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The Effect of Neglecting the Longitudinal Moment Terms in
a Composite Liminate Plate with Stacking Sequence and
Fiber Orientation
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Lee, Bong-hak, Kim, Kyung-Jin, Lee, Jung-ho, Hong, Chang-Woo

ABSTRACT

The most of the design engineers for construction has academic background
of bachelors degree. Theories for advanced composite structures are too
difficult for such engineers and some simple but accurate enough methods are
necessary. The senior author has reported that some laminate orientations have
decreasing values of Dis, Bis, Dzxs and B stiffnesses as the ply number
increases. Such plates behave as special orthotropic plates and simple formulas
developed by the author can be used.

Most of the bridge and building slabs on girders have large aspect ratios. For such
cases further simplification is possible by neglecting the effect of the longitudinal moment
terms(My) on the relevant partial differential equations of equilibrium. In this paper, the
result of the study on the subject problem is presented.

Key words: Simple method, Influence of neglecting Mx, Large aspect ratio,
Finite difference method, Special orthotropic plate
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Figure 1. Flow chart for numerical analysis
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Table 1. Deflection Ratio of F.D.M/Navier

Navier/F.D.M
x(m)
0.5 15 25 35 45
y{m)
05 1.005 104 1.004 1.004 1.005
15 1.001 0.999 0.999 0.999 1.001
25 1.000 0.998 0.998 0.9598 1.000
356 1.001 0.999 0.999 0.999 1.001
45 1.005 1.004 1.004 1.004 1.005
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Table 2. Flexural stiffness of the plate (N - m)

Case | [30°/-30%/~30°
_ 90%/0°/90° 0°/90°/0°
Stiffnes [ i AiEL I vy
Dy 2926.95 18492.90 726608.80
Dz 18492.90 2926.95 2542119.91
Diz 626.77 626.77 814523.34
Das 849.85 849,85 862643 .41
Dis -09x%10" -0346 % 10°° 9.6207% 1071
Dz 0.7%107 -0.27%10™ -L1511 x 1071
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Table 3. Deflection at the center of the plate

Fa el =
27 349 wdE e

Table 49} Table 5= W8 2
E Mxs 39E 2dE Mye A3ZL 344
Z7tel mel el Aol

for each cases (unit : m)

Case 1 2 il r?sm 2 4 5

A | 0.3066E-01 | 04579601 | QA458E-01 | 04441E-01 | 04442601
| AN | 04112501 | 04430E-01 | 04442E-01 | 044436-01 | 04M3ED1 |
Al AN] 0940 1.0 1.004 1.000 1.000

B 0.3860E-01 | 01M5E+00 | 0271400 | 0.2900E+00 | 02893540
BN { 014126840 | 024116400 | Q.2698E+00 | Q.2775EHI 027959(12‘
}B_/~B—N 023 0807 1.006 1045 1085

C [ 0824004 | 03002603 | 0.3807E-03 | 0.3066E-03 | 0.30E-(3
CN | 02138608 | 034003 | 0374203 | 0.3864E-03 | 0.3901E-03
C/CN 0385 0.699 1.017 1.026 1.015

Table 4. Mx at the center of the plate
for each cases (unit :N - m)

Case 1 ; A%Ded3raUO (ab) : -

A 104540542 | 0.12209EH2 | 0.1006E+02 | 0.1004E+02 | 0.1060E+2

AN JOZM8HR2 | 0.1121E+Q2 | 010625402 | 0.10808+02 | 0.1060E+(2
A/ AN| 1670 1.06 0947 0.9 1,000

B | 027856403 | 0.3644E+03 | 02187E+(3 | 0.1209E+08 | Q.7727EHR

BN | 07627E+3 | 0.2635E+03 | O.11RE+03 | 08074+ | Q705062
B/B-N| 03¥%5 133 18% 1.497 1094

C 0.28006+03 | 025218403 [ 016316403 | O.1174E+(3 | 01022403

C-N | 07366EHE | 09153EH02 | 0.9753E+02 | 0993582 [ 0.9901E+2
C/C-N] 3216 2754 1675 118 1.023

Table 5. My at the center of the plate
for each cases (unit :N - m)

Case 1 . Asoedsrat\o {ab) y -

A | 02734E+03 | 0.3226EHB | 031355408 | 03124403 | 0.3125EH8

AN | 0223F+03 | 03N7EA3 | 031258403 | 031256403 | 0.3125E+03
Al AN 092 1.035 1.003 099 1.000

B ] 04500642 | 022485403 | Q.076EH3 | 0.3253B+03 0,3231E+OBj

B-N ] 01783403 | 0.2746E+03 | 0.3024E+03 | 0.30986+03 | 0.3118E+03
B/BN|] 02541 08186 10172 1.050 10362

C | 06734E+(2 | 0.24086+03 | Q.3048E+03 | 031608403 0.3160E+(B_

CN | 0.163E+03 | 026B1E+03 | 029856403 | O.30BEH3 | 03113EHD
C/CN| 037 0.906 1001 1028 1015
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Figure 11. Moment Mx at the center of
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Pz 24 W Z49 Casedl didled 0.034,
0.087 I 0.859°1 FAHIZE 3¢ W #HZe
Caseol] th3dled 1.004, 1.006 & 09322 Aol7}
o}F mA%-g Yebla el Foufdkzte] [90, O,
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Table 6. Natural frequency of [90°/0°%90°%; type laminate plate

ki
)

oo

Aspect ratio Natural frequency (rad/sec) A/ AN
(@:h) A A-N
1:1 0.3158680 0.2942354 1.70
1:2 0.2755990 0.2752115 0.996
1:3 0.2700084 0.2724341 1.001
1:4 0.2682006 0.2719809 0.982
1:5 0.2674001 0.2719254 0.983

Table 7. Natural frequency of [0°90°/0°] type laminate plate

) Natural frequency
AS‘(J:Cf ;mo (rad/sec) B/ B-N
B B-N
111 0.3160987 | 0.1633178 0,1935
1:2 0.1420860 | 0.1229926 1.155
1:3 0.1187562 | 0.1143306 1,039
| 1:4 0.1123595 | 0.1110985 1.011
1:5 0.1097795 | 0.1006971 1.000

Table 8. Natural frequency of [30°%/-30%/~30°/30°/30°/-30%; type
laminate plate

Aspect ratio Natural frequency (rad/sec) c /N
(a : ) cC C-N
1:1 0.6735762 0.3998069 1.68
1:2 0.3577977 0.3234809 1.1
1:3 0.3121582 0.3020700 1.03
| _ 1:4 0.2981793 0.2936838 1.02
| 1:5 02921322 | 0.2895626 1.01
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Figure 13. Natural frequency [0°/90°/0%), type laminate plate
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