AWAS (turbulence factor= 1.0)
co: AF}F A A 4= (orography factor)
z0: 712 7] ZA°] (roughness length)

oy ‘X5 H=A} (standard deviation)

p ¥ BE
FHo g3t T (wind pressure on surfaces),
We=dp(Ze) Cpe (20)
ap(Ze) L £ (peak velocity pressure)
Cpe- 2 F-9] 4E A 4 (pressure coefficient for the external pressure)
A% 71% (Circular Cylinders)el el = flollA F3+ A1 FEHS T3 B39 A&
719 AARAFE AHgste dolsze] &5 FITh
Re = b * v(z)/v (21)

b: B3 A& (diameter)
v: 3719 AAE (kinematic viscosity of the air) v = 15+ 10-6m2/s
v(ze): &3 #3 (peak wind velocity)
2] ¥4 A4~ (External pressure coefficient),

Cpe = Cpo'WAa (22)

Coo ¢ AR EES XHEA ¥ EGEAT

yha @ GHH I

yha = 1 (for 0 < a < amp)

yha = yA + (1 - wA) cos[n/2 {(a-amn)/(aA-amn) ] (for amm < a  aA)

yAa = yA (for aA < a < 180)
aA : the position of the flow separation (105 in case Re>107)
amin - the position of the minimum pressure (75 in case Re.=>107)
cF'E‘ b
1
—_ - - b o i,
. T W R T T TR T
P\
| ! G
LWl [
Co rm'n& ]‘?:J"'
b I’q_tl
2 N7
39 16. =] BE 98 G204 9% dHPE

21



Re Omin CpO,min oA CDOYh
5-10° 85 -2.2 135 -0.4
2:10° 80 -1.9 120 -0.7

107 75 -1.5 105 -0.8

Qmin 1S the position of the minimum pressure in[°]

Cpominis the value of the minimum pressure coefficient

oA is the position of the flow separation in[°]

Cpon 1s the base pressure coefficient

E 12, dolEZ Fo we o3k 459 HAd 85 Cpgt

olx8 A B} = A E (vaulted roofs and domes) 2] 9o =

|

Eﬁ
o
...-.-r.'.-.lr'.-.-..-....-'-.-.-_. Sy

€41 = CONStaN
along each plana

s

* C{hid=0)
05 g

Cihid=0.5)

L B(hid=0)
— B{h/d=0,5)

3. ARl o3 A= AF

7h AR os] A EE T 7HA =AY

FA FAF AA A <3 el Fa FEE RE FFE BRydy g
Z& tfolotEr  Heje FHZF(diamond buckling)d} Z7Elwd = (elephant foot
buckling) 2 Y oz o},

22



thololE = o FF2 #7138 = (bifurcation buckling) 2 & 32l ¥ Ao t}o]ol=
= 349 fAe Aasde] dAsEd, $E Eo] ol AL F 22 g0 2]
ok Z7Eed FHZFe uAY HZFE g uig RR HAZE Zre w3 A
BE5oA FEo 221 4F WP wrt 2o o) o2& o E Fo] W F
ZAR7h 2 W "BAA FE AT

-
N
N
ﬂg
i
0{
2
N
ich
E
i,
ot
»
Y
o
Anj
o>
N
rlr o
PR
fo &
i
ot
2L BN
Ach
o, ol
e
oflt
N
2 o
Wi
=
_>Ii (o]
o Mo
&
o |y 2
w32
N
o =

A7 szl o 958 AAAZY ALY FH AT Ui A+ 1960d) ZFHE AlE
H At Housnere= €538 AAALYAE A (rigid body) 2 7H 38, 74 59 A
ZA o] AEAESQ ) FA E(convective component) ¥ FFRE W AAE =AAHE

(impulsive component) & o] et 1 o]F  Veletsos, Yang, Haroun,
Housner, Malhotra, Natchigall, Maekawa 5ol & HA A B T2 T4 AF that A+7F
ORI, AA AAA G FNA TATE FATTUS TZE HAY FAA AA o=
@_q% 7}4\%‘ HELE3]‘%1E]’[11]'[12]'[13]'[14]'[101‘[16]‘[17]'[18]

7] , 2 A
PPS Btk B ohe Ao gF FA AHA R fA AFOE A8 FRE-
FAC FEAEE THT AYNAS FAsIoF ST, ol 3] BYSFE FA FFUS @
A s ok gt

T AFY FAA Y A AAY HZAHE SA) AAAE 302 o
& RYS olgslok drh Wy opE, FRE-FAC FEAEL TS A SH2
EYSAE Bol 9 4A 55U 93 7B A4FI A4S 370 el Bl

o AATIE g BAHA S 9T A= $HA

e By da e Wil AAE A 2A 7]%2i
8 e B ARNENG dFEEHI M A
a2 el g A4 2745 F4e] glon,
o2 I W&ol vHlste] dA AAA =9 7Ee AHE6t
2+ v=¢ API 650(2007), ¥l BS EN 1998-4:2006%F
F72 /\}_g_td_q_[21].[22].[23].

7z b
1w

_I

H uLzH =] oﬂ/ﬂ xq] zégsl. ‘_?,]
6283 < A A g = =19
% 298d 27 5
Xé oty =9 7EL
NZSEE(2009) &

1o oX

Boorg
ox
Lo

3
N
e
lﬂ rlr
L

ass

] )

(1) API 650(2007)
&g A Y 9 API 650(2007)2el = &3 Aol BAsE FFeHol #E Y

S Appendix E. Seismic design of storage tanksell A A3t Atk API 650(2007) 9 &
7F t(mm) Q1 WAl A FHo ek A 58S 21(23)0] ol At A= 3§
g3k F(MPa) Bt} Ztofof stopal 43t Qlth.




83¢,

(GHD?/t* = 44)

ty

(GHD?/t? < 44)

A714, ¢= WFFAL vF, He B39 HAUAA =ol(m), pe ®A 3 4
(m), t,= FAsE&AE AL GAHA HstdFo F7A(mm)E v A9 FA7F
B wold wel WHakA B FdI Arole t=t2 AL

(2) BS EN 1998-4:2006(2006), NZSEE(2004)

S A A 21§ BS EN 1998-4:20063 NZSEE(2009) ¢ AIAIE 2] & ef
Td3tth. BS EN 1998-4:2006¢] 739 Annex A.10 & 39 WZls|A Fito &
Aol A stE #A=ZeH o,(MPa)= 2 (24)0l ol Ad go 2 FAe ATh

2
pR 1 )
Op < oull— |7 1————|X
’ '[ (tfy) H 112+ s15

ol

S+21% (24)
s+1
A7NN, 0,k AFFHMPa). 0, = 0655 % WF 5ol 45US W FAL 19l
A5y AAdd wAsE YA FFLERS AN, pE B2y F2 oY g 7@
o AR Age] s Wi §4 gl A(MPa), rE B3] WA (m), = B3 A
stekel 2 (m), 7, W2 WAl ASR AR FHEHMPa), = lz WAH £

o] gepolth, 593, pite 7 wole ot e A (25) e ol &

p= pst(1,ti(:+ V plz+p(2+p% (25)
A7NIM pyaics BTFE(MPa), pe FAAAE 93 4 (MPa), pv HRATA %
& (MPa), p,& F44%e F4(MPa)= 9w gt}
NZSEE(2009) ol A= 5548l ZAl 2 2ol AAI= A
ok 21(24)¢ BS EN 1998-4:20062 Wl &td, ¢-¥e F WA 3 R S Zol7t 2
A FAR gHe Ao fAEH dom, ©@-424 FH=ol #Hd

=, o&
Hu
1o
W
i
olo
L)
X

>,
>
o
>
~
2
:i

%E—d, am(MPa) 7;]]}1\1“8:
e 7
il
< o,|l1—|—F 11— |X
Om U(,Z': (tfy) 112"‘813
fy (26)

ST 250
s+1

BS EN 1998-4:20063F NZSEE(2009)°ll #48%¥ =22 22 2 (24) 3 2 (26) A &
ARl EolARE, A (25)9] pHe TFele WHE AR Aolstt dE S0l BS EN
1998-4:20065 #-&stv= ZA-Fol= Bessel®d+E Abgste & L #AAol FH EHitsty,
NZSEE(2009)71&< AH&sts AFode H=sdH@s Addstr] fsixs Frrde=

24



NZS(2004)208 kel WP F4e AWshok Fk T F EFF AANE ¥ ww
o RS A AR 49 5 4 (24)9 4(26)3 o] FAsA WA

AP 650(2001)¢]  #1(23)& olg3ke] I e SR
1998-4:20063 NZSEE(2009) <& © Tod#= AdE 15E Uro] F

ook % WAL & gl Felsiok it

OlD
ol
i
9
-
rok
3
3
lo,
Agg

7F AR AAVIE

AE U AA71ES Eurocode 8 ¥ NZSEE, ACI 350, AWWA D-100, 18|32 API
650°] o},

Seismic Provisions on

code/standard Type of tanks force level convective mode

ground-supported

steel tanks
Ground-supported | strength design

ASCE 7 RC/PSC level 0

elevated tanks on

shaft-type tower

ground-supported

steel tanks
Ground-supported | strength design

Eurocode 8 RC/PSC level 0

elevated tanks on

shaft-type tower

ground-supported

steel tanks
Ground-supported | strength design

NZSEE RC/PSC level O

elevatedtanks on

shaft-type tower

O
Ground-supported
ACI 350.3 RC/PSC allowable stress (for

' elevated tanks on | design level ground-supported
shaft-type tower
tanks only)

ground—supported
steel tanks
AWWA D-100 elevated illowab}e stlress 0
tanks on esign leve
shaft-type tower

ground—-supported allowable stress
AP 650 steel tanks design level O

API 650 ¥ AWWA D-100=> ASCE 7 w7}l ®H4E gt e, NZSEES w2
T A ZF33] (New Zealand Society for Earthquake Engineering)®] <FS 2 Priestley ol
ola 7h2= 9, Whittaker and Juryol <&l 3 = Ak

AAZIEE  Wrgd FREY 3],  ground-supported  RC/PSC  tanks,
ground-supported steel tanks, elevated tanks on shaft-type tower, elevated tanks on

frame-type tower®] T}

ASCE 7, Eurocode 8 ¥ NZSEE+= Yl 714 ElYe 8135 tgF3 dor,
A Aol A el AMEEH = Bl BHAE tF Aok strength design=
ol A 9] stress level2 ultimate stress levelo|th, & AA7|FAAE HWFAE

o

N

o o
RN

>~
=

tlo ol o
SN
N N

Rd
)
o

Yo rlo

25



o~
_'_’

g
shear coefficients Qw3
o

AAAGBANA ] FHEF A ANHFL FAE(1)H WFAR(V) SR o] Fof
otk FANEL WA o] gHolE FA) HARE uan, YRAEL §4 =W
2H 9ol ola) WS fAel AR one

ol 714 (C,), : impulsive base shear coefficient

W, © seismic weight of the impulsive component

HFAES e 2ol Axtd

o714 (C,), : convective base shear coefficient

W, @ seismic weight of the convective component
(V)M A (C) (C)2 Z7ke] AA7IEd 23, base
o8 A &R 29 EY, A 79 A, ARk A, T8E A
wlel 2l 4ok

og 24 AF 2 24

code base shear coefficient

impulsive mode

S
mg:ﬁ§ﬁnnsn

Spil
=—tar I,<T, =T,
RT; ’
SDIIT
RT?
=0.58

for ;> T;

convective mode

o
ASCE 7 (C.). =22 for T.=<T,

ESD_S-[
Spd T
:J%%ﬁwn>n
[ : importance factor;
R : response modification factor;

T, : natural period of impulsive mode;

7, : natural period of convective mode;

Spg and Sp; © design spectra response coefficients;
T = Sp1/Sps

T, : transition period for long—period range;

26



acceleration at a period of 1 s.

