(DON: 10.22068/istc.2018.28555

10 -1 PP 97 NAPEN Jd opleis 5 ala

. Cuimals § 95y ele 4y i

H“}”w so9lis 5 rO}.Lc

http://jstc.iust.ac.ir

Golid g9 i adyl PR Y ) b=l g9l g_s“)ﬁ"“’LT Ol @LQJ Ceoglido )'Jb"’
§E) uﬁ’ag) Ja.wy gs..\.’lo )L&.é 9 LS‘WOS)‘)

2Z9x 595 wles Fy910L3 (60gd yumol duw

Q‘).Qj‘ (i S oKiils ‘R GL@_”LS 9 (oW PRCRAY ‘Léél}(n (s g)Lf_iJla -1
ol (S s olKzils (ny sl g (eI oaSisly ‘@‘3’“ & o5l s G..;L;..i})lf Gaminls -2
a_ghannadpour@sbu.ac.ir 1983969411 ., ssos oyl yes"

oS Ao oledlbl
5 oo (50 (6)Lid (5o ot adsl cwain slisul sol> e (o jemelS Slomio ol Caaglie gy p 4 lis ol o 95/11/3 sl
aS oo ool gl aiye oy SIS s (65555 5 Gulind ol 50 Ll ook aisly 1) gy ) ool b pwgiis ol i 96/2/2 : s ndy
WS3b Slomio (sl el sy (oles Caoglie 45 Wi oo Eely Bl B cpl losd b8 Sz b JS paii 5 b Lalgy ol o
Sy 05 aales Joub BB gl Sputs Olxio gl 45 g 50 wil ailblize « das pué (Sleny I3l 388 slusl o 4 0B Slguals
Lulps ly s oYyl dmio 5 2,1 650 bl sl a3, L5 4 aneS sl 63, Jeol 4o Jolss S¥oles 50,51 Cowsy S35l Slmio
&9 99 ol ou o3l CenSS oy ln Gt CnSh oo | g oo Lrle eliten s D50 g laa) s (9,0 550 0
o a8t Y S 4y s LalS a5 gl S s (alS Jas 5l amle a5 09b s oy dlie opl 50 S LmalS Jas gl (pwin Ll
Sygo 4 0lge (g GlalS il e EalS Al les st hatd canSs )l an aS glas bl SBee ialS Jos g 0gd o0 Jles] @l Cenglie
St 3T g ol Y cenSs L dlre p opdle oo 28I O (s izl LAY a4 5l oy alolidl W 6oy ST S
Gob 5l ool Gty ol 3T 0 esl snd 4l ond €S Y o3 5 ull] CenSd bl Slatie 5 ond 41 (gloaY e o e

el 0038 F anslie oo S0 wl e )0 09290 guli b Budos cpl jo eads &8l 3,

Ultimate strength analysis of imperfect composite plates under both in-plane
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Keywords Abstract

Composite plates This paper investigates the ultimate strength analysis of imperfect composite plates under both in-plane

Ritz compressive load and lateral pressure using Ritz method. In this study, the first order shear deformation plate
Imperfection theory has been applied and the small deflection theory is also considered therefore the obtained results for thin
Ultimate strength plates could be a little bit off however the results for relatively thick plates are more reliable. The formulations are
Lateral pressure based on the concept of the principle of minimum potential energy. The laminates are simply supported at the
Hashin failure criterion loaded ends as well as the unloaded edges. The in-plane lateral expansion is allowed for all edges however they

are kept straight. To investigate the failure analysis, Hashin failure criterion has been applied and also two
different models for degradation of stiffness has been used. The first model is complete-ply stiffness degradation
model that apply the degradation of properties to the whole ply, and the second is regional stiffness degradation
model which degrade the properties of that region. The instantaneous degradation of material properties is used for
failed ply or region of failed ply. In addition to find the first and last ply failure loads, the number of failed plies
and coordinates of failure points in first and last plies has been obtained. Finally, the results obtained by the
proposed method have been validated by results available in the literature.
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Fig. 2 Plates boundary conditions
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Fig. 1 Schematic representation of a plate with imperfection under in-
plane load and lateral pressure
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Fig. 5 The process of failure analysis
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Fig. 8 Comparison of the results obtained with the results of finite
element [9]
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Table. 1 The results of ultimate strength analysis based on Complete Ply Degradation Model without lateral pressure
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=W ) ) ) <l ) ConSs a0 P
el o0 A Ol%e) o Hle) oas (MM)adl
[10] &> 5 (MPa) (MPa) (mm)
[9]sguse (oS alais (oS alaii
105 20.94 1 8(250,250) 20.84 8(250,250) 20.84 8
215 167.71 2 20(250,250) 167.54 24(250,250) 166.10 24 05
340 298.88 37 1(250,250) 300.35 3(250,250) 203.92 48
107 15.48 4 2(50,450) 14.91 8(250,250) 13.88 8
210 113.67 19 1(250,250) 113.87 24(250,250) 67.73 24 5
302 244.79 43 1(250,250) 245.11 48(250,250) 145.05 48
115 11.79 4 2(450,50) 11.50 8(250,250) 8.00 8
205 89.84 18 1(250,250) 90.17 24(250,250) 30.24 24 15
260 187.50 44 1(250,250) 188.33 48(250,250) 61.92 48
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Table. 2 The results of ultimate strength analysis with lateral pressure and Complete Ply Degradation Model

