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Abstract

To study the behavior of structures subject to blast loads it is important to calculate the loads due to the explosives accurately,
especially in the case of interior explosions. It is known that numerical method based on computational fluid dynamics can estimate
relatively accurate blast load due to the interior explosion including reflection effect. However, the numerical method has
disadvantages that it is difficult to model the analysis and it takes much time to analyze it. Therefore, in this study, the analytical
method which can include the reflection effect of the interior explosion was studied. The target structures were set as the slabs of
residential buildings subject to interior explosion that could lead to massive casualties and progressive collapses. First, the numerical
method is used to investigate the interior explosion effect and the maximum deflection of the slab which was assumed to be elastic,
and compared with the analytical method proposed in this study. In the proposed analytical method, we determine the weighting

factor of the reflection effect using the beam theory so that the explosion load calculation method becomes more accurate.
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et al., 2009). 37 PHL =ASA AUy e
Aol 3Ae] 9T T2 T Kot gt EAAAT
A& 7Fe3ITHIATG, 2013). AAAIGE} o] &5 viEos
sl e $E Adse £XA EL HEo] Bol
ARE T AL ] B THAYHE qAISHAA 7|E B
AN7HEY & HE=E FEE & UAHKim et al.,
2007). sRA|9F XA whEE o83 AL SutE A
ZAIRE A7) YA ohFs AeES elsidof sk o]2dt
WrEe] 848 BT X8l A AHE 47 A
W B4 A7kl o d ¥ ope} HFEY AT EY ]9 ALt
A w8 A ARE E=3 2ATHShi et al., 2008).
ujEh & dqelM e AUEd 87 5 %) 932 nXe
TRAL 53w e M Fdste S g
staat gt

E AFdAe g F2EL FZZAYE S i
stzo] A E o eHjEe] = 7T e} vE
44 w7t ST 5 A2 (Yi et al, 2009a), €HE
TZE AAS gy 2 42 97 Aos AP Hes dF
o2 ol AP F2ER AAFsIgt. E3 drlEIs)
TS AU F TS 1eistd AFHQ] FAAARL oltES]
EHEE A 2d2 F3ch B T e 4 £33
HPH S o831 34 2o AAg a4 AVE golra,
I FA% A ASS B8 a8a olg AuiEd
8% Bz 71 ot £A1A Whios AL i daet
A A A8 F+= 43 Fddks A WEE L
STt AA Al F2E 3R 838 Brlske FHEAE
7182E FARRE A8 F= H4F IS AAstA .

2. R EW} AlLiEY

Fuk 0y Al TRE] X9 725 NP = wEt
Fig. 13 2] 72 FEE & ot & A7l vlwstazt
ket A A (fully vented)H €4 T4 (fully con-
fined) ¥ejo] Fdo|th & MY FeiE AT L= B §
en, 27| FAspr} 2B 71 F 1 iR B s A
wieg g9 q3 93 floh

944 74 JY S AUEes B § glod, AT} gE

192 S=RHAPETES

==z¢ H30H H3E(2017.6)

\E ﬁ]’ ' \Q'/f//
\7\1-%/ 727 2222 Z
partially vented

"l\i'!/‘\/@g;\‘»il),‘
\\‘ K\:///////

Fully vented

fully confined
Fig. 1 Condition of explosion(Koccaz et al., 2008)
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Table 1 Natural period of slab
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Fig. 5 Simplified interior explosion as 1-pulse

1000 ; ;
600
400 |
200

0

-200 +
400 Y-
S PR WO SO N,/ N[ SO OO .. 8|

-1000 + - +

0 L} 10 15 20 25 30 35 40

Time (ms)

Z (mm)

(a) 3 pulse

1000
500 |
600 |
400

200 -

Z (mm)

-200 |
-400

600 -
-800 |
-1000
o] s 10 15 20 25 30 35 40
Time (ms)

(b) 1 pulse
Fig. 6 Time history graph of displacement

ZHAMTRTEE =2 H30H M3&E(2017.6) 193

ol



CRENE LR I g

paseig pii= g

THFL TUsHAR s5o] F-Eshs FE7L uiEd mhEt
TFEA TLE FdstFo] FAskeA] doldr] A 4
Stz tiel FUd 29| S He] SHE dophgitt. T
gt5o] YA FAEskeAE ok A% Aolmg, 73
Ae S AT 2152 22 2702 T4 BN
o2 JFPagict. AFA 1h45719] H1E T3 dolkRol.
FLsH2 Al &2 AREERT 7RIAIZ] "2l o2 Aje]
HZE 7HE sEE TUE F719 s o= TlklE
HARAA M 2% ele] Aol & 71 o] HE Fig. 65
3 FAT 4 Qi

