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Improvement in Design Load and Seismic Performance Objective
for Industrial and Environmental Facilities

ABSTRACT

Industrial and environmental facilities, which are national growth engine, must sustain their structural safety and maintain their
process to continue production activities under various load conditions including natural hazards. In this study, by improving existing
design codes which aim to secure the structural safety only, new structural and seismic design codes are proposed to secure both the
structural safety and the operability of facilities. In the proposed structural design code, a variety of loads to reflect the characteristics
of industrial and environmental facilities are considered and load combinations for the ultimate strength design and the allowable stress
design of structures are suggested. Considering the importance of a unit industrial facility and that of a unit process, the seismic design
class, design earthquake, and seismic performance level of a unit component are determined to achieve the dual seismic performance
objectives for securing both the structural safety and the operability. Also, the proposed design code are applied to an example of an
environmental facility in order to examine its applicability.
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Table 1. Comparison of Load Combinations between ACI 349 and this Study for Strength Design

load type ACI 349(2013)

this study

1.4(D+F+R)+ T,

1.4(D+F+R)+ T,

normal environmental load
v +1.4C,+0.5(L,or S or R)

1.2(D+F+R,)+1.27,+1.6(L+ H)

1.2(D+ F+ R,)+1.2T,+1.6(L+ H)
+1.4C,.+0.5(L, or Sor R)

1.2(D+F+ R,)+0.8(L+ H)+1.4C,.+1.6(L, or S or R)

1.2(D+F+R,)+08(L+ H)+1.4C,+1.6(L.or Sor R)

severe environmental load

1.2(D+ F+R,)+1.6(L+ H+ E,)

1.2(D+ F+R,))+1.6(L+ H) + E,

1.2(D+F+R)+1.6(L+H+ W)

extreme environmental load

D+ F+08L+ C,+ H+ T,+ R, + E,,

D+ F+R,+ T,+08L+ H+ C,, + E,

D+ F+08L+ H+ T,+ R,+ W,

D+ F+R,+ T,+08L+ H+ W

abnormal environmental load

D+F+08L+ C,+ H+ T,+ R,+1.2P,

D+ F+08L+ H+ T,+ R+ P,+ Y, + Y;+ Y, + E,
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s Study for Allowable Stress Design

load type ANSI/AISC N690(2018)

this study

D+ L+ R+ F+H+T,+C,

D+ L+R+F+H+T,+C,

normal environmental load D+ (Zyor Sor R)+ R, + Ft HA T,

+C, D+ (Lor Sor R)+R,+F+ H+ T,+C,

D+ F+0.75L+0.75H
+0.75(L, or Sor R)+ T,+ C,,

D+ F+0.75L+ 0.75H
+0.75(L, or S or R)+ Ty+ C.,

D+ Ry+ F+ E,+0.75(L+ H)
+C,+0.75(L.or Sor R)+ T,

D+ Ry+ F+ E,+0.75(L+ H)
+C,+0.75(L.or Sor R)+ T,

severe environmental load

+C.,+0.75(L.or Sor R)+ T,

D+ Ry+ F+0.6 W+ 0.75(L+ H)

D+ L+ C,+ R+ T,+ B, + F+

H D+ L+ G+ R+ T+ By + F+ H

extreme environmental load
D+L+R,+ T,+ W,+ F+ H

D+L+R+T,+ WHF+H

D+ L+ Cp+ P+ R+ Ty+ F+ H -

abnormal environmental load

D+ L+ P+ R+ T,+ Y, + Y+ Y, +07E, + F+H -
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Fig. 1. Relationships of Unit Industrial Facility, Process, Unit Process and Unit Component
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Table 3. Classification Criteria in terms of Life and Property Losses for Unit Industrial Facility

loss type level classification criteria
large severe life loss of public is occurred because material is leaked and transferred to outside of facility site
life loss medium severe life loss of worker is occurred because material is leaked and transferred to inside of facility site
small limited life loss is occurred even though material is leaked and transferred
large significant property loss of public or adverse effect on related industry is occurred
property loss| medium |severe property loss of owner and limited adverse effect on related industry are occurred (if necessary, consult with owner)
small small property loss of owner and no adverse effect on related industry are occurred (if necessary, consult with owner)

