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Investigation of the Influence of Standoff Distance of Explosive Charge on the
Response of Circular Metallic Plates

M. Sayah-Badkhor!, T. Mirzababaie Mostofi', H. Babaei*”
! Assistant Professor, Faculty of Mechanical Engineering, University of Eyvanekey, Eyvanekey, Iran.
! Associate Professor, Faculty of Mechanical Engineering, University of Guilan, Rasht, Iran.

Abstract

In this paper, the experimental study and regression analysis of the dynamic response of metal plates under
impulsive loading are investigated. For this purpose, in the experimental section, 86 experiments were
performed on metal plates under different conditions. The plates were made of steel, copper and aluminum in
a circular shape. The effect of the measured parameters in the experimental tests such as plate thickness,
loading impulse, charge mass, and standoff distance on the circular plates deflection were evaluated
simultaneously using the Design-Expert software package and response surface methodology. In this study,
the material of the plates is considered as an independent qualitative parameter. In order to find a significant
model, the confidence level of 95% was considered in the analysis. In this study, the value of R? and Rf,d]-
was 0.9746 and 0.9673, respectively. The results show that the predicted values of the models are in good
agreement with the experimental tests and the presented models are suitable. Optimal conditions for the
minimum deflection of the circular plates under impulsive loading were also presented. The impulse loading
has the highest effect and the mass of the charge has the least effect on the plate deflection.

Keywords: Dynamic loading; Experimental test; regression analysis; response surface methodology.

AY-YFF DT oS5 - AVYOYYYAVA 10,35 ¢ Jgtane odiny 5 3
ghbabaei@quilan.ac.ir : g 2SIl Cany 0]


mailto:emailaddress@emailprovider.com

G95210 S Sl 39 SIS ki 8y (83l T3 N il a0 il uiy 2 | VVS

YRR [N OV SRRCAN X S 72 IRER RN PR RIS N 00
o> Slays (s S g JSE i p Gales]
oo 75 ey datolesl cpl o ausls (g il b co
SrSolnl Lhn o Ol ries 5 Shp CeSS
oy g il alols Sl ulSen g o815 Al 09y ous
oz 5l S Ganls sladyy (Seslus &b 2 1y 25
sl o A Wo s cwypy bl b cou oY
Sonls oy Sy JSb il gove 5 (los
GMT,L Lulyd Cot agiiagll o (qus (gOVsE Jl0,S
gl by e g cSeSs (g bl
Sl Joily 50 5 4 L1y 3l (225 slagiabes]
el z 5 Ll alold plsisay go¥gh slaalgd ol o o
Solle olsr pula e el b a5 sl e Ll sl
5 59y Gy b @A bl ol 5 ol culks (34
a ilKen g Silea VYVl el S5 555 35
S s5k (slagsys CenSls 5 (Spalins gy ()25 Siales]
O S8l el (39 Sualid la ST S ete (02
e Gl 65 ISE al Colis w5 el
G L Ll cov saguinegd] Clsal oSl g S
D0 5 VF] sl o 2alS 7Y e @ lgo
allas 4 YoV Jlo o 2l Ses g 950l plew
ws b (ugile sl 8, glean 5 goue
el o g, 5l ool b xds (6 5L Cow S
TN S\ | PR CE= N P [ R R P { RS K
GINSL co (amanile ol L8, )y awass
|..\4.a| ‘Q}’} ) Be L@‘;‘ ools )‘)5 R S0 ‘) Gx_éé
oz oSl el eslinal b iledae S
Sl Serdly S5 ks 5 (Selizs ol (sjloard
S bl (omyp o 50 e Sl plnl (il
s (gl Bl ol Canslie » jige slayial b 5l
Cnd ;o Sloao o (538 b g YU Glie culrs

! Water-Based Impulsive Loads

doddio —)
Ol Samgsy azgi 9)90 o)lgen (G318 slay JSb st
sl ) e o285 slaghy, oIS aesn el odg
Slopls o,y ol po JSo (g lriil by talesl ploxil
<y oo palesl el dag, cul 5 (S ilos IS
5 lao el sl Sl Gl gy onl &5 sz e ol
SrSoslal Lol ol aube (g lmasl L 203l izren
odbeal b pSeslail Gile w by (60959 loyally
Sheslitul ¢ Jglate slagty; oo 5l adlioes pdy Gl
oymiie osle o g, (pl j0 .l lsa yo (5 lxal s Olge
el oiligy 1) 35 whaw 5l (ond b plos cS19SG sk
Slropls ©)go 4 oymiie Slye @lge phm 3 (pies
gy el WpS oo )8 esliiul 3550 ol S 50 oo
Sl Jouily o bawgs Lol 51 236 5355 el
IS5 wnl B 20 slaaslllae o azsl 0gd o (5 S0l
g bt il 55 olp ool 5| gkl 20
sl S @ o palesl cos g,y ks, (b))
o

Slopls lagys (poUSs ane; ;3 (225 Slilas
Gl iblesl ol 5l VA8 ans 5l (g lxail (6 135 )L oo
5T slom 53 by T U5l Sl sloailoles aliwge; 4
Sl Gl Gyg xS USE Ol g 39 eud el
51RO sladle 5 55 4BS5 ary 35 re
a0 o slaghlel o eile 5 Suys NAY
oz 5l oS (s 5 sonls slai)y (asSo
ol 5 w1y gl gl slnbl Jl Cou SV
Sl Syl oS 31 osliial b o] sl o e
0 BN Ghe) GRS A b Grzen 5 0l (550l
0,980, 5 Sy 10 5 Flus e oy - bl a6
P E e ol Gl ey n Sae b1 ol tales]
S Jele gldil Lo Ve lag,y JSS s
odliasl ppolie lo] sl bl S glans slog >
5 oly [Pl WS 6 Feslasl Sl Jouh b 1) alises
eltl Gl cod Gy Cwbs Cuesl (o9
adllas 550 oobe CuSs 4 dzxg L 1) CSleSS e
@ladyg 35 pale)l G o pglate paed 0l 3
ol L o Sglite slaculis L oS so¥sh

