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Table 3. Johnson-Cook equation’s parameters [27]

A (MPa) B' (MPa) C’

T(K)

TFA YAY <[-YTY

VoY Qg yvay

vy

Uniaxial Tension

fe

fe
Tension Elastj
Strength

s

Compressive
~~ / Elastic St;en;;_th,

/

Uniaxial Compression

Failure Surface

/

Residual Surface

[YA]RHT Juo 3 oo zobaw ) JS5

Fig. 1. Limited-surfaces of RHT model [29]
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Table 4. Parameters of RHT strength Model [31, 32]
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Fig. 3. Pressure-time history diagram for maximum pressure due to 8 Kg TNT from stand-off distance 1 meter
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Fig. 5. a) Schematic view of the designed structure b) The cross section of the concrete column obtained from
designing of the structure
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Table 3. Johnson-Cook equation’s parameters [27]
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Fig. 6. a) The used model to evaluate performance b) One-dimensional explosion simulation ¢) Eulerian-La-
grangian coupling simulation d) Column response e) Drawing the IEA curve
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Fig. 7. a) Incident Pressure Contour for 250 Kg TNT at stand-off Distance 5 meter at the moment 1.92 (ms),
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Fig. 9. Stress contour (damage index) of the column subjected to 729 Kg TNT at stand-off distance 10 meter
a) t=0.00954 b) t=0.0157 c) t=0.025545

cos p Ve USG5 0 oad ool plis TEA layloges 59 oo pun 5
HloAd s (AEAST 5 2 sl el
» TEA e slagusl (oase U1 zuls (9,00 cand 4 5l aw
ool g S s ol Wb o aoMs LAY o Z0e LNF S as
e oMV S Wgd o Jeols el cand a4y pdlie Jloy e
S )3 gds b dw olyen Jo)d AF 500 N5 slbSus <l IEA

A2 o L Ty ol ax8 )3

SIS gowe =Y -0
S el SilwaoNS Sl osel Cuws 4 gl g IEA oo 0gMe
bl 3 ojle aySles LL5 L (Shb (gl dibe (lalges I S0
sl dUl aosl 5l L V8] ol (SaiSs oo o Solas gla, il
) Suss slogove olge JEA claosly 4 oliws 9 4l
o )d Dged S Ol e (SS sla s g6l gl Sl
dy90 A Sl b s SO sl S 050 ojle cubdSTiE Jleas
oy S0 cpl 4 bl b olie 2 @ i el il sl
& jebate 4 1S o sy Jloy &g 5l IEA laesls a5 cuily
85 5 ons 3,90 M a5 Lo TEA (el loisxie ol oy3)s] s

V€00

[¥]UFC-3-340-02 4o oy bl o Lzl iy A JS4

Fig. 8. Member rotation from UFC-3-340-02 Code [3]

(1) Qg bawg ploale Glxiil g5 plie (l38l Al po o (gl

ool y5 by i > 1359] Cowd 4 (gl (YY) dlaly 3945 co dpmloo

Aad e i |y el ()05 51 LU g i e A S 09b e
Y Yy
o=tan"(/; ) (vY)

olie) 5w o84S Gl ol s slacdls (gl ol salaiwl polde

JS el oas @1V Jgs 3 ASCE asbipyol bl s (5lre ST
iliseo bl )5 5 )g5ls 5 0jle 4y )loxiil jLid 598y alasd oy 44
Iy caliseo slaylo; 50 o Vo alols ;3 VYA 5,86LS" Jlxasl Sl > yetm

abgye slaybges IEA claodly (3)9] cowd 4 3 u dmd o LS



VEF BOAFFY oo VYY) o oF ojlod F 0,90 ¢S yuol (ylpas widine &yl

IEA Summery

1.8

16 LS-31§& Percentile

. LS-2
@ | 50% Percentile g
Sos 5
ZO 6 84% Percentile E

0.4

0.2

0
0 1 2 3 4 5 6
8(Degrec) 0(Degree)
IEA b Jove aoMs )Y S IEA b Jdoxio Ve S
Fig. 11. Summary of IEA curves Fig. 10. The IEA curves

@ Fragility Curves

8 1.0~

[#s)

E 0.8 A

E

(=14 . 1

2 06

=

L%‘i 0.4 -

0.2 A

2

:__';é 0.0 T T .
S 0.00 1.00 2.00 3.00
-» 1/Z, (kg”(1/3)/m)

— Fragility for Limit States of 0 at 1 (Degree)
Fragility for Limit Statcs of 0 at 4 (Degrec)
——— Fragility for Limit States of 0 at 2 (Degree)

