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VIBRATION OF FIBER-COMPOSITE LAMINATED PLATES BY THE SPLINE STRIP METHOD
BASED ON A HIGHER-ORDER SHEAR DEFORMATION THEORY

KB EEx EERTE k%
By Tomisaku MIZUSAWA and Hiroshi Kito

This paper presents a formulation of the spline strip method which 1is
a semi-analytical model based on the higher-order shear deformation
theory to analyse vibration of rectangular fiber-composite laminated
plates. To demonstrate accuracy of the present method, some examples
are solved, and the results are compared with those obtained by other
laminated theories. The effect of thickness ratio, moduli ratio and
stacking sequence of lamina on the frequencies of symmetrically cross-—
ply laminated plates and antisymmetrically angle-ply laminated plates

are investigated
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=
“

H26=D45=F45=A45=01C7% % ¢ 225 9.2383 14.819 21.665 123.584 24.719
) 435 9.2351 14.806 20.660 23.583 23.848
Table 1icid. 3@h ok s BAABMETEEI N 3 6 45 9.2349 14.806 20.624 23.583 23.817
o 8 55 0.2349 14.806 20.619 23.583 23.813
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DOIRENEcF5 A — %, n¥=w (a%/t)V p /B, DR 2 30 9.2353 14.807 20.620 23.583 23,816
4 40 9.2349 14806 20.620 23.583 23.814

- > B / (=5
KB Z B HERDEEN, & 4 6 50 9.2349 14.806 20.618 23,583 23,811
2T 5 4 VIR, k10 BB 8 60 9.2349 14.806 20.617 23.583 23.811

¥ DOF is the number of unknown parameters solved.
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WL, RO EE IR

WEBEONTVWB, L ESPT(SSM) §.5528  §.1510  9.2350  9.8475  10.263
BT, LDIBoFEFIT  HSDT(SSCT)'® 6.5730 B.1778  9.2523 9. 8468 10. 241
o k-l=4&M,=8%FwvT  HSDT(Exact)'* 3 §.5733  §.2718  9.5263 10. 272 10. 787
w3 3D(FDM) 2% §.6185 8.2108  9.5603 10. 272 10. 752
° FSDT!® §.5630 8.1848  9.2775 9.8850 10. 290

Table 2icid. JEBHH
FEINLZWHRZ ez - 7 HSDT(SSM) 6.5850  8.4308  9.8413 10. 686 11. 262
5 4 EHHREB (b/t=5, HSDT(SSCT) §.5985  8.4353  9.8350 10.674 11. 247
a/b=1) DIEBE <5 A -5 HSDT(Exact) 5 6.5910  §.4970  9.9838 10. 876 11. 479
" 3D(FDM) 6. 5468  8.5223 9. 9480 10. 785 11. 344

- 2 s
mwy o /B ORERE  popr 65843  §.4000  9.8265  10.679  11.267

KHOWTRLTH B,
T, MR E, B33 HSDT(SSM) §.5960  8.5313  10.060 10. 987 11. 620
B oaETE(bs e, g4 HSDI(SSCT) 6.6090 8.5365 10,051 10. 962 11. 579
; HSDT (Exact) 9 6.5980 8.5528  10.106 11.048 11.691

SREELNES, 5, 9 K

RLES : Z 3D(FDM) 6.6600 8.6080  10.137 11.053 11. 670
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Khdeir & D&k AMZER  cp7® 7.5358  10.650  13.948 16. 605 18. 891

e H T B bLevyik
I EBHY . Reddy b OB HSDT(SSM) : Present method . .

e o . HSDT(SSCT) : State space concept technique based on higher-order
2 7

EHE' Y . NoorDZESTIK shear deformation theory

MW7 3RuEMERE S . — HSDT(Exact): Exact method based on higher-order shear deformation

REAWERERICX 2 theory

19 o EHE IS I B 3D (FDM) : Finite Difference Method based on three dimensional
_ . elasticity theory

%)m‘l’f&%o Chkb ; FSDT : First-order Shear Deformation Theory

AFHEIC & BT O CPT : Classical Plate Theory
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Table 3. The effect of elastic modulli ratio,E:/E: on
frequency parameters, n¥=w (a?/t)y o /E: of
symmetrically cross-ply laminated plates;
b/t=10, a/b=1.0 and N=3

