YE32E4)

(Building Design for Blast Resistance)

1 W=

BZ 12 E(Blast Resistant Building)ols}t o3t ®X= 71adA
BACKE, 570, 2309 3] 9 28, EGAR oA R} B W
Sk Zgtol) RS BUE ‘i‘:f"gﬁ}% Z43513(Blast Load)l
ot w3 o B3, Fasfees AAEE 22ES
S R %5 7 23 zmo]_ El5120] B4 W 77
of ufe} Abds] thst WELEEo] EAstAIRt, F2 ol s}
A B 28-S 3A 37 Je® SEE

), B8l hydrocarbons) 5 o8 7H] HBES HFeh=
ARatel ZRAIA ZHE S FE2Eolth R dTEAA 4
A 715 pstolol sl e, dE 9 FAo1E(Main

|

(o}

-

ot ni

AT
FALFE AT

Control Building) 52| ZZ°] oo sifgsct, ole} 22 A&EL
Zd9)(Blast Source) 22HE A AE FAlsk=S AYE |
of 3 Zxlof o5t FslFo] A| s A ofof Fi,

B, TesEHol Z0iEs 5 A9 3408 E Hiolop
B FRER, FE 4AE 559 ‘%P:?i—?},%(Protective
Structure)olH}, FAEEC] ORI ElEE FAAJOE
S} sk AECIE 9, 3384t A, Jf}?ﬂl% 50l 01
of SFEC}, Zeto|u} Zeho] ot Flrsle: Wet ofe}, FRES
ZFEHE 99 $Z(Impact), #U(penetration), Z-H(fragment)
9 EH‘ -2 —"F = aefstojof gt

AR, 245 HEARA, %%%%‘*’J*W S 2ol 72 UHd ¥

7holAl 0]?4 291 ZHAE ol LRERA o

Mg A

[3& 1-1] FH0{Z(Main Control Building) 215 & W8 M

]
K
Rl
B



(23 1-2] ¥57%8

7) % 71 o) AR GASHIR GAT BN Bio)
AR gJelo] RO A, 7% BEY L YRR, YE2y

-
A, B 3 oS A e 4 G WA B 3

slo] Alstofor Fitt,

2. BELAIIE

ol HEtzEo] it Mo AA7IES glov, "
719 A272,00 Fskge] Al 3 Aok HA 5ol
3 FPAskAL Qlom, AAE TSN S A SR A
BF2E A7 B )] BEaTet HARKS A
4 Y TR R, FASHE AFY Il disy v
A8l gsol giet. (o] 7IEE wERe] Fundamentals of
Protective Design for Conventional Weapons(TM—5—
855—1), 2} UHg-& =3t} 2=

=99 HhEtzE AAVE 9@ ASAILRE AR

(Departmen of the Army, Navy, and Air Force)¥]

24 7}

FStructures to Resist the Effects of Accidental
Explosions (TM 5—1300)s7F 7W de] €A k. ™™ 5-
1300001 WA gt A8, 2WUskF(blast Load), ZHH
(fragment), £28}5(shock load)2] AR EAslsle] e,
AIZARE 9 AEr, 43ne] BdAVlE 9 AR Al
A7 Fol wie- 3] 7lElo] glof of2) 7] e, et W
Zzx71o] tfaf EA7} 73t

ARelel ZeAA EHE 3 PEAEEY AV FR

ASCE(American Society of Civil Engeers)® ™esign of

Blast Resistant Building in Petro— chemical Facilities; &
MCA(Manufacturing Chemical Association)®] TSiting and
Construction of New Control Houses for Chemical
Manufacturing Plants (SG—22),7F @8] A& Qo). o]2je]
2 WUoly S AHOE WEHAYIE N APAE 4

A, AA 2 Algoll REgaka Qlct

3, BuoiEel 43

3.1 E20 3y

P24 Zdfo] WAsle] o7k 1P WEHY HEAH
9] ¢tejo] FA3) Z718AA FAlol ApRoE AU,

oo} 7o EEu(blast wave)2] FAADHshock front)o] ta’]
7h o= g Aol EEshE 1L X e [TH3-1]elA A"
di7)ek AeloliA ZoieleielE(peak incident pressure, Pso) %
S7FR 0 JAREEE O 7Haslo] toAlRE o di7 19 e 5
Sole = AohtAl(positive phase)E AR toARFESE Adstod
719 ofstE FASIATE to+toAIZl t|heR Efdhe
HolhA|(negative phase) IS AA AFHT}, oA 2