Y o ko /1) 6590 /1F e Jlu /o 4Li g Lo jlw SWilso



WY | oty g 5550 2l

IR ewsn Syse Olejer Do e Cwglie g
Cn a4 ol gl as ol ylis Ll IS ol .ases
Sk e Seoglie 5 e (JB lake (p iy (S S
polae pyiion 1S gl g 8 (Dl ganals ojladl
[y Lgewly p 53l o %eS g oy iem il ailils | 045
IveT saals @hd gamails ojlasl 5 15> elis )l cus i @
Jol> xS ool Qliime by slagtagh 90 b
ae) 0 fie ol plojea (siludig &5 ab
sy YO (g ylnil 55 b 59 )il s U
sz plol [YY-YF] 58 Lgbre il a0 St s,
gy S8 i oyp & dlie Gl )3 cplpl el
5 el 0 axlo py byl sl ol )b (g 5lwdigs 5 gl
o oseinsl] 5 (o cOY5E iz a5l (2 i
S38le 5 5l G il e i 5o el ool colatwl gy
o sl 00 ool Gl w39, g Liabesl 21,k
T s 5lwainge 4 daosls Judos (slp canlio Jow G &l
qu‘)w U’d; )Jéi)é lJ u,uLu‘ LJ"‘ » ] 0 4.».‘>|¢).| ,u
Ly S 59,5 polde oads &Il Jow 5l oolail g asge
el 00 MLM J.,.J ‘5.\).7U LngwLo)T

&P e =Y
o Y g8 alitie iz aw 5l Giales] 8,90 (sloE,9 iges
o0 A yia o Y 5 ¥ V/F slacwlus 10 5 pguinegll g
Yoo xYeo OL:J‘ 00 (R0 el Lbd)? 4)9.4.) l..\.u‘ ]
WSV AW oole! L;Lm‘_‘é)ﬁ ol oo oolel )MGLbA
Ve Culs bg o oo YooxYee
oo los SolS lages alwsdy 5 ot ools 13 e Lo
Ly jo Wloads a 0,.5 sloasmis (gl jo a5 ol
Foghe Vor Sl 4 (Sl x5 Glaamio IS e
Sl 0pS ool axio j0 bFlgw pl ol oals ol
95 @9 OBl Slp (S amio 105 B9 59 5k Jlee!
Sl alols g0 daiale;] cnl jo .l G,9 S S5
A el odls a2 )8 a5 o Sglate b 0 xlS g0 obul (6l
a5 feshee Voo S8 b oo¥ed Al oo 5l Lo (e
@ bdg ol cwl sl oolawl o Lo Yoo 500 Job
T Wy s wlas o5 Jate §)9 05 (2ol axio

olayl a4y (goYg8 axin

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso

P2 b silmil )L e lag] alis uizen 4
adlls 5y50 ) oS5k VD 5 ) e f0 Gilike slag,
a isleyl b ldle 5 51 eolawl 5o Ll jo wassls)l )
2235 Ol (S S cmlie (Joe Gl gl g
23,8 Ll (mgnile Bl ol 9 Yo Slxio 55550 S0
o by 5l eslinal b il Ken 5 JoKo Lo [VF]
slp ane o goue g 029 addlae 4 AUl
Ll asslon S6 las sle o Soiliwl g3lwes s
Wljee Ojgon Alise slayial )l 25U addlas Ges
5 9ol gl IV Wi s e 15 1) A Llps
wpe fob iledse 5 @25 addlae 4l Sen
mawais b (Selasg e b Cod 555 69, omboe o
Gl gy Obs, 5l 05 5 50 Ll axs sy alise la
oS it glo ol w055 Ll o LT is,S solizul
Jes slo il )ly 5 455 o2 9 9 g1 39 Culies |,
s gl aizd 3 )55 50 5 iz 9 Gyg dwiia |y &S
56 Sz e s b i Wy gl &5 ass S
2 DAL ss 35 aw a0 U8 i o 1y 3l oS
oilel & 5ol gl 5 (e Lo (Jlo (s
el - B slogy Sanles Gy ity 5
Ll sl enly agy oo Sl eslaial b glay o )b e
Cals g3l Gy Calis g S sloal )l 3l
el b sl 86 L Gbeal 5 ek 2S5,
a¥go bl S8 i (S (295 9y B bl
2l yo Ll 50 ST e Gl ) g 3l esliud L,
@ mle b Joe il sdalcawsds polie oS
Lalys rimen Wil o)l (as5 cilbs o ors > sl
by s [y a¥oo Jldbe IS0 50ss (S sl atte
e aalol o VAl o 5 aslie oymw slagile;] mbs
5 5 slaghlesl plail 4l Sen 5 530l gl
GNSL cos 1 layog (Seelus L8, luanse
@ ey il eSSl pmlbice s slayys
GISJl ot aseiegl] sloyogy (Seslis o515 sl
o Sy sl Se alle 5l mboe e sl e
&b gl b9y 5 otalesl gl Il 5l sluatee
ol s (gla,zal s 1 cosadlys Lol 0,5 oolia
I s, Sz gl g ez S ganals ol



G95110 S Sl 39 SISy 85 (53l T3 il ol gl uiyp | IVA

g Sulso polgs —V-Y
a5l b iolesl jo olatwl 8,90 Slge Sl ele>
el oolel sladises (55, rp7eSS iS be)]
odeliessay pgeivasll SLIT g (e V5 iz 5l oo
Felasya slp pedes 15y ol 5 polie ol

Sl 00lal ¥ Jaa ;0 o359

SilosT plit 53 olisuls ygo Jawily ailobu —) JSCi

- 1g PE4 |eader
»

N
¢ 100mm
¢ 33mm ﬂ
v
‘_ PE4 1
\ 4

" Polystyrene pad
Gyl g5 Sitwoslol ogzi - S

LEsg Sl (plgz - Jgu

B Al ot S sy @ s 0ol 1B el
g Cewl o oo VO Culrs g gl Jhad 4y aS ouls ool
xS 8 5l Bua il ead caal Ayl S e 0 ol Lawsgs
T e ca g il Bl Gy col 5l S sl>
Ch g3 3l aiimle] ol o a3, IS, (g o] g5
Y USE 5 da el ol el 4 a3, IS, wlil
Sl 0l oole Lis

