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Abstract - The load distribution method and the experimental design method are used for the optimized design of the concrete
filled steel plate door that resists explosion load. The load distribution method is to calculate the deflection displacement and
stress by modeling the concrete filled steel plate door as a two-way slab and distributing the explosion pressure into the com-
ponents affecting the width-wise and height-wise bending of the explosion-proof door. In the design of experiments, a fatal
factor is selected by performing eight experiments on seven factors using a two-level orthogonal array table. The finite element
analysis selects seven factors that affect the deflection of the concrete filled steel plate door and selects the critical factors by
calculating the maximum deflection and the maximum stress by the load distribution method for the combination of factors. In
consideration of the stability and workability of the concrete filled steel plate door, the basic design is made by determining the
level of 7 factors. The detailed design of the concrete filled steel plate door is performed with the lethal factor selected in the

basic design.
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Fig. 1. Explosion proof test conducted in 2019

352 @RATELE] =RA A3 A6 E(EA A|1692) 20204 129



9, 35} 7k0] 9L Ahestel QgL Suslop s,
B2 ol o] webA ]eko] A (Fig. 2(a))2h of o]
A (Fig. 20) 02 FEIITE £ ATOIAL ofgo] Wy
o EaeE 1Y JBES o ek

AEAGHL Y HpEo] A =2l HalE 5
< oto] &2 vk3-2] ¥slo] diet ¥Rl g5t
= Aot 4 W52 o= ¥3lo] tfste] & Rt
29] H3lE BASH= 1 0 2 )] H] 1 (treatment com-
parison), %2 Q1Z}9] A1 (factor screening), ¥H-o-HH B4
(response surface exploration), A| 8] X2 SKsystem opti-
mization), A|AE] Q] A E ZA(robust condition of sys-
tem)2] 7]Ho] Qlt}. & Ao A= WEE 229 E W3
73| YIS = B2 A= FolA A dAE A
Hotal X9 QIAfof| Higt JF =S wtefsi A4
(B44)S 1Esto] BEE AA 9] ZAE AlEcH.

HEEO] g0l tioll 858 7= A A8 =Lt 31
A E=E ARSI H A A ()= Z o] o5 DAYt X
o (Y, 2 E] MR (Y) Q] HlE (u=Y./Y.)
ojth. IHAAGE(9)= ZLdH S S off FA Q] A XA
oA BHAISH= 2] ] (9)2 A5l ZHAIE &
o S (V)2 H AR LA -3 X 2] Aol 2] A
(LI2)Ato]9] ZHe (6 = tan-1(2Y,,/L)) 2 7Y 23ttt HH579]
532 Table 12] HEof whehr] AgHcH,

£ Aol =2 559 =S AAISH ] Yloto] g3
(Yo7t A HEE A sl of gt & W-E-72] 734 o]
AA & "ol Ast= g0l Aok gttt ALEATE
S B Ao AR E = 7|E2 B FEZ VSR
gt 23 E= o] ofsto] 22 fHHEN A
o] Yyt it Bt R T A e 7] F3Fo] Al
o] B2 o] FE-Z 7|50 2 AR E gt

Table 1. Key performance indicators based on performance
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Fig. 3. Structure of single swing type blast door

(a) Component of door

Displacement
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(b) Boundary condition

(a) FE model

Fig. 4. FE model and boundary condition
for finite element analysis
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Table 2. Orthogonal array table

Experimental Vital few
trial @lelolole! e
1 ol oo ol o0o] 0] o0
2 0| 0] 0] 1 1 1 1
3 0 | 1 1o | o |1 1
4 0 1 1 1 1 0 0
5 1o 1|0 | 1]o0]1
6 1o |1 1o 1]o0
7 1 1 0| 0 1 1 0
8 1 1 0 1 0| o 1
43 +& 24

Table 3= & AT ARESh= RS9 5 F PR A
O % @FAE Fr= GRHE 0 & A5Ef ol AR89
+=27 MPa¥} 17} 23 E E 45 MPa2 ARESit @7
9] ® B FALt @ ERA] FA= @A A & 5
U= A= AP © HEE - H A FA= 4
A1t 7}AS 112510] 6 mme}t 8 mmE AT} FLL
o|g A2 ARG @ A A B2 2t 2 A
o|g Ao r TA A& 12.7 mme} FolFo A
BE 2 ARESh= Olﬁé AL 3 AE 254 mmE AH
o} ® 829 4= 7HEL 150 mm 2} 200 mmE A5
® ¥& FA= %ﬂﬂﬁoﬂ ARE-Sh= 20 mme} 7150] ARE-5}
L 40 mmE AA3tc 7hato] AL SN2752 ARgst)
FAHA 9] e A= AEFZE7I20NA AMShe 2
B U3} o] ARSRI.