Gglio gis el gl y (SuUSd Jove NY UKW

Fig. 12. Fragility curve for different limit states

@y )l i =Y -0 x—
. . X,u,07)= exp(—0.5)(—%)?
Sy 40y B S 5 sy S 3 St o Vgt Jaged St = o PO %)

ool Lo bl 1) Jgan gab byl (s (glaguly 4 (i)

2 A (bl gd polie > ond cuily cladps g ,Lid) (coes

IEA (slaodls jlme o0l 5 :Ske sy 40 g W ol o &8

s oy cubdSd Jleis] Gygo 4 (SaiSs Gove VY S sl
(IM) us el Jlio (5 1y ois 48,5 a5 )3 i caliseo glacdls

S5 bl b el oad &1, VY USS 50 oel s 4 ety ulido

borye 10 5 )L OS5 i 5 pasede ol o gl P-T g

4 Wlgi o ojle S 0,Sles 0l o i (6)loi] iz iy 4

1 Impact

V€01



P-I Diagram

1000000

—. 100000

10000

Pressure (kPa

1000

100

1000 10000

1.S-1

100000 1000000

Impulsc(kPa-ms)

T (5 (g (513 1 gui— Wi Soxie Y IS0

Fig. 13. Pressure-Impulse diagram for the concrete column

MY 51 eSS i (g (i > o 4288 a5 > gla bl 5l s jn V8
) 433 YA 5| j2aS g i o bnyloxiil 0o yd B0 3 (@SN ) as
<00 ) a5 00 5| 1aS L5 o byybxisl ao 3 AF j3 5 (O STA
uf..\.u.s.w )].)94» ‘IEA u.;.}:.;..a » DBML bﬁwg;o le> u_u)_(u )9b c\:(
LSI)"“-’M)"‘)’)‘BUBL""“’LS»LSL““‘JB)QLSWQWJ‘)-’°MrVW’)"
ul-w-’ ]) > dbbc,JLs )‘ w>)> w_\fl)s JL«.&‘ ‘ua.'m.wo Col Y-
LS-1 o s 5l cwsdsls sl WY S5 0 Jle ¢y AR oo
IM =(15) =V) o b plyr pobiio b s 6l (65 3 ol
(gt 3) LS-2 sos cllo gl A7 plyy () ysbo & |
=) L GAd e sl ol A 3bj ol ;:Jl>9ZF~ dgd>
353 adly o ) e s gt iy 452l o) (IM = (V)
Sl as sbaojl (shb el 1y canbo Sl ¢ by, ol anl Y+
Iy oblb ol jo  Susss sl ove | edlatul amd o bl 4
S 5580 o3l clold el cubdS] e Jlais] dspy &S 55l o 0B
Cpred gl Cawd 4 b yelyb bl g 1y aeliopl as clacdls
9> gl &5 (gl g )Lid oS )5 Ul oo 4 pom LS oxie

S Lo gl Jelis |,

6 5 4o =Y
il bz sl loxiil (gl IEA o ol adlas cpl jo L4
odol Cowd 4y 2o Vo BY 3y (claalols 13 o 5ok ¥Fee b +/0Y g0

Vgoy

Sl LIS (g 4 85 ()90 50 Sl sl 258 b)) (ST @50
L) 458 (oo —Jl oS Yo e 405 5 Jly 5lS 5V e 290
2BAST Glioul g d)ly (5o O Dy aliold )0 p SelS Ve lxail

WS (oo 55 |y (VY 3905 (o) 5k ) > S 5l it

S —F
syl s ply )3 (0 gt (BEASS (152 plise Ve S
dold o Jlo (glp aad o ol 1y Golate dymw sladlold (o calizee
S il S AT (id e Sx ) g b 4 ) gl e O
Ui e sl sl LS oymiio odle p)S5lS FY dgus 4 ds
YVe dgds & sl oyiio odle jlide cyio Vo dlols o ¢ BT
25 gojle (Ahb sl plgie CleMbl ool sl Gl e S ols
ST ke sl g5 odlitwl fpme olde b sdlols S (gly il
some d> ASCE aobpyo] caily JyuS8 U1 g SO (ahb wsn
San STAS o plo axyd ) Gl eyl 0)5e (S gt S 2
(BB 252 pe Sl chugie jlre b s> b ol (Jolo i
IEA (o soxio (gjlodoMs b pioran g oo 43,5 Ja5 1> as )3 Y
Olise S§ )l candSle sl ol o whglite slacoads yiol)ly (gl
boygl coms a1y 2o 3 AF 0208 lacSas wlol p ol ©)lus

P UM =(V5) =0) VU iy i sl gl ) IS5 & o



VEF BOAFFY oo VYY) o oF ojlod F 0,90 ¢S yuol (ylpas widine &yl

Structures to resist the effects of accidental explosions, in,
US Army Corps of Engineers and the Joint Departments
of the Army, (2008).