Lol oo ols Hlas ¥ S 50 2,5 gjlwoslel o520
o S gt o ol (iS5 5 ol 2l
29 b oghoe Jate ol g5 Saws 4 S50 0 25
313 352y alide )L g5 95 i@ 605,18 0958 @
GIL g 90 nl CEleSy 5 e e IS
Gl g SeSind GIEL Sy o s
Bl 5 culbd b S5 lalyind Sps S 508
boass lnle osde ool 3 ped (59, aRie
3 peie Dygads 359 35 yo 4 e el 3925 4y ol
5 o 1Sy 6 R 30y ] CSIgiSs
ol dpdee dbml gilniil g3 abewgas SO Slopls
Glag b el (aseie slal 4 (glopls 75l ¥ Jols s
il U Sgd o oo [S00S5 4 23 alewgay oo ol
Oyt Sl onl jo (s bl 8 S ke
S9din 395 Bys a5, <1 Lo i

degarma pl Sljped Glasie g Ol 5l glasds
ool 00 @)\ Jgar o L iales]

GhalosT o soliusls g0 Lulpd ) Jpur

Sy yalyly

S ste plsps Gpele
GPay MPa) mm)
Yoy A LRV Vg
YYA/A Vv y il
A\l Vey v -

om0 9 pariagll oYgd )9 iz
Voo Grogslee) opls 5lad
YoV NF (o ko) (39 Cooles
Terg0e Goghe) @5 bl Jolss
AAEAS Gragghes) g5 S Jlab
¥4 ) g2 e SShe 5 Sl

Y o ko /11 0585 /1Fee Jlu /W0, g Loy Sl



WA | o 5en g 59500 Zhw

oY @9 (AN

o9l @9 (2)
om’&:&hulaﬂ dige paai —Y S

$3959 Ol yosie O oyl 556 (o) olaieas
JUUE IR PR WP SN =R S SEN ISV VRS UEL SR Vi
&g Sl g (29 bl plyea lonls 3y JSO
alolb woolitl )30 75 £l «g 38l Llloogl ccglo gl
69959 S ell Glyieds §y9 iz g Slonls B9 U g >
(6108 ,L udlassl cslo pls 359 Caalrs sl 2l )b i
46‘6;»‘& d)5 G C).> alold 9 oolawl Sy90 C).> &Lb..u
&S bl Ol (39 ez 9 o5 oyl plsiea
g el ol oled OF Joao o .l ool ais 8 Jlas jo
ol ool LT &l s
oyt JEe gbayelly s (2ep o abl,

3 3
Y =8+ Zﬁixi + z Biix?
i=1 i=1
2 3
+22ﬁijxixj QD]

i=1 j=2
LngW Xj 9 Xi ool dwle C“""L’ Y u] e aS

oo Bij e b o po By «oll o po Po end (5508

B9 JS ydi' il ylg Jodowi —-¥
Jelos gy 5l ool (555 sl Jas (omyy 5l
g R? GlaceeS g Jites sl sl b Julos ¢ il ly (s bl
Je conds slpiin o Joe o 5l &5 0l asie Rgd]-
slr gl @i b s Bk (Mol pgo 4z

Y oladi /11 0555 /1Fee Jlu /104 5 b0y Sl

i loyl b -Y-Y
5 by oxiasglis dagialel cal o oy S s
Ol o &5 coul )bl I8 o by (SIS L3,
old > e (39 Cubd (59 i Sl
W53 owyp Sy9e SIS L bl 5 2 lE
03,5l mled Lidn &l Joax ;o enslowssd @bl ol
OLad ¥ USS o ead Giobesl sladiges pgal (ol oas

O PR WPRIRY

Silwdoe sy -Y
Ol S ey b o by S i w0
o ilize slapally St gyp LEYYYT WL
26 S e plaSie byl ool ol Cuenl
Ll Glaje sy Lol ai)ls B JSS il (59, Ao
b JJPles o S oo asie | (aBly b a5 can
A g3 Ol by gy g, Sl ol b tales]
Py (rl o oS pamie 1) byl o Sy
chb Jfley bawg oadimss (lejl olaw plxl
Wlg5 o c0ads bl slaiole;] ol 5l eolaiwl b (toles]
e s 2l Slaiz S 2 ) et sl el 5l
sl byl 53U s jshaiea allie cpl yo
CHS L Cos glogls Y 5 glagyy JKb e
el glagalojl 5l el 5 39Sy quip8 b (Sonlizo
VY ggemme Il oads oolasul (o, Gisn jo ol
el & Jgaz 5o Ll slacols a5 e plel ialesl
SleMbl by @ azgs b cplpls ccwl onds oolawl
bl il 5 @28 sleesls b 5l ilejl 4 byzye
w3 jekiteds Gab mhaw (B Sl ool eslinul ol
"oty Jalos 6 4y sanes;08 13l 5l b el
Oyt Jgeresobay (uil)ly Jelod gl oS oo ool
@3l azyo dlas g Lele o Sl ggazme (ol Jgoor
bz g Jole o (lly) Slape oSk a5 Jale o
» ble 2 e 5 (F) bole sl ol )l el
Lol ool &5l (p-value) Ful

! Response Surface Method
2 Historical Data
¥ ANOVA



$92210 S G 59 SIS gl (595 (8 5L 2 5 it Aol i (i y gt | VA

laowile b 5 bowle Bl Jloy sl slayloges

@ Gl v by byl edddin polie sy

Lol (s i g frwly ghaw b9 Gl yiolyb -Y Jguar

Sl Jslos ol a>lg )by
P Fhe e Joloe Bl jlan 7SS 50 JSS )3 s S
S ol SO Geb cl cad oaly las Sgew S, Jow Yo 0 Xi  Ns ol
Yol oges cpl sosls daosile 3L Jloy Sl (sl y \ %, mm ol 539 ol
O Sleimt slacols Wl aSl Jgl sansly asils aasein
4 Y X3 ar C)" g
27 | m263 Y. - Xy mm Syl alold
I b
//.
41 M3 Ly - - Xs - Brs i
21 e
i - - Y mm Slopls G&y9 JS& i
=18 ﬂrﬁﬁ;’
i u
2 #
=z 154 Ez,ir
£ 5 z%%j GIS L cov Glopls Y SO slbgy JKE s
- ;KH# p-value laie a5 Jalge (sl uil,lg 5JUT 5l Soliss
( = ol el ssal e & gz o sy o/ 5l j2eS Ll
> ‘l B . g
; e 7o » Wl el e YL U easplis o el
T [ —— T T - zhw (Jow 5o Yo gee jelatedy cwyp ol Ho cel
02 4 6 8101214 161820222426