NZSEE

impulsive mode

(Co)i= CulT.1)S,RZL, CAu. &)

C,(T,1) : basic seismic hazard coefficient;
7" : natural period;

S, © performance factor;
R : risk factor;

Z © zone factor;

L’LL

© limit state factor;

damping factor, &.

Eurocode 8

impulsive mode
(Cy)i=viSe or ¥iSy
S,= aS[l + F—}O =T<Ty
T3(2.D /. | }
=25aSnTy=T<T,

T,
2.501577(?) I.27<3

7.

o

EAY
asSn 7 S=F

7 0.5
": (2_+g)

convective mode

(C‘s)i =Y Se

725 '
Sd—aslw—(——l”()s T
TB q

q ;
) 5( Tc)z'&
—25a~ =] =02al,=7T<3
g\ T
3(} S( TLTZG) -~ 0 -) T = T
=ava— - = 0.203 =
q 78

. elastic spectrum;

S,  design spectrum;

~; + importance factor;

. peak ground acceleration factor;

. soil factor;

: viscous damping ratio;

«

S

n : damping factor;
3

q

. behavior factor;

27

S, mapped maximum considered earthquake spectral response

C}(u,f) : correction factor that depends on ductility factor, p, and




7" : natural period;

Tp and T, : periods at which constant-acceleration and

constant—velocity range begin, respectively.

kv

. AFF7]9) wWE base shear coefficient®] variation
A HZ Yo A Hee
W, WHelel Wt (71

IHF7]9 wWE base shear coefficient®] variation<
bkl Wz @
F EXIE base shear coefficient©]

F(Fe nH F7) W9l Fxel W
wo AANFANE 54 RE 2

1=]
5
of et

H

Standard Stgrguijr;?}d expression from Modified expression from ASCE 7
; SDS A
().(\TT,-+(}.4.S‘DS [
2.7571 . (C)= E — for 0< T, < T,
(Cy)i= for T,=031s | 4R
R‘» 7]
S v
1.2 Z]S for Ty, =T;< T,
ACI 350 = for T;>031s l AR
R, T Spil
2.7571 ——tor I, =T, =T;
R l ART;
wi SD[[T
for ;> T,
RT?
Siol
(€)= for0=T,=<T,
1.4R;
= for T, <T;, =T
D-100 14R T, z No modification
5 i,
—LEL e T> T,
l 4R; T
20365]1/R,
(Cy) _Sps!
API 650 5 R No modification
=0.007 or 0.55,(I/R,;)

F# 13. Impulsive mode base shear coefficient (American industry standards)

Z : zone factor: S : soil factor; I : importance factor;
R, R, Ry. Ry, : response modification factors:
Sps and Sp; ° design spectra response coefficients:

S, mapped max. considered earthquake spectral response acceleration at a period
of 1 s.

C, and () ' seismic acceleration coefficients:

T, . natural period of impulsive mode.

7
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Original expression from e .
Standard standard Modified expression from ASCE 7
 1.8757IS
(Cy).= 75 <275ZIfor T, <24s L 15SpIT, , )
ACI 350 ¢ (Cy),=——>— for all values of T,
6215 T,
= for 7.,=2.4s5
oy LSS T
(Ce)i= TAT.R, for T.=T,
D-100 =Sp/(1.4R,) No modification
1.5855,IT;
=D Ly T.>T,
.47~ R
1.58p,1
(C)e= —LC for T.<T;
l S58p T, ifi i
API 650 LIV I>T, No modification
T R
=(Cy);

¥ 14. Convective mode base shear coefficient (American industry standards)

Z . zone factor: Z : soil factor: I : importance factor:
R, R., Ry : response modification factors:
Spe and Sp, ° design spectra response coefficients:

7. : natural period of impulsive mode.

(1) Impulsive mode
Ground-supported RC/PSC & = (<1 st A Ao =4 RE9 IHF
= &R 1St AY S Tzt "ol d& 7;12& o =, metx ACI 350 5
1= Impulsive mode base shear coefficients 7}&=o] WA AY o wzkst M9
T FASEG T ©] 79, base shear coefficienty 7} Eo] T7E W= A 3
7AW, o] W wolME 1/7%%9] variations 7FA AWH(Original expression), F7]¢l

/7, =5 1/179] variationg 77t}

2

S

B oo x 2 N

E)

Ground-supported steel @Il =4 HEo IR/FF7]+ 7IEE0 WS HYo
S Ao oAEH, b API 6509 41+ Impulsive mode base shear coefficientS I
719} F#skA 43S o2 S th base shear coefficiente] < ©Ehst Adk 919 ©
oAM= 0.007H T 2Hx] g, Aekgk Avk 919 @ Aol thl M e 0.557/ Ry, BTk ZHA] &

=

4N e

Elevated tanke] thalAl= ASCE 7, AWWA D-100, @ FEurocode 89 Fo]% Impulsive
mode base shear coefficients 283 4 <t} Elevated tankol M= 493l & A/FF71E
zt= Impulsive mode’t EAsIEZ ASCE 7, AWWA D-100, ¥ Eurocode 8ol <l w1
7+ek WMol A 9] Impulsive mode base shear coefficients HE&& 4 Atk ASCE 794 =
Impulsive mode base shear coefficient7} 7}F& o] WZFgE WA= A e, $=9
N7e W= 1/7, 2 variationS, 1832 WLl wzsE WML E= 1/722] variation
< 7Hxt

Eurocode 8ol = F /9 AHEYH F gy A¥HEYS A4 A9EHS AF3HL 9l

4
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o hsEd WE WAL ¥ ANEY RE AFI S AN R4 N Hgsa

Hqe 1/7, 9 variations, 133

variationS 7FATh H o] WA HANAHE @A AFHE
A

AA A2 EH

1/ 7?9 variations, 123
= 1/7779] variationg 7}tk g4 AHMEH S lower limitS z2HA ZOo
O

u AA 2" EHE lower limitS 7FAIH o2 Qldte] AF7]9] WA= LA base

shear coefficientE 7}A 2, o]w] lower limit2 ASCE 7949 zt3 f-A}sht},

NZSEEO A F§F 710 WE base shear coefficient®] variatione 712 Xz 943 A
(basic seismic hazard coefficient) ¢, (7;1) <& AwjE Tt FAZ A uto A 7]E =3
#13 AlS (basic seismic hazard coefficient) C,(7)1)= %9 2t}

Eeor(i)od, 0.0 to 0.60 0.70 0.80 090 1.0 1.5 2.0 2.5 3.00

T. in s

c,(T,1) 1.0 0.94 0.88 0.81 075 052 0.38 0.30 0.25
0.19
(2) Convective mode
F RE ATV HtF o R 2 X oo, 1027HA % 2 4 ot wmEkA o F
R o A9 base shear coefficient®] variatione ZXxo] R7+ek W 2 W0 73 H e

oF ##Eo] AU,

ASCE 7, AWWA D-100, ® API 650914+ Convective mode base shear coefficient®l
upper limit& & "ol ACI 35091 4= upper limitS FA &=tk API 650914 2] upper
limit2 ASCE 7, AWWA D-100914 2] upper limitoll H]3sle] A3k 2po]E Holw A F
A= Ut

ASCE 7, ACI 350, AWWA D-100, ¥ API 650 dlA+= Wl Tzsk Hejel &0
9zke el AA & A=Y Ank welel wzE W4
53, ASCE 73 API 650914 = 7,914 Al#t&Et W
coefficient= 1/729] variationg 7FA™, £FEo TI7Hs HelolA= ASCE 7, ACI 350,
AWWA D-100, 2 API 650914 1/7, ¢ variations, 22 ACI 350914 1/7%3%9]
variation< 7t}

Eurocode 8¢} NZSEE©o|A IfF7]e] W& base shear coefficient= i EEZ=$ F4
REoA FAdsttt

d

gt g 48 A+

AA 7| FANA AA AR d, over-strength ¥ redundancy of structureol] <¢]3s}#
U ayx &4 T8l 9l 4" 4 Ao ASCE 79A = olgd gAE 9 74 AF
RE, Eurocode 8914+ behavior factor 2, NZSEE°| A= correction factor C;& Ab&dt=
o, AA71Eel weba gt zkel 7t Sl

A WA Aol qUA F g0l FAY @A BR B2 Jol AR SFLS o
2% AFACR BRI A2 92 ERe W ¢° 4 AFE Aelsy A
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Type of base ASCE 7 ACI 350
Impl. Conv. Impl. Conv.

—-Anchored flexible 3.0 1.5 4.5 1.0

-Reinforced 2.0 1.5 2.75 1.0

nonsliding

-Unanchored and — — 2.0 1.0

contained flexible

-Unanchored and 1.5 1.5 2.0 1.0

uncontained flexible

¥ 15. Type of tanks and response modification factors
(Ground-supported RC/PSC tanks)

Type of base ASCE 7 AWWA D-100 API 650
Impl. Conv. Impl. Conv. Impl. Conv.

-Mechanically 3.0 1.5 3.0 1.5 4.0 2.0

anchored

—=Self anchored 2.5 1.5 2.5 1.5 3.5 2.0

X 16. Type of tanks and response modification factors
(Ground-supported steel tanks)

Type of base ASCE 7 AWWA D-100
Impl. Conv. Impl. Conv.

-RC pedestal 2.0 1.5 3.0 1.5

-Braced/ unbraced 3.0 1.5 3.0 1.5

legs

X 17. Type of tanks and response modification factors
(Elevated tanks)

Type of tank a 2 Cf('u’g)
Impl. Conv. Impl. Conv.

Steel Tanks on Grade

Elastically supported 1.25 2 0.5 0.83

Unanchored tank designed for uplift 0.92

(elephant foot shell buckling) 2.0 0.5 0.54

Unanchored tank designed for uplift (elastic 0.58

diamond shaped buckling)

Anchored with nonductile hold—-down bolts 1.25 0.5 0.83

Anchored with ductile tension yielding 0.92

hold—down bolts

Ductile skirt pedestal 1.25 0.5 0.83

On concrete base pad designed for rocking 0.92

Concrete Tanks on Grade 3.0 0.5 0.41

Reinforced concrete 0.43

Prestressed concrete

Elevated Tanks 3.0 0.5 0.41
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0.43

2.0 2 0.5 0.54
0.58

1.25 5) 0.5 0.72
0.92

1.0 5 0.5 1.0
1.75

0.5

¥ 18. Types of tanks, ductility factor p, damping ratio , and correction factor Cf,
(NZSEE)

Eurocode 8°14= Ground-supported tankell thst #/7F g1, ol dAUA F4 &3F
£ 173k A 3 —SH}Ha]—tHo] o}yl 73‘?‘ E}-/H d A A=
ACI 350 ¥ API 65001419 &9 4 A+ = ASCE 7 #XETh oF 14
2 g Aol= ASCE 77F A= AA FFdA A AA stgs AZg wrd ACI 350 %
API 650 81§ o9 AA FFodA Az AA stse AQGsH7] "otk AWWA D-100
= AR AA S 4§ o8 AAl FEAA AHSIAR A AA FEA e FH
AA FFEo 2 HEE 7] 9d) factor 145 AFET o2 ASCE 73 £U3 o] Hoh

Elevated tank® 7% S9 +4 Alee XA B#Y9 F+x Jujo w2t 2 At ASCE
791X & pedestal tower®} framed-typed towere] th3aled M=z o2 &9 FA AFE AA
st3 Atk NZSEE+= A A Bl 3+ o e & 4 AFE A

