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ABSTRACT

A method of calculating the natural frequency corresponding to the first mode of vibration
of beams and tower structures, with irregular cross~sections and with arbitrary boundary
conditions was developed and reported by D. H. Kim in 1974. This method has been
developed for two-dimensional problems including the laminated composite plates and was
proved to be very effective for the plates with arbitrary boundary conditions and irregular
sections.

In this paper, the result of application of this method to the subject problem is presented.
This problem represents the building slabs with a kind of passive and active control devices.
Any method may be used to obtain the deflection influence surfaces needed for this vibration
analysis. Finite difference method is used for this purpose, in this paper. The influence of
the modulus of the foundation on the natural frequency is thoroughly studied.
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) 1. [0° 90° 0%l Special orthotropic laminated plate
og7le] SEE @8F IN/M’E st 2 H9 AQFE T3 Navier s Wz
o F Lo vetiglch. & M9 plyFAE 0.00125m, #2 FAL 75mx6mE &4t 849
TFE 10X100.2 3t meshF4H Y AAgE vmatgr},

¥ 1. Navier®] 3¢} F823-2939] AW (10X10 mesh size)

F. D. M/NAVIER
Y(m)
X(m) 0.75 2.25 3.75 525 6.75
06 0.1005+01 | 0.1003+01.| 0.1003+01 | 0.1003+01 | 0.1005+01
1.8 0.1001+01 | 0.9998+00 | 0.9994+00 | 0.9998+00 | 0.1001+01
3.0 0.1001+01 | 0.9993+00 | 0.9989+00 | 0.9993+00 | 0.1001+01
42 0.1001+01 | 0.9998+00 | 0.9994+00 | 0.9998+00 | 0.1001+01
54 0.1005+01 | 0.1003+01 | 0.1003+01 | 0.1003+01 | 0.1005+01
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19 2. Building slab

Aol 75moln FL 6molvt. &2 Z BAPE B AAHo )i, Abde] ©A4 R
A HActn Bmeteh o)) 228 A4 ki 10MN/m2A 60MN/m27HA] W3aA)#H Hkch,

A F3E &8

0« =210kg/cm?=20.5042926MPa,  E.= 15000V 0 =21.317118060GPa, &3Eg]
ZAFHE yp=yy=0.180]1 EIEY AF}IEL = 2.5t/m?= A©500Pa°] t}.

2aze AL Yol U A% T LAY, ofw AHH TR AT 4
¢ dod YUy 42 vy 29 329 N 29 39 Gehi

14cm 11.05em  4em 19.3cm

a4 - 2 Cover 2cm
Cover 2cm As=24-D19=68.76cm’ \ ss=16—D16=31.780m2

% 3. Cross section of concrete slab with unit width
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Fig.4 Sandwich panel slab
#ZadE s#89 574 e M=A dd B FA4E Lo HEHA
¥ 2. Flexural stiffness (Unit : N - m)
Type Sandwich
Concrete
Stiffness Type 1 Type 2 Type 3 Type 4 Type 5
Height | he 0.4630 0.3550 0.2980 0.2620 0.2370
(m) h 0.14
f 0.0011 0.00185 0.00265 0.00335 0.00415
Weig};t Core 29.632 22.72 19.072 16.768 15.168
350
(ke/m) [Face 429 7215 10335 13.065 16.185
Du 53810135 | 3502847.56 | 3451719.17 | 3429166.23 | 3435699.65 | 3466960.02
D22 2155713.75 | 2959821.97 | 2226836.81 | 2212286.77 | 2216501.47 | 2236668.48
Di2 906163.38 264367.24 260508.46 | 258306.33 | 25929941 | 261658.68
Des 006403875 | 50164171 | 49431960 | 491089.78 | 49202541 | 496502.17
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olm SFe Azt Y 09 ATAY AYYA A3

o] Mo ARFAFTFE ANFA
o] #XAMY ARE & 3%

F9l 24kN/m’e mAsP O, 7159 BFHe FRAZ AT
® 4.9 YEAG.