claa olas Y 5,5 o led el s Y sl o leds odsl i R Jss e amio Caalies
oA AL o A (MPa) oA ALK oS &Y Q JEINRNTS (mm)
alais 4l5) alais ,1S) (MPa) MmM)a sl
[ (Sl
1 48(250,250) 19.24 8(250,250) 19.24 1
1 48(250,250) 16.42 8(250,250) 16.42 2 0
4 2(50,450) 15.01 8(250,250) 13562 3
8 7(500,500) 11.24 8(250,250) 0.00 7.99
4 2(50,450) 14.22 8(250,250) 12.12 1
4 2(50,450) 13.52 8(250,250) 10.37 2 5 6
4 2(50,450) 12.82 8(250,250) 8.62 3
8 7(0,0) 10.79 8(250,250) 0.00 7.9
8 7 (500,500) 11.22 8(250,250) 7.00 1
8 7(0,0) 11.05 8(250,250) 5.99 2 15
8 7 (500,500) 10.87 8(250,250) 4.9 3
8 7 (500,500) 10.00 8(250,250) 0.00 7.9
2 20 (250,250) 166.71 24(250,250) 164.57 1
3 3 (250,250) 151.58 24(250,250) 128.43 2 0
3 3 (250,250) 141,37 24(250,250) 95.57 3
18 1(250,250) 114.68 24(250,250) 0.00 6.4
18 1(250,250) 111.44 24(250,250) 56.88 1
18 1(250,250) 109.04 24(250,250) 46.13 2 5 o
18 1(250,250) 106.68 24(250,250) 35.48 3
18 1(250,250) 98.92 24(250,250) 0.00 6.4
18 1(250,250) 88.48 24(250,250) 25.49 1
18 1(250,250) 86.80 24(250,250) 20.75 2 15
18 1(250,250) 85.13 24(250,250) 16.02 3
18 1(250,250) 79.55 24(250,250) 0.00 6.4
38 1(250,250) 297.78 3(250,250) 200.27 1
41 1(250,250) 285.86 3(250,250) 191.97 2 0
42 1(250,250) 276.37 3(250,250) 183.89 3
43 1(250,250) 250.54 3(250,250) 0.00 6.13
43 1(250,250) 239.04 48(250,250) 120.66 1
43 1(250,250) 233.12 48(250,250) 96.56 2 5
43 1(250,250) 227.34 48(250,250) 72.74 3 48
43 1(250,250) 212.59 48(250,250) 0.00 6.13
44 1(250,250) 184.57 48(250,250) 51.75 1
44 1(250,250) 180.84 48(250,250) 41.61 2 15
44 1(250,250) 177.15 48(250,250) 31.49 3
45 9(500,500) 164.78 48(250,250) 0.00 6.13
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Table. 3The results of ultimate strength analysis with lateral pressure and Ply Region Degradation Model

sbay slass Y op 5l o yleds el s LY Gl ol Ol s Hlad s U s axio Cwlbs
o S o LS (MPa) o LS nnS Y () JvReTS (mm)
abais [S0) i ,l5%) (MPay (Mm)as|
(oS (oSt
0 1 19.24 8(250,250) 19.24 1
0 1 16.42 8(250,250) 16.42 2 0
0 29 15.31 8(250,250) 13.62 3
0 36 12.21 8(250,250) 0.00 7.99
0 29 14.60 8(250,250) 12.12 1
0 29 14.00 8(250,250) 10.37 2 5
0 29 13.42 8(250,250) 8.62 3 8
0 38 11.08 8(250,250) 0.00 7.99
0 36 11.94 8(250,250) 7.00 1
0 38 11.57 8(250,250) 5.99 2 15
0 38 11.20 8(250,250) 4.99 3
2 63 10.11 8(250,250) 0.00 7.99
0 7 168.40 24(250,250) 164.57 1
0 17 152.06 24(250,250) 128.43 2 0
0 26 141.67 24(250,250) 95.57 3
0 65 116.07 24(250,250) 0.00 6.4
1 150 111.63 24(250,250) 56.88 1
0 152 109.20 24(250,250) 46.13 2 5
1 154 106.82 24(250,250) 35.48 3 24
1 160 99.03 24(250,250) 0.00 6.4
0 160 88.58 24(250,250) 25.49 1
1 160 86.89 24(250,250) 20.75 2 15
1 160 85.22 24(250,250) 16.02 3
1 160 79.64 24(250,250) 0.00 6.4
1 325 298.34 3(250,250) 200.27 1
1 356 286.09 3(250,250) 191.97 2 0
1 365 276.52 3(250,250) 183.89 3
1 370 250.60 3(250,250) 0.00 6.13
1 374 239.11 48(250,250) 120.66 1
1 376 233.15 48(250,250) 96.56 2 5
1 378 227.35 48(250,250) 72.74 3 48
1 379 212.59 48(250,250) 0.00 6.13
1 382 186.97 48(250,250) 51.75 1
1 383 183.26 48(250,250) 4161 2 15
1 383 179.66 48(250,250) 31.49 3
1 389 167.13 48(250,250) 0.00 6.13
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