Table 4. Importance of Unit Industrial Facility

Table 5. Importance of Unit Process

level of life loss due to leaked level of importance of effects of unit process importance
materials property loss | unit industrial facility on safety and operability of unit industrial facility | of unit process
large direct or significant effect main process
large medium indirect effect sub process
small no effect auxiliary process
large core facility
toxic material medium medium Table 6. Seismic Classification of Unit Process
small importance of unit industrial facility
large importance core facility important | normal
small medium ) el facility | facility
important facility . . . - -
small importance main process | Seismic Special | Seismic I | Seismic I
large core facility of unit sub process Seismic I | Seismic II | Seismic 11
. - process o -
medium medium auxiliary process Non-seismic
combustible <omall important facility
(or explosive) -
material large core facility Zo] glth
small medium ZAA] el PP R et RS
important facility Wz123A4] dHHKDS 17 00 00, 2018)2] YRS =
small VeSS B BIPA Ro|E olg TEE
normal free core faclly o) Ys SRz A SIck et BpgAE A)2)
material - medium important facility 3 TR 20)58 2ABAET} opd Zab] o8t AT} i ge-g
small normal facility
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Table 7. Mean Return-period of Design Earthquake for Each
Seismic Class

seismic class design earthquake mean return-period
severe earthquake (£,) 50 years
Seismic I1
extreme earthquake ( £,) 500 years
severe earthquake (£,) 100 years
Seismic |
extreme earthquake ( %,) 1,000 years
o . severe earthquake ( £,) 200 years
Seismic Special
extreme earthquake (£,) | 2,400 or 4,800 years

Table 8. Seismic Performance Level of Unit Component

seismic
damage recovery .o
performance . criteria
level duration
level
operable under no damage,
elastic no . high-speed rotating,
. no repair .
behaviour | damage high-low temperature,
high-low pressure
. . . . . operable under light damage,
immediate light immediate |, pe . eh 8
. impossible to bypass and to
recovery | damage repair . .
replace immediately
long-term | moderate | long-term  |operable under moderate
recovery | damage repair damage, possible to bypass
collapse severe | demolition and |operable even under severe
prevention | damage | reconstruction |damage

B9} o] Tl e 2] 9 FEE)e] 231/d0] e Wizt
373, SRR A @Al ek vbE, 8RR
(== o] 2 ujehal o] & ol Bl 4285 Adn|(E
+ uiehe] 23S G = QrhH SRR Al B EAREC]
WzIA] JUKKDS 17 00 00, 2018)jx1= 47)<]
=

AFsse ANBIL Qovk, o7l SajETe) )u

sl URIPSEIES AAsRe AN AnseEa
E EpRIM S WE ) A7) $4E Ttk del
P 2aEE A7) Shl, 7K AL BARES Bl AR
sk} Qlgsls) g 85| skgslel etk BelEd Fax
£ @A) AfsisiEaeey oJvaow Sast g 34 9%
) w7jel Fbste] Ak URIPSSE 24 A a0kt
thest @k

© 134 PRISHOPAAD: sl F2% 2 )
T F8E
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4.1 CRISHE LIEISS(EAKXIED

oA URISES DAl et 9 Fa %
2 A g Fawe wslsiel ARtalsE e
o2 BF, AR AZ Tl Wl R A
(Seo et al., 2018)2] 2008 FE] 2017 F7FA] 107} 2433 329
9] Afak] FAPIEERYE IEufse] s ERTITE 2013
WRE 2017d714] 5EgF Alzel|x]e] shebrtare]] of3) Syzt
o193t 287<] APdapr} vhElIt(Table 9). o] 7|7+ Q3w
oF 337¢] FaL 2R Afart WAL, 2718 & Akt 13
A Ao w 7Pt wf, shpe] Alarel] ATt APgAEA(2878)
9] 1/49) sfjFsl= 78 olde] Abgapt TR 395 18]
TR W2 7Pggit) Ils) i 79 mvkl Ae= S,
37 Wl A= A2 7PgKTable 10). £ dA5-llM=
Akazel] eJgk 23422l Igulel] HrE Fgatlon), ¥ &
etdavde] SR 55 EUE 2RPEAR] QIels
TGRS = Ao el gk $ARKES grisle] delit
A FoEE TS daFow AHE & ok

Akl i wiE TRE VEO R e & Gl
TS TR 11,0000 o3l A= o, 1,00094) mRil 9
32, 10099 mvIel ¢ <4 & 7PY3)(Table 10). 35 e
ofe] viE T FARKES B&3te] ARKE) TR RS TS
AdH o A o At o2k Awr} HE1E A DRI