—-220~—



¥ 3 EadEd i A=9 =9 A3 ul(Sandwich/Concrete)

2= 1) Type 1 Type 2 Type 3 Type 4 Type 5
k 10.29 11.65 11.94 11.69 11.20
10 MN/m* 0.6889 0.6867 0.6884 0.6889 0.6873
20 MN/m? 0.7946 0.7932 0.7961 0.7961 0.7939
30 MN/m? 0.8457 0.8441 0.8473 0.8481 0.8449
40 MN/m? 0.8757 0.8749 0.8783 0.8792 0.8757
50 MN/m* 0.8968 0.8959 0.8995 0.8995 0.8959
60 MN/m? 0.9103 0.9099 0.9133 0.9133 0.9102
* AU =M=z AA/E2EE AA [851+D) ZHEA FU4H]
* AFH=FAYE AF/MEHHA AF
¥ 4. Natural Frequency (Unit : rad/sec)
K Type Concrete Typel Type2 Type3 Typed Typed
10 MN/m® | 0.6029E+01 | 0.7425E+01 | 0.7437E+01 | 0.7429E+01 | 0.7426E+01 | 0.7433E+01
20 MN/m? | 0.6974E+01 | 0.7948E+01 | 0.7955E+01 | 0.7943E+01 | 0.7941E+01 | 0.7953E+01
30 MN/m® | 0.7399E+01 | 0.8146E+01 | 0.8151E+01 | 0.8138E+01 | 0.8135E+01 | 0.8149E+01
40 MN/m? | 0.7640E+01 | 0.8250E+01 | 0.8253E+01 | 0.8230E+01 | 0.8237E+01 | 0.8252E+01
50 MN/m? | 0.7796E+01 | 0.8314E+01 | 0.8316E+01 | 0.8302E+01 | 0.8300E+01 | 0.8315E+01
60 MN/m? | 0.7905E+01 | 0.8357E+01 | 0.8359E+01 | 0.8344E+01 | 0.8281E+01 | 0.8358E+01

EAgY A% 2 4F e FIAYEY HHAAH 2F3] Fjoz, 4B Aotvy Blic
992 Hrk HAdd ® 38 2W A=A Ao FA E2HE FAY 110 olstol ARt
2E e A AAL RE ke Ao ZaE HAHY Ak E 48 B¥Y FE
B M=9X) @) nf AFF7t E kY 499 S3YEQ g 2o 3. oA 1™
ZE ¥Eo M=K dol TIE BT & AL 2D YSE e

4. W B

o] =EAME AYd 9s Jdd A HAEY AF A WP LT, of PHE &
AAAE EFdAadd S8 Zfrt Folx Yok HEQ dEH H4H A7)E 1, EFA
JE 4% ERAE MG AFs, oAl 7HA g9 SAs d=9x #E 23U
AR 9§ 881F 24kN/mo] A4 o, BE MEAA B Wt F2YE B A Bk
Ak, E ZE MEYX B9 3f AEFE TIYEY ARG U F L WAL R

& gt ol ZE M=HX BEY FAE ZZHUE FAY 1089 129 Jo. ¥

(o] JE=Te

F=IR=¥

-~ 221 -



Az AF 2 &F Z=7t I YEGE HEE F /A
AT Ad9d A=A W] FIE ARG TR

O
hy

A 1089 12 23dERY 3 727 /Mo g gujdng. AFdHHd o Wy

TP F3 AEYPozr FEHYLL
5. &ta 28¥
1. Kim Duk Hyun, “A Method of Vibration Analysis of Irregularly Shaped Structural

5.

6.

Members”, A 12} 44712 A4E 43 FA38) 9, A&, 1974, 10.

Kim, D. H, Park, J. S., & Kim, K. J., "Vibration Analysis of Irregularly Shaped
Laminated Thick Composite Plates 11", JISSE2, Tokyo, 1991. 12,

Kim, D. H., “Analysis of Triangularly Folded Plate Roofs of Umbrella Type,” 16th
Congress of Applied Mechanics, Tokyo, Japan, 1966. 10. 19.

Kim D. H.,, “The Effect of Neglecting the Radial Moment Terms in Analyzing a Finite
Sectorial Plate by Means of Finite Differences,” International Symposium on Space
Technology and Sciences, Tokyo, Japan, 1967. 5.

AYE, "ETHER 98 BAR Matrixe] fF," KL ARG, 15% 157, 1967

Kim D. H., Composite Structures for Civil and Architectural Engineering, E&FN SPON,
Chapman & Hall, London, 1995.

-222 -



