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Abstract: Based on the first-order shear deformation
laminated plate theory (FSDT), a new three-node triangular
laminated plate element, labelled here as composite discrete
shear triangular element with 6 extra shear degrees of
freedom (CDST-S6 ), is proposed. The transverse shear
strains and rotations of the element are the same with DST-
S6. The proposed CDST-S6 can eliminate the shear locking
without any numerical expediencies such as the reduced
integration, the use of the assumed strains/stresses, or the
need for the stabilization of the attendant zero energy mode.
The expression of the CDST-S6 is simple in formulation and
easy to be implemented by using finite element method.
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Numerical examples indicate that the element has high
accuracy and high convergence rates for solving thin or thick
laminated plates.

Key words; first-order shear deformation laminated plate
theory(FSDT) 5 shear lockings laminated plate; shear degrees
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Fig.1 Three node triangular laminated plate element CDST-S6
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Fig.2 Three-layer and nine-layer orthogonal laid square
plates with four simply supported edges by double

sine loads

1 ESVNEZHHREANNLERZIEZ3IEEAAER
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Tab.1 The maximum deflection of the three layer
square plate(0,90,0) with four simply supported
edges by double sinusoidally loads

= A =
Wt BEWRFEEL S=L/h

10 50 100 100 000
FSDT 1. 727 1.031 1. 008 1. 000
CTMQ2081 (83X 8) 1. 729 1.031 1. 008 1. 000
3 Y s 12] 1. 709 1.031 1. 008 —
DsThE] 1. 727 1. 067 — —
TMQ200141(8X8) 1. 728 1.031 1. 008 1. 000
CDST-S6(8X8) 1. 709 1.031 1. 008 1. 000

R2 EVNEZHHREANNLBERZIESZ I EEAFTER
(0,90,0,90,0,90,0,90,0) ) KR E
Tab.2 The maximum deflection of the nine layer square
plate(0,90,0,90,0,90,0,90,0) with four simply
supported edges by double sinusoidally loads

BEWRELK S=L/h

et 10 50 100 100 000
FSDT 1.522 1.021 1. 005 1. 000
CTMQ2081 (83X 8) 1. 523 1.021 1. 005 1. 000
3 Y apEmm il 1. 512 1.021 1. 005 —
DsThE] 1. 526 1.021 — —
TMQ200141(8X8) 1.524 1.021 1. 005 1. 000
CDST-S6(8X8) 1.512 1.021 1. 005 1. 000

BT X TR B R EEEE, 5T CDST-S6 W5 3
AR IERY S, A REHEE. SRR
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Tab.3 The error on the maximum deflection of the
square plate with four simply supported edges by

double sinusoidally loads %
R — BEEWREEW S=L/h
BEWmER E:E Y 0 % 100
FSDT 1.8 0 0
CTMQ20B1(8X8) 1.9 0 0
3 =R DSTLs] 1.8 4.6 —
TMQ20M1(8X 8) 1.9 0 0
CDST-S6(8X8) 0 0 0
FSDT 1.0 0 0
CTMQ20B1(8X8) 1.1 0 0
=Y DSTLE] 1.4 0 —
TMQ20M1(8X 8) 1.1 0 0
CDST-S6(8X8) 0 0 0
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Fig.3 The error on the maximum deflection of the three
layer square plate with four simply supported
edges by double sinusoidally loads
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Fig.4 The error on the maximum deflection of the nine
layer square plate with four simply supported
edges by double sinusoidally loads

w (55 )T SR T 4 5. XU
AT, 2E 3 FHIETE LI T CDST-S6 MAR0E 5
RC L0 AT I 2. 71 L CDST-S6 74 247 0
Bt ELAEER T R ARSI,

F4 EVEZHFREAVMLLHZRAEEER 8BEEERF
R (—45,45). s IR KHEEE
Tab.4 The maximum deflection of eight-layer anti-
symmetric angle-ply square plate [( — 45,45), ],
with four simply supported edges by double
sinusoidally load

REW L/h W% FDSTM CTMQ2081TMQ2004] CDST-S6
4X4  0.4198 0.4063 0.4057 0.3691
8X8 0.4198 0.4157 0.4157 0.4139
Lo 16X16 0.4198 0.4188 0.4188  0.4209
32X32 0.4198 0.4196 0.4196  0.4197
4X4  0.2896 0.2764 0.2764  0.257 2
8X8 0.28906 0.2846 0.2846 0.2871
20 16X16 0.2896 0.2881 0.2881 0.2906
32X32 0.2806 0.2802 0.2892 0.2893
4X4  0.2479 0.2440 0.2438 0.2117
100 8X8 0.2479 0.2463 0.2463 0.2376
16X16 0.2479 0.2471 0.2471 0.2453
32X32 0.2479 0.2476 0.2476  0.246 4

4 it

AR T —FET 1By AR HLH =T
REMEREAHETT CDST-S6, BT M EN TR E
TANE W, g 2 KA BT ) 5 i B CDST-
S6 BATTHY B B A H R H R KA I , AT 7 fE s it 4T
B BROCEE R AR 3 A7 BUER B2, CDST-S6 T
BT RS BE SO , B B 0 T AR A BT D) P
PR, R—FPE AR 49 E W08 A R -8 R T,
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Tab.5 The maximum deflection of eight-layer anti-
symmetric angle-ply square plate [ ( —45,45), ],
with four simply supported edges by uniformly

distributed loads

TR L/h F#&%  FDSTI CTMQ208 TMQ20M4]  CDST-S6

4X4 0.636 6 — — 0.639 6

8X8 0.636 6 — — 0.649 0

Lo 16X16 0.636 6 — — 0.643 1

32X32 0.636 6 — — 0.637 5

4X4 0.448 3 — — 0.446 9

20 8X8 0.448 3 — — 0.458 4

16X16 0,448 3 — — 0.453 5

32X32 0.448 3 — — 0.448 5

4X4 0.388 3 — — 0.367 9

100 8X8 0.388 3 — — 0.382 4

16X16 0.388 3 — — 0.386 7

32X32 0.3883 — — 0.386 4
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