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SHEL L 99 Element Description

SHELL99 may be used for layered applications dfacsural shell model. While SHELL99 does not
have some of the nonlinear capabilitieS6fELLI1, it usually has a smaller element formulation
time. SHELL99 allows up to 250 layers. If more tt240 layers are required, a usaput constitutiv:
matrix is available.

The element has six degrees of freedom at each tradslations in the nodal x, y, and z directions
and rotations about the nodal x, y, araxes. SeSHELL9¢ in theTheory Reference for ANSYS and
ANSYS Workbench for more details about this element.

Figure99.1 SHELL 99 Geometry

421 KLO
=4

X,; = Element x-axis if ESYS is not supplied.

x = Element x-axis if ESYS is supplied.
LN = Layer Number
NL = Total Number of Layers

SHELL99 Input Data

The geometry, node locations, and the coordinagesyfor this element are shownFigure 99.1:
"SHELL99 Geometry"'The element is defined by eight nodes, averagemer layer thicknesses,
layer material direction angles, and orthotropiderial properties. Midside nodes may not be
removed from this element. SQuadratic Elements (Midside Nod of the Modeling and Meshing
Guide for more information about the use of midside rodetriangular-shaped element may be
formed by defining the same node number for nodds &nd O.

The following graph shows element formation andssirecovery time as a function of the numbe
layers. WhileSHELL91 uses less timior elements of under three layers, SHELL99 uess time fc
elements wit three or more layel
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The elastic foundation stiffness (EFS) is definedhe pressure required to produce a unit normal
deflection of the foundation. The elastic foundato@pability isbypassed if EFS is less than, or e«
to, zero. ADMSUA is the added mass per unit area.

The input may be either in matrix form or layermprdepending upon KEYOPT(2). If matrix form,
the matrices must be computed outside of the ANSM§ram or from a prior ANSYS run using
KEYOPT(10). See th&heory Reference for ANSYS and ANSYS Workbench. Briefly, the force-strain
and moment-curvature relationships defining thericed for a linear variation of strain through the
thickness (KEYOPT(2) = 2) for a flat shell may befided as:

M ALB] (e MT
{H}= BiD {E}' BT
where these terms are defined in Tineory Reference for ANSYS and ANSYS Workbench. The
submatrix [A] is input by real constants as:

Aqg Ag Ay Ay Ag A
Aa A7 Ag Ag Aqp Ay

A Az Mg

Az Ag Az Aa A Mg _
[A]= a AL A A A ar [A]l={Az Ay Ag
s 4 g 13 16 17 18 I3 *&‘3 *&‘5 *E"E

Ae A Ag A7 Aqg Ao
| Ag A Mg Mg Agzg Ao

Submatrices [B] and [D] are input similarly. Noteat all submatrices are symmetric. {MT} and
{BT} are for thermal effects. Real constants alsdude the elemerdverage density (AVDENS) al
the element average thickness (THICK). As flat eleta have been seen to give better results than
curved elements for KEYOPT(2) = 2 or 4, midside e®dre internally redefined for this case to be
on a straight line connecting the corner nodes raydletween the nodes fgeometric computation

If KEYOPT(2) = 3, quadratic effects are also inaddvith matrices [E], [F], and {QT}, and midside
nodes are not redefined for curved elements. ksicdse, the relationships defining the matrices ar
expanded to be:

Nl [ate !l ]le] mT
Mh=|B 1D IE|3xt— 3BT (99-1)
L EIF[|o] QT

If KEYOPT(2) = 4, the transverse shear terms anegkample, A * TRSHEAR where TRSHEAR

input and defaults to 1000.66HELL99 Assumptions and Restrictionstovides a limitation on the
use of matrix input. No stresses, thermal strain&ilure criteria are available with matrix input

