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ABSTRACT

The results of analysis of simply supported reinforced concrete slab by special orthotropic plate theory have been
reported. This method, however, may be too difficult for some practising engineers. In this paper, the result of
analysis of such a plate by means of the beam theory with unit width is reported. By using the "correction factor”,
the accurate solution for the plate can be obtained by the beam theory. The plate aspect ratio considered is from 1 :

l1to 1:6
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Fig. 4 Cross section of RC slab

Table 1 Bending stiffnesses of RC slab

Bending_stiffnesses (N - m)

Du 714,448,636.2
Diz 101,528,384.9
Dz 610,017,203.3
D, 2218376014
oy
X —> X
o
v BRI -
v
Y

ZAMEElER - 206 m x 25 tonf/m’ = 1625
AANIZE 1,65 + 1250 = 28B kef/m’ = 28200
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Fig. 6 Deflection shape of simply supported beam
by beam theory
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Fig. 7 Navier solution program flow chart

Table 2 Deflection of simply supported beam with unit width by beam theory (m)

x(m) 0.3 06 0.9 1.2 15
Deflection 1.3068E-05 2.4725E-05 3.3850E-05 3.9645E-05 4.1630E-05
x{(m) 1.8 2.1 2.4 2.7
Deflection 3.9645E-05 3.3850E-05 2.4725E-05 1.3068E-05
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Table 3 Correction factor (a) of aspect ration 1:1

2 03 06 09 12 15 18 21 24 27
03 01253 | 01231 | 0213 | 01201 | 01197 | 01201 01213 | 01231 0.1253
06 0235 | 02294 | 02266 | 02248 | 02241 02248 | 0266 | 02294 | 02395
09 03120 | 0309% | 03065 | 03043 | 03036 | 03043 | 03065 | 0309 | 03129
12 03623 | 03501 | 03559 | 03537 | 03529 | 03537 | 03559 | 03591 0.3623
15 03790 | 0378 | 037126 | 03704 3696 03704 | 03726 | 03758 | 03790
Table 4 Correction factor (@) of aspect ration 1 : 2
g = 03 06 09 12 15 18 21 24 27
03 01703 | 01684 | 01668 | 01658 | 01655 | 01658 | 01668 | 01684 | 01703
06 0354 | 03229 | 0326 | 03191 03185 | 03191 | 03206 | 03229 | 03254
09 04594 | 04569 | 04546 | 04530 | 04524 | 04530 | 04546 | 04569 | 04594
12 05710 | 05688 | 05668 | 05653 | 05648 | 05653 | 05668 | 05688 | 05710
15 06608 | 06500 | 06573 | 06561 06556 | 06561 | 06573 | 06590 | 0.6608
18 07307 | 07292 | 0728 | 07268 | 07264 | 07268 | 0728 | 07292 | 07307
2.1 07824 | 07812 | 07801 | 07792 | 0779 | 07792 | 07801 | 07812 | 07824
24 08179 | 08169 | 08159 | 08153 | 08150 | 08153 | 08159 | 08169 | 08179
27 08386 | 08377 | 0839 | 08363 | 08360 | 083%3 | 08369 | 08377 | 083%
30 08454 | 08445 | 08437 | 08431 08129 | 08431 | 08437 | 08445 | 08454
Table 5 Correction factor (a) of aspect ration 1 : 3
N 03 06 09 12 15 18 21 9.4 27
03 01718 | 01700 | 01685 | 01675 | 01672 | 01675 | 01685 | 01700 | 01718
06 03295 | 03269 | 0326 | 03231 03225 | 0321 | 03246 | 03269 | 032%
09 04659 | 04634 | 04611 0459 | 04500 | 04595 | 04611 | 04634 | 04659
12 05805 | 0578 | 05765 | 05751 05746 | 057551 | 05165 | 0578 | 05805
15 06751 06734 | 06717 | 06705 | 06701 06706 | 06717 | 06734 | 06751
18 07512 | 07498 | 0748 | 07475 | 07472 | 07475 | 074% | 07498 | 07512
21 08110 | 08101 0.8091 08084 | 08081 08084 | 08091 | 08101 | 08110
24 08578 | 08571 08563 | 08558 | 085 | 0858 | 0863 | 08571 | 08578
27 08938 | 08933 | 08927 | 08923 | 08921 08923 | 08927 | 08933 | 08938
30 09208 | 09204 | 09200 | 0919 | 0919% | 09196 | 09200 | 09204 | 09208
33 09406 | 09402 | 09399 | 09397 | 0939 | 09397 | 09399 | 09402 | 09405
36 09547 | 0954 | 09542 | 09540 | 09540 | 09540 | 09542 | 0954 | 09547
39 0.9641 09639 | 09637 | 09636 | 09635 | 0963 | 09637 | 09639 | 09641
42 09694 | 09692 | 09691 09680 | 09689 | 09689 | 09691 | 09692 | 09694
45 09710 | 09709 | 09708 | 09706 | 09706 | 09706 | 09708 | 09709 | 09710
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Table 6 Correction factor (a) of aspect ration 1 : 4

