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ABSTRACT

In this paper, the result of application of vibration method to the orthotropic plates with free

edges supported on elastic foundation and with a pair of opposite edges under axial forces is

presented. Such plates represent the concrete highway slab and hybrid composite pavement of

bridges. The reinforced concrete slab can be assumed as a special orthotropic plate, as a close
approximation. The highway slab is supported on elastic foundation, with free boundaries.
Sometimes, the pair of edges perpendicular to the traffic direction may be subject to the axial
forces. The plate is subject to the concentrated load/loads, in the form of traffic loads, or the test
equipments. Finite difference method is used to obtain the deflection influence surfaces needed for
vibration analysis. The influence of the modulus of the foundation, the aspect ratio of the plate,

and the magnitudes of the axial forces and the concentrated attached mass on the plate, under the

natural frequency is thoroughly studied.
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Fig. 1 Mesh size and loading (a=b=1m, 10x 10)

Table 1. Deflection ratio of Navier solution to
F.D.M. solution. (10x 10)
0.1 0.3 0.5 0.7 0.9
X
0.1 0.9982 | 0.9941 | 0.9833 | 0.994]1 | 0.9982
0.3 0.9940 | 0.9912 | 0.9769 | 0.9912 | 0.9940
0.5 0.9865 [ 0.9796 | 0.9468 | 0.9796 | 0.9865
0.7 0.9940 | 0.9912 | 0.9769 | 0.9912 | 0.9940
0.9 0.9982 | 0.9941 | 0.9833 | 0.9941 | 0.9982
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Fig. 3. Deflection at the load point(center of the
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Fig. 4 Natural Frequencies for each case of

k and a/b

Table 2. Deflection at the loading point (center of the plate). (k : modulus of foundation ; N/m’)

(Unit = m)

k (N/m%)
/b k= 10° k= 10° k=107 k= 10° k= 10°

1 0.157464E-01 0.174296E-02 0.416537E-03 0.132746E-03 0.413241E-04
2 0.763536E-02 0.145253E-02 0.403906E-03 0.132654E-03 0.413241E-04
3 0.716962E-02 0.142352E-02 0.404193E-03 0.132654E-03 0.413241E-04
4 0.693619E-02 0.141226E-02 0.404183E-03 0.132654E-03 0.413241E-04
5 0.673492E-01 0.141228E-02 0.404184E-03 0.132654E-03 0.413241E-04

Table 3. Natural Freguencies for each case of k and aspect ratio, a/b.

(Unit : rad/sec)

3
I ST k= 10° k=107 k= 10° k= 10°
1 7.71164 22.66935 48.68064 86.63852 155.4520
2 10.86166 25.66662 49.45140 86.66915 155.4520
3 11.28889 26.02688 49.43317 86.66916 155.4521
4 11.21350 26.04478 49.43380 86.66919 155.4522
5 11.42447 26.04412 49.43381 86.66920 155.4522
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Fig. 5 Loading conditions of a plate
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Table 4. Deflection at the center of the plate

Table 5. Natural frequency (rad/sec)

\ ‘CASE A CASE B CASE A
/ CASE B

0 13.78558

1 7.322637 |  6.768390 0.9243

3 4.227726 4.117696 0.9740

5 3274783 3.223351 0.9843

7 2.767696 2.736574 0.9838

10 2.315621 2297361 0.9921

20 1.637391 1.630922 0.9961

N CASE A CASE B CASE A
(m) (m) / CASE B
0 0.5250E-04-
1 0.1865E-03 | 0.2390E-03 0.7803
3 0.5595E-03 | 0.6120E-03 0.9145
5 0.9325E-03 | 0.9850E-03 0.9367
7 0.1306E-03 | 0.1358E-02 0.9411
10 | 0.1865E-02 | 0.1917E-02 0.9581
20 0.3730E-02 | 0.3782E-02 0.9786
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Fig. 6 Deflection for each case of the axial forces
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Table 6. Deflection at the loading point (center of the plate)

k=10"(N/m?)
Nx(N/m
X(N/m) 1000 3000 5000 10000 30000
a/b
1 0.415637E-03 | 0.417394E-03 0.417683E-03 0.419150E-03 0.425480E-03
2 0.403906E-03 | 0.403906E-03 0.404747E-03 0.405809E-03 0.410177E-03
3 0.404193E-03 | 0.404611E-03 0.405031E-03 0.406087E-03 0.410430E-03
4 0.404183E-03 | 0.404601E-03 0.404810E-03 0.406076E-03 0.410414E-03
5 0.404184E-03 | 0.404601E-03 0.404810E-03 0.406076E-03 0.410414E-03

Table 7. Natural frequency for each case of the axial forces and the aspect ratios, a/b

k=10"(N/m?) (Unit : rad/sec)
Nx(N/m)
1000 3000 5000 7000 10000
a/b

1 48.68064 48.64727 48.61361 48.52819 48.16460

2 49.45140 49.42568 49.37989 49.33506 49.07111

3 49.43317 49.40760 49.39196 4931756 49.05547

4 49.43380 49.40827 49.38266 49.31836 49.05657

5 49.43381 49.41567 49.38069 49.31832 49.05650
9 AAE YWY, AT S wap A 4 FEel FHFo] Aga= A5, A} Ft
AL %83 avo BAYCl o 00004me] & F W IRAFFE FATAIY ¥ @

Hate AFE vehilen, 1{fAFFE 494
rad/secoll @3}
4. 32 E
o] =FdME FAREUI D. H Kime 2
FHYHEE o] &3 gAY ¥ Z5F
& BE Y2 AFAH S FYP% A &
e AEL 48 £ Ut

L A58 R4e A5 Ae Rz
222 Naviersi ¥t vlast Az, o) o)
APeAE L09%E UEht HE4E U5
F Ak

2. AWebgAse GAU FAGe) w1
AE57k g, AwdASs 2
4 ggule 9Pe wx ¥8e ¢ & 3
Act.

3. ¥gwd s AT #el A3
HE 242 B9 4FE FAR FAAFY

2T =
o2 XFdHo] 715dLe & £ YA

[1] Kim, D. H. : Composite Structures for Civil
and Architectural Engineering, Published by
E&FN SPON, Chapman & Hall, London,1995.

[2] Kim, D. H. "Vibration Analysis of

Irregularly  Shaped Composite  Structural
Members,” 1990 Structures Congress,
American  Society of Civil Engineers,
Baltimore, MD., U.S.A., May, 1990.

[3] Stephen P. Timoshenko, and .

Woinowsky~-Krieger, Theory of Plates and
Shells, Second Edition, Mcgraw Hill Book
Co., 1989.

[4] A=4, “S¥zx oA %fz}% ol%ou 9] 3k
A4 Z2APE YR une aAH S A
Astn EE &y HH}‘ZM%—E—, 8. 1997

- 204 -