For layer (non-matrix) input, the element coordensystem orientation is as describe€ovordinate
SystemsThe local coordinate system for each layer isnéeffas shown ifigure 99.2: "SHELL99
Stress Output'In this local right-handed system, the x'-axisoisted an angle THETA(LN) (in
degrees) from the elemer-axis toward the elemen-axis
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The total number of layers must be specified (NLUKEYOPT(2) = 0, the maximum number of
layers is 250; if KEYOPT(2) = 1, the maximum is 1Z%He properties of all layers should be entered
(LSYM = 0). If the properties of the layers are sgeirical about the midthickness of the element
(LSYM = 1), only half of properties of the layerg to and including the middle layer (if any), need
to be entered. While all layers may be printed, lay@rs may be specifically selected to be output
(LP1 and LP2, with LP1 usually less than LP2).

The material properties of each layer may be ortipat in the plane of thelement. The real const:
MAT defines the layer material number instead efélement material number applied with the
MAT command. MAT defaults to 1 if no input exists. Thaterial X direction corresponds to the
local layer x' direction.

You can input layer information via the real conssaas described, or by using a combination of
section information and data from a FiberSIMd file. To learn more about using FiberSIM data in
your ANSYS simulation, seéhe FiberSIMANSYS Interfacein theStructural Analysis Guide.

UseTREF andBETAD to supply global values for referentmmperature and damping, respectiv
Alternatively, use th&1AT command to specify element-dependent values fererece temperature
(MP,REFT) or dampingMl P,DAMP); layer material numbers are ignored for {hispose.

Each layer of the laminated shell element may l@awvariable thickness (TK) by selecting KEYOPT
(2) = 1. The thickness is assumed/éwy bilinearly over the area of the layer, witle thickness inpt
at the corner node locations. If the layer hasrstmt thickness, only TK(I) need be input. If the
thickness is not constant, all four corner thiclagssmust be input using positive values. The total
thickness of each shell element must be less thiae the radius of curvature, and should be less
than one-fifth the radius of curvature.

You can specify the nodes to be at the top, middlgottom surface of the element. The choice is
made through the node offset option (KEYOPT(11hisToption is very convenient, for example,
when modeling laminated structures with ply drofy-ehere the location of the top or bott@urfact
may be better defined than the location of the haiop as shown iRigure 91.4: "SHELL91 Bottom
SurfaceNodes"

You can also define two elements that share the sades, but with each element having a different
setting of KEYOPT(11), as shown figure 91.5: "SHELL91 Common Nodgements:

The failure criteria selection is input in the dtthle [TB], as described ifiable 2.2: "Orthotropic
Material FailureCriteria Data' Three predefined criteria are available and ugixaser-defined
criteria may be entered with user subroutines.Failure Criterie in theTheory Reference for ANSYS
and ANSYS Workbench for an explanation of the three predefined failenigeria. Se«Guide to ANSYS
User Programmable Features for an explanation of user subroutines. Failurega may also be
computed in POST1 (using tR&€ commands). All references to failure criteria agt pf element
output data are based only on & commands.

Element loads are describedNinde and Elemertoads Pressures may be input as surface loads on
the element faces. The edge pressures act at dad plane as shown by circled numbers 3 through 6
onFigure 99.1: "SHELL99 GeometryThe mass matrix is also assumed to act at thal pdahe.
Depending on KEYOPT(11), the nodal plane may libemidsurface, or at the top or bottom
surface. Positive pressures act into the elemelge Bressures are input as force per unit length.
Temperatures may be input as element body loatte d&torner” locations (1-8) shown kigure

99.1: "SHELL99 Geometry'The first corner temperature T1 defaults to TUNfRlIl other
temperatures are unspecified, they default to fldnly T1 and T2 are input, T1 is used for T1, T2,
T3, and T4, while T2 (as input) is used for T5, T8, and T8. For any other input pattern,
unspecified temperatures default to TUNIF.

A summary of the element input is given'BHELL99 Input Summary"A general description of
element input is given iRlement Input

SHELL99 Input Summary
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Nodes
LJ,K,L,M,N,O,P
Degr ees of Freedom
UX, UY, UZ, ROTX, ROTY, ROTZ
Real Constants
SeeTable 99.1: "SHELL 99 Redlonstantsfor a description of the real constants.

