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Nonlinear Analysis of Skew Plates by C°-Hierarchical Plate Element
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Abstract

The objective of this paper is to develop the C°-hierarchical plate element to analyze the materially nonlinear
skew plates with obtuse angle up to 135°. Using the geometric transformation, the oblique boundary condition is
transformed using rectangular and skew coordinate system that can be considered along the oblique edges or at the
selective points associated with the position of skew bridge bearings. For this purpose, 5-DOF skew plate element
is formulated to account for the moving direction of skew bridge bearings that is based on the first-order shear
deformation Reissner/Mindlin theory. To predict the ultimate load-carrying capacity, the incremental theory of
plasticity is adopted in collaboration with the associated flow rule based on von-Mises yield criterion. The effect of
skew angles, boundary conditions, and loadings is examined using the h-version model by ADINA software and
p-version model. Also, numerical results are compared with the theoretical predictions and with the computational
value reported in the literatures. If accuracy in terms of number of degrees-of-freedom is used as a criterion, the
proposed model may be one of the most efficient tools that have been published to date.
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Table 1 Definition of examples with respect to
the different boundary conditions.

Edge
Problem Typé

Edge 1|Edge 2|Edge 3| Edge 4

Example 1 S F S F
Example 2 S S S S
Example 3 C F C F
Example 4 C C C C

(%) S: Simply supported, F: Free. C: Clamped
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TAES] Zs F dARE BFa ok a8y
HEetzEo] AME A5 HAWRAE tlF p-version
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oju} 8x 8/ 944 ©l¥ ai(heterosis element)
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Fig. 6 Maximum deflection of skew plate under Fig. 7 Maximum moment of skew plate under the
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70 EMATRRESE =28 A143 ®15(2001.3)

ie



$34 - 92T WA

4.5
- p-version —a°
(4elements, p=5) =0
4 |@ ADINA
(258alements, p=
& Morley [5]
3.5
— 6=15
i\
3
o 3
*
A
2.5
® ©=30°
(o]
2
Q
*
1.5
£ ° [+] °
; 1 6=45"
0.5
0 .
Q 0.5 1 1.8 2
X/a

Fig. 8 Deflection profile of Example 2 under the
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Table 2 Comparison of reactive force under the

point load (8 =15°)
Fieard p-Version ADINA

(10elements, (320elements,

AN (t) NDOF =346) NDOF=873)
8] 2] wiglk | g3
1 0.3802 | 0.1920| 0.4514 | 0.2753

2

3 0.1512 | 0.2396 | 0.1558 | 0.2567
4 0.0140 | -0.1399 | 0.0093 |-0.1057
5 0.1580 [ 0.1746 | 0.2120 | 0.2342
6 -0.0133 | 0.0197 ] 0.0538 | 0.0257
7 -0.2742 | -0.2111 {-0.2598 {-0.2057
8 -0.1506 | -0.2162 {-0.1391 {-0.1442

Table 3 Comparison of maximum moment under
the point load

Hd

dE AP 22AZLYY

(Mmax | (My)max | (Vigmax
0.8138 |-0.4803]0.3331
0.7970 |-0.4939| 0.3842
0.7295 [-0.5719]0.5073

A\ Mmar | M | (Modme
15° 0.8096 (-0.4932| 0.2102
30° 0.7810 | -0.5110] 0.2766
45 0.6827 | -0.6342| 0.3087

4714, HIERHE MyE 2323l AAE]
Hlsh 2vf 71 A SAEE ¢ F Uk WA, =
FAREe g JHEde AApEges WAk
Zo] 2T Ao Bridr

4.3 AN R vAdgHy

B AFdAe Arvdyee nisen, iy
A ALgE B Add fPerRde APy
Nast ggdit, AAzAE deAAg TPGoR
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Fig. 12 Deflection profile of simply supported skew
plate under the uniform load
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mechanism) 2 FAE ©< HFPE(final yielding)
7R9 J889 A4 (ductility) Table 49} o]
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Hzzte] ¥|nE Fig. 131 JehAA

Table 4 Comparison of limit load for uniformly
loaded clamped skew plates

limit load(t/m?)
skew angle - -
initial yield final yield
15° 1.057 2.30
30° 1.330 2.60
45° 2.018 3.76
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p-version ADINA
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Fig. 13 Plastic zone of simply supported skew
plate under the uniform load
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Fig. 14 Deflection profile of clamped skew plate
under the uniform load
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Fig. 15 Plastic zone of clamped skew plate under
the uniform load.
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Fig. 16 Moment My profile of simply supported
skew plate under the uniform load along
the line A-B(8=30" ).
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Fig. 17 Moment Myy profile of simply supported
skew plate under the uniform load along
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Fig. 18 Moment M,y profile of simply supported
skew plate under the uniform load
along the line A-B(8 =30°)

Z HAFUm, 53 4P A5t 53 oY
A FEEE A% How AT g #A
gle] Sengupta, Butalia Morley 59 &7323%
Hwdld 3 2 EHE Fho] Senguptast £5% ol
ol Aexs BFa it

5.2 ;PR o)) AP 4

At g A dg Thede] aol gl 1
AZPRA7E e, BAPTERIM wet b £
U BdES] B¥7L A7 Aot e g BAFa
Atk w2, ole ZAtw TR YT W vhE
T ol o] FAPFOE AAY 47t Brh B
EAYE & & AT w=F, T Gl BArd
F7t w2t i 2B vtEA FESo @ ¥5ole
wetErt,

EX
¥

5.3 A #e] v

AALEBe vl dge e A ol= AA D Az
AL A 7EAS SE-E SFABA pversion 3
X7} HEestas T8 ADINAY sAx] ¢}



SAHE AHE HAFRH, 2499 &4 A 2
ANT ol Bk AFHE HAFth EF, ADINA
s}o] vla - BNoA p-version® AL 8454 AH
=8 Zux vud G AHAE 458 ¢ Je A
o2 yeytt.