v X 03 06 09 12 15 18 2.1 24 27
03 01711 | 016% | 01681 | 01671 | 01668 | 01671 | 01681 | 016% | 01711
06 03293 | 03268 | 03245 | 03230 | 03224 | 03230 | 03245 | 03268 | 03293
09 04665 | 04640 | 04615 | 04599 | 04593 | 04509 | 04615 | 04640 | 04665
12 05809 | 05788 | 05768 | 05754 | 0518 | 05754 | 05768 | 05788 | 05809
15 06747 | 06732 | 06716 | 06704 | 06700 | 06704 | 06716 | 06732 | 06747
18 07510 | 07497 | 07484 | 07475 | 07472 | 07475 | 07484 | 07497 | 0.7510
21 08118 | 08108 | 08097 | 08090 | 08087 | 08090 | 08097 | 08108 | 08118
24 08591 | 08582 | 08574 | 08%69 | 08567 | 0869 | 08574 | 08582 | 0851
27 08950 | 08945 | 08939 | 08935 | 08934 | 08935 | 08939 | 08945 | 08950
30 09225 | 09221 | 09218 | 09215 | 09214 | 09215 | 09218 | 0921 | 0925
33 0043 | 00433 | 09430 | 09428 | 09427 | 09428 | 09430 | 09433 | 09436
36 095% | 09593 | 09591 | 09589 | 09588 | 09589 | 09591 | 09593 | 0.95%
39 09712 | 09710 | 09708 | 09706 | 09706 | 09706 | 09708 | 09710 | 09712
42 09793 | 09792 | 09791 | 0979 | 09790 | 09790 | 09791 | 09792 | 09793
15 00852 | 09852 | 09851 | 0981 | 09851 | 09851 | 09851 | 09852 | 09852
138 09897 | 098% | 098% | 09896 | 09896 | 09896 | 09896 | 098% | 09897
51 09929 | 0998 | 09928 | 09927 | 09927 | 09927 | 09928 | 0998 | 09929
54 09948 | 09948 | 09947 | 09947 | 09947 | 09947 | 09947 | 09948 | 09948
57 09956 | 099%6 | 09956 | 09956 | 0996 | 09%6 | 09956 | 099%6 | 09956
60 09958 | 09958 | 09959 | 09959 | 09959 | 09959 | 0999 | 09958 | 09958

