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Table 1 Displacements and stresses of single plates

h/a = 0.1 h/a = 0.2 h/a = 0.4
present study FEM present study FEM present study FEM
wcC,,/(qh)
x=a2,y =b22 z=0 1674.709 1 1 644.060 4 121.786 9 118.591 4 12.395 9 13.343 7
x=a/2, y=0 z2=0 1969.062 6 1 973.6121 144.149 1 145.262 3 14.432 4 15.788 5
o./q
z=0 -74.312 8 -70.838 0 -19.166 5 -18.010 2 -5.439 8 -4.759 5
x =a/2, z=0.1h -59.019 9 -58.852 0 -14.892 8 -14.807 4 -3.897 8 -3.768 3
(y =b/2 ) z=0.9h 58.929 7 58.801 4 14.810 6 14.766 1 3.790 4 3.738 4
z=h 74.184 7 70.787 3 19.006 8 17.968 4 5.769 2 4.728 3
z = -76.464 3 -74.965 5 -18.951 8 -18.543 4 -4.890 9 -4.669 9
x =a/2, z=0.1h -60.321 0 -61.529 0 -14.472 3 —-15.050 2 -3.334 3 -3.640 9
(y =0 ) z=0.9 60.480 6 61.634 9 14.637 0 15.134 7 3.476 4 3.698 4
z = 76.594 0 75.071 3 19.057 4 18.627 9 4.556 4 4.727 8
o,/q
z=0 -13.728 7 -11.182 8 -3.360 6 -2.426 2 -0.844 0 -0.431 4
(x = a/2, z=0.1h -10.894 6 -10.484 6 -2.592 4 -2.306 2 -0.569 7 -0.426 1
y =072 ) z=0.9h 10.866 7 10.470 4 2.567 7 2.296 5 0.544 7 0.420 1
z=nh 13.692 1 11.168 7 3.317 2 2.416 6 0.997 2 0.425 6
Ve, /(qh)
z=0 -93.009 2 -93.711 1 -13.822 9 -14.563 7 -2.438 1 -2.591 1
x = a2, z=0.1h -74.549 2 -75.633 2 -11.120 5 -11.869 0 -1.969 6 -2.149 7
(y =0 ) z=0.9h 72.650 8 73.748 8 10.171 3 10.916 3 1.479 6 1.669 3
z=h 91.105 3 91.826 6 12.867 1 13.610 8 1.900 8 2.109 7
UC,,/(qh)
z=0 197.319 6 199.390 3 24.370 8 24.913 0 3.119 2 3.163 9
x = a/4, z=0.1h 155.580 8 157.823 8 18.589 6 19.385 2 2.114 6 2.339 3
(y =0 ) z=0.9r -156.217 8 -157.819 9 -18.901 2 -19.369 0 -2.228 8 -2.315 2
z=h -197.941 7 -199.386 4 -24.667 1 -24.896 9 -3.174 7 -3.140 2
T4
x =0, z=0.1h 2.579 0 1.002 4 1.389 2 0.201 1 0.897 5 0.059 4
(y = b/2) z=0.9h 2.535 6 0.810 0 1.239 1 0.160 7 0.590 3 0.046 9

H ARG ERI SRR, B4 ¢l = ¢ = C,.

Note The results are calculated with the program for three-layer plates, i.e. C{}) = C{? = C,, .
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Table 2 Displacements and stresses of laminated plates

