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* Level of protection

% Q-D; Quantity-Distance criteria
¢ Stand-off distance

" Cracking
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! High-rate blasts
2 Impulsive loads
® Structural collapse
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1 Scaling rule

12 One-way square reinforced concrete (RC) slabs

13 Close-in explosive loading

¥ RC wall panels with openings

15 Reinforced polymers

16 Retrofitted slabs, on one or both sides, with polymers
reinforced with carbon or steel fibers

7 Blasting test results
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! Failure

2 Unified Facilities Criteria

% Structural response modes

* Flexural modes

® SDOF; Single Degree of Freedom approach
¢ Spalling

" Crushing

& Dynamic deflection

® Finite elements

10 Fragment impacts
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8 Orthotropic homogenous

° Full coupling

0 Incident wave parameters

! Modal interaction model

12 Background pressure (atmospheric pressure)
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! Damage process

2 Free vibration of a rectangular panel

% Modal decomposition

* Random pressure loading

® Fundamental mode of the coupled system
® Plaster-wood wall

7 Sonic boom


https://dor.isc.ac/dor/20.1001.1.23455748.1393.2.2.5.0
http://joasi.ir/article-1-52-fa.html

[ Downloaded from joasi.ir on 2025-07-15 ]

[ DOR: 20.1001.1.23455748.1393.2.2.5.0]

lgo 3 sl 51 3 (o (poul GUT (A5l 9 (T o Gl (o)

WWAY lcwo 9 3wl /Y o Lo/ pgd Sl oyl ] Wl guo (owideo cpozil dlxo

RS PCE g DURPON RSO ISRRYVERV-A PE ) fo o, led
Gy FO o =10 (MPa) L ol o i,
u“_’)_;_ (R e ¥ IS e ool
abais A L [YO] x> po b aS ools ol | o s Lesd
6)l_m3 u_A5LO.A w&jﬁ u_a‘ o Sl 00 ;n_v).su
ools bLa ol asl sS85 0 i 0,950 S

el 00

00 0.1 02 0.3 0.4 0.5

6 v ; " a1

s 1 53 s 34

3 7

4 18 -
= 2 H
£ : <
= <
EZEEY S H2 @
o i
=
= 1 =
W 9 v

2+ — 14

1 7

Il 1 1 0
00 0.1 02 03 0.4 0.5

STRAIN (%)
rolie o=l o (5)Lad (RS- (ot iz (poie ¥ IS
Iyl alie

Bl yolie (59501 )3 oy (il o Th9 Y)Y
ciale;T 5l oael Caway slaosls 5 [YO] g po 4 495 L
ez fy = ¥/ FO (MPa) (o oS Caglin (Kl
2 edee Gl Ty paS ply e i )8, ¥ S o
3 = =l leasl Cway slaosls (g o)

s, 5, aliza ol 55S)

0.00 0.05 .10 015 0.20
T

10 T T 7
08 - -6
0.7 - EERN
3 g
2 =)
w
g o 3 g
o~ o
=4 o
» ]
0.3 - -2
0.2 H 1
00 I L 1 0
0.00 0.05 0.10 015 0.20

STRAIN (%)

LYol o coas s, ool (las 6l s wiz oo B S

YooV la i o as ouls plxil slailginl sladiges
O 6olid Caglie (nSile b iolesl slaesls (Silo
o] 00 w)‘)f Jliwl)lic YY,0A ).1‘))

60.0 0.1 02 0.3 04 0.5

T T T T 41
sk 34
4| 28

STRESS (ksi)
L
T

il
=
STRESS (MPa}

Cylinder 1
— -0 —  Cylinder2
———  Cylinder3
— & Cylinderd
—=——  Cylinder$ 47
———o——  Cylinder6

1 I 1 I 0
0.0 0.1 02 0.3 04 0.5

STRAIN (%)
S35 2 R 5sLd Caglie (AaaLejT laaidl 3155 Y S
Lv0] 55658 laaiges

60.0 0.1 0.2 03 0.4 0.5

T T T T 41
51 REr
4 —-28
—_
= =
w 2
= 2
@
E iF -2 g,"‘
e -
G E
“ 2
2l H1a
1 -7
0 I I L 1 0
0.0 ol 0.2 03 0.4 05

STRAIN (%)
Seglie 5aSils (a3 (slaaily )35 Y UK
Ivol oo s)tes

rolie 6ol o (B8, il sl Ghegiy ol 5o
il 50 Glaege ool i oS oalite
w5 sl crlpl Sl oat ad S LSS S
AY0l g yo 50 o0t atiS By, sl 2 o slo S
el chped sl » o on3le] sl
ode] Cmwdd 40 S o yo (G ol oy o]
PO =AU I SUVCSPON RSN B Y PRI
i g e ()b (a5 e oS Sl (o ot b

! Initial yield stress
2 Elastic modulus of concrete
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! Essential variables

2Volumetric drag (force per unit volume per velocity)
® Hexahedral

* Tie
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% Residual deflection
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! Reinforcement mesh
2 Experimental test setup
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2 Damage contours
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Abstract

Capturing the true response of a structure, such as a reinforced concrete safe room, under the effects of
explosive loads, and also, the evaluation of induced damages to the structure, will give a better vision
to the engineer in the design process. In this paper the acoustical and vibrational response of such a
structure under the effects of air blast is investigated by employing the concrete damaged plasticity
model available in ABAQUS software. The sensitivity of the safe room to explosive mass and stand-
off distance of explosion source is also investigated. Moreover, the behavior of any of the RC walls at
the nearest to the explosion source is evaluated. For this, maximum deflection at wall center and
maximum reacting forces at the wall supports are considered. Furthermore, hearing safety of residents
in the safe room is evaluated by measuring the acoustical response at the room center. The results
obtained for maximum deflection indicate that by increasing the explosive mass, the maximum
deflection increases. Of course, this increase has a descending slope which is due to crushing of
concrete. The results of maximum reacting forces at wall supports also verified the results of
maximum deflection. The results of maximum acoustical response at room center show that although
there is a linear correlation between acoustical response at room center and explosive mass, but an

increase in stand-off distance makes it to be nonlinear.

Keywords: Acoustical response, Vibrational response, Air blast, Concrete damaged plasticity model,

Safe room
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