A BHY e A= E&stESs ool Uk

Eurocode 8olA1&= 1@ =7F EA Y @ e A5 ALg iF
4 AA dz(g=1)<= AAst Jdoem, AT FAY deeh JE o BAds =28
23 4 At AWWA D-1002 pedestal tower®t framed-typed towerdl tiste] o9 4
AT 3.0 AAEE Ak @, AWWA D-10091 4 pedestal tower= steel plate©] 3, ASCE
7 2 ACI 35090 4 pedestal tower= RC F+ZEo|t},

AAZIEE 7He & UE F 83 2ol U/ AR sFdd Ui 8 4 AT A
of &3 Aoz ACI 350 ¥ Eurocode 8ol = thiF A& tist &5 FA AFe AME3S)
RF=rh AFEH] o], YR A &3] ot A aFHE AHET F glus A

Al
olw gk}, ¥k o]l ASCE 7, AWWA D-1003% API 6500141 = th#F EEo ths
2 AQFoZHN dF BE4 stz teto ATd Ads &

W% Trol A% 8 44 ASE EAS G2
gol wel N2 0E 9 54 A5E AQs 9l




(AAIZHEGA A 05% 7H&¥¢F 50% #av]e] Aol 1.58]¢]t}). Eurocode 8941+ RC
2 PSC #+x¢ @3l disty] T4 RTo s HHu=E 5% 5 AMEstaL, ZHAl @3 o
stel T4 REIo tigt FAHE 2% 5 AMEST (BAISFEGAA 05% #av 9 5.0%
7raln) o] 2ol 1.7v<d). NZSEEO A Ground-supported tank® =72 R EZo| thdl 7Ha]H)
- ®93 AE, ¥43 4, 71F: AN ddg ko met trEt} Elevated tankel] o & A
= 4 R st ZuE AASE YA RA AAFZEL FHUE AHLSIEE AdF
=]

of itk

RC B PSC #x9 ®AE tF+ ACI 35004 = 4 EEol EH?‘L ZAHEE 5%E Al
Alstal ok Al B3E o-F & API 650 2 AWWA D-100914+= 54 E=d s 744
2 5%% AAstal Ut

T AFe 93] 834 I8 Ao wet gzt ASCE 7+ ®#3E Al 7HA |
Fotedl(I= 15, 1.25 % 10), °l& 715 &7 A I W= FEE AT 9
2} g2tz Eurocode 82 A A7 3= A F7Fo wl A B gilo] g

7z B wilE Ay W S A, AA A, AL A Al e 1@ wep @gETh
0.8-1.6 M9 ofF 71A T8% AT #hol AUrh

NZSEE+ 05-1.6 M9e] A= AsE AMES 39 A3t 4 2@ 5 deA, 27
A, HEQIR], F4lgkAe mat A ACI 350, AWWA D-100 3 API 6502 2%
A4E A 7HA E5(1= 15 1.25 % 1.0)?& TR ACI 3502 frall 25 FHfrste o
A9 g dAYole] Aol whgt 158 2 He AHEE F JES sk dth
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SHE Bayzsd g dAVIES & FlAE 7led uek 2ol Sfols FAstaL
=98 71EE mFeh o] AeAe AT FHE BAFZE HAAE d& SHE #A
TES F2 93y 2<le] He 7HA &, & FRIGR H, Foke, A o FH
2715 HE A7 3 g 2 A4S 7ledd

TAHBEY nHESORNS g FRE A HN GUAA} FEWAS B T

Pt 4 Was Rt IAYBE vhdolgo] QoA AN Ed v e A

HA e ) s FEWAS Aodste Aol Wi FLEH, AAREH 3

Z 97 o2k Zzte] BAGN FEUWAC % LS AnHFHA = welst

esith o FelHe ole@ BN FEWA TS neste] AA FNA AT

oF @ 27 EEsHEY B2@ ES A0 A5 fRLAAY RIYS AA L
J

(71) BEFEA o] Al A 2]
AAZZC] obdf A I WY vhsd £ (N=3, 3z A& &gt
r=r,ur,ur, (27)
q71A, Ie vzl e M AA X (prescribed displacement boundary condition) ol
g% AAE, I EHA ZAAzxAA 8 AAelx, Ie Md 7ksd =4 Atold] H=

BAAE YL, T, I, 3 Ie A= EeEe] vk

99 0 oA W, £ I ASE 32 7 wu'D JER OIBT 3 TE v
o 2% oAe TEHs Fud AFEAY AWTYAES 983 go wA 9 B
qae Bes 2o
ot = pu, +cu, € 200, 7] (28)

A7IM, bER"E AAY, peERE AFEE, cERT A7 Mol
T2 ZAAZZ ot

u; = u, on Iy < [0, 71 (29)

oyn; = pionT'; < [0, 7] (30)
71 nER"E A el tigt upgad 9] HaawE ol
7120 &3 2

u;(2,0) = u), rEN (31)

u;(x,O)Zu?,xEQ (32)
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(33)

9n (a?,u) = OO’I’LI‘U X [0’ T]

(34)

o, (z,u) < Oonl, X [0, 7]

(35)

OOnFCX[O,T]

0,9, (.T,U)

g, A

2ol

S
o

N

HE

A

al

Folil, 0,2 IlAMe] W

13
=

A LM = =4 Abele] “gap”

=
=

ol

Z 7 (complementary condition) ©] o}

N

(36)

plo,|=lloll = 0on I, >0, T]

@(det,’u)

(37)

A= 0onI,x|0,7]

(38)

=0onI,x|0,T]

D (0,, 005 0)

(39)
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KeX
=

Al o] 22 finite-sliding interaction

- =
i

of U=

Qo1 Hel o

h=d}
=

el

v 1ze A,

AEl M= s 2

o2

RN PY

S

ol 7bs

Al
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RLN

fl o] =9l
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ojoj A Ak ol A

A A
- 1

bl

B
=
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=
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=
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=
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ol ML FE o] WA WNAOZ A Rolth oF 2AL VEAIEE B
gglol WA Ak 249 271e 2slok Btk ABAQUSE shibel wHEAN WelA HE
249 WEt §le WX wEHoR o AE 5@

9a pxel RIYAS WS 99 RUPS B T TEWA ¥ BE FP7 04
of ol WE EASAT. $4 B FAE 92 7)F8 254 5mm(APIES0-5mm, §)
JE ot # AFE7F-45mm, EN 14015-5mm)oldS 7IF2=2 st 30mm<t
40mmE HIE Ao FETS IS A HSB 50074 A (5% 380Mpa, A4 E

[¢}
500Mpa°l’d) & AH&stdth 2#EE FI0T M30S AHE3Y, EE& o] AddA Fog o
%7 Wil dF e st R sl
al

deor s, ste WAL T HAE
=]

surface-to-surface contact =7& o] &3ste] A&t FEWAE S ¥ , Ak
10000mm, 5000mm, 3000mm, 1000mmE AFAste] vy EASIAGY. FAAdE= 7@ =
AAs7] Y8l FrrskAn BEE 4 7H42 100mmet 150mmE A3t Bl e i, 9
A= 28293 2803 7 VHA A2 AAste] Bl Et FENES & FAY 2E

A7 Ao B AMEEHAJAL, I FAC tis RAEHS A S 150mmE 7HE S

Plate(HSB 500) F10T M30

205,000 205,000
380 1,000
500 1,082

¥ 19. A A

Bolt nominal Minimal Distance | Maximum Distance
(mm) (mm)

M30 105 210
M27 95 190
M24 85 170
M22 5 150
M20 65 130

£ 20. £E & FAFT Y A4S
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(1) & FAel &

7 40mm

7 30mm

10000

ﬁo
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W

=]
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ﬁo
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Hr

B

1000

ﬁo

=

]

H

(W) BE 23 2¢

7 40mm

7 30mm

10000

ﬁo
)
W
Hr

B

5000

ﬁo
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1000

ﬁo

=
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22. EE 23 24
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10000

ﬁo
=)
i
Hr

H

5000

ﬁo
=
W
Hr

B

(W) £E 23 2¢

F7 40mm

7] 30mm

10000

ﬁo

=)

i

=]

24. BEE 29 2¢€ T4 4% S804

3
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(3) butt-joint

EE 23 2¢

10000

ﬁo
=)
W
Hr

5000

ﬁo
=l
W
Hr

=]

2

o] £ butt-joint

25. TEWA

*
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o dmr)

—DEHIRE — T80
—l
Bl o

H
2475000 — B4 | 000

168.33
168
146.9

1385

£ 26. 40t A 8] stF-A7H A

9 vngel wARS We 4%

. =&2Z(mm)
0
i=k-] 161.1
10000 145.1
0 1o 5 0 5000 143
o imm
—IEwron 2810000 1000 136.9
. - — T G
£ 27. 300149 #3-13F FH £ vndol 24 W 3%
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il
1]
=

\:l -\
4

b\\\.."éh\

23t 039 04
2 10000 035 037
’ 01
5000 034 035
C Igame DB 0 DEMESD TEMY N0

1000 0.328 0.332

wdmZE 210 i EE 13130

£ 28. & FA we vndAss vndAs 2=

(W) BE 28 29 & FAo @& v

=
jaiis)
)
4

2E 1902
T == 2-2130 T2 HFZ(mm) &= (kN)
0

235t 156.1
100 | 10000 134.3
0 j 10 10 5000 132.1
& i
1000 130.7

— -EF_H 000 _I-EF_}'_# il

g - Bl

® 29, 30t SF-2%F TH & wnel AR W 47
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Bl =E 2-2t40
. ZE 4 (mm) SHE(N)
40 |
25t 159.2
200
10 10000 1354
i i 0 § 20 i 30 5000 1325
o {mmi
—3E7 88 —2803 10 1000 1263
— 2887500 — 2887 1000
E 30. 40t A 9 dtF-AdF I F vnHo] TANE o 3F
T ' =} =k 0.37 0.38
T
\!:
10000 0.32 0.32
1l
5000 031 0.32
0
;Etﬂ_j%l’ J}Elﬂ_j“‘wﬂ J;“Elﬂ_:m” J;“EHJ_’“‘UU 1000 031 03
= ZE 111 mmEE 12D

£ 31. & FAd ©E mndAFe vndAs 18z
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HE 4 14
F (‘ I T L=L t“l“:‘
[
400 /
20 /
0 3 0 5 B P i0
5 i
— 5N T —DEH (0000
— BN 3000 —EH 1000

170

151.92

139.8

109.8

E 32, 34 274 100mmolA 9 #F-44F FA L wngol TARS Bel #F

=

bty ZE 23140
]
400
il
0
i 3 10 5 0 5 0
& mmi
—JEHE T DN 10000
—JENF 5000 —SE%F 1000

5000

1000

170
160.2
154.2

142.5

& 33. 4 74 100mmolA 9 3t5-213F A4

2 vnge] TAPE [ sF
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i s Tt 04 04
£
ot 10000 038 038
| ]
5000 0.34 037
f:l
IEM30% TR0 DEEESO0 BN 100

1000 0.26 0.34

md=2E 2010 mgmBELI0)

£ 34. T4 ¥4 100mmel M9 vlZHA T v IHAT 2HZ

- 2E 20140 815 (N)

500
40 =k 159.2
" 10000 1354
0
0 ; i 15 i 5 3 umr?‘ﬁl 5000 132.5
— 3 9E —28M 0w
— 3 — 3880 1000 1263

# 35. T4 4 150mmelAM 9 &5-A3ZF F4d R vlzde] 2AFPE b9 5
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400

20

ZE 23140

& ()

S EYE(mm) 1= (kN)

=& 168.3
10000 168

5000 146.9
1000 1385

£ 36. 4 4 150mmo| A ¢ st5-44F I4 R

nndo] AYS wWe T

T
@ - \\‘
é ) .\~\l —?—-ﬂ' 039 04
[
:
U™ 10000 0.35 0.37
-9-|'||
=
5000 0.34 0.35
il
DEUTEA DEHF 000 TEUT S0 LEMT |00
e ZE 2 mmEE 24D 1000 0.328 0.332
E 37. FA 14 150mmolA 9 v @A} v @A S T
2E & 9 FA 7HF4 wEtd vngA S g2bd ¢ Jdo € U SUHESS v
nPEA T A5shA do
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(3) butt-joint