[4] P. Sherkar, Modeling the effects of detonations of
high explosives to inform blast-resistant design, State

University of New York at Buffalo, (2010).
[5] M. Ahmed Galal, M. Bandyopadhyay, A. Krishna Banik,

Progressive Collapse Analysis of Three-Dimensional
Steel-Concrete Composite Building due to Extreme Blast
Load, Journal of Performance of Constructed Facilities,
34(3) (2020).

[6] Y.E. Ibrahim, M. Nabil, Assessment of structural
response of an existing structure under blast load using

finite element analysis, Alexandria Engineering Journal,
58(4) (2019) 1327-1338.

[7] M. Abedini, A.A. Mutalib, J. Mehrmashhadi, S.N.
Raman, R. Alipour, T. Momeni, M.H. Mussa, Large
deflection behavior effect in reinforced concrete columns

exposed to extreme dynamic loads, (2019).

[8] L. Abladey, A. Braimah, Near-field explosion effects
on the behaviour of reinforced concrete columns:
a numerical investigation, International Journal of

Protective Structures, 5(4) (2014) 475-499.

[9] D.D. Nourzadeh, J. Humar, A. Braimah, Comparison
of response of building structures to blast loading and
seismic excitations, Procedia engineering, 210 (2017)
320-325.

[10] A. Dua, A. Braimah, M. Kumar, Experimental and
numerical investigation of rectangular reinforced
concrete columns under contact explosion effects,

Engineering Structures, 205 (2020) 109891.

[11] M. Biglarkhani, K. Sadeghi, Incremental explosive
analysis and its application to performance-based
assessment of stiffened and unstiffened cylindrical shells
subjected to underwater explosion, Shock and Vibration,
(2017).

[12] M. Biglarkhani, K. Sadeghi, Incremental explosive
analysis and its application to performance-based
assessment of stiffened and unstiffened plates, Journal

of Computational Applied Mechanics, 48(2) (2017) 253-

Slacudld pas 4 dogi b wd o (LS gl Cunl 003 (Gilua s
Gl edgw gy So TEA gy Aol b g8 i il lori
Gilien clocnd lis )3 glojlo slapladl b ol 3,Slee gl
syl ool i g ol (g )luLl b Hlul adbs lals IS s ol
Adloe 5853 BB g i sine (g 4 ojle

Sy godie IS )3 45 )Lid jlage 5 (SHiSS Sy gie @
ol ) (glojle ol cuiSTp Jlasl ales 5 sauie leSbI TEA
3] |y glie o lie dlold (ol okd 43S i > s
Join! adllas ) 55 e gl )5 o ol 1 clmojl blb
oo b s sl (o5 3 i) LS-T s s ) cusisld
i Sl sy Al s oo & (IM =(yz) =)L sl
el 070 LS-3 as clls o 48+ g0 (lawgio ol,5) LS-2

L ojlo 5l blis ol Jilis TEA (clajlsges jlodlizl L @
Gl 298 o0 dwlbre Hlowl alisee slaz sl > (glojlw (sla o]l
VY il plyy 53 adllas (nl 53 (o) 3590 (g Gl 4l sl e
20l e Ve alols Jihis sl S ) gus s I TNT £ 5ls
oy 48,5

38> ey S ISV orbgl (Stasen (Bg) jl odlinal @
Glas 4 ojle 5 (Leiil) Jhw Jlite 31 ©j50 a4 jlxiil Jilod s
Cou 4 3l ol Slhubre 5 podomy Jhew ob9) ol & STl
Sl QUL HLed 5 ol S8y Sl oy Sy Lol o)y ol (sl
G du Slowlws o Jials gl il SsS ) oalaiwl b aamd o
o3lital o5l s gl b (s S5 &9 4 Slaslio plol) loci
Iy Slaslxo Ceyu g5 o (sl (Lad 1> (gilse 310y g 05l )l

B Gl (i JB ol 4

Xl
[17] FEMA (Federal Emergency Management Agency),
FEMA-426: Reference Manual to Mitigate Potential
Terrorist Attacks Against Buildings, in, US Department

of Homeland Security Washington, DC, USA, (2003).

[2] U.S. Army, Structures to resist the effects of accidental
explosions, TM 5-1300, US Department of the Army
Technical Manual, Washington, DC, (1990).