Table 7 Correction factor («) of aspect ration 1 : 5

Y X 0.3 0.6 0.9 1.2 15 1.8 21 2.4 2.7
0.3 0.1699 0.1685 0.1672 0.1664 0.1661 0.1664 0.1672 0.1685 0.1699
0.6 0.3283 0.3259 0.3238 0.3223 0.3218 0.3223 0.3238 0.3259 0.3283
09 0.4668 0.4642 04617 0.4600 0.4595 0.4600 0.4617 0.4642 0.4668
1.2 0.5821 05798 05776 0.5761 0.5756 0.5761 0.5776 0.5798 0.5821
15 0.6755 0.6738 0.6721 0.6709 0.6705 0.6709 0.6721 0.6738 0.6755
1.8 0.7505 0.7493 0.7481 0.7472 0.7469 0.7472 0.7481 0.7493 0.7505
2.1 0.8106 0.8097 0.8088 0.8082 0.8080 0.8082 0.8088 0.8097 0.8106
24 0.8585 0.8577 0.8570 0.8565 0.8563 0.8565 0.8570 0.8577 0.8585
2.7 0.8956 0.8950 0.8943 0.8939 0.8937 0.8939 0.8943 0.8950 0.8956
3.0 09235 0.9230 0.9225 0.9221 0.9220 0.9221 0.9225 0.9230 0.9235
33 0.9438 0.9435 0.9432 0.9430 0.9429 0.9430 0.9432 0.9435 0.9438
36 0.9588 0.9587 0.9585 0.9584 0.9584 0.9584 0.9585 0.9587 0.9588
39 0.9703 09702 0.9701 0.9701 0.9700 0.9701 09701 0.9702 09703
4.2 09793 09792 09791 0.9790 09750 09790 09791 09792 09793
45 0.9860 0.9859 0.9857 0.9856 0.9856 0.9856 0.9857 0.9859 0.9860
4.8 0.9906 0.9904 0.9903 0.9903 0.9902 0.9903 0.9903 0.8904 0.9906
ol 0.9934 0.9933 0.9933 0.9932 0.9932 09932 0.9933 0.9933 0.9934
54 0.9951 0.9951 0.9951 0.9951 0.9951 0.9951 0.9951 0.9951 0.9951
5.7 0.9965 0.9965 0.9966 0.9966 0.9966 0.9966 0.9966 0.9965 0.9965
6.0 0.9979 0.9979 0.9979 0.9979 0.9979 0.9979 0.9979 0.9979 0.9979
6.3 0.9991 0.9991 0.9990 0.9990 0.9990 0.9990 0.9990 0.9991 0.9991
6.6 0.9998 0.9997 0.9997 0.999%6 0.9996 0.9996 0.9997 0.9997 0.9998
6.9 0.9998 0.9998 0.9998 0.8997 0.9997 0.9997 0.9998 0.9998 0.9998
72 0.9995 0.9995 0.9996 0.899% 0.9996 0.9996 0.9996 0.9995 0.9995
7.5 0.9993 0.9994 0.9994 0.99% 0.999 0.9995 0.9994 0.9994 0.9993
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Table 8 Correction factor (&) of aspect ration 1 : 6