[o]
AHE

b

ol

o

oletl(peak suction pressure)olzt sh=H| A%l

a)s) Aok, E-ARAOA A, RgaAe] wHe] SAFe] aF

ey
pw

w POSITIVE SPECIFIC IMPULSE, is

el

§ NEGATIVE SPECIFIC

z Ps IMPULSE, i5

AMBIENT, Py Nttt 2

- %
Pso -

P(%HS!;S‘\E/E NEGATIVE PHASE
DURATION, DURATION, 15 !
to

TIME AFTER EXPLOSION

[23 3-1] 220 Y&-AIZ0HBH

Qrelo] zolo| o) sk FHFueIE Gl FIA| WA 7k
UAER Z2AMHS wet ol gar] Hizd, oot 22 7EAgRE
oJ3t ZRaora s AsYe(peak dynamic pressure, qo)©l
2} b, ZZuet e

ZANGo] o B4 RwF} st YAhs TAEEA o
gt 7o) ZhEed], TR Hoi)E, & ANk

(peak reflected pressure, Pr)2] Z71e AR QA 2+

2009 38 HMi6# 15 61




%, 283 YA 37)of whet gt (19 3-2k Hagw
Aol HhAE e R Qo) wsle wolze

i"SO
w POSITIVE SPECIFIC IMPULSE, is
2
W s NEGATIVE SPECIFIC
z s IMPULSE, i
AMBIENT, P, Wt ig tati t Vo
" 1, T T
Po A . -
<}
POSITIVE
PHASE NEGATIVE PHASE
DURATION, 1o

o PHASE
DURATION,
o

TIME AFTER EXPLOSION

(28 3-2] Z30t AH-ARIO|HZM (FEHFHYLAY

3.2 ZuI ZXRIX}
ko] g2 xRt (overpressure)olH 592 (dynamic
pressure)5 2 A71E 28 Briske] Fie] 244 H3ks
HAe Rbe Bl oviE Hoxl Ao HuHgo| Faolrh
T QL DUE SR Ao videl 48E T3 WeiR
o YHtEeR ZAEL TNTE 7IE0R dhn, T8ke] ZukEo)
A ofz 4l(3-1)oll wet TNTSVISSH(TNT equivalency)
& T3to] AMg3it,
We=(H'exe/H'rr) X Wexe A(3-1)
AN, Wy INTE/5%
Wi © BAEEE 55
Hie @ HAEEE 29 Ytheat of detonation)

Hne : TNTS Zuhbed

3.3 E6lE Y blast—loading categories)

FEE] 23k W6l BB FE ) gt vlsE
Hunconfined explosion)¥ 4% confined explosion)®
vt

HIFEZM2 opA] ofjBo] M EAeh] 32 A3sEd
(free air burst)@ AohEo] Y= 52 Mair burst) 183 A
H#HE M surface burst)E FREH, FEHIZHRS oAuy)Zw
(fully vented), F-Eu17|Z%Hpartially vented), LFd-&E4t
(fully confined)® ~2¥tt, ZYE9] 7424, FUof wt
g} Zdsl50] 7|9} o] At Aolg Holma Tof g ¢
Z&9 P th2A] A =olof gt

No.l Containment Cefl
* onty
Partict Confainment
Barrier ' ahi
or }\ Above Ground Suppressiue Shield,
Cubicle [ Shelter Gontainment Cell
[ Ne. 2 - -Nog™
No. 4 i * R 586
* ! Ne
2‘-Bolow Bround
Sheiter
BLAST LOADING CATEGORIES
CHARGE PRESSURE PROTECTIVE
CONFINEMENT CATEGORY LOADS STRUCTURE
- I. Free Air Burst a. Unreflectsd
Uncontined | , Ay gyret b. Reflected Shelter
Expiosions
3. Burfoce Burst b, Refiected .
4. Fully Vented ¢ :f’::;g::s““" Cubicle
Partiat
Confined . ¢. Internal Shock | eontainment Cell
Explosions §.Portially Confined e, Internal Gas Suppressive
d. Leakage Shisld
&. Fully Confined o. Internal Shook | o P
) e. Internal Gos Cell
(18 3-3] EYsiE ¥
3.4 a5 AP0l (TM5—1300)
1) Az
FZEZ7) ¢ 16m(L) X 6m(W) X 6m(H)
WEZz2A  : Composition C—4, w=5bkgf
A2 d=6m
‘——L_————‘—*.
SOE L L L. L
FRONT T BACK
- w'k—————b W w* H
*—8 g
A A
®
PLAN SECTION