[3] Unified Facilities Criteria (UFC), UFC 3-340-02:

VEoA



Steel Research, 136 (2017) 1-10.

[26] D. Forni, B. Chiaia, E. Cadoni, High strain rate response

of S355 at high temperatures, Materials & Design, 94
(2016) 467-478.

[27] D. Forni, B. Chiaia, E. Cadoni, Strain rate behaviour
in tension of S355 steel: Base for progressive collapse

analysis, Engineering Structures, 119 (2016) 164-173.
[28] W. Riedel, 10 years RHT: Areview of concrete modelling

and hydrocode applications, Predictive modeling of

dynamic processes, (2009) 143-165.
[29]J. Wu, Y. Zhou, R. Zhang, C. Liu, Z. Zhang, Numerical

simulation of reinforced concrete slab subjected to
blast loading and the structural damage assessment,

Engineering Failure Analysis, 118 (2020).
[30] Q. Yan, C. Liu, J. Wu, J. Wu, T. Zhuang, Experimental

and numerical investigation of reinforced concrete
pile subjected to near-field non-contact underwater
explosion, International Journal of Structural Stability

and Dynamics, 20(06) (2020).
[31] W. Wang, D. Zhang, F. Lu, S.-c. Wang, F. Tang,

Experimental study and numerical simulation of the
damage mode of a square reinforced concrete slab under

close-in explosion, Engineering Failure Analysis, 27
(2013) 41-51.

[32] X. Cao, Q. Xu, J. Chen, J. Li, Damage prediction for an
AP1000 nuclear island subjected to a contact explosion,

Structural Engineering International, 28(4) (2018) 526-
534.

[33]].T. Baylot, T.L. Bevins, Effect of responding and failing
structural components on the airblast pressures and loads

on and inside of the structure, Computers & structures,
85(11-14) (2007) 891-910.

[34] Y. Shi, H. Hao, Z.-X. Li, Numerical derivation of
pressure—impulse diagrams for prediction of RC column
damage to blast loads, International Journal of Impact
Engineering, 35(11) (2008) 1213-1227.

[35] A.A. Mutalib, H. Hao, Development of PI diagrams for

FRP strengthened RC columns, International journal of

impact engineering, 38(5) (2011) 290-304.

1£04

270.

[13] D. Vamvatsikos, C.A. Cornell, Incremental dynamic

analysis, Earthquake engineering & structural dynamics,
31(3) (2002) 491-514.

[14] S. Khan, S.K. Saha, V.A. Matsagar, B. Hoffmeister,
Fragility of steel frame buildings under blast load, Journal

of Performance of Constructed Facilities, 31(4) (2017).

[15] M. Hadianfard, S. Malekpour, Evaluation of Explosion
Safe Distance of Steel Column Via Structural Reliability
Analysis, Advanced Defence Sci.& Tech, 8(4) (2018)
349-359. (in Persian)

[16] E. Hinman, Primer for design of commercial buildings
to mitigate terrorist attacks, Risk management series
FEMA. Federal Emergency Management Agency,
Washington, DC, (2003).

[17] ASCE, Design of Dblast-resistant buildings in
petrochemical facilities, in, American Society of Civil

Engineers, (2010).

[18] ASCE, Blast protection of buildings, in, American
Society of Civil Engineers, (2011).

[19] National Building Regulations, Topic 21 national
building regulations, Passive Defenses, (2017). (in

Persian)

[20] T. Yang, J. Mochle, B. Stojadinovic, A. Der Kiureghian,

Seismic  performance evaluation of facilities:
Methodology and implementation, Journal of Structural

Engineering, 135(10) (2009) 1146-1154.

[21] M. Larcher, F. Casadei, G. Solomos, Simulation of blast
waves by using mapping technology in EUROPLEXUS,

Technical Note, PUBSY No. JRC91102, EUR Report,
26735 (2014).

[22] ANSYS, Ansys Autodyn User’s Manual in, Southpointe
275 Technology Drive Canonsburg, (2019).

[23] Century Dynamics, Autodyn Theory manual, Horsham,
UK: Century Dynamics Ltd, (2003).

[24] J. Woodruff, KOVEC user’s manual, (1976).
[25] D. Forni, B. Chiaia, E. Cadoni, Blast effects on steel

columns under fire conditions, Journal of Constructional



w3 gl ) o ol &y digSe
A. Seifinia, M. R. Mohammadiezadeh, Evaluation Performance of a Reinforced Concrete Col-

umn Subjected to Explosion Using Incremental Explosive Analysis, Amirkabir J. Civil Eng.,
54(4) (2022) 1441-1460.

DOI: 10.22060/ceej.2021.19569.7202

AR T