=

Table 9. Life Loss due to Accidents in Chemical Plants during

2013~2017
type of acciden Year 2013 | 2014 | 2015 | 2016 | 2017 | total
explosion 20 | 14 12 10 11 67
fire 12 8 16 7 8 51
chemical material exposure | 7 6 4 1 4 22
total 39 | 28 | 32 | 18 | 23 | 140
annual average (life loss/year) 28

Table 10. Example Criteria for Life Loss and Property Loss in Unit
Industrial Facility

classification life loss

property loss

large =7 = W100 billion

W10 billion = life loss

iy
3 = lifeloss <7 < W100 billion

medium

small <3 < W10 billion
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Ho = BuEgitiLee, 2022). £ cAlo] TRIGAEL o] AjaL
o Foh= Sl WS 4 e AKR 7Rgsto] Igulsl 1078
2 T oYy, TS T 57622102 ‘TH(1,00091) oy =
73T} ©]2 Table 49)] AAJEH G F 8% FFo
thelahd, 7134 Al Z(combutible material)e] 1T =
(medium)® o3} Aole] ‘vilarge) ol siTsto] oA TepE
A S R R

T TR TE SRR ok sk 3k
K] 2PdefaRge] wig AlA F7g2] AN oAlE HaL
SIFTHKOSHA, 2020). vigh A ¥7g9] s5% 2 vid-AR=H
(Piping & Instrument Diagram, P&ID)& EU|Z 9|3} 2
H-J(Hazard and Operability Studies, HAZOP)’ 73S 283}
IR A L83t S T 7R 7] MRk
Z|2]Jsh= -&(methane refining process) O 2 3kA|-Zko] 99
o] EAIIE: wepr 219e] A B 71710 A3l ofs) Ed

Table 11. Unit Process in the Sample of Methane Refining Process

noc.ie number | P&ID description
(unit process)| No.
| D202 Inject DCPD to T-010 by using P-010 in TANK
LORRY
2 D20-2| Nitrogen purging and vent system in T-010
3 D20-2 [Inject DP source material to T-110 by using P-011
4 D20-2 Inject DP drum to T-110 by using P-111
5 D20-2| Nitrogen purging and vent system in T-110
6 D30-2 Supply from H2 type trailer to R-100
7 D30-2 [Inject DP source material to R-100 by using P-110
8 D30-2 R-100 circulation pumping system
9 D30-2 R-100 reactant DH Transfer system
10 D30-2 R-100 reactor Hot Oil circulation system

Table 12. Importance of Unit Process Determined by HAZOP

;

T I BE AEA, 99 9 23] EAE gl

HHE SARES A 1% 2] Fa 55 AL
o' WP o 2 FAIKE A A7t thgh Weks 5Ho =
HAZOP-S Z=3) 3 HKOSHA, 2020). Table 119 wWgk A#]
3749 HET7Hnode number)S “geslo] HojFn, B Gl
= 7 HETRRS 99le AR FAEdith

HAZOP71HE 9139 WA NIE(Fs)et A=(FU)E 1L
gfete] S3eHS 2Tt SRS He 152 WA, o]
AR 9355 Table 59 AR 913 S8 =, F Bx
5)et AEA|e], SFeHE 1 Ha=s " (auxiliary process), 13
7 29} 32 54 (sub process), AF5H 49} 5+ F54(main
process)©. 2 A 2]stlTable 12).

T} Table 139]= Table 1194 Rl T34 Av) E5
< Hopral glow, Zh wole i HAZOP 7S o8l 3-89
Aegrte s A= Aokl AAGHE 2 old e
4915 TR Aelste] HolErh

S A RN e = ! O S0 s 5s)
o] SEAe] URklsHs 24 otk 2 oAle] deliiiard
TOEE P R ERET, 99 S8 e B
‘HEFA F 7R R o}E Table SOl AlARE Teed
o URISwa} dAo] Hefehd thedt 2k 99 8=t
FFAoIH WA UleEe ‘UKl 1 5w o® AR,
WA S8t ‘B o W9 Uikl Ee U
25w o8 27 ErkTable 14). ‘HRITHE 0= 7 ©9l%
A(node number 5, 7)¢] AL WA BQ3FA| &t} Table
8 W}, ‘R 1 55" 0= EHF WEAe] AARRIE Table
142] mpA]ul d3 o] Ae|Hrh