Material Properties
If KEYOPT(2) = 0 or 1, supply the following 13*NMrpperties where NM is the number of materials (nmaxn
is NL):
EX, EY, EZ, ALPX, ALPY, ALPZ (or CTEX, CTEY, CTE2r THSX, THSY, THSZ)(PRXY, PRYZ, PRXZ o
NUXY, NUYZ, NUXZ),
DENS, GXY, GYZ, GXZ, for each of the NM materials.

If KEYOPT(2) = 2, 3 or 4, supply none of the above.

Supply DAMP and REFT only once for the element (M3€T command to assign material property set). See the
discussion ifSHELL99 Input Data'for more details.

Surface L oads
Pressures --

face 1 (I-J-K-L) (bottom, in +Z direction), face(RJ-K-L) (top, in -Z direction),
face 3 (J-1), face 4 (K-J), face 5 (L-K), face a.{l

Body L oads
Temperatures--

T1,T2,T3,T4,T5,T6, T7, T8 if KEYOPT(2) = 0 tr
None if KEYOPT(2) =2,3 or 4
Special Features
Stress stiffening
Large deflection

KEYOPT(2)
Form of input:
0--
Constant thickness layer input (250 layers maximum)
1--
Tapered layer input (125 layers maximum)
2.
6 x 6 matrix input using linear logic
3--
6 x 6 matrix input using quadratic logic
4 --
3 x 3 matrix input using linear logic
KEYOPT(3)
Extra element output:
0--
Basic element printout
1--
Integration point strain printout
2.
Nodal force and moment printout in element cooridisa
3--

Force and moment per u length printout (available only if KEYOPT(2) = 0 &)
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4 --
Combination of all three options
KEYOPT (4)
Element coordinate system defined by:
0--
No user subroutines used to define element coaslsystem
4 --
Element x-axis located by user subroutine USERAN
5--
Element x-axis located by user subroutine USERAU#I lager x-axes located by user subroutine USANLY
Note
See theGuide to ANSYS User Programmable Features for user written subroutines
KEYOPT(5)
Strains or stresses output (will be used with KEY(@):
0--
Strain results will be used
1--
Stress results will be used
2--
Both strain and stress results will be used
KEYOPT(6)
Extra element output (for layer input only) (used frintout control):
0--
Basic element printout, as well as the summarhefhaximum of all the failure criteria
1--
Same as 0 but also print the summary of all tHarfakriteria and the summary of the maximum of the
interlaminar shear stress
2--
Same as 1 but also print the layer solution atrttegyration points in the bottom layer (or LP1) dhd top
layer (or LP2)
3--
Same as 1 but also print the layer solution attbment centroid for all layers, as well as theriaiminar
shear stress solution between layers
4 --
Same as 1 but also print the layer solution attraer nodes for all layers, as well as the inteittar
shear stress solution between layers
5--
Same as 1 but also print the layer solution withfilure criterion values at the integration psifur all
layers, as well as the interlaminar shear stressico between layers
Note
No stresses, thermal strains, or failure criteréagvailable with matrix input.
KEYOPT(8)
Storage of layer data:
0--

Store data for bottom of bottom layer (or LP1) &émyl of top layer (or LP2). Also store data for nmanim
failure criteria laye
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1--
Store data for all layers.
Caution
Volume of data stored may be excessive.
KEYOPT(9)

Determines where strains, stresses, and failuterieriare evaluated (available only if KEYOPT(2) ®r 1 with
NL > 1):

0--
Evaluate strains and stresses at top and bottaaatf layer
1--
Evaluate at midthickness of each layer
KEYOPT(10)
Material property matrix output:
0--
No material property matrices printed
1--
Print material property matrices integrated throtlgbkness for element number 1, if element nunmbier
a SHELL99 element
2.
(Sza)lmezas 1 but if KEYOPT(2) = 0 or 1, also write micas aRM ODIF commands for use with KEYOPT
3--
(Sza)lmegas 1 but if KEYOPT(2) = 0 or 1, also write micas aRM ODIF commands for use with KEYOPT
KEYOPT(11)
Node offset option:
0--
Nodes located at midsurface
1--
Nodes located at bottom surface
2--