Hatatel] @ AEH( | 2)F B meehke AT,
t)E FEARE 9, 8F AHAZEe] AHd] 2FFTII
vl &2 45 5% o9 EHE AU WAL mEee
AlZdo] dojdeE a¢ i ko] FHoX Bz F2E
7HlA e L 5% olte] Rolg 71X

4. Numerical Analysis A&

o] oA e AUFEL A9 FX4 WY Bd H5S B
549 #1474 2 2d Hae] g§3AE AAStaAt ot
A4 (explicit) AN FEds 2 2L HF-
371¢F Fdo Qg ks AHE 2L A N g
243 (eulerian) #3l& ARSI Birnbaum et al., 1999).
o] WL ea%E Ad W Azt @Al o8 dEHUen
ZRHBE, AAY 947 AV|2 Bdo] FAFHoof L
shzo] AR AEHo] 488 4 Urh(Shi er al., 2008).
Deng% Jin(2009)#% 1 & A7elA 847 A7) wet
Zdstzeo] AU=E ALQHEA A B dFdM=
s fARSH AR () W 24% B FEEEE

Kingery-Bulmash® 2J(IATG, 2013)¥ w|=sl¥z, =
AHE Fig. T4 8R1E 4 Slh.

847 377} FL24E 2E A NN $A15 Aagks
73, 847 F7)7F § 5 AT AXE AL A
F Aok, AR, ErEA R AR et 84 277 AR
Ze oa W99 FgetFE AFE IS ¢ Yk
E dFddAe AFEA FAANAEY ofstES] HH =Y
(3150x5000x3000mm) & 71¥o2 sttt A7}
Z oM Beme] 847 V& AE 7 S FUE e
500keS A& ol& AT 7=0.19m/ke">el &
g, 84% 37| 50mmANE FEsEe] A= 718
AL 4 F

A9 Zio] 79 A A ubEel At Fojgka B 4 U
v R e Tdsied &g FEREY §3 AsE
vl Belrh Fdxde gA] Fe$ TNT 500kgS 1.5m
A (@A 7=0.19m/kg”®) A BlER T, 847 FA7)&
ScmEz Z1Psiqict. FLsee] AHE Fig. 8dA U ¢
U, 1B F3 A% Fig. 99M &g ¢ o %
352 2ms AA o]v] t} 283t o] B®, 10ms7HAE
Hng sisith WY 2= Ad W9 F] §F 72589
8 AEE v|2dl7] A3 50ms AH7A ¥2E STt
FZEA 7RIA & T3NS 4% olve] A8 Holx, FH)
WS 33 B4 ASAME 4% ool A7E 4& Utk

510" 510"
410 /_ 410'
= 3*10° / *10" /,

I

)

©w
=)

Pa:m

= 540
TD'ZWO—

1+10' ,

010° T 1
0 2 4 6 8 10
Time (ms)

Impulse (kPa-ms)
N
=

Impulst
=Y

<
=3

o
n
e
>
®
5

Time (ms)
(a) Analytical analysis model (b) Nuamerical analysis model

Fig. 8 Time history graph of reflected impulse

400

300

/\

4.E+04
3.E+04 — o = o
—equation
’E 3.E+04 - \ 20mm
s
~ 2.E+04 % - A 40mm
v \
> 50mm
w  2E+04 2 e s
3 \
o 1.E+04 4 R
\\"\x \ i
5.E+03 4 i : e ;
B N
0.E+00 -

0 01 02 03 04 05 06 07 08

2004 /
N 100

mm

\

|

A

/

\J

/

V

V

V

\V

T
0 10

Fig. 7 Variation of pressure with scaled distance

194

HEHATE

Scaled distance (m/kg'/3)

Dats
SEE

==z¢ H30H H3E(2017.6)

20 30
Time (ms)

40

50

0

10 20

30

Time (ms)

40

50

(a) Analytical analysis model (b) Numerical analysis model

Fig. 9 Time history graph of displacement



5. Analytical Analysis
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2 X
Zuage v TREY ASE ATHY] AN TREd AF §5¢ A% Y= Ao] Fasn Ay
Zysize] Aol 53 zesith MAERE Fgele AU TUaE APTYORE AUNFAILE e

g FRANA Pyo] Mad A TAEFS AR F Ak 2eA Yok AT FAHHH PP HARLY o]
oW o] e A|Zho] AQEE wAo] gt walA B Ao AUELdA mg sl 3 o3 EF = ¥
A WHALESE 7hes] MEE F Qe dM4H HEEs AAYHe AT Y TEEL 2 99 a4 AE
dod 4 g AWZNaFE e FANEY £HBE AU 4 FAHHH GP S o] &3 ARF L g% &
HAZ HAS dB A AYS Lolr, o]F B dAFdA Aetste A Wi vag gt Atd AAF ¢
HolXe B o8 HEP MAtEAe JHEAE ZHFOEA Bt &Y T AP HES FAT
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