_

0
o

|

o

ol

Q.
ol
—_

ol fr rlr

@)

¢

ALo| &/dAS E, = 200,000 (MPa)
73, F7Fe] SAIS E, = 210,000 (MPa)

Az A - oleyg

MPa, 60 MPa ©|A}o|H

AFE fu7} 40 MPa o]t 4
2oz R

6 MPaC|H, Z1 Ao]= A1

HIE R A 73] 4 MPa] FURESES 97lsh=
e BAXOR of2] L dolt}. mEhA £ AFolA= A
ol Al AlE ol e AREE 4 Slet A E 770
9] At thste] 2554 A W HHEE A5 Table 3
o} Zo] 89 22| 5l A-g A sfof St & 871] 42]5f
A E‘filo] a5}t Fig 49 Zo] F22 2814 =35}
™ 3D AY 2¥LS Bdgsh=t]| 15 Man-day”} £ Q51

T T2 AL}LSA] A|7EOE 15 Man-day 7} A Q H T wh
2hA] & 8§19] AlEd|ol o] 240 Man-day7} 4R F0] &
20Tl g = Qleh. wEhA 2 Aol A= 3D R g2
SHA] o= o] 24 WS ARSI

Timoshenko and Woinowsky-Krieger= T X %] ¥ 0]
= Az el ERBLS(Wel A7kE ) 4 (12 A48t
ST, o] 42 F U AR THE S} FUek o]
Mg} b EES 4P| AL BYTRE

9] 571 ATE = sfiok St ARl o] ATt
_W a4 3, 2
= m (X - 2S + S x)
WS4 mry mry @

m=1

2(a,, tanh a,, + 2)

A== T2
" 7omd cosh a,,
2 mrH
Bm = - . am =
momd cosh a,, 28

of 714 Wi A 7] 2 g3k 4

L I 0] 3L
9S'1:_H‘—l ‘42‘—',1;

« = EO A Al 2> = / 3
1_5-11‘[-——"" ];_:I__- 07:"—|— EC 87500 o \fCM (MPa) L—% ];]O]—: E‘O’] _}‘._ﬁ_.-_o‘l’ DJ‘E_ lzflfmh ]D:] l/_‘:___’_ ‘I‘%H‘I, _1\5_
A7V M, fou = fer + Af (MPa) FAS FA|, Ecn 57T 3AISO .
Table 3. Factors and levels for flexural resistance
@ ® © @ ®© @
Level Concrete T beam web Plate Rebar T beam flange Rebar Concrete coating
strength thickness thickness diameter thickness interval thickness
(MPa) (mm) (mm) (mm) (mm) (mm) (mm)
0 27 9 6 12.7 13 200 40
1 45 12 12 254 15 150 20
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Table 4. Displacement, stress and welding length calculation by load distribution method

®
Exprmen | Conorte | ZSmI® | g [t | bt [t || Conr
£ (width) lekness |- diameter (height) (height) (width) thickness
1 27 9 6 D13 13 15 200 20
(® Height direction (Unit: mm)
Name Spec. Height | Width | Web | Flange En /z Area Unit [ Yo |Q’ty Total I V;/elding

s/ L ength
Plate (rear) | 1,223x12t 6 | 1,340 7.68 | 8,040 24,120 1280 1 [1,011,509,284| 2,680
Rebar (rear) | Diameter 19.1 7.49 286 6,530 109.0 | 7 | 178,735,402 | 2,005

T beam [300x90x9x13| 250 90 9 13 | 7.68 | 4,356 | 41,321,388 | 0.00 | 2 | 634,481,944

Concrete 1,263x300 | 250 | 1,300 1 ]325,000]1,692,708,333| 0.00 | 1 |1,692,708,333
Rebar (front)| Diameter 19.1 7.49 | 286 6,530 -109.0| 7 | 178,735,402 | 2,005
Plate (front) | 1,223x6¢ 6 1,340 7.68 | 8,040 24,120 -128.0/ 1 [1,011,509,284| 2,680