(7h) 4 24 100mm

ZE 2-2 butt joint

S EHHE(mm) 615 (kN)
16000

Fot 636.4
B0 10000 618.6
o 5000 551.6
3000 532.4
T S | D T | R 2000 3709
—IErEgE —IErElN0—3gud 1000 237.8

SHE Q)

E 38 BE 29 299149 #3-44% 34 € vjnge) 24S U 7

ZE 1-3 butt joint ZEHHZA (mm)
120 =F]! 654.7
10000 634.9
5000 607.2
3000 579.6
20 2000 451.24
1000 3229

% 30. BE 249 320149 8F-0%% 34 2 vngel HARE WY #F
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45 100mm ZEuy | 28 2% | 29 3¢
=R 0.38 0.39
0400
10000 0.37 0.38
B 5000 0.33 0.36
0100
3000 0.32 0.35
T8YF 2801 230 28UR IEeR a0 2000 0.22 0.27
2= 10000 000 3000 2000 L1000
1000 0.14 0.19
=2 LIfohit —E2IIdohut
¥ 40. A 73 100mmd] W& v|nPASE L vndAsE 2=
(W4) =4 7+4 150mm

= &84 (mm) 515 (kN)

: gt 665.6
“ 10000 613.8
1 5000 601.1
" 3000 4733
0 g 10 18 0 5 2000 330
—IEFNEY —IEHE L0357 5000 1000 185.8
—IZFi0) —If
E 41. T4 74 150mmol| BE &F5-2FF 4 & vnHe] TIPS WY g5
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St= (kN)

4t (mm)
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2. ZUE "o A&3t= TotT
ho5d g5l OF 1EY FaE 44
(1) B2 44 W 47
(7}) 7179 g3 a4 we AR
ARLAES T3 2 7 o W /2 82 A4 A9S Adsarh AL
s HAAAG Qo] FFL wol MABE Ao Ty Fw FojBe 2 v sl
dr. 242 27 a7 9lste =AE D ofzre] Aol %ol

[e]
KS B 6283 A

Surface Roughness C
terrain with scattered obstructions having
(9.1 m), This

category includes flat open country, grasslandses.
Terrain category |

Open
ASCE 7-10 .
heights generally less than 30 ft

EN
1991-1-4

Area with low vegetation such as grass and isolated

obsacles (tree, building) with  separation of at least 20

obstacle height.
¥ 44. 71 A¥ALA

(W) 2A"=a A
B R2de] Alde % 459 ol 7Hg At

A Z7A (Boundary Condition) U,=U,=U,=R,=R,=R,=0
A& (d) 30.48m
xol(h) 15.75m

2] &= o) () 2.86m

A FAG 5 HA FA9 39 0.0189m

=4 (V) 17m/s
A5 (Material) ASTM A-36
E (8- 7415) 211GPa
v (3o} H]) 0.3

¥ 45, garde A4

B d5HAe Eold WE shell?] FAE e =7 7139 = #
o dle] =2 API 6509 7| wEka BadH FAE AAsA. 8§aY
StA L, &3 WHe #&3ts FASS sle A2 7HAsA

Thickness of the cylindrical shell
Course Elevation(m) Thickness(m) Thickness(in)
1 1.50 0.0191 3/4
2 3.00 0.0159 5/8
3 4.50 0.0143 9/16
4 6.00 0.0127 1/2
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5 7.50 0.0127 1/2

6 9.00 0.0095 3/8

7 10.50 0.0079 5/16

8 12.00 0.0063 1/4

9 13.50 0.0063 1/4

10 15.00 0.0063 1/4

11 15.75 0.0063 1/4

X 46. B3 Fold wWE €A T
_'__,__:—'—'__‘“—_____ -
i T f=2.86m

= —== 1" *
i
a
A
T
8 h = 15.75m
2
I =

E e
d = 30.48m

a9 18. 3 dAEW

s, skl AR T FFE v $Es dv kel AASE B39 FHTS Im'T
2.05kN& gth g2 HAAd A5 sfitAgo] ofd HA=R 7SN RRE Foe

1.78kN/m*S A+-&-3F Ao},
% 195 ggEekd ol #3 AlRE7)Fo] dal g3e mxEs 35S FAH #3482

28] L2 I eRd 19yl
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(2) KS B6283¢1 o3t Fatz A4t
KS B6283el <3 Zat5e FA4AS Coll o8] 950 Fgto] 283 wo o] Ft
o] Z83 uweo zlo] HETE YEI WA= Czre] 0.7, 983 E gafAyE 062

AL
A8y Ao v Fsks AdAY 2 Ades S 2o
AAFSE(Vz) = 17x1.074x1x1.1 = 20.08m/s
AAEEH(qz)  =05x1.226x10-3%x20.592 = 247.08N/m*
AAZFE (pt) = 247.08x<1.9 = 496.46N/m?
AAZL3E(Q) = 0.7x469.46 = 328.622N/m*

AW AR WAL FoE AL e P,

AAZFE(Vz) = 17x11x1x11 = 20.59m/s
AALEEU(qz) =0.5x1.226x10-3x20.592 =259.76N/m?
AAZE (pt) = 259.76x1.9=493.56N/m?

AAZERETF(Q)  =0.6x493.56=296.136N/m*

a9 20. F8t5ol H&H+= I8 (KS B 6283)

% 202 KS B6283 7]l sl Bad vA= Fatss AF Fdoirxz=20Y
Eld Iolth Y EcA A #E MFEIEI e HRo g Zto] FALIE RS &

(3) API 65090 o]3 Fstz AL
API 650> A3 A7t AAEE Al daglel A S AHEsth A5 Be
TUH Agol wE TUS v Zrh
B3 950 BE EU(q) = 0.86x(17/52.78)2 = 0.089kN/m*
B3 Aol wE EP(q) = 1.44x(17/52.78)2 = 0.149kN/m*
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Py ..'&I.I.u.bulu
B, T LT G i L

k. b
o, RS LR S ha..uun..n..n.n_

a9 21. 3350l F&5+= FH (API 650)

19 212 API 650 710l wial ®Ael mAle Fekse A FILLzZEIOH yE
W Iy olt

(4) ASCE 7-10° ¢ Fat5

i
N
©oH
o
i
z
I

ASCE 7-10& %9-7} A% ] Eol7t A5 wmith 94 el Frre
A gl 2gsts Fase B9 9%ol W FaT WA F TAW, Fdel CpE Fihe
AsA o2 ol EN199L-1-4 ¢ A& Aigas 2o 45 nAe Fa5e o
2,

(7h) B4 ol ¥= F4(q,)

ASCE 7-108 #&3 @49 7748 42 theol #3499 2t

T3¢ T g AR =35 (kN/my)
Om~4.6m 0.613x0.85x1x%0.95x17% 0.143
4.6~6.1m 0.613x0.90x1x0.95x172 0.151
6.1~7.6m 0.613x0.94 x1x0.95x172 0.158
7.6~9.1m 0.613x0.98x1x0.95x172 0.165
9.1~12.2m 0.613x1.04x1x0.95x17% 0.175
12.2~15.2m 0.613x1.09x1x0.95x172 0.183

15.2~15.75m 0.613x1.13x1x0.95x17% 0.190

R 47. 93 wold ©wE TU4E

K,=(&£E2% =&44) = 0.85~1.13
Ki(AGAF) =1
Ko(Z&FA ) = 095

Aol Fdol A& W AF5H dF =0l A=l webs Cpate ZAste WA

EN1991-1-4 ¢ A& A2mA =z 2o} h/d 9 £/d9 3+S Fste] 1822 28




Al
[ =9
O -0i
5 oo
!EE Ll
=
e T
o
= i
@
£ o
o
S 1.0 /Zi - —F ] 8, =0)
'?'-‘E & r ~ o=

3 _—
o / *;,L,__' B, Dz05)

= = —

& \ _..l""'-.-,-

& \f"—_

] 0.1 0.2 03 0.4 0.5

Ratio of Rise to Diameter, I'D
External Pressure Coeflickents for Domes with a Clircular Base.

2% 22. ASCE 7-10 A& Z3&F A w4

BadEol #dste FHL2REH 7 o CGHts 7 F Uk
X

@, =0.613x1.13x1x0.95x172=190.18N/m?

9 Ag=ES B & 5 %ol o #e AA Tl ol F/DE kel 057FA R Al A H o
A
S

Atk webA s
ST,

a9 23. T35l 8=+ FH (ASCE 7-10)
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(5) EN 1991-1-4 Wind actions®l] &3t ZF3stz Al4H2
(71 sl mA= FS
FEFT o AL tha 2
71 E® 2<% (Basic wind velocity)v, = 1x1x17=17m/s

)

o
=Y

%% (Mean wind)
Kr=0.19(0.05/0.05)0.07 = 0.19
¢ =0.19xIn(15.75/0.05) = 1,093
U ()= €y 2) X €0 (2) X0, =1.093%17 =18.58m/s
I 5% (Peak velocity pressure)
I,(z) =1 / In{(15.75+2.86) /0.05} = 0.169
ap(z) =[1+70.169) 1x1/2x1.25%x18.58 =470.95 N/m*
dols29 v v 2
Re = (30.48x18.58)/15x10-6=237756205.15
dolzze F5 Tt yhadl #e S, amn@ oA S ToHA, o O HAE F

et ofgf o] E= qp(2) 9 Coes w3t Weghs WER Ak

Co Ap(») W.(kN/m?)

1 0.471 0.471
0.91 0.471 0.429
0.85 0.471 0.400
0.7 0.471 0.330
0.53 0.471 0.250
0.34 0.471 0.160
0.11 0.471 0.052
-0.21 0.471 -0.099
-0.45 0.471 -0.212
-0.66 0.471 -0.311
-0.87 0.471 -0.410
-1.06 0.471 -0.499
-1.21 0.471 -0.570
-1.34 0.471 -0.631
-1.43 0.471 -0.673
-1.49 0.471 -0.702
-1.47 0.471 -0.692
-1.35 0.471 -0.637
-1.18 0.471 -0.557
-0.97 0.471 -0.456
-0.70 0.471 -0.331
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.331
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-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.331
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235
-0.498 0.471 -0.235

= 48. Cotol HE W,

I 23sl= Fols Aol A, B, CH7H alg s+
z =< AA3AH. h/ds f/d
e ASCE 7-1091 W& C,9

*Cop,10 e F] 5

+0.8
C.n = CONSta nt

+0 6
along each plane

+0.4

+0.2

0.4 0.2 037 04 55" Clhid=0)
=2 //1 i ﬁd
o : /- C(hid=0,5)

0.8

0.8

=10

B(h/d=0)
B{hd=0,5)

=12

=14

-1.6

-
Terpe, 10

I¥ 24, FEIEE o]&sto] A5l 37 TdH W

olgf o] % 49= A, B, CH7Hol nA & E4e=

= AlArs A3 gholdh 3 API
6509 713 g2 A& Foto] AAA @] AE2 upge] o FFo| ofd A
= et
A -1.41 -0.664
B -0.74 -0.349
C -0.48 -0.226

¥ 49. EN1991-1-4°] W& A g Z-&3}

s

4
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e —
Y v

raiEAl i i |
1 5
e
—
-
a : -
o e :
T Foh—— e
8 o) Lo
e

a9 25, F3lFo]l 8+ dH (EN1991-1-4)