3
¢

4.2 LIZESER

AARE AAAR ] diste] S-S FAIsHE T9laavt
W sTH (A, SAET, A715, B8RS 9538
=5 URPAIE Fasliof sh, 38¢llA] ol Uk eERE
ZeJatSirt. Tables 13 and 140X W31 1 55 T84 &3t
o] AR, 37 2 7] % AA7F Be3F W9 e g,

HAZOP

importance of

risk level

necessary risk management

work unit process

1 | negligible risk

keep current risk management

auxiliary process

2 slight risk

provide standard periodic education for safety information and safety of work

accept risk of work
sub process

3 | significant risk

establish safety plans during scheduled period for maintenance or repair

sub process

4 | important risk

need to work after establishing urgent temporary plans for safety, and then
establish safety plans during scheduled period for maintenance or repair

conditionally accept

risk of work main process

5 | unallowable risk

stop working immediately

no accept risk of work main process
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Table 13. Risk level and Importance of Unit Process for Equipment

noc?e number P&ID No. equipment list risk level from HAZOP importance of unit process
(unit process)
1 D20-2 pump 2 sub process
2 D20-2 tank 2 sub process
3 D20-2 pipe, tank, pump 2 sub process
4 D20-2 pipe, pump 2 sub process
5 D20-2 pipe 1 auxiliary process
6 D30-2 pipe 2 sub process
7 D30-2 pipe, pump 1 auxiliary process
8 D30-2 pipe, pump 2 sub process
9 D30-2 pipe, pump 2 sub process
10 D30-2 reactor, pump 2 sub process

Table 14. Seismic Class and Mean Return-period of Design Earthquakes for Each Unit Process

node number P&ID No importance of unit importance of unit seismic class of unit mean return-period of design
(unit process) ' industrial facility process process earthquake

1 D20-2 sub process Seismic |

2 D20-2 sub process Seismic |

— 100 years (£,), 1,000 years ( £,)

3 D20-2 sub process Seismic [

4 D20-2 sub process Seismic

5 D20-2 - auxiliary process Non-seismic -

core facility —

6 D30-2 sub process Seismic | 100 years (£,), 1,000 years ( £,)

7 D30-2 auxiliary process Non-seismic -

8 D30-2 sub process Seismic [

9 D30-2 sub process Seismic | 100 years (£,), 1,000 years ( Z,)

10 D30-2 sub process Seismic |

Table 15. Seismic Performance Objective for Each Unit Component  HI¥h B2, BZR F 47Fxjolct Uikl 1 5570 33s
; ) 8 A FEAETT ]OO‘_*W]’X{EO%F%; g
node number el;i?;fg;eor seismic design 9 B 7] B v _] (£) ] ‘i} OI-.F t}-
(unit process) (unit component) performance level | earthquake o el ‘BHIFAP S WS of Si) TlEo], W AldT 7]
1 pump elastic behaviour 1,000 SRHAIZI(£y)0] 29l shgzgtel] tisl, el
2 tank collapse prevention AssH ok 5/0] FREE e[} HERE AT
pipc | collapsc prevention < WiEsfol skl 417tk M (EE 2ol S AAe] )5k
3 tank collapse prevention |1,000 years ( Z,) B e} IR B wEsjol it Table 15).
pump elastic behaviour
i 11 ti
4 pipe co ap.se preve.n ion 5232
pump elastic behaviour
5 pipe collapse prevention - H Fjele] A} AR % slo] ALIsAIS] EA
6 ipe collapse prevention | 1,000 years ( Z.
blp pe prevention [LODYES(5) 5 siojgh A e URIAAZIES AEA AXET,
pipe collapse prevention _ ) } ) )
7 pump elastic behaviour o] =M= Al Hgeliof el Al sz
8 pipe collapse prevention S AASFAL, AFge ﬁ}‘]’giﬂ T A g Rk ol
pump elastic behaviour T FAE Y3 R TEEE xq])\]{s].gix:]._ tjEo], tlEael
9 pipe collap.se preve‘ntion 1,000 years (£,) HERAAS G2 a,oq YRAASETE Hojsl= Axl2 2}
pump elastic behaviour A5] 27181900k o] eitE Eal] xﬂ okl RISV AA|E
10 reactor elastic behaviour o Zq EAS qolsiul thog 7
pump elastic behaviour o 78 54= e vt £
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