Actual
T (199550 00 (S, 30l (s dunng Lo - F ST
*Slg yolie g gl

26,3
- .
32

P- e wlal (pl gl oals ad i o 70 ol
Joe o opl 5 owlcawsay +/+0 5l yieS Jow sl value
i A RZ s R laie .l o e oa 418 5 JLai o
Cawd & @L».’ ] OMT&MQ‘U < [AFVYY 9 </1AY¥sr )_o‘).v
o ialo;] ol (sl oo al)l Jow a5 el o)1 51 ST ookal
polie b Leu:‘;,iLa)‘T 3 oowlcwnsds polie g 089 cewlio

>, ” E v 2,0 Sl Jas (bl (29,5 sl o i
:::% : _d;:l g lp bosls (il ly Jdog 5l pes adpe Jaw
e %.f” Gty (V) abyly & jp0as Vg0 Jlislo IS5 i gusly
= # p el 00 (5 TS (gl el s s ) sl s o]
Ei e JSb 5esS S (2g,5 polie G dlie ¥ SE (o
% 5 L F - Tl gl (g 5l ead i 9 228 Sl 90 )0 s
1= - " «oyg0 la SGo3 osls 009 ey el sddesls obas
S 00l a8 5 a5 o Joe aS sl ] saimo L
305 65 025 115 258 o (Sealind ()AL o basyg S8 s 5l 055

Internally Studentized Residuals
Wouilo Bl Jlo i Jlei! 550~ JSib

Y, = 27.01 + 19.67X, — 6.43X, — 1.10X5 — 2.62X, — 10.68X; — 14.67X,X, — 0.88X,X,

bls 0 K, Ol yuizren )0 o0 LgL{aui;ﬁl.,a)'—l 4@
L3,y JSo s Hlade jo Sglay caumoylid (JS& JSlo
ol oo 00ls ylis ol B o8 5l im e 3 B 0T 51 aS el

)]

—7.73 X, Xs + 11.33X,X;5 + 0.74X,X, + 0.6X,Xs — 0.088X,Xs — 1.95X?

Y o ko /1) 6590 /1F e Jlu /o 4Li g Lo jlw SWilso



WY | o y5en g 59500 Zlow

50—
45 - A
—_—
E
(=
=
=
=
|51
©
[
é) 15 — / Actual Factors
v Al lmpulse =20 N.s
10— s B: Thickness =2 mm
5 — A C:Chargemass =11 g
D:SeD 175 mm
0- E: Material = Average
T T T
-1 0 |

Deviation from Reference Point {Coded Units)
P i (59 (05 S gl yielyl Sl -V SO

Sloxld @59

Calbes )l g9 JS8 oS 55, 1, 8 00 2>
Foe @)y SO 5sd (5 el alold I mi oo 355
Ll

bl 5 e 1V UK 5 8 S8 A S5 s
Sl b (Selins (N5 cod By JSS 5 s,
Ol (5 sl ygils g bayally plo (285 Jai o
s Mo JSh ol ) pS,e e and sad ool
P kS S bl 6l (008 Jais slo el iy
AU o el ool ool lis alflas &god i
odlsl 9 3y9 Cwles 5 Cul kil alols 5 75 6y
alS L el ki &5 jsbplan iS e e
&9 S8 i Jlade Gllesal Gl s Gy el
ol s Vs s sl il el e il
4ol Gl esteaddl Gys o Gle s S Sl
Sl 5 s (6 5SS Tas

e 5 <l g5 ez s Gy Swlbe 1SS 0
oS ysboles WIS oo i LELl alols 5 Gl
il alols zalS 5 Gdlasl Sl b o] i
Gr9 sl Gl cnl lior Gl B9 5SS i
osiedll 559 lp 5 5 @Sl 4l glyls oV
Sl 5o (655 Tlas a4l ol ylo

5 ol ol 25 e g pllel VeSS o
S st gl el hEl dlols 5 5, culks

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso

R T
= m
= |
E I
@ 32 ]
r_s") O F e
- m
= 1= LR
8 m gk K = -
3 LT
[, o 2 =
5] ] o
3 o TS T
& - . BT e
e . "
= a
£
L - o
=
= 5_ o
[ [ [ [ I
0 5 10 15 20 23 30
Predicted
0uul Sy pOle s o rouilo SBU Hlog08 —F IS
Tl o b9 50

9 A 5l s Wosls ol wl aslyl pgo wanisl YO b YO
“ L TAD 51 e el 4K pgm 5 228l 55 ) Sl 58
Al =Y 5 ¥ polie o osle

Jli Jussl Jlosai oIS 0l ol & a2y L
ol JoB LB g ols lallas 51 sl 2595 daoasle 8L
oosle b slp IS 05 o Glyear s PSS
ool nil onl mujes -F 9 ¥ polie e blas Wb
Wil g polae slallas a5 aes so Li Hloged o)
At Jaud BB g aiylo 18 astin cogase 4o

G539 ISy (5, eT ko Y-

3 o5 Jie sloiall e b 4 iy ol s
2 el oad oy (255 ) Ol sbar (&S
B9 IO e 535 (o5 Jiwe oyl )y RSBV s
ol ol s eols i Seolizs (g 5L s
Felily Sy Dgoar By e ALl 4 azgi b loged
el 1 ol sl ot 438,50 S JiEe
nSlen e el oo oslial Jloges ol o el ol
byl 5l plaS e JS 8, eaasplis (38,5 ) 5
Mges Gl Jelos ool 3y JSCE dS 59, (oo S
S oS bl ol plaSie ol a5 ol IS8 ol
el (255 9y el o i 3 ewsmaplas il
£ 5 5855 e Sl ol Glleasl ecnl b