CmEbA b R Fd ekl sl A2 {/de] AR 05F

P gee &+ Ao
Mgl N Feks WSS T vlaste] s st

1= - R | S o = T S

(1) 31 29 AY ¢ A" U

B3 2gsls Fdd Ui FZFE S Fsy] 9k, fdF8 LA Z2 a9
‘Abaqus/CAE 6.12-1'E A3} 190 2 eigenvaluedtd] AFAS ¢35t meshel =
e we A ARH= A T} meshd FA7LAE 3400mm% wWe] AL
eigenvalue® #tol 8.89 o]l vhgkom, 1700mm<e W e Ao+ 239 FO=E AA AT
At wEbA mesh A7)0 wWE eigenvaluedtS FEA1717] $138F mesh® Z7]1E 225mm
2 ZAAsI L, 1 w2 eigenvalue Fol 1o ZASHA FH&Ath ths 181 = meshZ7]

of w eigenvalue®| ¥ gkelth,

-

oo

[ea)
=
L=

(=]

(=]

A WL :.Enn Ly L=ty WL 4 S W i m
LA A SR £ U LU Lond LU 2L u

Y 26. AAA 7)Y wE eigenvalue FEHE
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AA A stepel 4 H a4 & 87 918l buckle S AHEART, mode®] +5 457)
2 3t I o] fF=API 650, ASCE 7-103 EN1991-1-4¢] 32 A oA eigenvalue®] %k
of gdgtol U] WEol, E¢oe dld e AEF AR ¢FYL wow H2L
WA AL AT Lol Aol Horol oF AFAZ Feor, wWepy HZRE
Aerg 5% 58 B2 IR HZo] Ao} eigenvalue®] ke Y+ 3171 9Fol o,

(b) EN1991-1-4

(c) KS B 6283 (d API 650

(e) ASCE 7-10

a9 27. &4 71€¥ mo4b H=FE(a)~(e)




f/d=0.05 f/d=0.1

f/d=0.2 f/d=0.5
a¥ 28. f/d W] mE 22

£/d=0.05 f/d=0.1
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£/d=0.2 f/d=0.5

a9 29. f/d ¥t mE 2d¥ 42 (KS B 6283)

500 th3k f/de] Wstol theto] F=o] HZel A st modeol A

f/d=0.05 f/d=0.1

f/d=0.2

f/d=0.5

a9 30. f/d ¥ste] mE 24d¥ {423} (API 650)
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W3le o] HZo] LAIE moded M9 2

f/d=0.05 f/d=0.1

f/d=0.2 f/d=0.5
a9 31. f/d A3}y WE 24y X237} (ASCE 7-10)

h/d=059 ® EN 1991-1-4e] & f/de] W8E o] HZol PASE modeo] 4
4294 e 2t

f/d=0.05 f/d=0.1
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f/d=0.2 f/d=0.5
a9 32. f/d W3te] we 2d¥ ) dd (EN1991-1-4)

(3) f/ds’/] 713)]\"‘% ,T_’_Xéf‘___]— 'IH. h/dQ/] %}]\_ %ﬁ'oﬂ Eﬂ-% Egﬂﬁg/}} —E—éﬂ
f/d=01¢ o =t &2 AF7Eol g h/de] WHEtE ol
modes ] HZHAL e 2o,

h/d=0.25 h/d=0.5

h/d=1 h/d=2

a9 33. f/d=0.1¢ ®i, h/d W3t & 2d= H4 A7
HFEGAB A BT AFVE)
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KS B 6283 7]£°l the h/de] ¥M3tE =] Hxeol A= modedl A
zZ

h/d=0.25 h/d=0.5

h/d=1 h/d=2
a9 34. {/d=0.1< w, b/d W3] M 2d fHqd3} (KS B 6283)

f/d=0.1¢ W API 650 710l ek h/de] WstE ol el LA = modeol 42

h/d=0.25 h/d=0.5
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o)
e ges 2

h/d=1 h/d=2
¥ 35. /d=0.1 w, b/d W3}e] & 2 |4 A3 (API 650)

ASCE 7-10 71l thg h/de] ¥M3tE FH=ol HZxol LA st= modeol A
Z

h/d=0.25 h/d=0.5

h/d=1 h/d=2
¥ 36. £/d=0.1¢ ™, h/d W3}e] mE 2dY s)4 23 (ASCE 7-10)
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f/d=0.1¥ @ EN 1991-1-4 7] tst h/de] WS o] FHZFo| A= modeol
Mol Hzgae T 2t

h/d=0.25 h/d=0.5

h/d=1 h/d=2
a¥ 37. {/d=0.1¢ W, h/d Wsle] M ZdF A F7 (EN1991-1-4)

2 AP 4e WFE & HIFeT 24
Zt 7IEHEE FdS 7ot wAdl Wds) Az Cgke 7R H z=

<
w3 FRIA=C T o] Cuat Bl

22 EN 1993-4-1 Annex C © C, %< A

rir
o}l

o]t
Wind pressure coefficient value : C,

Cp=-0.54+0.16(D./H) +{0.28+0.04(D./H) }cos®+1{1.04-0.20(D./H) }cos26+{0.36

-0.05(D/H) }c0s36-10.14-0.05(D./H) }cos46 (40)
H : "= AA =0
D.: 39 A&

a9 383 39¢ sl ww FeAIEC wE Aol AAge G2 AAtste ¥
2 yehldeh Cool #2 v A
P

P 05p 12

P = pressure

p = fluid density
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v

= flow velocity

Cp

140
122
100

040
0.20

A Y B
T —.R-Q ‘F_Q O‘:FO Q _@_.{:,_@_-w_@_ ¢..__

80 B

| - | =0 -Ci —-—r BrCi

Qo

.43
a8
-G8
=1.00
.20
140

I \ 0\ 875 800 1128 1350 15RS 1MOO 2005 3380 PS5 2700 225 ql's 7.

-1

a9 38. Y= FHAE o839 77 Cogk (0.9H)

080
GE0
040
020

| o -3 ==L =0 ra=C5

o | ® e © |
O*’@@ﬁ@c‘; @ v ¢

f.

- -

000
020
040
O60
080
100
129
.40
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tlo
off
o

Teel 19 §EICO ANCENE =HE Ca% 9 =R FF AE
Co %2 HlaLste] Ve Ith

e EXOETIMENT (0.5H) mm ENY 199414 e EXpETiMENE (0.9H)
e ASCE 7-10(0.5H)

— SBE2E3 e M PTG S0

—ASCE 7-10(0.9H)

¥ 39. A= H 7 71EEY G v

g 9%e 05H A9 Cabx 09HA A o it fFRIE9 A& fFAd=
o

% p AT
& 4 ek

12 15 18
10
8
6
Fil
. L2167 — 0.91 1.05 1
. Bl _ mlE =
ojmsormey K SB 6283 APIBS0 ASCE7-10  EN1991-1-4
RN L

EEECp miECp

a9 40. 71€¥ Coat vl

NEPE FAE AHEste] S F3 EApo R FH3AS wW 42 C.akeld. API 650,
ASCE 7-103 EN 1991-1-4¢] A%, vlgto] 0] = ko] tia] A BoA ¢Fo] ofd <l
o] A eigenvalue #ol =5 #tel YA W Iw e C3k2 Folrste] ALE3EHA

skt




(2) h/del @< XA o, f/d9) g Wstel M FA=Fets % I vlaLY
AP BT A ARVFES £/d=005¢ =W 17.95m/s, £/d=01¥¢ = 17.64m/s,

f/d=02¢ = 16.92m/s, £/d=05¥ W 15.62m/s #<= Zt=th {/d9] #ol AAdTFE A=2FH

o] 2= FAokAE A= & AUk

\

s g et of 2o M271E
19
17.95
13 17.64
16.92

17
16 15.62
15
14

f/d=0.05 f/d=01 f/d=02 f/d=05
I 41, f/d Este] wE FZo] TAHE FHASKA P EAA A A3

AF-71E)

KS B 62832 £/d=0.054 ®f 40.95m/s, £/d=01¥¢ = 40.98m/s, £/d=02% w 41.04m/s,
f/d=059 o 4124m/s #= Zevh Ad=ddddged B3 ARVES d=A f/d el

AdeE A=z 5 gl AAs AS o F Al

rlr

m/s KS B 6283

£1.28

L

411

=
[
X

:_.-":j =005 'd =01 'd

=3
n

a9 42. f/d ¥3le] u& FHFo] HAH= F5HMI(KS B 6283)

API 650> f/d=0.059 @ 82.26m/s, f/d=0.1<9 | 82.34m/s, f/d=0.2¢ uwl 82.48m/s,
f/d=05% W 82.83m/s = Zt=Th {/de] el 19 B¢E ALdstie f/de] el AdF
o

5 #A2FE] #E AAe Ade € 7 AU
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m/s API 650

f/d=005 frd=01 frd=02 fid=

o
Ln

39 43. f/d M3} WE FHFo] TAHE FHHUSKAPI 650)

ASCE 7-102 £/d=0.05¢ Wl 55.66m/s, f/d=0.1%¥ @ 56.12m/s, f/d=0.2¢ = 56.59m/s,
£/d=05% W 57.73m/s < e /de] @ol ALFE ABTFH Y= AE AL @
F a9

- ASCE 7-10(E )
58 a7 73
a7 56.59%
56.12

a6 35.66
a5
54

f/d=005 fid=01 fid=02 f/d=05

a9 44. f/d Wgte)] wE FZFo] BAFHE FTEWM(ASCE 7-10)

EN 1991-1-4& {/d=0.05¢ ™ 63.35m/s, {/d=01%¥¢ ™ 6374m/s, {/d=02¢
59.55m/s, £/d=0.5% w 58.85m/s #= Zte=th S ZIE A Ectd A A AFIE
FHIEHAl f/de] gl AZFE H=IFHol HAoAle FAE Holu, =9 bE VeS¢
gl f/de] gkel 019 o = stz #ol 7HE A dEEH.

68



m/s EN 1991-1-4

66
& 63.35 63.74
4 —
62
5955

60 58.85
58
56

£/d=005 fd=01 §/d=02 td=05

a9 45. f/d W3t mE FFo] TAHE FHAHF1991-1-4)

(3) f/del %= XA W, h/del & ®istel ©WE HIsts # 4 vLEH
el =ie Ay Ade £/d=01, {/d=0.5 7I=#2E dAslo {/d=01¢9 = h/d

d W 16.68m/s, h/d=2¢¥ W 12.67m/s %< Zr=oh h/d=0259 #W¢ ZA-¢ h/d=05
o o Hry oF 425%=% A 2

N
PN
_O|L
22
o
=
~
[oN
o
g M
o
N
i
i
u
Y
M
ol
b
o

o] =
Zold s &

my/'s
50
4039

30
o 1763 16,68
= = = 1267
10

h/d=025 h/d=0.5 h/d=1 h/d=2

9 46. h/d 3o mE FFo] TAHE IHUFSFELA B B
AF-71E)

KS B 62832 h/d=0259 = 90.66m/s, h/d=05% = 40.98m/s, h/d=1% ®f 40.58m/s,
h/d=2% ® 33.08m/s #<= Zt=th h/d=025¢ W9 7% h/d=05% = Hto} oF 405%=
A A8kt h/d=059 Wt 19 do] HA=FFE LAE2 09% % FA=F 5] vz
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uhskoh B3 h/del ghel AdEE A2 FEHo] AokdS & g AT

m/s KS B 6283

100 80-66

40.58

]
o |

L]

h/d=0.25 h/d=0.5 h/d=1 h/d=2
19 47. b/d M3 WE HFo] TAHE FSHKKS B 6283)
API 650 h/d=025¢ ® 94.32m/s, h/d=0.5%9 @ 83.55m/s, h/d=1%¥ u 83.33m/s,

h/d=2¢ ul 8245m/s #S Zr=t h/d=025¥9 W] A% h/d=05Y ol Bt} oF 114%=
B R }a:zu} w3 h/d=059 WREh/de] @l ZrbedA HF Togtol AW Aol

m/s API 650
100
9433
95
90
a5 i 83.33 82 45
75
h/d=025 h/d=0.5 h/d=1 h/d=2

% 48. h/d A3} W& FHFo] LAEHE FEHAINAPI 650)