= ¢ jocation of explosives

2) TNTS71E% (TNT equivalency)
H'exo(C—4)=2.22¢6 ft - Ib/b
Hino(TNT)=197¢6 ft - 1b/Ib
W= (H e/ H'mer) X Wip=12.41bs(5.635kef)
- We=1491hsQFH&1.2113)

(3) iY== (peak incident pressure, Pso)
Scaled distanceZ=d/Wz"=80 ft/Ibs"*
Pso(front) =28.5psi(20tf/m’) = Figure 2—168

)
A
-
]



@) ZyE22=Hpeak incident impulse, Is)
Is/Wg”*=105 psi - ms/Ib”* = Figure 2—172
.. Is{front)=156.5 psi - ms
(5 to, ta
to/W5/*=2.3ms/Ib"* = Figure 2—5
ta/W"*=3.0ms/Ib"* = Figure 2—5
.. to=b.66ms, ta=7.38ms
@9k Pri= Figure 2—5% of%, U #o= A
Ashy 25U qo Figure 2—3& of&3}o] APdgit})

psi
Pgo= 28.5
posttiver specific impiuse ig= 157 psi-ms
= 7.38 s T30t ms

3.5 57} AZisd BA (gquivalent tiangular pulse)
3. 478004 APgEE QrE-AltolE R A2 Ao IR ARESH ol

tof=(2X1s)/Pso 2(3-9)
POSITIVE PHASE P-T
Pso e
IDEALIZED POSITIVE PHASE P-T
w /
@
=
2 Ps
£ \\ tot JDEALIZED NEGATIVE
PHASE P-T -
fo tot
AMBIENT P _____;
Pso - R

0.2515¢ Z—;EGATIVE PHASE P-T

‘POSITIVE
PHASE NEGATIVE PHASE
DURA'TION, DURATION, tg
0

(38 3.4] S7tezdEA

3.6 A BdolE
Zarlol| Weh FREL oA dudiEel dEsi(incident
pressure), 5% (dynamic pressure), HFARIE(reflected
pressure) 221 FUU=(suction pressure)S =T},
@ AHHA (front wall)
4

Tt FActo] AR o] EIHH 47 MRl

o,

g=fat

]

Pso+Codo

PRESSURE

3l

= TIME
0254

(28 3.5] 22 B 27 Y-A20HBY

a

tc=4S/(1+R) Cr A(3-3)
o714, S : Het Ws/2 % A2 ¢H(a% 3.5%%)

R : 5/G,

G :HYWs/2 5 2 g (18 3.5%2)

Cr @ B9 24(TM 5—1300 Figure 2—192 %)

7AdMetel(drag pressure)S EWA] HRYEE 74AQUALO) o) 5] o

A
CD=AEHAQl 7% durom [48)e] For i,

@ A5{roof) 1 ZHHA(side wall)

Zauigel A e vkl A8atA] ghorne s
ahow | A(3-4)of| oJate] AR
PR=C; Pof+Cp, qof A(3-4)
o714, Pof : A7AflA9] AAE (3E3.6342)

qof : Al Fo (1H3.632)
Cp © B715EEAIS (TM 5—1300 Figure 2—196 =)
Cp @ ALAS

(0~25psi:0.4, 25~50psi:0.3, 50~130psi:0.2)

- SHOCK FRONT
ATTIME T

1

L

@) SECTION THROUGH STRUCTURE

L
I,
1 PerCod
: te g
|
| t+1,+0.2505

T
i
i

Ht g t5r

PRESSURE

82

!
/

TIME

(2% 3.6] X2 U SHAHO| YA YA-AZ0IHTH

a

@ TuHHA(rear wall)

Fuu Sae AREASEY wopgeR Agsi okis

20094 3 ™16 12 63




AAE fste] Yk oz TRskA] ghert,

40 BEFZE FTHHY

4.1 ZUsE0| 27| WE sHARY

S e 2 BAY SR AidAREE(Pso)e] 271
of afe} ZgEojof dith, FUelA] Aes] Hel FojA glojd &
ke B 2Pt o 2k Aol FAEES 2B B
E4E 1T 57t A¥stger udske UMMM
(equivalent static method)& AME 4= Qg 1XEQ] B3
M AR s, ghRle] 27171 FalEa vlRdt £EY At
A gsle Ao| uigkdsich (FaEds)d S Hisle
A3 7Ielo] 9ls) olek o] B8 A9E Aloiale U4l
ol f3AE gt FAsAE ke Ho] dutdolt,