592218 S G 59 SIS il (595 (8 1L T 55 5l it 4ol il iyt | VAY

500 Deflection (mm} Deflection (mm}

250
—
e 200 E
g 2
=
o
a)
2 150 T'b:
W e
=
=

10

50 - ]
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Impulse (N.s) Impulse (N.g)
0 Deflection (mm} . Deflection (mm}
) ‘ K
P SoD — 175 mm
250 L: Marcrial — L‘oppcr_ v
‘200 E
g 2,
3 g
2 150 S
=
=
100
50 ]
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Impulse (N.s) Impulse (N.s)
ot Deflection (mm}) . Deflaction (mm)
00 ; .
250
g 200 E
g 2 s
3 g
8 150 T"_)‘
=
=
100
50 ‘
5 w15 20 25 30 35 5 0w 15 20 25 30 38
Tmpulse (N.s) Impulse (N.5)
ooisagll 5 (umo 53V 93 (SLasyg JSb i -1 S ooiagll 5 (uno 53V 95 (Gl sy9 JSb yudd —A SO
b () b ygils w)goar (Seolad (6)l5,L e L () sy gils wygods (Saolud (5,105 ,b i
G195k dlsosl g 5yl alold Ol i SISk bl 9 359 oliud Ol ki

Y o ko /11 0585 /1Fee Jlu /W0, g Loy Sl



VAT | ot ytSon g 19550 Tl

olie il ly o ) eolial b i 45,5 L o 40
4 Rigj 5 R2oeizeen 5 Povalie dajuiie culyo goue
Sorod caye Y Jlaie 4 azg Lol cws
oS Cd)S am Glgie gl gl sy 5l eelowsa
2 L @s b Bl (G S, S 3l Jol s
90 & Jiae oyl iludae idu )3 o)l o2
I lomt] 8k 55,5 i3 S 5 oS 0
slayelly lyeay jLEal dlols 5 7,5 0y (39 Suls
9 S S bl Glyier §)g iz (o5 Sl
a4 S s (2B Olpied o By JSL e
UK o e 505 55,5 i 3 s 5 atge bl
b yial )l den Ol podd (gludinge (350 50 Od Gued §)9
Silbwdae cpl 5l ) mls .l J13 bl sogame o
ol 0] Cowody
1) 9 Saalses (als 3l e )I05,L dloas! 21331 -
2 Olnly oo Gl 5y JSS SesS s9)
e @y Cwlro ials L YL glapudls
bbb Rl 6o ool b JS8 s
55 i gl iz 39 05 4 4z
Sodbal 2 e plo 4 Cod wagl
el S OleSe
lize gloalols o (o)35L Ll 2l -
Br9 55 e 59, S Loy bl
Ol codimal ol L Gialisl b cnlpls o)l
bz sloalols ;o (gglue Ojgody SO s
IKCLYPP e S v oW
Sl Glize gloalold jo 5,5 cwlbs uldl -
wyle Gy JKb ped gy S L‘-’r"-’ )-“L
Ol edyy weled Gals b Gl b cnlpls
S o e IR0
=0 529 31§V B35 el G Sl 4y 4z L -
ool Fbe sl G 3l ome a9 s
e B9 31 6358 359 SIS s el
ol s Sl it oseieosl] 359 5l oo B3 5
L@y o S Casslhe lie a4 e
ol 00l ogaiagll

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso

ol Rl s 39 Cuals Gl il jazin oS b les
O bee el 5y JSS s ke iRl alold
5 Sobe G5l 4l il ¥ Gy lp els

el 568 65510z aml SIS ¢ aseiasl] (55 i

Wt bl b (i - F-Y
oz el 5l el e il Csllas e (sl
S oyl @ azg Lol Bua ol SO a5l
2o Sileange bld (29 5 A5 9 S
WJgoz om0 el sl (Salus 6,105 L slp T Jgox
Of Cotl azpo 5 St 03l )5Sl yo (giluaigy San
Lyls F Jgom polie 38,5 Jlai o b el ool olo
] od.a] 0 J5J> L W}UQA w).s L )Jéié)jﬁ Age
Sl e S s Jlade (n S Al jslaed
355 Ol dd 03l 0 s0S Jhiws (sl ol )l den (5,9 Y
23 4y Copgllas jlade g SGo 3 el ool azd F lai o

Ll gz iy Jayl 1 oaso ylid « S5
Cagllae polde IS ol jo .l ouls ools lis o i
055 3B 9o el p g ol piie SO ho G
Sl Sl 0dd oy (3,5 Sl 5 ullea] (g bl
Cales g o5 oless] Jlade Wb o5 JSo s il
el Vb S alsS o (nlple wall ol )5
Lol cangllae oo o 5 gien S5 cpl 50 ba,logas
o5 JS8 ki g (cogeinegll (y9 0L JSb i 4 4>
iy a g cnl 5o Congllae 2STas 4l (oo¥s8 559

Lol (p e g (S

S 35 4z - F
e g5l Y SO osle)isle S i il o
AP 285 )18 oy 90 bl 5l Jol> (285 ()35
Pl poainagll 5 e V98 iz a5l oslital b (Aoles]
Caalbes laxsl ooyl )l Ol o iolesl cpl o .o
G9) Ll alols 5z ey (5L bl 1)
Silode Gi3u 53 E8 5 1B (3550 By9 JSU S
o bl b il e Gy, ) eolinl L
Olebl hw (Jao (o5 Sl gime gliiedy D (e



G95110 S Sl 39 SIS ki 59y 8l T 5 5l il 4ol il iy | VAP

Deflection (mm)

300

250
—
=
E —
- g 200
= g
v =
= ) ;
o 1 :
= (% 130 [10.2]
100 ’.f’. Actual hacm__;’s:.
A Impulse~ 10 Nos
C: Chargeamuss —
E: Muleral — St
50 : .
5 10 15 20 25 30 35 2 3
Thickness {nim)
Deflection (mm)
300 R
250
—
=
E -
n ‘g 200
& 2
< S
o 4
= & 150
=
100
50
5 015 20 25 30 38 1 » 3
Thickness (mm)
Detlection (mm)
300 -
T
250 207
E 215 [
ot B 200 |
& g
v =
< o
[ J
2 S 150
[—
100
50
3 10 5 20 25 30 33 1 5 3
Impulse (N.s) Thickness (mm)
ogo gl 9 (oo 50V 93 (5559 Camallio o -V S ool g (o 5V 93 (LG 59 S et - Ve SIS
ool 3 () oy giils @ ygoss (Sl (5,185, e L 5y 6l ygils ©jgoas (Saobyd (5,185 ,)L cxd