Nodes located at top surface

Table99.1 SHELL99 Real Constants

[ No. || Name || Description |
| If KEYOPT(2) = 0, supply the following 12+(3*NL) constants: |
| 1 |INL |INumber of layers (250 maximum) |
| 2 ||LSYM ||Layer symmetry key |
| 3 lLP1 ||First layer for output |
[ 4 P2 ||Second layer for output |
| 5 |EFS ||[Elastic foundation stiffness |
| 6 |lADMSUA |lAdded mass/unit area |
| .12 ||(Blank) - - |
| 13 IMAT |IMaterial number for layer 1 |
| 14 |THETA ||x-axis rotation for layer 1 |
[ 15 |7K |lLayer thickness for layer 1 |
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| 16 ||MAT ||Materia| number for layer 2 |
[ 17 |[THETA ||x-axis rotation for layer 2 |
[ 18 |1K ||Layer thickness for layer 2 |

19 ... 12+ ||MAT, THETA, [|Repeat MAT, THETA, and TK for each layer (up to Nilyers)
(3*NL) etc.

If KEYOPT(2) = 1, supply the following 12+(6*NL) constants:

| |
| 1 |INL |INumber of layers (250 maximum) |
[ 2  |Lsym ||Layer symmetry key |
[ 3 Pz ||First layer for output |
[ 4  |Lp2 ||Second layer for output |
| 5 |IEFS ||[Elastic foundation stiffness |
| 6 |IADMSUA |lAdded mass/unit area |
| 7..12 ||(Blank) - - |
| 13  |mMAT |IMaterial number for layer 1 |
[ 14 |THETA ||x-axis rotation for layer 1 |
[ 15 |[TKQ) ||Layer thickness at node I for layer 1 |
| 16 ITK() ||Layer thickness at node J for layer 1 |
| 17 ITK(K) |lLayer thickness at node K for layer 1 |
| 18 ITK(L) ||Layer thickness at node L for layer 1 |

19 ... 12+ ||MAT, THETA, [|Repeat MAT, THETA, TK(l), TK(J), TK(K), and TK(Ljor each layer (up to
(6*NL) etc. NL layers)

If KEYOPT (2) = 2, supply the following 79 constants:
1..21 |[AQ1)...A(1) |[Submatrix A
22 .42 |B(1)...B(21) |[Submatrix B
43..63 |D(1) ... D(21) |[Submatrix D
64 ...69 |[MT(1) ... MT(6) |[MT array
70...75 |[BT(2) ... BT(6) |[BT array

76  ||[AVDENS ||Element average density
77 [THICK |[Element average thickness
78 |IEFS ||Elastic foundation stiffness
79 |IADMSUA ||lAdded mass/unit area

I

I

I

I

I

I

I

I

I

I

| If KEYOPT(2) = 3, supply thefollowing 127 constants:
[ 1..21 |A@@)..AQ1) |[Submatrix A

| 22..42 |B(1)..B(21) |[Submatrix B
I
I
I
I
I
I
I
I
I
I
I
I
I

43..63 |D(1) ... D(21) |[Submatrix D
64 .84 |[E(1).. E(21) |[Submatrix E
85 ...105 |[F(1) ... F(21) |[Submatrix F
106 ... 111|[MT(1) ... MT(6) |[MT array
112 ... 117||BT(1) ... BT(6) |[BT array
118 ... 123]|QT(1) ... QT(6) ||QT array

124  ||AVDENS ||Element average density
125  |[THICK ||Element average thickness
126  |[EFS ||Elastic foundation stiffness
127  ||ADMSUA ||Added mass/unit area