h/a = 0.1 h/a = 0.2 h/a = 0.4
present study FEM present study FEM present study FEM
WCiP /(gh)
x=a2,y=b22 2z2=0 616.585 7 595.018 1 53.810 8 52.371 3 7.569 2 9.091 8
x=a/2, y=0 z=0 726.803 8 722.466 5 62.665 9 62.941 5 8.335 3 9.933 3
o./q
z2=0 -126.838 5 -120.197 9 -33.603 7 -30.720 7 -10.165 9 -8.243 8
z=0.1h + -98.892 4 -99.330 8  -24.269 5 -24.763 2 -5.528 1 -6.038 8
x = a’/2, z=0.1h - -19.778 5 -19.866 2 -4.853 9 -4.952 6 -1.105 6 -1.207 8
(y =b/2 ) z=0.9h - 19.801 0 19.835 8 4.888 5 4.928 0 1.095 6 1.183 7
z=0.9h + 99.005 1 99.178 9 24.442 5 24.640 0 5.478 2 5.918 5
z=h 126.769 5 120.359 4 33.448 5 30.910 6 10.087 9 8.430 2
z2=0 -127.436 4  -124.131 4  -31.503 8 -30.333 7 -8.523 6 -7.627 9
z=0.1h+ -97.7175 -102.576 8  -21.730 5 -24.469 9 -3.944 9 -5.558 6
x =a/2, z=0.1h - -19.543 5 -20.515 4 -4.346 1 -4.894 0 -0.789 0 -1.111 7
(y =0 ) z=0.9h - 19.665 2 20.553 0 4.474 3 4.924 3 0.875 4 1.131 1
z=0.9h + 98.325 9 102.764 9 22.371 6 24.621 6 4.376 8 5.655 5
z = 127.878 6 124.586 2 31.869 8 30.726 4 8.473 7 7.944 2
o,/q
z=0 -22.301 5 -17.036 5 -4.998 9 -2.983 4 -1.132 8 -0.199 7
z=0.1h + =-17.195 3 -16.460 0 -3.334 2 -3.269 3 -0.223 1 -0.604 0
x =a/2, z=0.1h - -3.439 1 -3.292 0 -0.666 8 -0.653 9 -0.044 6 -0.120 8
(y =b/2 ) z=0.9h - 3.502 6 3.277 0 0.733 2 0.640 8 0.104 0 0.105 0
z=0.9h + 17.512 8 16.384 9 3.665 8 3.204 0 0.520 1 0.525 0
z = 22.587 3 17.395 4 5.272 4 3.352 2 1.456 7 0.557 6
VCit / (gh)
z2=0 -34.172 1 -35.406 2 -5.288 4 -5.624 8 -0.918 2 -0.931 4
x =a/2, z =0.1h -27.381 0 -28.873 5 -4.251 2 -4.705 2 -0.743 8 -0.843 2
(y =0 ) z = 0.9h 26.420 5 27.844 5 3.787 1 4.200 3 0.518 0 0.602 6
z=nh 33.223 9 34.432 2 4.848 2 5.179 1 0.717 3 0.749 7
Uci? / (qh)
z=0 65.761 3 67.098 2 8.107 8 8.421 2 1.102 2 1.132 8
x = a/4, z=0.1h 50.366 1 52.161 8 5.578 1 6.208 1 0.492 5 0.695 1
(y = ) z=0.9r -50.718 7 -52.103 1 -5.745 6 -6.145 3 -0.548 3 -0.634 0
z=h -66.099 2 -67.039 4 -8.264 1 -8.359 4 -1.135 1 -1.073 0
T./q
x =0, z=0.1h 4.220 2 0.898 0 2.228 8 0.352 4 1.333 0 0.098 1
(y = b/2) z=0.9h 4.171 2 0.935 6 2.034 9 0.382 7 0.983 7 0.123 1

TR R EROR o B B RSN E RN R,

Note “+” and “-" locked on the coordinates denote the outer and interior layers, respectively.
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Exact Analytic Solution for Laminated Plates With
Free-Edges and Arbitrary Thickness

WANG De-cai', GUAN Qun’, FAN Jia-rang’
(1. School of Earth and Space Sciences, University of Science
and Technology of China, Hefei 230026, P. R. China;
2. School of Civil Engineering, Hefei University of Technology
Hefei 230009, P. R. China)

Abstract: The problem of free-edges in three-dimensional elasticity is always a difficult one.
The conditions that both normal stress and shear stress on the free edges equal zero are satis-
fied very difficultly. Based on the three-dimensional fundamental equations of elasticity and the
state space method, the state equation for orthotropic plates was established through introduc-
tion boundary displacement function and consideration of all elastic constants of the orthotropic
materials. Series expansion was carried out on the variables of the state equation. An exact so-
lution was presented for laminated plates with arbitrary thickness by satisfaction of boundary
conditions, which could also satisfy the continuous conditions of stresses and displacements be-
tween plies of the laminates. The results of two examples show that the calculation process is
simplified and the convergent solution can be achieved with less terms of series when the dis-
placement function of free boundary is adopted. The numerical results with high accuracy can
be obtained through comparison with the results of finite element. The results can be used as

reference to numerical methods and semi-analytical methods.

Key words: laminated plate; free-edges; state equation; exact analytic solution