ASCE 7-10= h/d=0.25¢ | 86.80m/s, h/d=0.5% ™ 56.12m/s, h/d=1¥ = 56.67m/s,
h/d=2% W 46.48m/s #<= Zt=th h/d=025% w9 4% h/d=05% = Kt} °F 535%=
e 71l Hlste] 7 AA ZastAth APIL 6503 PRREAIE h/d=19 ®& h/d=05
d mo FHEFSEu Adagel AA st
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ASCE 7-10

100 2580
an
o

56.12 56.67

e}
L]

I
[}

ol
£

[ ]

h/d=0.2 h/d=0.5 h/d=1 h/d=2
1% 49. h/d ¥3e] mE HZo] TAHE FSHIASCE 7-10)

EN 1991-1-4%= h/d=0.25% w 88.15m/s, h/d=059 @ 63.74m/s, h/d=1¥¢ o
41.77m/s, h/d=2% ™ 30.77m/s %= Zt=th EN 1991-1-4° °]3 A%, h/del #eol AZ
TE 719 AT Ao U HA2FSEol ke &+ AT h/d=025¢ w9
8 h/d=05¢ W Hut °F 27.7%% ©E 7I1Ed Blst] Aagol M FA A4k

EN 1991-1-4

L]

h/d=0.25 h/d=0.5 h/d=1 h/d=2

2% 50. h/d ¥3le] we FFo] TAHE FHUBHEN1991-1-4)

d
el Tz E EAd BH, U JEe wmE #=2FE
e B3 AlRE
]_

o B FH=FEHol 7%*% Aes & - 91915} API

ASCE 7-10¥% Wl

650 ©hE 71l Hlste] HAFF Lol M AEE A ATy B o AT, BV
AA s AFH g Aol BAglel 48T F5S Hdsts WAl ASCE 7-10=
API 650EE} FZFHol Aorr 9 Ay & g o, Agel Adsts FAAL




WAL frIEel oy 3 FRIZ AA ) F BE) gt U AAAE] A
B3 F9s Atgsty A 8570 s Hee dA wez dgdEnt fFEIT 9% F
&= AAAS g2 7|5 Bste] ey AAAS AA A Aol s oAHA A
BEo]l ok ASCE 7-10% €& A& T WS Hudls W ASCE 7-109] 4% =
ojef kol wel FatFol TUtste FE AW, RIS AS A% EdHd wEAM 4=
H7 Fgo gsts grEol AR Hojdr AA mj§ Egste] mde glo} Al7ko)
2 deles 9o th

ANSYS
_rra

frrer

Ka

a9 51 SUE BATEE 334 Y 2L
5

A stgel e AE W FA Aol 9% WA HA 9 AZsHe o] s HE T
ZaH ZEIIH ANSYSE Ab&dte] fFdatalds sttt ¥4 Rdgo+= 19
444 SHELLI812AE w4 YA, A5 B uvty

2Hge 2Eetr] s HE A B2 FLUIDS0S
el AHE 7H 84 3Ade Fx YA 84(3-D

Structural Solid Element)E ®H33sle] fAe A+t ¥ &5 €24 (sloshing) 23 &

ltems Values

Height, H(m) 10.0

Diameter, D(m) 10.0
Thickness t(m) 0.004

Tank E(GPa) 200
v 0.3

/,(MPa) 400

Internal [Fluid height, h(m) 8.5
fluid | Density, p (kg/m? 1000

E 49 93 24 Ad

g "= a8 A5 EAS 2887 Al & 8AA (perfectly elasto-plastic)
9343, BAAST E=200GPa, &ESEH o, =400MPa, EotEH] v=03% AHEE




Hi
o
lo
foe)
an
N
N,
N,
2
o
rir
POy
|o
fru
N
o
_OL
2
&
oL
u
lo
1
o
)

| L VA HFEZ gEF =o O AAV(H/D)S A7 o 74
H(D/t) & e HEs|A & Falshr] flske] 3 499 71E @ A(TH)E X283 6714 a4
2E(T29 T6E 5dF)9 AYS & 5034 # 510 €AAT
No H/D D/t H(m) | D(m) | t(m)
T1 1 2500 10 10 0.004
T2 0.5 2500 10 20 0.008
T3 0.25 2500 10 40 0.016
¥ 50. A2 ©& H/D HE Z+ 93 2d A
No. H/D D/t H(m) | D(m) | t(m)
T4 0.5 2000 10 20 10.0100
TH 0.5 2200 10 20 10.0091
T6 0.5 2500 10 20 0.0080
T7 0.5 2700 10 20 10.0074

¥ 51. A& U& D/t B[ & Z

i

g3 249 AY

WA, H/D) 9% Qobrs] flal $Ae /RS e /b4 Qe @A T1 T2 T3
of ek 4L FAL, D/tol A3 WFAHL A A H/DE 2 4714 G4 9
2 T4, T5, T6, T7l AT WEel 84 s

B2 A fA7 AHAE BES 19 529 ()9 2ol FUY AEE 2= B2 Y
A wre fA wfo AFEE AAUFEANM AL (radial direction) O ® A7
(couple) NAF-ol, fA-T2F FEAEe] €8 2 249 $4Y0] FUFES =Y 3
Gk WA ugREd fA7 HHAE BR) REE 2Y 529 (b)sh 2ol AATREA
N %% (vertical direction) &2 FEAAFYOw] o] 99 W] W £HYLS &
A gtk EW, B3 vtk /1E20e] AAxA !

& fsto], A ntg R=vS Adgste] vigo] 4d v e dHE BAXRAS

sl Fek

(a) (b)
% 52. B3 HAS R 7A), B2
v & fA O3] 4EEes 1Hd
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AT AFYl YAANLZ BAE FEGE AL FSUE 20l A 2 8
AL 9A(F, 93 HA) SaR)lN e I3} FRAG AsAske] BAE 19 569
Zol =ASA MARHITANNA ATHF(E AFANE FIFL FUtE 44 5
e 1Y 5504 SF-we FAY FRP(EE A £ ABgel AFHHT

(4) N4 A7

29 563 19 S7elE #HE siEel =9l W wae] A AuwuadS e,
9 569 A= D/tY w2 250002 Fd3tal H/DO kel 1.091 T1 Ed(a)3 025
T3 Ra(b)elA HAss Ho Wy ved Aolth T2 Avs 19 579 T6e] A3e}
595t A7E Sl % & b wel 2ol H/D gtol AolAw, % o §e wae] A
92 WA sgel Ao Wdo] A7, olw A TR H2o WA HE AL T

S 2~
A+ U

9 579 A= H/DO #2 052 sYs)
T4(a), T5(b), T6(c), T7(d) =l thgt 611*
BaolA Z7edd == Q3 IS 49 149
F7HEY = F4e Frhskdoh 19 562 1™ 579 23
FHIZe st AAALY D] Fd A Hye
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o AFele oE 7} vRIZHAR RS AV =EET olE e A4 API
650(2007)°] Z71212d H=2 DA AHe] e I WFY H/DO v dFe 1Y
A szl oz ATHE, AFA AT dAVIEHAME H/DE WFE st s&
SHE Aol osivdes AMde ST AA AR AN Z72ed =] W
BadA F2 YA Adgol: EFsta, API 650(2007)= 2gs =9 AA7Z|E EF
H/Dell we} s|&-e#Hgkel 7o HakA] ‘2%% Ae Agtst e A2 R ok Abgrol gt

H/D
100
e FEM
——— - APIESO
- — - -EC8
— .. NzsEE

SUGGESTED
60

Allowable Stress [MPa]

20

a9 59. A2 & H/DHIE 2t B g
&5 FSHT AAVIE v

D/t
100
- —— API650
— - -EC8

) — - - NZSEE
) ® FEM
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o
: B SUGGESTED
P SR |
3 o = . —_—
i LT g
" Er =
: e Rana el == I RN
: -
: St —_—
R FSRAR RS EERTEE E=
g T e = S =i Ol W |
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2% 60. A2 & D/tHIE Zte ®BAd g
SHESWFEY T AA7IE vl

9 60ol= D/te] Wstel e s&H=sHg s iAol s AT g =9 AA7
TAAM AASL = #EFH FA =S 1™ 599 At mpiviAlE BS EN
1998-4:20063F NZSEE(2004)2 HtxZe] A5 EZ3H3 Jow, API 650(2007) ] 7%
ok D/t7} 270091 ZA-f-ol= HIEASe] AA7E &5 7] wiel APL 650(2007) 2] A A4
of 7lwrete] EE A9 s AArt kSl £ ¢ A=F 4 (43), 2 (44), 2 (45) <}

AEE e APL650(2007)0) FRE A3 A8 FeE B@eNA ARYL FAFER
S, By H2o U@ FH W4 BUHE /D dg A4S e




F,=min(F!,F?) (43)

0.2
Fl= 25(%) (44)
65t,
o (GHD?/#* = 44)
F?=1 65t, (45)
55 T 6-0VIGH) <05F,

(GHD?/1* < 44)

29 95 19 109 AEA AR AL W E AANENT GA =4S
ST AR 4 AHESE Aot ¥ Aol AL§E H/D, D/t BHE BE 9
29 g A FFAYHo] FuHE AL F gtk

4, = WAEAZIE vl &4

7h A AAAGRA] A 7

X

AA ALY T A FO2 st Fatzol #&stA HHE F+xE W
< 3HA HA o2 A3t FxEAd e FAlTdHol
stAl Eo} Al AA A AR A} o] FAA - HARE FAE B3I FxE

A% prEe FEALEOR et YR fA9} FrEe Sge o 2
A B,

(1) AAAAFED A st 7=

o
o

z71e AAAZE A AAdE FREC FAZE AFdvil 7MY fAEdY =
A Ao Wkl £8 4 (sloshing) & AtE3sts ARSI H ol AFEEH AT o] 2 st AL
W oA EHQ WHOE Housner HHS & F AT, o] wrol A Housnere 4%
= HAS @ FHol= FA o3 dHAE, =, 44 (impulsive component) ¥}
A4 AfFrre S #EE dHEARE, S, U/ A7 (convective component) &2 2]
st SHE= AESATHIE 61)). o AR 1963 US Atomic Energy Commission
°] TID-7024 783 GF7F Hol AA G A Aol gk Fx24 kA iAol ALE
Qc}iq[%] [30]

19643 Niigata# %1, 1964 Alaskath A %1, 19663 Park field =] %l ol A] A A S 5ol
4@ St BARAL, AT A AAFYFANN FASG FAY FEE] JEAE
o] o =]

2

o2 FABFYC A FEE RIAMRT FH o) 22 & Ago WA AAAY
938 ZAZ AP AL bAsA Egol wHAT T Awe] THHA X AAA
13 s

el Ao o W "zt @A st At 1 AFEZA G2 AA ALY A =1 (Uplifting) ©]
A A G AL kAol F FEFS T AMEo] FJAFHUT T o] F o

FA-FE2E FEAEo de B2 77 JAFHLE AIFEHALSH, o]F HAVE FolA
£ A3l ZASE T =3 1983 Coalinga A7, 19941d Northridge AR 5& E3lo] AA

NE B BAY R ATl FANT AM] W] 93 PHIIEILAL

(2) AA71Fo WE AR A e 70 wd
Eurocode 8, API 650, NZSEE 59 RE AA7IZFNANE 198 613 o] AAAZY A
%