4.2 SIREAlsingle degree of freedom)
AAFZEE Hoke 245 dF 89 &, 82, s A
¥ 52 g g AR & 4 Qi

p@®
IEEENR RN R AN

e

L

a) Beam

b) Slab or Plate

FO)

72T,

7 7 7%7&:

d) Equivalent SDOF System

¢} One Story Frame
(38 4.1] Sxig=

HAGEAY] HIT] AAge] S5l e chedlat ot (Yut
Ao HEAAR| 7= THEA] %)
Ma+R=F({) A4-1)
A(4-1)0] = Bl (elastic system)¢l A% 8l Ak
AL wjo] Ak Aol thdt o A|zielAe 4 A7]9)
HZ2 Aojel= E32AKDLF : dynamic load factor)E ol&

alo] 47 3 4= Qi BAgA (elasto— plastic system) 9 7
S T34 29 ol A, vy, A9 A FROE WA,
E-aAAle] AdSEE Foks WleRE g FHlH AEE o
23}= AEs(graphical solution method)¥ 423 2944
{numerical integration method, time history method) 9]

e,

R
Ry P
v @ @

p
SOOIV I T x

/ L

™ Bilinear

@ Approximation

y (x=1/2)
2) Fixed Ended Beam b) Resistance Function

c) Progressive Plastic Hinge Formation

(28 4.2] HEE=s R)

4.3 3BT AR oad path)oll [E ZAHA

Zrsgol el AEe u, ARVl B Htol <l
A&AR] SHEAEREE sl 24 JAE S FAY sHE @
AR sjAlsle] elal T SHUES thy AR Y FAe
slgElolER dSishe AR AR oR 18 FARK] SaY
3238 Bk uEA] ofet (ALEY4)e] sz i
LAl cete} NS Zlaslel =)

Roof Diaphr:
Sl WG
[ Shear Wall
H %‘3 Palt)
() -\ ;L
TEITTITTITTiTITTI *
wad ?35‘ B >
2 Front Wall
© /:} Typical Box Structure ¥
B Va®eey 3
%o \
P H H
FIrFIyTaryrryseiTr
Vertical Wall Strip Roof Diaphragm Shear Wall

b) Forces Acting on Primary Structural Elements

[O8 4.3] SIENYZERE 0188 ALY

[
K
Bt
B



4.4 U= (muli degree of freedom)
2% olde FREL teA sAE eastojof jitt,

y
£Q©
M2 T l RO
EI M2 { X2 Q)
2 El H,
F@® *1} ® % X
M, i
__T M, ; X0
El; EL; H,
K
X
7 L
a) Two-Story Frame b) MDOF Model
with Rigid Girders
F | X
Fio
Fi@® X,
By
E®
X2 %
0 tq t ;t
[2& 4.4] TRI{EA
4.5 S84 (finte element analysis)

AR L") et s BAje) RS HZE 0,580 A51 2
B} 2k e, ARlRANES 982 ok A, HEd, oW
¥ P—delta®d 5 mesjor T A, wighd, B2 A, A4
o] A& AL 73
.

1177}11 WEL2E0| ofet Bl APt sl tiste]

NFHoR A%uag}(ﬁg_ui 78 FZA
], Ao R 9 2 upfpi Sof digh EEA
| 9 ARl el ok 718le) Ak S,
BEGAL Oy SHE FxBol TAIAE 5o FREel g
PAZo| daiA AEES] Satko] met A
sk Gl FHolE, Ty 3

=2
3 A 4F 72ES H*%éﬂﬁ] Aol 7ieAlor 2golut

2e VA 9 gAY

1) TM 5-1300, “Structures to Resist the Effect of Accidental
Explosions”, Department of the Army, Navy and Air Force,
2) ™ 5-855-1, ‘Fundamentals of Protective Design for
Conventional Weapons', Department of the Army, Navy
and Air Force,
3) WETRE AArE, 2
4) ASCE, “Design of Blast Resistant Building in Petro—
chemical Facilities’, 1997
5) MCA, ‘Siting and Construction of New Control Houses for
Chemical Manufacturing Plants §G-22), 1978
6) CIA, “Process Plant Hezard and Control Building Desigr?’, 1992
) “FARE, SRSk

20094 3E H16F 15 65