Boundary Modes

condition E./E. 1
40 20.35 25.74 38.21 41.51 44.74 53.21
HSDT(SSCT)Y'® 19.50 25.17 38.22
FSDT!® 19.67 25.35 38.6%
30 19,50 24.56 36.48 40.12 43.23 51.36
SS-CC 20 18.17 22.98 34.31 38.08 41.12 48.93
10 15.65 20.51 31.40 34.05 37.44 45.28
3 11.28 17.24 25.83 28.46 30.77 40.02
40 17.44 23.71 87.00 39.51 42.93 51.74
HSDT(SSCT) 17.07 23.54 37.31
FSDT 17.18 23.68 37.72
30 16.48 22.46 35.26 38.05 41.36 49.85
S$S-CS 20 15.06 20.85 83.11 35.73 39.08 47.33
10 12.59 18.54 31.25 30.34 35 .07 43.51
3 9.047 16.00 22.76 27.83 28.42 38.44
40 14.70 21.91 35.98 37.39 41.05 50.26
HSDT(SSCT) 14.73 22.06 36,51
FSDT 14.77 22.16 36.90
30 13.58 20.59 34.21 35.78 89.39 48.32
S$§~88 20 12.05 18.97 32.08 33.22 36.94 45.72
10 9.787 16.88 28.23 29.46 32.60 41.7%
3 7.241 15.02 19.74 26,21 27.30 36.97
40 7.336 17.33 23.73 29.30 33.07 48.37
HSDT (SSCT) T.310 17.45 33.60
FSDT 7.331 17.56 34.02
30 6.748 16.25 22.45 27.90 381.39 39.55
SS-CF 20 6.037 15.02 20.58 26.06 29.37 37.36
10 5.138 18.56 17.37 23.34 26.92 34.48
3 4.301 12.85 12.64 20.05 24.89 27.56
40 4.895 16.48 21.60 27.66 32.67 45.98
HSDT (SSCT) 4.906 16.63 33.22
FSDT 4.914 16.74 33. 64
30 4.617 15.51 20.03 26.08 31.03 838.36
S$S-SF 20 4.316 14.39 17.83 24.07 29.07 36.10
10 3.985 13.10 14.47 21.33 26.69 38.23
3 3.736 10.50 12.10 18.64 24.42 24.76
40 4.322 6.245 15.95 17.93 30.32 32.20
HSDT(SSCT) 4.334 16.10 32.76
FSDT 4.343 16. 21 33.19
30 4.000 6.041 16.92 17.07 28.08 30.51
SS-FF 20 3.642 5.825 13.74 16.11 24.93 128.50
10 3.238 5.596 12.37 15.02 20.03 26.03
3 2.923 5.428 11.28 14.09% 14.18 22.70




Table 4. The effect of thickness ratio,b/t on the furequency parameters,
nk¥=w (a?/t)y o /E. of symmetrically cross-ply laminated plates;
E./E.=40.0, a/b=1.0 and N=3

Theory b/t SS-88 SS-SC $35-CC SS-FF SS-FS SS-FC
HSDT (SSM) 5 10.263 11.156 11.633 3.987 4.483 5.975
HSDT(SSCT) **’ 10.240 10.576 11.164 4.025% 4.518 5.897
FSDT*®’ 10.290 10.646 11.266 4.053 4. 544 5.9037
HSDT (SSM) 10 14.702 17.431 20.325 4.3822 4.895 T.335
HSDT(SSCT) 14.725 17.069 19.500 4.334 4.906 7.3810
FSDT 14.766 17.175 19.669 4.343 4.914 7.331
HSDT (SSM) 15 16.579 21.292 26.139 4.394 4.988 T.78%
HSDT(SSCT) 16.618 21.181 25.6582 4.401 4. 994 7.780
FSDT 16.645 21.229 25.8312 4.40% 4.998 T.792
HSDT (SSM) 20 17.483 23.671 30.262 4.422 5.024 7.981
HSDT(SSCT) 17.497 23.545 29.870 4.41% 5.011 7.969
FSDT 17.517 28.625 80.082 4.423 5.024 7.9838
HSDT (SSM) 100 18.910 28.351 40.357 4.45% 5.109 8.271
CpT!®’ 18.8%1 28.501 40.743 4.457 5.076 8.269

3. 2 HWHRT I - 754 EEROIRBET

HHNEE & AR BEKT 2HENRT v o0« 75 A BERTIE. A16=A265A45=B11=B22=B12=D16=D26=
D45=E11=E12=E22=F16=F26=F45=H16=H26=0iC78 % o

054 7TORBROBEHMRIT TR —IREAMEBRERIEREICHARRE A 5N L8, BREAME
R L 2EEMEF DR, AOBEMTEINALIEAD B ICReddy 5 DBEBR''Y BRDOLNT VS,
COXIREERTA T, GREAMERER S —REAMABERIC L 2R OLBERFAZT 5.