Wi fFAe] Rd g FAE HA G A &=

g

7 A B (impulsive component) 2+ A




|

FHo EgiAld AHA hFAE (convective component) &2 H 23 HEZQl HFA o] A

H-2 g5 Abgska Sl
1™ 19 984 2492 Housnerol 93] AAE RAdZAM ol & BRSO fAles F2 =
& B9 fFA= dRAEEd 894 71 dn. Eurocode 8, API
= BEE 93 FxE0 diste] A Eds ARES k. wh
AFzEdd daire A BRds, AR daAFEECd daide #d
S AEEE=E 3l Yk o= Veletsosol o) AA" A AHEFS 7HAE oEF
A =

RdZAFig. 1(b)ellA B4 e A 2ol Sz ddHE tiRAde, 839 A &2
FAAE, 33 79 B FAAES 7HAY '3 HAe fFAAd 9% 235 IH B
d o]t}
—_—
\...________/
s
\\_____—___,/
SAWA me A
H
m;
.:""_ ------ )
I Dor2R I } Dor2R I
(a) Housner model
> s
\..._______/
//_——-___*_\‘\
"“-_______—_____/
a
H N ETE RS
|| nl, ||
:-""_ ———
} Dor2R } I Dor2R I
(b) Veletsos model
a9 61. A AZHEIY 93HE »d
A A G T AR T FalFol LA UF ARG 4 AR FAFAdH <9
A B FREA FEe st dut FxRE FE = szl vlEtd AXA HH
AAE 7 2 ARAZD TG T 7} e AR AL A E BT FRE FLEE 3h=
o] @4 AAA Hot webA Eurocode 8, API 650 59 AAZ|FANAM = AA G o
gtx Rdoa AR AHES 2T uo= HAe FAAES THIA &e A 2d
ALEEAI R, AR IRHFIE AEY dols AA B3 JA fFARS wgsy

3% o

ot

b, A 2
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A AAAGR A WALAE S
8, API 650, NZSEE 5] AA7F<& , A8t Th Eurocode 8, NZSEE>
= AH&SEL 9low, API 6502 s1-&-5HAAMES ARSI o] sk Toll tieh AR F <
S

= 5
& AdetA] ot S A F2 A= = H¥ HESAH

L %P

(1) 7ol L/rF71

Eurocode 8, API 650, NZSEE z}z}te] AA 7]l AAH L5 A A e Ao A2 b
FAE 12 BE 1§F7E 089 2.

- Eurocode 8

T, = CVR (46)

_I

o714 R ®WA WtAClA, He A9 AfRe] xololv, A G & 529 3
o

H/R| 03 | 05|07 | 10| 15 | 20 | 25 | 3.0
C. | 209|174 | 160|152 | 1.48 | 1.48 | 1.48 | 1.48

X 52. Coefficient of C, in Eurocode 8

- API 650
T.=18K,/D (47)
K - 0.578 (48)
3.68H
tanh( )

71 D= WA AAClA, He FAY AFFRe Eololth

- NZSEE

7 21V R/g
\/1.841tanh(1.841§)

v
(o3

A71A, RS WAL WAL, He FAS AFFHE Eololth NZSEES ANE o
B 1 REY THF0 U@ 4 A5F FRE YR AFE KA ARl 0@
o|E3) 9 F Yt

2 AA7Fe) AAE Aol olste] AR BRARE KT/ B @
of uwel gelstel ® 53] Vet AME LT/ AR g oF
NZSEE®l Ase} wlmste] R 05%¢e e obF 2 E

.

rod
W

ol molw e,
T. R
0071/\/— ]}/\/E 7;/\/5
H/R | (REurocode
) (API 650) (NZSEE)
0.5 1.740 1.727 1.735
1.0 1.520 1.509 1.516
1.5 1.480 1.477 1.484
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2.0 1.480 1.472 1.479
2.5 1.480 1471 1.478
3.0 1.480 1.471 1.478

¥ 53. Comparison of natural periods for

convective component

AA AA A hE HFYE AF) W(m/m)E 74 BANNF wet 1Y 629 2
of Faeldth 19 6214 B & A& A ol /RS 7k ARl web AA A4A A
gol o@ RARS AFe gadth gRAE AT AA/NF BE Rt A/
H7b 032 A% Aows Aage) Aolrk 133%% JEsou, 0 TAE Anwn
Haghel Aolzk 5% WIE Ao A ety o

——Eerocode

-=—AP|650
0.8 A

\\ NZSEE

0.6

0.2 \\

T T T
0 0.5 1 1.5 2 25 3 3.5
HR

19 62. Comparison of convective mass ratio

71l wmE RAdee APl F&ete wol(h/HE HEHY Aot
HRAdE 27 viokes 2 A/re] WI7F AR weA diFAEE e dFe] Adste xol
7b Zepziek H/RO Mo wE ZF AAZIE F At HAgke] Aole 25% = A
et o, MA AR fFAE 3E Hold Uth

) //
06 = - //
heth il
0.4
——Eerocode
0.2
-=-API650
NZSEE
0
0 0.5 1 1.5 2 25 3 35
HIR

13 63. Comparison of equivalent heights of

convective mass

(2) AR THF]
Burocode 8, API 650, NZSEE 77te] AA71%e] AAH A58 A A4g el A9 %
AR LHFNE BeH 2
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- Eurocode 8

o VoH
ﬂnlp \/S/—R\/_ (50)

A7IAM, p= AAC] A "FEolX, s= WA HAS S7F @ FA0lAL, Fe WA AR
of &Aoo, A G E 549 Zh

H/R| 03 | 05 | 0.7 1.0 1.5 | 20 | 25 | 3.0
C; |9.28|7.74 | 6.97 | 6.36 | 6.06 | 6.21 | 6.56 | 7.03

E 54. Coefficient of C; in Eurocode 8

- API 650
_[_GH N Vo

A7, pe AAL A "EClL, t,= ¥ 49 T/ o FAIA, Fe BA AR
S A oI, Ag = 1¥ 649

95 .
9.0
85 \\
G 80
\

75 \
70 \
6.5
6.0 -
0 0.5 1.0 15
H/D

% 64. Coefficient of C, in API 650

- NZSEE
5.617rH( " )
T — S
=2 & (52)
AZNM, v QA &9 FTEFolA, t,& B HAY FAClL, Ee ¥ AR @A
FolH, AF kv 1™ 659 Zot

z A7 IE AAIE Ao o)t ALtE FALESY AHF7IS #HEE %
t/Rol Wk ge)stel 19 660) JEMAIT Eurocode 89 API 65001 ¢|at 3t E5hg]
o, NZSEE®l €3 3k2 Eurocode 8 ¥ API 65091 918 k3t vlwstd otx A et
U stk AA7F wE Zol: AU 59% % YErgoy, AwmrAR o g §AleA YEbU
AT
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tw/Rm

0.24 —

0.20 / d /_‘“\\\4100

006
6 016 e o
o1 | o
- 7 e 0.0020 |
/ ] —ots
0.08 e
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H/Rm

19 65. Coefficient of k, in NZSEE

300

250 . ¥R=0.001
A
200 \_\_\*_—_—*/
N
W w1l ‘,E 50 \ t\‘__/*___Jr’iR’img
mN p YR=0.004
100 \‘ —_.J_;‘———:*//‘
Mﬂﬂﬁ
50
— Eurocode « APIBSD & NZSEE
O T T T T T T
0 0.5 1 15 2 25 3 35
H/R

1% 66. Comparison of natural periods for

__impulsive component
AA AR Ae] e FARE A2 W (m/m)= 24 AANFO Wk 1Y 677 2

of FaAAT. I 67914 B F AE A% welm/rel w7k 15904 7 AR E o @
% JE2 71 2A debdon, Axgoz
S wolx gluk AAl AA AL U@ FAYR AFS m/re) N AZ @
al

0.8 -

. /
mym /
/
0.4 F

65 / ——Eerocode
- -=-API650
NZSEE
0 T
0 0.5 d 1.5 2 25 3 35
HIR

9 68 7 AA/E BE 2AR Aol 4§aE Fol(h/ME e Aol
FAQE) Aol AEHE Eole MRS V7t FAG wat Frhs e HAW WaE
24 9 wehdal ek /RS Wb 15004 ZF AR/ Fe) S8 FAME AgeAe
Baks ARG Aot 171%2 /g 2A dehbn vk AANHOE AR Aol
g8t Eol& Eurocode 8914 7H3 AA vebvkal 13, APT 650004 7Hg A vebd
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——Eerocode
-=-API850
08 NZSEE

0.6

hish

04 e

0.2

H/IR

13 68. Comparison of equivalent heights of

impulsive mass

AAZIE WE dFAAEH SAYEY AF 2 7 Aol ALee =ole HAY =
olo wel WA &= FA FHHY wxo sty AAET HAY Eold wWE &
A FdHe Exe= XEA FEE Housner? Aol 71Z3 Jdouy, ZF 7|EolA A
FUE B Zolrl UL oo wE FFoE AZ-AF FEj e Johz RdolM e
A& xfolE Holi 9tk

(3) zH&H]

Eurocode 8, API 650, NZSEE 59 AA7|FdAAM= EF UlF BT tiste 05%2 2
28 7F A G o 2l

who] F4 REo el e AN A R /¥, ¥4 7= A5 ol w
g g2 goZ A vk Eurocode 8914+ RC %9 @3 % PSC F+x22 =9
el X T4 Bl e HHHE 5% 5 AMEeta, Al Fx9 "gadd taids 7HaH|
2 2%5 A& dth ASCE 79X+ EE TR &3 oA F4 e g 24
HIE 5%5 AHE3tEs sta 9lom, od wet A 84 F+X2ES thF £ APL 650% F4

Els

R

REC W ZANE 5%E AL ATk NZSEECA A/ ®#3°] 4 =
AU E 93 7B AR, 93 4, 71Z Aute] B4 wel dAste] AL EE
A3, A Fxo BAe daiXe 7l 2%E AHEs L o

(4) AAstF
Eurocode 8, API 650, NZSEE F¢] A7A|7]Fol AAE a5 4&E $HS vh=34 2o
- Eurocode 8
e Ade
Q= (my+my +m) ST+ 5 (T)  (53)

Ax 2

m

M= (mh; +myhy, +mh,) S, (T )+ mh ST (54)

w'rw
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F REo g B WA A,
h / B oA F4e Eololm, §(T,,)
wEo dg A9Ed A&Eg ded, 99 Ada i u

=
T =4
AR} dFAE S A4t (absolute summation) shed =

A71A, m;, m, m,, me 27 A REO A O
B A Fe AFolw, n h+= Gl
S(T,,)E T4 REo

9} 7+o] Eurocode 8% %

$He W

- API 650
1R i ==
V= [4,(W,+ W, + W, + W)]* + [A (W) (55)
A EYE :
M=\ [A(WX,+ WX, + W,X,)]*+ [4(Wx)] (56)

)

AN, W, Wy, W, W, W= ztzh 9a 2Ae §1 F P2, =3 vpghe] 27,
=

ol
HA A FE T4 FE XA €3 AL T A 43 4 R FEF] T FAL
X. X X X;= 72 stg ddd 29 A A8 FHAG] wololth 4, A=

) P

27 BT gF R sk X8k sp&E o))

1] AHollA HE upeh ol API 650> FALEH WRAES S SRSS(Squre

Root of Square sum) 732 AF&3dte] & SEES AEITh FILE ASCE 72 & SHS

Asbell A2 (absolute summation)®] A4S AAET YO}, SRSS(Squre Root of
Square sum) © ™3 AFE Ho] 3l

- NZSEE
ahet Aeke o ov= [V, + V] + [ 1) (57)
Ae BNE 0 M= ./[M + M)+ [ M) (58)