If KEYOPT (2) = 4, supply the following 30 constants:
1..6 |[AQ)..A®) |Submatrix A

mk:@MSITStore:C:\PROGRA~1\ANSYSI~1\v110\COMMON-~1M\er-us\ANSY... 01.09.201



SHELL9¢ Page8 of 14

7..12 ||B@)..B®6) ||Submatrix B

| |
| 13..18 |D(1)..D(6) ||Submatrix D |
[ 19..21 [MT(QQ) ... MT(3) |[MT array |
| 22..24 |BT(@)..BT(3) |[BT array |
| 25 |IAVDENS ||Element average density |
| 26 ITHICK ||Element average thickness |
| 27 |EFs ||Elastic foundation stiffness |
[ 28 |lADMSUA |Added mass/unit area |
|29 |(Blank) |-- |
| 30 ||TRSHEAR ||Transverse shear |

For more information on real constants and otheutilata, seEHELL91. A discussion on failure
criteria is found irfailure Criteria

SHELL 99 Output Data
The solution output associated with the elemeint tg/0 forms:

o Nodal displacements included in the overall nodaltson
o Additional element output as shownTiable 99.2: "SHELL99 Element OutpDefinitions".

Several items are illustrated kilgure 99.2: "SHELL99 Stress Outpuihe element stress directions
correspond to the layer local coordinate directions

Various layer printout options are available. Fagegrationpoint output, integration point 1 is neat
node |, 2 nearest J, 3 nearest K, and 4 nearédtilure criterion output is evaluated only at the i
plane integration points. (See theeory Reference for ANSYS and ANSYS Workbench). After the

layer printout, the in-plane forces and momentdiared for the entire element if KEYOPT(3) = 3 or
4. These are shown ffigure 99.2: "SHELL99 Stress Outpui™he moments include the moment
about the x-face (MX), the moment about the y-f@d¥), and the twisting moment (MXY). The
forces and moments are calculated per unit lemgthd element coordinate system and are the
combined sum for all layers. If KEYOPT(3) = 2 ofcf this element, the 6 member forces and
moments are also printed for each node (in theehgoordinate system). KEYOPT(8) controls the
amount of data output on the postdata file for pssing with th&e AYER or LAYERP26 command
A general description of solution output is givarSolution OutputSee thdasic Analysis Guide for
ways to view results.

Figure 99.2 SHELL 99 Stress Output
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L SH{TOP)
X {BOT)

X,; = Element x-axis if ESYS is not supplied.

x = Element x-axis if ESYS is supplied.

The Element Output Definitions table uses the foilgy notation:

A colon (:) in the Name column indicates the iteain be accessed by the Component Name method
[ETABLE, ESOL]. The O column indicates the availability of thens in the filelobnane. OUT.
The R column indicates the availability of the item the results file.

In either the O or R columns, Y indicates thatitem isalways available, a number refers to a table
footnote that describes when the iteraasditionally available, and a - indicates that the itemats
available.

Table99.2 SHEL L 99 Element Output Definitions

| Name I Definition | o || R |
[EL |[Element Number [ v || vy |
[NODES [Nodes-1,J,K, L, M N, O, P [ v || Yy |
[VoLuU: [[Volume [ v || vy |
[TTOP, TBOT ||Average temperatures at top and bottom faces [ 2 || - |
[XC, YC, ZC ||Element centroid | v || 11 |
PRES Pressures: P1 at nodes |, J, K, L; P2 at |, J,;iR3.at J, |; P4 af Y Y
K,J;P5atL,K;P6atl, L

[TEMP |[Temperatures T1, T2, T3, T4, T5, T6, T7, T8 | v || vy |
[INT [Integration point number [ 2 || - |
[POSs |[Top (TOP), Bottom (BOT), Midthickness (MID) ofelemt || 2 || - |
X1, Y1, ZI ||Global X, Y, Z location of integration point | 2 || - |
[NUMBER |lLayer number | 23 || - |
[MAT |[Material number of this layer | 23 || - |
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[THETA |[Material direction angle for layer (THETA) L 13 || - |

|[AVE THICK ||Average thickness of layer [ 3 || - |

ACC AVE THICK Accumulative average thickness (thickness of el@éfrem layer|| 1,3 -
1 to this layer)

|AVE TEMP ||Average temperature of layer | 3 || - |

POS Top (TOP), Bottom (BOT), Midthickness (MID) of layésee 3 -
KEYOPT(9) for control options)

