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Method to Calculate the Maximum Elastic Displacement on Double
Blast Reinforced Concrete Door Supported by 3 Sides
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Displacement ductility and rotational ductility are used, to verify the performance of blast doors subjected to explosive
loads. The values of these performance items are calculated by measuring the maximum elastic displacement in the
laboratory, and the maximum displacement during the explosion test. To attain the maximum elastic displacement, the finite
element analysis and the load distribution method are applied. In applying the load distribution method, the behavior of a
blast door along a width direction is converted to a cantilever beam and along a height direction to a simply supported
beam. The results by the load distribution method are verified by a finite element analysis and compared with those by a

plate theory.
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Blast Door
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,/ Test Distance
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Blast Door Test Structure

Fig. 1 Test scheme for the protective performance experiment of
double blast door

Table 1 Key performance indicators related to protection level

Performance Rotational Displacement
rating ductility ratio (°) ductility ratio
A 0<@<l1 0<u<10
B 1<6<6 10<u<20
C 6<6<11 -
shw, Table 1o AAIRE 5 A2 o] o webA &

o] A%Hrt.
o)A 34 A4 = (Rotational Ductility Ratioy= ®ZF o] &
g e F HAle] A7) ok Ak A szt

0 l < g ﬂtﬂ tﬂH(Yr,z)?—]r JJEH
A3

S

L
RO AR Y8R 4= 12 B,
2 8 o) AR A e B
5 AAHEAE SAA Aot Az
Tt S WEE AZYAE AR 719l Ay
AE Jerste] A& 9ot olo] tha AlE gate] B
2% Agolch. & ATAE WY WEE| tste] A% A
% BAo] 7)ol H AEAUSS fekada|io] ojstol

5191 slEEH]o]Z(Load Distribution Theory)S ARg-3}o]
A Ao Agoz ZA} FHS el HPHe AAEH
o mo]Z(Plate Theory)© & | 7131 Ao} Hlwskgic.

2. WY YEeo| 71 U HS

2183 238|E WY WERo| 7x

Yo 2asEs 74 PIE BEES YETxEo)
o )] efgro] Foz A=t & A7 dhael 29
Z|4= o] 2540 mm, = 1263 mm, F7| 318 mmo|w] H:
ZzL Ay Ho (2 mm9]- S A 6 mm=zE LA E o]

1A

;0-1 r°"
(T

l

frame

C shape steel ~

plate

lock handle

~

Door

(a) Outside of blast door

(b) Inside of blast door

Fig. 2 Structure of double blast door

(a) Before the test

(b) After the test

Fig. 3 Blast door used in explosion test
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Fig. 4 Experimental data for the blast door
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Fig. 5 Meshing and boundary condition for FEA
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Concrete frame

(a) Detail of hinge part (b) Deflection in x-direction

Fig. 7 The bending shape of double blast door
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Fig. 8 Double blast door (section A-A of Fig. 2)
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Table 2 Table to calculate the second moments of area

(B) Dimension (mm) (A) E (MPa) n (=Es/Ec) v
Height 2540 Concerte 33,000 1 0.18
Width 1263 rebar 200,000 6.06 0.30
Thickness 318 Plate 205,000 6.21 0.26
| (B) |
Height Direction (unit:mm) H B Web | Flange n Area Length Unit I Yo Q'ty (O) Total I
Plate(Rear) 1223 x 12t 6 1223 6.21 7338 2540 22014 155.9 2 2,215,686,425
Rebar(Rear) Diameter 19 6.06 283 2540 6394 111.9 14 301,539,713
= Beam 300x90x9x13 300 90 9 13 6.21 8376 2540 11868008 2.88 4 296,633,993
Concrete 1263x 300 300 1245 1 373500 2540 2801250000 2.88 2 5,608,716,215
Rebar(Front) Diameter 19 6.06 283 2540 6394 -106.1 14 271,297,737
Plate(Front) 1223 x 6t 12 1223 6.21 14676 2540 176112 -153.1 2 4,276,977,432
WL 0.37 (E) Height(L) 2540 > It 12970851518 (D) Neutral Center (y.) 159.1
| —— (B |
Width Direction (unit:mm) H B Web Flange n Area Length Unit I Yo Q'ty (O) Total I
Plate(Rear) 2540 x 6t 6 2540 6.21 15240 1263 45720 156.0 1 2,303,852,551
Rebar(Rear) Diameter 19 19 6.06 283 1263 6494 93.0 15 223,336,385
= Beam 300x90x9x13 300 90 9 13 6.21 8376 1263 11868008 3.0 2 148,379,435
Concrete 2540 x 300 300 2522 1 756600 1263 5674500000 3.0 1 5,681,250,056
Rebar(Front) Diameter 19 6.06 283 1263 6394 -87.0 15 195,634,634
Plate(Front) 2540 x 12t 12 2540 6.21 30480 1263 365760 -153.0 1 4,435,418,988
Ws 0.63 (E) Width(S) 1263 > I 12987872051 (D) Neutral Center (y.) 159.0
100 Bolle 7oz FAHe glol o] A3 vhedl: daw
% ZaejEgre s FAE ] glo] Atja o 4ol Ak, FEAC|
80
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Fig. 9 Load distribution ratio for vertical direction vs S/L Tjo] HFERof Zg5l= 22o] FEA ZytHEch 34 AAE ]
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4.4 WY Y=20| MED} 22 F B9) B Fo| ARe} sHi Bol WSt §ln 7hed)7}
owﬂsa WEES SF UM E S e ol H Al Hl 2 Hel WAL HeITkFig, 100),
BalE PR (TS W XA Re] Weloh S AL stepuoR 78 Iy Yol A veish 2§
a}r& ok 4(13), 4(14)2F 2} Yo o WELo| ¥ESH: F4o] FUMTe|M WA
WER SRl ) RHEE wL/80] B o Heje}
o 22 TR 4(15), 4(16)22 Akt
2L —207+7 13
24E A, ( ) (13)
" A as)
o=—%z(L-2)y 14 max 384E 1
21,
_ _ - WLL4
A71A 2= WEE Eol EY X0l y= WEHE FAY Omax = g7 Vmax (16)
ZYolA T Aol 942 A7 9ixolch. sHEEH W}
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Fig. 10 Comparison of results by load distribution method and FEA
(w=4 MPa)
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Fig. 11 Comparison of displacement by load distribution method

and plate theory

Table 3 Comparison of results by FEA and LDM

Pressure Max. Displacement (5, mm) | Max. von-Mises Stress (MPa)
(MPa) LDM FEA LDM FEA
1.0 1.18 1.56 57.8 56.1
2.0 2.36 3.13 114.7 112.3
3.0 3.55 4.69 172.1 168.4
4.0 473 6.25 229.5 224.5
4.8 5.67 7.52 275.3 270.0
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