Y o ko /11 0585 /1Fee Jlu /W0, g Loy Sl



WS | oty g 5550 Tl

e byl o 6l 9 (955 9 (S g (5 S b ol Slasio —-F Jgus

Cootl a0 e o Gl e 5 S Sas a=lg bl
Al Yo 0 polie o3l ,s N.s odless!
Y Y \ polas o3l 4o mm B9 Ceeles
¥ )4 v ol o3l 5o ar s ez
Y Yoo I\ polie o3l yo mm Syl alols
v - - solie o3l o - 8r9 o
N YPIY YIvY e oy yeS mm By IS juds
F dgaa byl lasiv ¢l p dage bal b -0 Joua
; B9 S5 s A Syl alols SalSed B9 el ol
Cemgllas 8oy o= o,bes
(mm) (mm) @n (mm) (N.s)
) YOIV oY YF1/4 VY Y Y£I0 \
) YIv oY VYV AY \Ad I8 Y
) YAIA ot Yvare VYV YIv YYIA ¥
\ WA pgainnsl] YYAIE \#IA \A AIY ¥
) YYIA pgiamal 0a/f YIv Y VEIY o
part I1: experimental studies. Int J Impact Eng 8(2): lo—0
171-186. _ &=
[6] Nurick GN, Radford AM (1997) Deformation [1] Rezasefat M, MO.SIOf' TM‘ Ozb_akkaloglu T (2019)
Repeated localized impulsive loading on

and tearing of clamped circular plates
subjected to 185ocalized central blast loads. In:
Recent developments in computational and
applied mechanics: A volume in honour of
John B. Martin. Barcelona, Spain: International
Centre for Numerical Methods in Engineering 276-
301.

[71 Chung Kim Yuen S, Nurick GN (2000)
The significance of the thickness of a plate
when subjected to localized blast load. In:
16" international symposium on military aspects
of blast and shock, MABS 16, Oxford, UK, 491-
499.

[8] Cloete T, Nurick G, Palmer R (2005) The
deformation and shear failure of peripherally
clamped centrally supported blast loaded circular
plates. Int J Impact Eng 32(1): 92-117.

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso

monolithic and multi-layered metallic plates. Thin
Wall Struc 144: 106332.

[2] Mostofi TM, Babaei H, Alitavoli M, Lu G, Ruan D
(2019) Large transverse deformation of double-
layered rectangular plates subjected to gas mixture
detonation load. Int J Impact Eng 125: 93-106.

[3] Mostofi TM, Babaei H, Alitavoli M (2017) The
influence of gas mixture detonation loads on large
plastic deformation of thin quadrangular plates:
Experimental  investigation and  empirical
modelling. Thin Walled Struct 118: 1-11.

[4] Nurick GN, Martin JB (1989) Deformation of thin
plates subjected to impulsive loading—a review:
Part I: Theoretical considerations. Int J Impact Eng
8(2): 159-170.

[5] Nurick GN, Martin JB (1989) Deformation of thin
plates subjected to impulsive loading—a review



G95110 S Sl 39 SISy 59y (83l T3 5N i dhod il iy 2 | 1AS

[20] Badkhor MS, Mostofi TM, Babaei H (2020)
Dynamic response of metal powder subjected to
low-velocity impact loading:  experimental
investigation and optimization using response
surface methodology. Modares Mech Eng
20(4):863-76. (in Persian)

[21] Mostofi TM, Babaei H, Alitavoli M (2016)
Theoretical analysis on the effect of uniform and
localized impulsive loading on the dynamic plastic
behavior of fully clamped thin quadrangular plates.
Thin-Walled Struct 109: 367-376.

[22] Mostofi TM, Golbaf A, Mahmoudi A, Alitavoli
M, Babaei H (2018) Closed-form analytical
analysis on the effect of coupled membrane and
bending strains on the dynamic plastic behaviour of
fully clamped thin quadrangular plates due to
uniform and localized impulsive loading. Thin-
Walled Struct 123: 48-56.

[23] Babaei H, Mirzababaie Mostofi T, Armoudli E
(2017) On dimensionless numbers for the dynamic
plastic response of quadrangular mild steel plates
subjected to localized and uniform impulsive
loading. Proc Inst Mech Eng-Part E J Process
MechEng 231(5): 939-950.

[24] Babaei H, Mirzababaie Mostofi T (2020) New
dimensionless numbers for deformation of circular
mild steel plates with large strains as a result of
localized and uniform impulsive loading. Proc Inst
Mech Eng-Part L J Mater Des Appl 234(2): 231-
245,

[25] Rezasefat M, Mirzababaie Mostofi T, Babaei H,
Ziya-Shamami M, Alitavoli M (2019) Dynamic
plastic response of double-layered circular metallic
plates due to localized impulsive loading. Proc Inst
Mech Eng-Part L J Mater Des Appl 233(7): 1449-
1471.

[26] Babaei H, Mostofi T.M, Alitavoli M, Darvizeh A
(2016) Empirical modelling for prediction of large
deformation of clamped circular plates in gas
detonation forming process. Exp Tech 40(6): 1485-
1494,

[27] Mirzababaie Mostofi T, Babaei H, Alitavoli M
(2017) Experimental and theoretical study on large
ductile transverse deformations of rectangular
plates subjected to shock load due to gas mixture
detonation. Strain 53(4): e12235.

[28] Babaei H, Mostofi TM, Namdari-Khalilabad M,
Alitavoli M, Mohammadi K (2017) Gas mixture
detonation method, a novel processing technique
for metal powder compaction: Experimental
investigation and empirical modeling. Powder Tech
315: 171-81.

[29] Babaei H, Mostofi TM, Sadraei SH (2015) Effect
of gas detonation on response of circular plate-
experimental and theoretical. Struct Eng Mech
56(4): 535-548.