Table 5icid. BRIFADS T, BABATR AN 2BH ORISR T v 7V - 75 4 EHEREER
(B1/B2=40, 6=45", N=2) OFREE 5 A — %, nk=w (2%/t)V 0 /B 52 2BEL, b/t OREENRENT
W5, T, Reddy 5 DEREAMETERICE S CHER'S & REAMEBRERICESSCRT 74 Y
REEBOWTRDFEY $RLTH D, L. ~REAMERERICL BRI, BETAEEKREICS/6
EHOTWE, INED. AFECLBBIR. b/t=1. 0% RV TReddy 5 DB ER E —H L HEREBE OGN
THD, FHL—REBAWEEER L 2R CEBLT. REMERT >N T, PRPRERENE SN
TWb,

wic, 2 20T 3 2 BB N ENBEHIF LEES W IGEERT v 7 - 75 4 BEERORIE <5
A=y B A BEEMA, 6 . WREL, b/t PRI E /B OB O WTRL. —IREAWMEEER X
DROIFERD L HERE AT, Plg 2ici3. ZORBREWR (B, E.=40, b t=10) OIREE <5 21— %
KB A BWEA, 6 ORENRLTHE, JIC, BEBHERB2EBL4EBELY ., BERARZ0° »545° &
TEASETVWS, Ihid, BEHICLD, AREAMESEER S —REANMERHERIC L BEICENS
S, BERORBHEIETHICKECEKFELTWS, Fig 3R, 2BEAEOIHIRT v 7 n - T 54
IEFEREER (0=45) DEEGORIBE 5 A-FBAZWEL, b/tOEEBNRENTVWSE, JIT. @



B3 10 & 55 {RE L, A ks
540 FTEALSETOE, ChEY, 2 Table 5. Comparison of frequency parameters,.n*%)(az/t)fp_/Ez
of antisymmetrically angle-ply laminated plates;N=2

BOBE. ~REAMEREiR X 5 0=45", B1/B2=40, a/b=1.0 and $$-SS
BRVBRE AMET R OB & B L Modes

T HEREESRECRBE, M it Theory 1 . ’ ! :
EBREhTOVE, Lal., BENES

: 2.0 HESDT(SSM) 63368 6.8829 10.670 11.055 11,055
(FBe. HEDEWNE SR >TL Bo HSDT (Bxact)'® 6. 283

4.0 HSDT (SSM) 9,7594 13.766 17.749 17.749 25. 347
HSDT (Exact) 9. 759

5.0 HSDT (SSM) 10. 840 17.207 20.355 20.855 29.503
HSDT (Exact) 10. 840
FSDT?7 10. 335 17.207 18.891 18.891 26.479

10.0 HSDT (SSM) 13.263 27.777 27.777 34.414 43.359
HSDT (Exact) 13.263
FSDT?7 13.044 26.938 26.938 34.414 41.341

12.5 HSDT (SSM) 13.704 29.501 29.501 43.018 47.187
HSDT (Exact) 13. 704

4

o CPT!® 14. 510
O NZISDF + N-LESDT © Neg ISDT & Ned, FSOT 20.0 HSDT (SSM) 14.246 31.882 31.882 83.052 56.979
Fig. 2 The effect of & on frequency parameter, n¥ HSDT(Exact) 14. 246

of antisymmetrically laminated plates; b/t=10
Ev/Ea=40, S§-CC

25.0 HSDT (SSM) 14.383 32.536 832.536 54.816 58.912
HSDT (Exact) 14. 383

50.0 HSDT (SSM) 14.572 33.490 33.490 57.531 61.908
HSDT (Exact) 14.572

100.0  HSDT(SSM) 14.621 33.744 33.744 58.289 62,749
HSDT (Exact) 14. 621

FSDT27 14. 618 33.730 33.730 58.243 62.708
CPT*® 14. 636
n¥ n#
17 2

E./E: E:/E2
O HSDT, b/t=10 + FSDT,b/t=10 o HSDT,b/t=5 & FSDT,b/t=5 O HSDT, b/t=10 + FSDT,b/t=10 o HSDT,b/t=5 & FSDT, b/t=5
a) N=2 b) N=4
Fig. 3 Comparison of fundamental frequency parameter,n¥ of antisymmetrically angle-ply

laminated plates between the higher—order shear deformation theory(HSDT) and the
first shear deformation theory(FSDT); 8 =45, SS-CC
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