[Loc ||Center location (average) (if KEYOPT(6) = 3) | 23 || - |

[NODE ||Corner node number (if KEYOPT(6) = 4) L 13 || - |

[INT [[Integration point number (if KEYOPT(6) = 2 or 5) | 23 || - |

[S:X, Y, Z, XY, YZ, XZ |[Stresses (in layer local coordinates) | 14 | Yy |

[s:1,2,3 ||Principal stress a4 I - |

[S:INT ||Stress intensity L 14 | - |

[S:EQV |[Equivalent stress L 14 || - |

EPEL:X, Y, Z, XY, YZ, ||[Elastic strains (in layer local coordinates), Tctahin if 4 Y

XZ KEYOPT(2)=2o0r3

[EPEL:EQV |[Equivalent elastic strains (in layer local coordérs) [L2] | a4 || - |

EPTH:X, Y, Z, XY, YZ, |[Thermal strains (in layer local coordinates), Tatahin if 4 Y

XZ KEYOPT(2)=2o0r3

[EPTH:EQV |[Equivalent thermal strains (in layer local coordés [L2] | 4 || - |

EPTO:X, Y, Z, XY, YZ,|[Total strains (no thermal strain adjustment if KB¥YT§2) = 0 or 2 -

XZ 1) in element coordinates

EPTO:EQV Total equivalent strains (no thermal strain adjesthif 2 -
KEYOPT(2) = 0 or 1) in layer local coordinates

FC1 ... FC6, FCMAX |[|Failure criterion values and maximum at each irgtgn point, 14 -
output only if KEYOPT(6) =5

[FC |[Failure criterion number (FC1 to FC6, FCMAX) | 25 || 1 |

VALUE Maximum value for this criterion (if value excee2899.999, 1,5 1
9999.999 will be output)

(LN |lLayer number where maximum occurs L 15 || 1 |

EPELF(X, Y, Z, XY, Elastic strains (in layer local coordinates) cagshe maximum 15 1

YZ, XZ) value for this criterion in the element

SF(X, Y, Z, XY, YZ, Stresses (in layer local coordinates) causing themum value 15 1

XZ) for this criterion in the element

[LAYERS [[Interface location 16 || - |

[ILsxz ||SXZ interlaminar shear stress L 16 || 1 |

lLsyz ||SXz interlaminar shear stress | 16 || 2 |

ILANG Angle of interlaminar shear stress vector (measfred the 1,6 1
element x-axis toward the element y-axis in degrees

[ILSUM [[Interlaminar shear stress vector sum L 16 || 1 |

LN1, LN2 Layer numbers which define location of maximum iitsteninar 1,7 1
shear stress (ILMAX)

ILMAX Maximum interlaminar shear stress (occurs betwedéh and 1,7 1
LN2)

T(X, Y, XY) Element total in-plane forces per unit length (eneent 8 -
coordinates)

[N(X, Y) ||Out-of-plane element X and Y shear forces | 8 || - |

[M(X, Y, XY) |[Element total moments per unit length (in elememtrdinates) || 9 || - |

[MFOR(X, Y, 2) |[Member forces for each node in the element cootelisgstem || 10 || - ]

|MMOM(X, Y, Z2) ”Member moments for each node in the element coatelin ” 10 ” - |
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|| lsystem [ | |

If KEYOPT(2) =0or1

Integration point strain solution (if KEYOPT(3)1=or 4)
Layer solution (if KEYOPT(6) > 1)

The item output is controlled with KEYOPT(5)

Summary of failure criteria calculation:KEYOPT(6) = 0, only maximum of all failure crite
(FCMAX) in element is output;

Output of the elastic strains and/or stresses (a#pg on KEYOPT(5)) for each failure
criterion and the maximum of all criteria (FCMAX).