Al &

o] #E& 1999d% e FATEY A7

gt Al AEHUE (KRF-99-041-E00567)

5.

8.

ugEd

. Williams, M. L., “Surface Stress Singularities

Resulting from Various Boundary Conditions in
Angular Comers of Plates under Bending”, Proc
o the First National Congress of Applied Mechanics,
Chicago, IL, 1961

Tene, Y. and Sheinman, 1, “Analysis of Skew Plates
with Shear Deformation Using Natural Coordinates”,
ASCE, Engng. Mech, Vol. 100, No. EM2, 1974,
pp.235~249

Wang, D. W, Katz, L. N. and Szabo, B. A., “h-and
p-Version Finite Element Analysis of a Rhombic
Plate”, Numer. Meth Engng., Vol. 20, 1984, pp.
1399~1405

Bakht, B., “Analysis of Some Skew Bridges as
Right Bridges”, ASCE, Struct. Engng., Vol. 114,
No. 10, 1988, pp.2307~2322

Morley, L. S. D., “Bending of a Simply Supported
Rhombic Plate under Uniform Normal Loading”,
Quart, J. Mech Applied Math, Vol. XV, Pt. 4,
1962

. Kankam, J. A. and Dagher, H. J., “Nonlinear FE

Analyses of RC Skewed Slab Bridges”, ASCE, Struct.
Engng., Vol. 121, No. 9, 1995, pp.1338~1345

. McGee, O. G, Leissa, A. W. and Huang, C. S,

“Vibrations of Cantilevered Skewed Plates with
Comer Stress Singularities”, Numer. Meth Engng.
Vol. 35, 1992, pp.403~424

Liew, K. M. and Han, J. B., “Bending Analysis of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

$349 - 8387 - 4R

Simply Supported Shear Deformable Skew Plates”,
ASCE, Engng. Mech., Vol. 123, No. 3, 1995,
pp.214~221

, Liew, K M, Xiang, Y., Kitipornchai, S., and Wang,

C. M, “Vivration of Thick Skew Plates Based on
Mindlin Shear Deformation Plate Theory”, Sound
& Vibration, Vol. 168, 1993, pp.39~69
Zienkiewicz, O. C., Gago, J. P. De S. R. and Kelly,
D. W.,, “The Hierarchical Concept in Finite Element
Analysis”, Comput. & Struct, Vol. 16, No. 1-4,
1983, pp.53~65

Beslin, O. and Nicolas, J., “A Hierarchical Functions
Set for Predicting Very High Order Plate Bending
Modes with Any Boundary Condition”, Sound &
Vibration, Vol. 202(5), 1997, pp.633~655

Butalia T. S, Kart, T. and Dixit, V. D,, “Performance
of Heterosis Element for Bending of Skew Rhombic
Plates”, Comput. & Struct., Vol. 34, No. 1, 1990,
pp.23~49

Gangarao, H. V. S. and Chaudhary, V. K., “Analysis
of Skew and Triangular Plates in Bending”, Co~
mput. & Struct., Vol. 28, No. 2, 1988, pp.223~235
Sengupta, D., “Performance Study of a Simple
Finite Element in the Analysis of Skew Rhombic
Plates”, Comput. & Struct., Vol. 54, No. 6, 1995,
pp.1173~1182

Monforton, G. R. and ASCE, A M., “Some Ortho-
tropic Skew Plate Finite Element Results”, ASCE,
Struct. Engng, Vol 98, 1972, pp.955~960

Szabo, B. A. and Sharmann, G. J., “Hierarchic Plate
and Shell Models Based on p-Extension”, Numer.
Meth Engng. Vol. 26, 1988, pp.1855~1888
Hinton, E. and Owen, D. R. J. Finite Element
Program, Academic Press, 1977

Szilard, R., Theory and Andlysis of Plates, Prentice
Hal, INC., Englewood Cliffs, N. J, 1974
Timoshenko, S. and Woinowsky-Krieger, S. Theory
o Plates and Shell, 2nd Ed,, McGraw-Hill, 1959

.S, B, 84, da-gdaARde o

¢ Bue Iy 49 FFANTEEYY
=53, A2Y, AlF, 1999, ppl~14
94, “Sol9g 2 1138 Huel p-Version 78

HERAANTEIHE =28 M143 H15(2001.8) 75



C-A33 yaadld 2 ZFAmue) vjdy Ay

8284, = AATFEFUE =84, A3Y, A3 hp-Version /#2484 PEZYS] =87,
3, 1990, pp.101~111 A13d, A23, 1993, pp.151~160
22. %34, °|7]4, 2%7), “Reissner-Mindlin % #2) 3. PR A}, 2P B A7, 1993

76 BEMATZDes] =23 H143 H15(2001.3)



