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Finite similitude in high rate dynamic behavior of structures under impact loads
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ARTICLE INFORMATION ABSTRACT

At present paper, an equivalent model with different dimensions and also with different dimensions and
material in comparison with main body for strain rate sensitive structures subjected to high rate loading
is presented by using the novel finite similitude method. The finite similitude method provides
performing a test on the model instead of the original sample. This method is used to obtain the
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properties of model and to reverse the obtained results for model to main body by using the principles of
nature (the law of conservation of mass, the law of conservation of momentum, the law of conservation
of energy and the law of conservation of entropy) which is always true for any system. The relationships
for both pure dimensional and simultaneously dimensional/material scaling of strain rate sensitive
Impact structures are presented. To evaluate the efficiency of the proposed relationships, the numerical results
Koo are obtained for impacted circular plates. It should be mentioned that the numerical results are obtained
by using the finite element software LS-Dyna in which the strain rate effects are considered into account
by using the Cowper-Symonds and Johnson-Cook constitutive equations. The results indicate that the
scaled plate to one tenth of its original dimensions and also made of different material in comparison
with original plate predicts the response characteristics of the original plate with a very good accuracy.
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! Scaling
* Replica scaling
¥ Modeling or similitude
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! Non-perfect similarity

? Non-direct similitude

* Perfectly plastic material
4 Norton-Hoff

* Rigid perfectly plastic
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Fig. 1 Central impact of a sphere on a circular plate (Fig. 6(b) [10])
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! Physical space

? Physical field

* Flux

* Control volume (CV)

* Full-scale or un-scaled model
® Star-time derivative

7 Material derivative
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¢ Johnson-Cook constitutive equation
" Reference strain rate
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2 .

# Thermo-mechanical processes
? Pure mechanical processes

* Cauchy tensor stress

232



olKad 9 ,530o el

5140 8 Gl )b 31z o jlw Y 733 SSaeliad JlEB) ) d9dxe Ayl

-nes awly) 6,5 Fp o4 pwlee sleojle SooLswl -1-4

(3 gapaw
E5 e o sl la s solal SLSulicwnd Gl Jol (25w 0
@J_L‘LE O ‘;1‘};'!.51 a5 Sl ool sols olds g ol adpds Oyge Yo
2 S F ol LS)-lJ-",UJ-:-?J o a4y oads Jg_'i.,...'l 3 ol sla oo
S oolamul b o pl pgo sy 40088 e bl (golel SLLS
Sl Sl gl dgame AlsS ma gy il x4l asy s L)
a5 ool oads 20 55 S Fy a eles slaaill slosle/golad (lejan
&) ol KLl 3 55 5 Sl iS4 ogeye S0
@losle/golal lojen Sl gl il aswg was lads,.0ed

ol oads Jloel dypi coi so G, 0,5 F5 4 ol sloejle

ol SoalSnl -1-1-4
shol e oole g 085 g0 LS mur olad Laih o golal S LS 4
GOl az ) aw wu0,F 55 WS o5 lizmad Cul (laSy 0nd Sl
@1 a0 wsalnl Sl Sl gl 131 5 )5 gy (Solso 0yl b (51,
3o oo S ealil 3550 (B) golad SkSil o (e 12 U8
Jesles L1AT L il (B9 S8 SlSl oy o9 0T 4z
() oy SiekSol 35 oy (50151 4250 3l g 035 00 i (10) alaf
530G ol 39 g0 03,91 e 45 (13) a5l oozl b Bl 4l
5 pebed G5 o Saishoons oSV Joae (JBa sl oS el
s Jas (11 ((16) alul)) j5em psS alal, & bgyeg <ol oy,
Sy oSl s 5 Ko b el bl o oad oSl 5 Lol
whilejl 5 (Sond slalad o juiga e Gl dal; LIS 5Ll
2 o8S 25 S el (D= fDps) w3k Dps ply sk Dis
B Dy 43 odd 53 1SS sl o L0gd o J_-._’i...JI solal _i,__._l.._{.._.l
. R S R FULR T B
00 = 0,1+ (5)9) (1)
50 gles 5 1 cuales slls Jlo,. 8 > 15 4 b (goVed (s9nls (§)s
(Foshen 5 glad) (o2 S5kS 0.01 o o) oy (53550 0 45 foo gl
e A e o8 3 IS Gllas el e e s 200 e sl
a5 Sl S5 oy a3 ol 0sd 45,5 I 0 ol Jou leis 4 S
pabes 5 SV Jgso ( JBz gl oy Slaie L [16] 5¥5s
7.85%100 0.3 55 4 g 3D jaiger psS & bl aal; ol g
21664 JSLLES 0.285 (JELbIS 210 icaSea s 5 055k
oole Ji5,S- il gomie Cpizred wlewd oad solinul 3.53 g asl L
waslge 1 Jgom o ont ail ) Sledlol b gillae oot solizl 5Ygd

[16] Smaidly ongasme 5 5¥gh osle 23 5= 251 Jgam

Table 1 Stress-strain of steel material in plastic range [16]

JSabiS) i Sl S

0.285 0

0.339 0.0237
0.378 0.0477
0.405 0.0711
0.428 0.0941
0.461 0.138
0.491 0.190
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Fig. 4 Energy absorption versus displacement for full-scale model and
reversed scaled models
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Rigid sphere: 0.01kg 200mm /'msin z direction, 56000 elem ents

Circularplate: 178551 elem ents
Staticand dynamic friction coefficients: 0.3 and0.25

g=5

Rigid sphere: 8x10 kg 200mmm s in = direction, 56000 elements
Circularplate: 178551 elem ents
Static and dynamic friction coefficients: 0.3 and0 .23

Fig. 3 The full-scale and trial model 1
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Table 2 The relations for reversing of displacement, energy absorption
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Table 4 The scaling parameters for different values of .5/,
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Table 5 Stress-strain of steel material in plastic range
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Table 3 Comparing the reversed maximum displacement, energy
absorption and peak load of scaled models with full-scale model ones
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Fig. 7 Axial force versus displacement for full-scale model and
reversed scaled models
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Table 6 Comparing the reversed maximum displacement, energy
absorption and peak load of scaled models with full-scale model ones
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Fig. 6 Energy absorption versus displacement for full-scale model and
reversed scaled models
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Fig. 8 Energy absorption versus displacement for full-scale model and
reversed scaled models
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Fig. 9 Axial force versus displacement for full-scale model and
reversed scaled models
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Table 7 Comparing the reversed maximum displacement, energy
absorption and peak load of scaled models with full-scale model ones
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Fig. 10 Energy absorption versus displacement for full-scale model and
reversed scaled models
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Fig. 11 Axial force versus displacement for full-scale model and
reversed scaled models
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