9] AeA B viep 7ol NZSEEE A4 ES dFAEY S9<S SRSS(Squre Root
of Square sum) T3S AE3tY F SHS AHESHL Th
Zhzte]l AAZ|FEE A ¢ SESHEAAHAYE A2 OE H ol

wela AA sEo] 2 vehtby gle] A

o}
s

(5) 2AE S As

AR HYN FAT QARG T E QnA FRELG 2 SFe] A& H &
g FE) FRE SRR AAVE SANE B2 F2E ASE AT Ao

SN ddEHs A %

Eurocode 89145 94l A4 928 oAe FRo wet 3L Tgsn gom, £4
a9 2 7 ¥
o) obF 7HA FLE AS akol AgE 4 Ak
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Proto-type Al A &AL H

=o] 21.96m 1.75m 1/12.5

ez 7.31m 0.6m 1/12.2

T 2.54cm 0.06cm 1/42.3

B dx 7,840kg/m?® 8,000kg/m* 1/1.0
A A= 1,000kg/m’ 1,000kg/m’ 1/1.0
Young's modulus 206.7GPa 200GPa 1/1.0
FA/AZ A 0.0017 0.005 1/3.4

¥ 55. Proto—type®} Al@ 9] AFAt]
(2) AgA 9 AR
AlgA e WA= 0.6mm ’\Eﬂ°lf£ﬂ/\ 7oe AbL
AbEE AT WAl e Iflss WEE 771 Sg FHE
skdth A5 A "a]xﬂi Egﬂoﬂ/ﬁ ARSI S =
A &= A&t AbEE AT WF fFAe =5 AHES)

(3) AldA A=z
AlgA ] HAl = 1700mm x 300mm x 0.6mm Z3 471E S35t AF=HAoH, A&
°] el Plate Bt Cone EFYSE A ZAEH U HA e A& BEAZAS &3l £Ho
= PRk sk B3 A AFAE g4 olsol Jtesstes BEAZAE Yol 7t
sote s AZEHAGT HA Y IHFF WHItE s FrFEF 400kge] 12719 =7t =
Plate 819 A&l AX7F 75t =S A=A Al@A WRdeE FA9 £24& #&3)
sl A 5ol FF ArE AAstRAow, HA A 9 uoh 1" 69%H 19

2 AEd Ads Sl AFE AEAe] 7 e "
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175 mm
£75 mm
500 mm/s
+500 mm/s
+10 m/s*
+10 m/s®

0.6~50 Hz
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Al Al
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1550mm, 1700mm<o. &
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7HA % 400kg A X

1=
T

3

7hE = A1ZEo]1 3 (1940) €

]
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THEE(R)

010

=9] 1750mm A3, El Centro 0.3g
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010

0.02

7t E(R)

001

7HaE(e)

E(g)

7t

[

100 200 300 400 500

TS (M)

vlg 24, El Centro 0.3g

W
4@
x
001
000 i
0 100 200

0. 300 00 500

TS S(H)

0] 1750mm A d, A-&FAZ 0.154¢g

003

002

74 E(g)

3T

" Jh4 Mudiah o

100 200 300 400 500

TERH)

=0] 1750mm A4, El Centro 0.3g

=o°] 1150mm A%, El Centro 0.3g

0.03

0.02

M4 E(R)

001

vtet 2] 4, El Centro 0.3g

=0l 1750mm A4, &A% 0.154¢g
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015

7H4)

IH&Elg)

010

Sonsaahaan sshr MRS ALl o s sk
) 100 200 200 00 500
AlZHs)

1=o] 1150mm A%, 91FAA 0.154¢
1% 76. Plate B}Y B3 gAY A%55 54

() #7Hd% B39 55 54

7 o0 % o
000 000 Ahd, Ty
; ; T . . . : T ! .
=0] 1750mm A A, El Centro 0.3g =o] 1150mm A4, El Centro 0.3g
- LSO oo e
. . » IS4 (Hz) . » . . . » IS4 (Hz) . » ‘
vtet %14 El Centro 0.3g =o] 1750mm A%, JAFA X 0.154¢g

& E(g)

020

0.00 Aaa shA, A,
00 100 200 300 400 500

=°] 1150mm A3, 13A% 0.154¢g ukel A7, AFA| 7 0.154¢

a9 77. Plate B9 ARRALF 37D 93 WA 155 54

Yot =g A s AL 1150m, 1550m, 1700mol s s sAct (AA Ax=
AR 7|ER I FZX)

(1) AgAe s &
JHEA R FxE] AF
’dol, 15Hzo] 2] QG <ol A
T A5 FATE HA e A
3H A Bo|A ZAH 71EEE beam-typed FE

X
T 5 gtk ARAle] Ag(Eel 1750mm)d AAE ASEAZEE &

o

I EAo walA 15Hz ©]3te] YoM e 4y 7‘]71‘_194 s
= A=

EX
=
7%

g

N




%o = 573 2tk

FHo AWt 7pEE 441 1700mm Al 1550mm 441 1150mm

0.2¢g 22.02Hz 23.58Hz 33.50Hz
0.3¢g 22.02Hz 23.58Hz 33.55Hz
¥ 57. Beam-type R=9 %4+ (El Centro earthquake)
¥ 582 AlFA L 1150mm =olol $1X3 7MEEANA SAHE MEEERH 73 AF
2o AFFE AP Aoty 5 734 F 589 W3t HTH A3 A A A Fo|9
mgt & AF57t el es AL &A= St ol AHolAs HHA oA Mol
o, o Eolo W WA s oval-type W3] dojdd wat XgFrF viH Y U
S o geh webx] AFANAE oval-type MF ol dojui low ol wet FF7t
beam-type?] & FHTE ZrolA] 3 Qlt)
) Xuk V&R A1 1700mm A1 1550mm =4l 1150mm
0.2¢g 19.78Hz 21.68Hz 17.82Hz (23.73Hz)
0.3g 19.73Hz 21.68Hz 17.82Hz (23.73Hz)
X 58. Oval-type =9 Z%S4 (El Centro earthquake)
TS o]# gt oval-typed] W ol dojel wElx AlFA S AR AJFA S 1150mm =
olo A AN Z 757 YERLL T
Ho AWk V&= 441 1700mm 4] 1550mm 441 1150mm
0.2g 551m/s? 5.12m/s? 4.82m/s?
0.3g 7.75m/s” 7.75m/s? 6.88m/s”
¥ 59. A1gA AeHEo] 1750mm)olA =39 ) 715 % (El Centro earthquake)
o Auk 7EEE A1 1700mm Al 1550mm <Al 1150mm
0.2¢g 23.69m/s? 19.83m/s? 21.09m/s?
0.3g 31.35m/s? 24.83m/s? 29.72m/s?
£ 60. A/8A9 1150mm =ololA 54dE U 7I4% (Bl Centro earthquake)
a9 78, 1Y 79, 19 80> HW 7FEE 0.3g9 El Centro AF 7H& % A 7ko]g o] 7t
2 AL Z+zF 44 1700mm, 1550mm, 1150mmE 7FA+= 83 Rdo FQ A% REE
Yeld RAolth IHANA & F Aes A Fo] BE AFoA "9 TdFAAYg SHo

AUz Uow glom B3 HATAe SHe AgAoE 24 ey 9

ks
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0 o
-35 35
E E -1 5 0 4
o = .j05 2 s -
120 -140
175 175 e |
1D 2000 0 1000 Hux o 1000 2000
Fouried amgpdituds Fourier amplitude Fourser amplitude
2~ = 2= =
a3 78. 4 1700mmE ag 79. 74 1550mmE a3 80. 324 1150mmE
e B3 24 JF 7HAE B3 2 IF e 893 mde IS
LR rE rE

81, 19 82, 119 832 AW 714 % 03g2 El Centro A Z 71 % Al7ko]H o] 7}3f
4 A 1700mm, 1550mm, 1150mm7FA] Eo] A ¢z 33 Fdo] = HolA
Az Ao fASELH QS ABol Ao &R BxE e RAow 47]e) A

FEo) Fol 14 2 ADAe ArsE FATAL D NS BEoT

=2
N
g
N
Y
4
>,

= A
o2 RBolg, T3 4 1150mm7HA Eo] AYPR &g g9
= 7F&5 =9 BX = shear beam type® fundamental vibration mode<}t
frAbetE olo weEl FAlFUHEY FE- dibFoE dE 254 FHO £EXE Hold
A= WhHel, 4 1700mm 2 1550mm7FA] Eo] AP @2 Rde] AS £
beam type vibration mode®l 7}7h% & Holi o]d mlt FATAHY &

o7 43 &4 FH O B9k AolE HolA Uk
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Hed. A4 aEoM +Tst diel utstr|s EE

1. QAL o) het 7=
= ©]

z71e] AAAFE AL AAdE Fx BAZ AFIHL MRS FATSH B
A Ao Hekel €84 (sloshing) & AtEstes ARSI H Ol AFEEH AT o] 2sk AL
HoFol A dEAA WHOE Housner HHE & 4 At o] WA Housner= FA-5%
ge WAk A FHole FAlol o HHAE, &, FAA T (impulsive component) #
A Aol sepdol ddE HHAE, =, 74 (convective component) &= #3238}
o SHS AEsATh

19643 Niigata®xl 2, 19643 Alaskath 2%, 19663 Park flele] 1ol X o) A 2] 2 el A 5o
Ak gl 7F G, olH g s o] Ay AFol A A2k S A§

o]
o2 fFAFEH c]'ﬂ Tx2E RdoAMET Fuf o)t F
B35 FAZ 7t she A AR FEgto] v Aok ek Ak
e o B2 Fa 7 #As u(Uphftmg)O]
A A G ] kA F FFS Frhe AMPol FAFATE I o] F A A e F o A 9
FA-TZ2E J5 AL didt B A7 IAF A7IE Sl
& Wl 2A s T

Yy
|o
fr
>,
2
ut
2
|o
q
o
o
1

2. AA 7|0 WE AA ALY AL B WY

Eurocode 8, API 650, NZSEE 59 E& AA7ZEAAME 18 613 2ol AAAGYA

Wi fAe] Rl FAE HAS I FHols T4 % (impulsive component) 3 A4

FHe EgtAld AR hFAE (convective component) &2 H g3t HEZQ HFA o] A
2=

-AY A2d Poe 9ohd Rde AgsT Qo

)

pil
siA BA 7RI Aeste e I 7=
[e] xi

A8 7 F ARG IY FA 7 g2 AAAZFY TN = A FxE FEs= ol
o] N AXA Ht} WA Eurocode 8, API 650 52 Al e A Ae) H o] o

S mdoA AR AFS AEF o= 9
2 ESAT, FARE) THFINE A2 Welt 7

o]
P

3. AAVIE 24

Eurocode 8, NZSEES ZE=AAWHES AL 1o, API 6502 3 &SHAHAARE A}
237 glo] a5 Sol e FHAH vuE HAES A Fof AL Y3 FQ AAE 9F

2 v AESHY

- Eurocode 8

(’on C \/>
- API 650
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T,=1.8K,V/D

K = 0.578
‘ h( 3.68H)
tan D
- NZSEE
7 21V R/g

' H
\/1.841tanh(1.841§)

W 448 A

N
N,

- Eurocode 8

_ Vo H
T = TR VB

- API 650
(A

- NZSEE

&

= 4= )
Eurocode 8, API 650, NZSEE 59 AA7|FdAM+= EF 7 2o sl 05%2 %
28] 7F A Ao 9

2}, AA sk

- Eurocode 8

1= R = Q= (m; +m, +m,)S,(Ty,)+m.S.(T,,)

Ae BERIE - M= (mih; +myh, +m.h,)S, (T )+ mehS, (1)

- API 650

uhet Agy V= [A(W,+ W, + W+ W)]* + [A ()]
AT EHE : M= \/[A(WX,+ WX, + W,X,)]*+ [A(W.X,)]
- NZSEE

shek AR v= [V AP

A% BWE M= /[M+ M)+ [ M]?
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