[9] Jacob N, Nurick GN, Langdon GS (2007) The
effect of stand-off distance on the failure of fully
clamped circular mild steel plates subjected to blast
loads. Eng Struct 29(10): 2723-2736.

[10] Babaei H, Darvizeh A (2011) Investigation into
the response of fully clamped circular steel, copper,
and aluminum plates subjected to shock loading.
Mech Based Des Struct 39(4): 507-526.

[11] Babaei H, Darvizeh A (2012) Analytical study of
plastic deformation of clamped circular plates
subjected to impulsive loading. J Mech Mater
Struct 7(4):309-322.

[12] Gharababaei, H, Darvizeh A (2010) Experimental
and analytical investigation of large deformation of
thin circular plates subjected to localized and
uniform impulsive loading. Mech Based Des Struct
38(2): 171-189.

[13] Gharababaei H, Nariman-Zadeh N, Darvizeh A
(2010) A simple modelling method for deflection
of circular plates under impulsive loading using
dimensionless analysis and singular value
decomposition. J Mech 26(03): 355-361.

[14] Huang W, Jia B, Zhang W, Huang X, Li D, Ren P
(2016) Dynamic failure of clamped metallic
circular plates subjected to underwater impulsive
loads. Int J Impact Eng 94: 96-108.

[15] Huang W, Zhang W, Ye N, Gao Y, Ren P (2016)
Dynamic response and failure of PVC foam core
metallic sandwich subjected to underwater
impulsive loading. Compos Part B-Eng 97: 226-
238.

[16] Badkhor MS, Hasanzadeh M, Mostofi TM (2019)
Numerical investigation and optimization on
performance of sandwich panel structures with
honeycomb core subjected to blast loading by
response surface methodology. Amirkabir J Mech
Eng 52(10):121-30. (in Persian)

[17] Bigdeli A, Damghani Nouri M (2019)
Experimental and numerical analysis and
multi-objective  optimization of  quasi-static
compressive test on thin-walled cylindrical with
internal networking. Mech Adv Mater Struc 26:
1644-1660.

[18] Badkhor MS, Mostofi TM, Babaei H (2020) Low-
velocity impact response of plate with different
geometries under hydrodynamic load: experimental
investigation and process optimization by response
surface methodology. Modares Mech Eng 20(4):
807-18. (in Persian)

[19] Mostofi TM, Badkhor MS (2020) Experimental
study and optimization of dynamic response
of polymer-coated metal plates subjected to
impact loading  using  response  surface
methodology. Modares Mech Eng 20(4):1011-23.
(in Persian)

Y o ko /1) 6590 /1F e Jlu /o 4Li g Lo jlw SWilso



WAV | ot yt%om g 103k Tl

decomposition method. Proc Inst Mech Eng-Part L
J Mater Des Appl 234(2): 246-254.

[37] Babaei H, Mostofi TM, Alitavoli M (2020)
Experimental  investigation and  analytical
modelling for forming of circular-clamped plates
by using gases mixture detonation. Proc Inst Mech
Eng-Part C J Mech Eng Sci 234(5): 1102-1111.

[38] Babaei H, Mirzababaie Mostofi T, Alitavoli M
(2015) Experimental study and analytical modeling
for inelastic response of rectangular plates under
hydrodynamic  loads. Journal of Modares
Mechanical Engineering 15(4): 361-368. (In
Persian)

[39] Babaei H, Mirzababaie Mostofi T, Alitavoli M
(2017) Experimental and theoretical study of large
deformation of rectangular plates subjected to
water hammer shock loading. Proc Inst Mech Eng-
Part E: J Process Mech Eng 231(3): 490-496.

[40] Babaei H, Mirzababaie Mostofi T, Alitavoli M
(2015) Study on the response of circular thin plate
under low velocity impact. Geomech Eng 9(2):
207-218.

[41] Ziya-Shamami M, Babaei H, Mostofi TM,
Khodarahmi H (2020) Structural response of
monolithic and multi-layered circular metallic
plates under repeated uniformly distributed
impulsive loading: An experimental study. Thin-
Walled Struct 157: 107024.

[42] Mostofi TM, Sayah-Badkhor M, Rezasefat M,
Ozbakkaloglu T, Babaei H (2020) Gas mixture
detonation load on polyurea-coated aluminum
plates. Thin-Walled Struct 155: 106851.

[30] Mostofi TM, Badkhor MS, Ghasemi E (2019)
Experimental investigation and optimal analysis of
the high-velocity forming process of bilayer plates.
J Solid Fluid Mech 9(3) 65-80.

[31] Mostofi TM, Babaei H (2019) Plastic deformation of
polymeric-coated aluminum plates subjected to gas
mixture detonation loading: Part I: Experimental
studies. J Solid Fluid Mech 9(1): 71-83.

[32] Mostofi TM, Babaei H (2019) Plastic deformation
of polymeric-coated aluminum plates subjected to
gas mixture detonation loading: Part 11: Analytical
and empirical modelling. J Solid Fluid Mech 9(2):
15-2.

[33] Mostofi TM, Babaei H, Alitavoli M, Hosseinzadeh
S (2017) On dimensionless numbers for predicting
large ductile transverse deformation of monolithic
and multi-layered metallic square targets struck
normally by rigid spherical projectile. Thin-Walled
Struct 112: 118-124.

[34] Babaei H, Mostofi TM, Alitavoli M (2017)
Experimental and analytical investigation into large
ductile transverse deformation of monolithic and
multi-layered metallic square targets struck
normally by rigid spherical projectile. Thin Walled
Struct 107: 257-265.

[35] Babaei H, Mostofi TM, Alitavoli M, Saeidinejad
A (2017) Experimental investigation and
dimensionless analysis of forming of rectangular
plates subjected to hydrodynamic loading. J Appl
Mech Tech Phys 58(1): 139-147.