v X 03 06 09 12 15 18 21 24 27
0.3 0.1684 0.1671 0.1660 0.1652 0.1650 0.1652 0.1660 0.1671 0.1684
0.6 0.3264 0.3242 0.3222 0.3209 0.3204 0.3209 0.3222 0.3242 0.3264
0.9 0.4660 0.4635 0.4611 0.4595 0.4589 0.4595 0.4611 0.4635 0.4660
1.2 0.5831 0.5807 0.5784 0.5768 0.5763 0.5768 0.5784 0.5807 0.5831
15 06775 06755 0.6736 0.6723 0.6719 0.6723 0.6736 0.6755 0.6775
1.8 0.7518 0.7505 0.7492 0.7482 0.7479 0.7482 0.7492 0.7505 0.7518
2.1 0.8104 0.8095 0.8087 0.8080 0.8078 0.8080 0.8087 0.8095 0.8104
2.4 0.8568 0.8563 0.8557 0.8553 (0.8551 0.8553 0.8557 0.8563 0.8568
2.7 0.8939 0.8934 0.8929 0.8926 0.8925 0.8926 0.8929 0.8934 0.8939
3.0 0.9230 0.9225 0.9221 09217 0.9216 0.9217 0.9221 0.9225 0.9230
3.3 0.9449 0.9445 0.9441 0.9438 0.9437 0.9438 0.9441 0.9445 0.9449
3.6 0.9606 0.9603 0.9599 0.9597 0.9596 0.9597 0.9599 0.9603 0.9606
3.9 09714 0.9712 0.9710 0.9709 0.9708 0.9709 0.9710 0.9712 0.9714
4.2 0.9788 0.9788 0.9787 0.9787 0.9787 0.9787 0.9787 0.9783 0.9788
45 0.9844 0.9845 0.9845 0.9845 0.9845 0.9845 0.9845 0.9845 0.9844
4.8 0.9891 (0.9891 0.9891 (0.9892 0.9892 0.9892 0.9891 0.9891 0.9891
5.1 0.9931 0.9930 0.9930 0.9930 0.9930 0.9930 0.9930 0.9930 0.9931
5.4 0.9961 0.9960 0.9959 0.9959 0.9959 0.9959 0.9959 0.9960 0.9961
5.7 0.9980 0.9979 0.9977 0.9977 0.9977 09977 0.9977 0.9979 (0.9980
6.0 0.9986 0.9986 0.9985 0.9935 0.9985 0.9935 0.99%5 0.9986 0.9936
6.3 0.9986 0.9986 (0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986
6.6 0.9985 0.9985 0.9986 0.9986 (.9987 0.9986 0.9986 (0.9985 0.9985
6.9 (0.9987 0.9988 0.9989 0.9989 0.9989 0.9989 0.9989 0.9988 0.9987
7.2 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9994
75 1.0003 1.0003 1.0002 1.0002 1.0002 1.0002 1.0002 1.0003 1.0003
78 1.0009 1.0008 1.0007 1.0007 1.0006 1.0007 1.0007 1.0008 1.0009
8.1 1.0008 1.0007 1.0006 1.0006 1.0006 1.0006 1.0006 1.0007 1.0008
8.4 1.0002 1.0002 1.0002 1.0002 1.0002 1.0002 1.0002 1.0002 1.0002
8.7 0.9995 0.9996 0.9996 0.9997 0.9997 0.9997 0.9996 0.9996 0.9995
9.0 0.9992 0.9993 0.9994 0.9994 0.9995 0.9994 0.9994 0.9993 0.9992
0.4
1.0
\2 0.3 3 0.8
g 5
8 02 g 08
8 g
= 3
£ T 04
Z 01 S
0.2
0
0 03 06 09 12 15 1.8 21 24 27 3 0
y(m) 0 06 12 18 24 30 36 42 48 54 6

Fig. 8 Normal correction factor («) of aspect ration

1

CEAIAE

1

Homas(e Sejso| 7HEE o

=1

A

y(m)

Fig. 9 Normal correction factor (&) of aspect ration

1

12

399



1.0
] S N

06F - - f -

04f [ -

Normal correction factor (a)

0.2 R

0 . . . . . .
0 09 18 27 36 45 54 63 72 81 9

y(m)

Fig. 10 Normal correction factor (@) of aspect ration
1:3

100 - g

08f A

06f 4 -

R

Normal correction factor (a)

o2 -

o 1 2 3 4 5 6 7 8 9 10 t1 12

Fig. 11 Normal correction factor (@) of aspect ration
1:1

o8 £

06 J -

04t [

Normal correction factor (a)

o2 - -

Fig. 12 Normal correction factor (&) of aspect ration
1:5

1.2

120 - s

08f - f -

0.6 S

04 (- -

Normal correction factor (a)

-

Fig. 13 Normal correction factor (a) of aspect ratio
1:6

T ATEAYE FYRE
of Asum zl@ e & 5 e 5
3k o]9 *l% 3 xﬂ*lé}ﬂx} 3tk A4
A 7442 dofa Sd9ES 7B 5ol o8 s
on, F-Xd“#"d Ho| & «lo}oq AR T8}, navier
solutionol] ¢ja] AAE Fate] - n|wstd FHAS
g ANgon et e A2 At

-

2y s

) B dPdAMe deAAE AEZIBE SYHE
EH 2 o8 $-83l9 sl A= WS A
A8t

2) 1AZe] wol&d o3t |4 AF}e} navier solution
o &3t AMARE vlwsld ko] FNPE AT
Z AA AT

3) 7L ARGTE FAASE A dAsH o,
Gl guk Koo HAE Folde A7 ¢l
5 4S5 & Uk
4) B AfoM= HFHEH 0|20 navier solution

gt SMAHE olgsle FHATE TP o]

ARolq el AHEE 5 JES AN

glo ofN
o o

my 2

ZAe| 2

A AelchE S5 Aol ot} el

51912“1 ojd FAt=HYT

ret

2IE

1. Kim, D. H,, “Composite Structure for Civil and

g=E3r|EeE| =78 H143 35(2002)



Architectural Engineering,”
Ed., London, 1995.