Neutral center (y.) WL Height (L) 2
131.0 0.041 2,540 4,707,679,649
(© Width direction (Unit: mm)
Name Spec. Height | Width | Web | Flange bfl /; Area Unit I Yo |Q’ty Total I V\l/elding

s/ L ength
Plate (rear) | 2,540x6¢ 6 2,540 7.68 | 15,240 45,720 128.0| 1 |1,917,338,493| 5,080
Rebar (rear) | Diameter 19 19.1 7.49 286 6,530 109.0 | 15 | 383,004,432 | 4,296

T beam [300x90x9x13| 250 90 9 13 7.68 | 7,076 41,321,388 0.0 2 634,481,944

Concrete 2,540x300 250 | 2,522 1 630,500 | 3,283,854,167 | 0.0 1 [3,283,854,167
Rebar (front)| Diameter 19.1 7.49 | 286 6,530 -109.0| 15 | 383,004,432 | 4,296
Plate (front) | 2,540x12¢ 6 2,540 7.68 | 15,240 45,720 -128.0f 1 |1,917,338,493| 5,080

Neutral center (y.) Ws Width (S) 2
131.0 0.959 1,340 8,519,021,962
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w=t 8212 AAZTE Table 5 AZ|SHRAe. 83k AA A 1L25HA] = AE AIATC2H Hh Hdsta
o) AP AN SHL FEAE 275 MPaS YA ghon R MAS T 4 Utk AARHLS FFALES o]0l
2 QAo o 2ol i Ao DA F= A HURHE ARBRITHY. Figs. 7-112 U9 GRS 1=
o= gRlgde &4 Atk B BAZ g Aot
Figs. 7-92 FRIAF 24 0 & T o A Q1A JFH
45 QOlEA £ wheofeh 4= Qltk. 1A 240 1At @, ©, @, @7
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Table 4. (Continued)
@ Blast pressure (W)
4 MPa
(® Displacement
Load distribution Pressure Moment of inertia Modulus of elasticity Displacemnet
(Ws) (S direction: W * L) (S direction: I) (Eo) (Omax)
3.84 MPa 9,742.95 N/mm 8,519,021,962 mm* 26,702 MPs 1.80 mm
(® Plate stress
Distance Moment Moment of inertia Concrete Stress Plate stress
) (M = W 5%/8) (Is) (o) (os=no.)
131 2,186,804,334 8,519,021,962 33.63 251.9
Total welding length
28,120
Table 5. Orthogonal array of Lg(2") and results
Column No. @ ® © @ ® ®
. Welding
‘ Concrete | = beam Plate Rebar T beam Rebar Conc.rete Displacement | Stress Jength
Experimental web . . flange . coating y c
. strength . thickness | diameter . interval . L
trial (MPa) thickness i) (v thickness () thickness
(mm) (mm) (mm)
1 27 9 6 D13 13 200 20 1.80 251.8 | 28,120
2 27 9 6 D25 15 150 40 1.74 243.8 | 41,855
3 27 12 8 D13 13 150 40 1.69 236.7 | 22,103
4 27 12 8 D25 15 200 20 1.50 209.8 | 37,803
5 45 9 8 D13 15 200 40 1.60 2243 | 21,090
6 45 9 8 D25 13 150 20 1.42 198.2 | 41,855
7 45 12 6 D13 15 150 20 1.74 2442 | 22,103
8 45 12 6 D25 13 200 40 1.66 233.1| 60,087
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Fig. 7. Main effect plot of displacement
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Fig. 9. Main effect plot of welding length
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Fig. 11. Interaction effect plot of displacement
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Table 6. ANOVA table on displacement

Factor | DF | AdjSS AdjMS | F-value | P-value
@ 1 0.011456 | 0.011456 | 385.14 | 0.032
® 1 0.000214 | 0.000214 7.2 0.227
© 1 | 0.068761 | 0.068761 |2,311.76| 0.013
@ 1 | 0.033168 | 0.033168 | 1,115.11| 0.019
® 1 | 0.000093 | 0.000093 | 3.12 0.328
1 | 0.007322 | 0.007322 | 246.18 | 0.041
Error 1 0.00003 0.00003 - -
Total 7 | 0.121044 - - -
4.6 2247
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