[36] Babaei H, Mirzababaie Mostofi T (2020)
Modeling and prediction of fatigue life in
composite materials by using singular value

il —F
o glgilesl @l -l Jgur

a)s(igfs Ns) J,a;lm ajau c(,; nfj O o o»(n::;“ osle o3l oyles
VVIYA AAVERS Y. Yy A \lid oYed \
VVYE VY2 Y- Yy 4 \lid oYgd Y
\YIVY VY/-A Y- Yy A \lid oYgd Y
V21O Y-IYA Y- Y \e \id oYgd ¥
A Yo/-v Y- Yy \Y \lid oYgd A
Y. ANAYd Yo Al Y \lid oYgd 4
YY/Ib-. YVIb-. Y- Yy V¥ \lid oYgd Y

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

592210 S G 53 JSb il (595 (8 5L T 5 3l it 4ol il iyt | VAN

VO/FS VYIAY o Y 12 Vg Yo A
YA/S- Va5 o Y Ve Yz SYob a
S Y08 o Y VY Vg Yo Ve
Al VYIFS Y. vy o \ Yo A
UdA Ve Yo Y 5 \ SYob VY
VY VAN A Y. Y A \ Yo W
N2 Y00 Y. Y Ve \ SYgb VE
VY Yoo Y. Y Wy \ SYob 0
VEIY YENY Y. Y W \ SYob Ve
Va/eA ¥vE Y. Y Ve \ SYgb Y
VY VY o v 12 \ SYob VA
VAIYY Vare o Y Ve \ SYgb \q
YA/o-. YYIVA o Y Wy \ SYob &
S YEIvE o Y Vo \ SYgb v\
¥I0o VVIVA Y. Y o ¥ S vy
¥IvY VYVO Y. Y 5 ¥ S vy
FIAY VAIYY Y. Y A ¥ SYgb Ve
lde Y.f ¥ Y ) ¥ S o
Vel AN Y. Y VY ¥ SYgb v
V1Y Y510+ Y. Y Wy ¥ SYob vy
Vg YAIVO Y. Y V0 ¥ S YA
VIYA VT o Y 12 ¥ S va
WY Va/ov o v Ve ¥ SYob ¥
VF Yo/ q o Y WY ¥ S )
UAY Urs o v ¥ \ e ¥y
VP Vol o Y 4 Y - Y
YYAA VAYY o v Ve \ e Yf

Y o ko /1) 6590 /1F e Jlu /o 4Li g Lo jlw SWilso



WAQ | oo ylen g 59500 Zlow

YorRY
Sk
orf

V¥

sy
2

VVYIYY

VEITE
YAIYO
Y+ IAD
VE/FY
VI8
\R¥(a
Sk
viov
VA/AD
Wit
YANY
YA

VOIAA

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso

¥/ -

Y7/t

AR

AARAR

Ve

NArd

\YIFY

AAFAYA

YANNA

YV/eY

\Y/I#

AN

YF/A

YAIg-

AMTAR

ARVARE

Yoz

YE/eY

Y#I¥5

VEIYY

ARVINN

YY/QA

YY/AY

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Yy

Y

Yy

Y

Yy

Y

Yy

Yo

e

v

YA

Y4

\a!

Y

v

¥¥

o

¥

v

A

&

o

oy

oY

Of

0o

g

oy

OA

AR

4l



$92210 S Sl ys SIS it (595 (8 5L 2 51 it Aol il (o ypt | 14

NE Y Y Yr Y Y pyinsl] $Y
V¥ AIYD Y ¥r ¥ Y poiasl] o
YEITY VeIAY Y Yr ¥ Y pinsl] o
YEIY WY Y Yr ¥i0- Y pinsl] £0

Y\ % Y ¥r Y/ Y poiasl] $5
S V- Y Yr 5 Y pinsl] sV
VIYe YIVY 5- Yr Y Y poiasl] #A
i Y/ 5 Y ¥ Y pyinsl] £4
Yry NIFY 5- Yr ¥ Y poiasl] Y-
\OIYE YAy 5- Y- Yio- Y pasl] V)
Va/-f VIFE 5 v Y/ Y pyinsl] VY
S V0 5 Y ¥io- Y poeizesl] vr
VP VY Y Yr ¥ ¥ pyinsl] Ve
144 VWV Y. ¥ 5 ¥ pasl] Yo
Y\ V¥/as Y Yr 5 ¥ pyinsl] Vs
S VY- Y Yr v ¥ pyinsl] vy
oIF YIVY 5 Y ¥ ¥ piasl] VA
\0/2Y VeIAY 8- Yr ¥ ¥ pomiesl] va
YY/A /0¥ 5 Y 5 ¥ poias] A-
WY U0 5 Yr Yo ¥ pomiesl] A
V¥loF VIYA 5 Y- ¥ ¥ poiasl] AY
VFIAA YA 5 v 5 ¥ pinsl] AY

M VY 8- Y- 5 ¥ pomiesl] A¥
Y\ M/ 5 v v ¥ pinsl] AD
S VWA 8- Y 5 ¥ pomiesl] A

Y o ko /1) 6590 /1F e Jlu /o 4Li g Lo jlw SWilso



141 | ot o0 g 5550 2l

(Y) €Sy (Saolias (5,185,b ¢l slopls 3y9 2lmle ol gl Joo 41 bgr o ANOVA Jgu -0 Joua

Probe > F F-value Slay o Jrgio sl a0 Slayye Egome e
<efere WWYNY WY Y YYAY/YY ) Jow
<efees YY VA0 YV#IAQ \ YVPIAQ X1
Sefese) FYAIOY PYS/-Y \ #YS/-Y Xz
«[-ayY Y/aY YIAS \ YIAF X3
Sefeee) ANE \Ya/af \ \Ya/af Xa
<efeee) FA0/YA FYa/ay Y \YO/AD Xs
<efeee YYIY# YY/VY \ YY/VY X1Xz
AN AR YIvo YIYy \ YIYY X1 X4
<efeee OY/AY Ndldl A ARAVAR! X1 Xs
ofeee¥ VF/-0 \YIVY \ \YIVY XoXs3
<[ Y8 [NAR O/-a \ AR XoXq
<efese VA § \Y/$E Y NG XoXs
o[-Y-q At \ria! Y YIVA X4 Xs
<-FVY A A \ AN X2
- - QAN AN INGlied saslou8l
- - - \i4d YY#a/9A Al gl

Y o ko /11 0590 /1Fee Jlu /Lo 4Li g o jlw SWilso