2. Ashton, J. E. “Anisotropic Plate Analysis-
Boundary Condition,” Journal of Composite
Materials. pp.162~171, April, 1970.

3. Whitney, J. M. and Leissa, A. W., “Analysis of
a Simply Supported Laminated Anisotropic

Rectangular Plate,” Journal of AIAA, Vol 8§,
No. 1 1970, pp.28~33.

4. Han, B. K. and Kim, D. H., “The Effect of Neg
lecting the Longitudinal Moment Terms in Anal
yzing [90,0,90)r Type Laminates with Increasin
g Aspect Ratio,” Journal of KSSC, Vol. 13 No.
1, 2001, pp.53~60.

5. Han, B. K. and Kim D. H., “Analysis of steel
Bridges by means of Specially Orthotropic

E & FN Spon, Ist

Combinations Clamped and Free Boundary
Conditions Including the Effect of Comer
Stress Singularities,” Journal of the Earthquake
Engineering Society of Korea, Vol. 3 , No.l,
1999, pp.9~20.

8. Kim, D. H., “Simple Method of Analysis for
Preliminary Design of Certain Composite
Laminated Primary Structures for Civil Const-
ruction I,” Journal of Materials Processing
Technology, 55, Elsevier, London, 1993.

9. Kim, D. H, Won, C. M, and Lee, J. H.
“Analysis of Post-tensioned Bridge by
Specially Orthotropic Laminate Theory(1 )-
Reinforced Concrete Slab Bridge,” Proceedings
of the Korea Society of Composite Materials,
2001, pp.135~139.

Plate Theory,” Journal of KSSC, Vol 13 , No. 10. Kim, D. H, “The Effect of Neglecting the
1, 2001, ppbol~69. Longitudinal Moment Term on the Natural
6. Kim, D. H., Han, BK., Lee, ]J. H, and Hong, C. Frquency of Laminated Plates with Increasing
W., “Simple Methods of Vibration Analysis of Aspect Ratio,” Proceedings of the Korea
Three Span Continuous Reinforced Cou crete Society of Civil Engineering (1), 1998, pp.5
Bridge with Elastic Intermediate Supports,” 9~62,
Proceeding of the Advances in Structural 11. Tsai, S. W. “Composite Design” Think
Engineering and Mechanics, Seoul, Vol. 2, Composites, , 4th Ed., Dayton, 1988.

1999, pp.1279~1284. 12. Vinson, J. R. and Sierakowski, R. L., “The
7. Han, B. K. and Kim, J. W. “Analysis of Behavior of Structures Composed of Composite
Flexural Vibration of Rhombic Plates with Materials,” Martinus Nijhoff, Dordrecht, 1987.
* %

A HEEAE SYBe A SEFHuo] ol R /l?'fL AL REHAE, o] WHe ¢ t'& v s
dAE UTF o9 ARFNA 7lertEe] AFAHoR Tl B olERol °‘E}. AToAE dut o] Ay 7]
E72Fg0] AE F AE Ho|BES ANl deEAAE FEEAYE SYEE dES I BHE o] 7 %5 =5 FA3A

n

75 WS 479 8% W) A ks ARg DEw
FARAA TEE b vE B HolES A, s 7
251 212t AN e ASE okl 7t AN HDE T
W3 A7 S St

US| : BolE, $AAS,

B3], 54 2

3 s ¢ °d?°ﬂ*1«l AzRe e Feel B

o

B A FAACE ANFeRA A nolRen
S5l 2 ATele 1

7
1 ~1:67K ¢HE

p

SRR HREIRIE Seso] S s

401