Interlaminar stress solution (if KEYOPT(6) > 2)

Printed only if KEYOPT(6% 0

Output at the corner nodes only if KEYOPT(3) er3!

Output at the corner nodes only if KEYOPT(3) er3, and KEYOPT(9¥ 1
10. Output only if KEYOPT(3) =2 or 4

11. Available only at centroid as*&ET item.

a s N RE

© © N O

12. The equivalent strains use an effective Poisgatio: for elastic and thermal this value is set
by the userNM P,PRXY).

Table 99.3: "SHELL99 Item and Sequeriembers'lists output available through tE ABLE
command using the Sequence Nur method. SeThe General Postprocessor (PO< in theBasic
Analysis Guide andThe Item and Sequence Number Tahléhis manual for more information. The
following notation is used ifable 99.3: "SHELL99 Item and Sequeridembers"

Name
output quantity as defined in tAable 99.2: "SHELL99 Element OutpDefinitions"

Item
predetermined Item label f&@TABLE command

sequence number for single-valued or constant eledata
[,J,...L
sequence number for data at nodes I,J,...,.L

Table99.3 SHELL99 Item and Sequence Numbers

Output Quantity || ETABLE and ESOL Command Input |
Name | Item I Bottom of Layer i I Top of Layer NL |

| ILSXZ I SMISC I (2%)+7 || (2*NL)+9 |
| ILSYZ I SMISC I (2%)+8 || (2*NL)+10 |
| ILSUM I NMISC I (2%)+5 || (2*NL)+7 |
| ILANG I NMISC I (2%)+6 || (2*NL)+8 |
Output Quantity|l ETABLE and ESOL Command Input |
Name || Item | | [ J I K I L |

| P1 | smisc || @nNp+11 || @nND+12 || @ND+13 || (@*NL)+14 |
| P2 | smisc || @nNo+15 || @eNp+16 || @ND+17 | @*ND+18 ]
I 1T 1T 11 1T 1T 1
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| P3 | smisc || @nNu+20 || @NL+19 || I |
| P4 | smisc | | @ND+22 || (@NLD+21 || |
| P5 | smisc | I | @NL+24 || (@NL)+23 |
| P6 | smisc || @nNL+25 | | [ @NLD+26 |
_ | ETABLE and ESOL Command Input |
Output Quantity Name

| Item I E |
| TX I SMISC I 1 |
| TY I SMISC I 2 |
| TXY I SMISC I 3 |
| MX I SMISC I 4 |
| MY I SMISC I 5 |
| MXY I SMISC I 6 |
| NX I SMISC I 7 |
| NY I SMISC I 8 |
| FCMAX (over all layers) || NMISC I 1 |
| VALUE I NMISC I 2 |
| LN I NMISC I 3 |
| ILMAX I NMISC I 4 |
| LN1 I NMISC I 5 |
| LN2 I NMISC I 6 |

ILSUM (betwe()an layers i aer NMISC 2i+7

i+1
| ILANG I NMISC I 2i+8 |
| FCMAX (atlayeri) || NMISC I 2*(NL+i)+7 |
| VALUE (atlayeri) || NMISC I 2*(NL+i)+8 |
| FC I NMISC I (4*NL)+8+15(N-1)+1 |
| VALUE I NMISC I (4*NL)+8+15(N-1)+2 |
| LN I NMISC I (4*NL)+8+15(N-1)+3 |
| EPELFX I NMISC I (4*NL)+8+15(N-1)+4 |
| EPELFY I NMISC I (4*NL)+8+15(N-1)+5 |
| EPELFZ I NMISC I (4*NL)+8+15(N-1)+6 |
| EPELFXY I NMISC I (4*NL)+8+15(N-1)+7 |
| EPELFYZ I NMISC I (4*NL)+8+15(N-1)+8 |
| EPELFXZ I NMISC I (4*NL)+8+15(N-1)+9 |
| SFX I NMISC I (4*NL)+8+15(N-1)+10 |
| SFY I NMISC I (4*NL)+8+15(N-1)+11 |
| SFZ I NMISC I (4*NL)+8+15(N-1)+12 |
| SFXY I NMISC I (4*NL)+8+15(N-1)+13 |
| SFYZ I NMISC I (4*NL)+8+15(N-1)+14 |
| SFXZ I NMISC I (4*NL)+8+15(N-1)+15 |
Note

The iinTable 99.3: "SHELL99 Item and Sequeridembers"(wherei=1, 2, 3 ...,

NL) refers to the layer number of the shell. NIithe maximum layer number as input
for real constant NL (1 3 NL 3 250). N is the fadtnumber as stored on the results
file in compressed form, e.g., only those failuriéecia requested will be written to the
results file. For example, if only the maximum strand the Tsai-Wu failure criteria
are requested, the maximum strain criteria will beedidfirst (N = 1) and tt Tsa-Wu
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failure criteria will be stored second (N = 2).dddition, if more than one criteria is
requested, the maximum value over all criterigdosesl last (N = 3 for this example).

SHEL L 99 Assumptions and Restrictions

e Zero area elements are not allowed. This occurs oftsn whenever the elements are not
numbered properly.

e Zero thickness layers are allowed only if a zerokiess is defined at all corners. Tapering
down to zero is not allowed.

o IfKEYOPT(11) = 0, all nodes are assumed to béatmidthickness of the element.

o All inertial effects are assumed to be in the nqadahe, i.e., unbalanced laminate construction
and offsets have no effect on the mass propertitgealement.

o No slippage is assumed between the element laykesr deflections are included in the
element, however, normals to the center plane bafeformation are assumed to remain
straight after deformation.

¢ This element may produce inaccurate results umgemal loads for non-flat domains.

e The applied transverse thermal gradient is assumbd linear through the element and over
the element surface.

e The stress varies linearly through the thicknessach layer.

o Interlaminar transverse shear stresses are bagbe assumption that no shear is carried at the
top and bottom surfaces of an element. Furthesetierlaminar shear stresses are only
computed at the centroid and are not valid aloegetement boundaries. If accurate edge
interlaminar shear stresses are required, shalblid-submodeling should be used.

e The element matrices are reformed every iteratrdass option 1 of thE USE command is
active. Only the lumped mass matrix is availablge hass matrix is assumed to act at the
nodal plane.

o The large deflection option for SHELL99 is not asieergent as it is fdBHELLI1 (the
nonlinear layered shell elememBHELL91 may be the preferred element type when
constructing models that include large deflection

If you have defined the element using the nodesbfiption (KEYOPT(11} 0), be aware of the
following:

¢ You should not use shell-to-solid submodeli@BDOF] or temperature interpolation
[BFINT].

¢ You should not use the matrix input option (KEYOPR)T£ 2 or 3).

e The transverse shear stresses will not be vatilafelements share the same nodes but have
different settings of KEYOPT(11) (for example, &a®wn inFigure 91.5: "SHELL91 Common
NodeElements). Also, POST1 nodal results in this case shouldltained froneither the toj
or the bottom element, since nodal data averagihiguet be valid if elements from both sides
of the nodal plane are used.

SHELL 99 Product Restrictions

When used in the product(s) listed below, the dtpteduct-specific restrictions apply to tlelemen
in addition to the general assumptions and resinstgiven in the previous section.

ANSY S Professional.
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This element is limited to 20 constant thickneg®ia, or 10 tapered layers, and does not allow
the user-input constitutive matrix option (thatk&§YOPT(2) = 2 or 3 is not valid).

The DAMP material property is not allowed.
KEYOPT(4) can only be set to 0 (default).
¢ The six user-defined failure criteria (subroutiESRFC1 through USRFC6) are not allowed.

Contains proprietary and confidential information of ANSYS, Inc. and its subsidiaries and affiliates.
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