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Introduction

The finite element method (FEM) (sometimes referred to as finite element analysis) is a
numerical techniqudor finding approximate solutions gfartial differential equationgPDE)

as well as ofntegral equations The solution approach is based either on eliminating the
differential equation completely (steady state problems), or rendering Bi2E into an
approximating system ofordinary differential equations which are then numerically
integrated using standard techniques suchzaser's methodRungeKutta, etc.

In solvingpartial differential equationsthe primary challenge is to create an equation that
approximates the equation to be studied, butrismerically stablemeaning that errors in

the input data and intermediate calculations do not accumulate and cause the resulting
output to be meaningless. There are many ways of doing this, all with advantages and
disadvantages. The Finite Eleméviethod is a good choice for solving partial differential
equations over complex domains (like cars and oil pipelines), when the domain changes (as
during a solid state reaction with a moving boundary), when the desired precision varies
over the entire doman, or when the solution lacks smoothness.

ENGISSOL, as a leader company in finite element programming, has launched many finite

element libraries which are continuously enriched by new contemporary arithmetic

techniques and optimized in order to come wp any complex engineering simulation.

lY2y3d GKS&AS fAONINAS&S 9bDL{{h[ Q& w35 RSLI NILYS
can perform 3D finite element analysis foframes and buildingsery easily with great

accuracy and reliability. This library hasen developed in the modern programming

environment of MS Visual Studio 2008 and is compatible with almost every programming

interface. The integration of Frame3D to a programming interface can result into a

complete, high quality and competitive finisdement application.

The scope of this paper is to provide theoretical and also practical information about the

f AONI NBEQa FaadzYLirAz2yax a ¢Sttt Fa | O2YLINBKSy:
algorithms. Reference to finite element analysis theomjll be made if necessaryn any

case, the reader is advised to refer to a general finite element book in order to get familiar

enough with the philosophy of the finite element method and particularly Frame3D library.
Furthermore, reference tthe librae Qa Of | & in&hiods et2 \ilEb8 Madeiif needed.


http://en.wikipedia.org/wiki/Numerical_analysis
http://en.wikipedia.org/wiki/Partial_differential_equation
http://en.wikipedia.org/wiki/Integral_equation
http://en.wikipedia.org/wiki/Ordinary_differential_equation
http://en.wikipedia.org/wiki/Euler%27s_method
http://en.wikipedia.org/wiki/Runge-Kutta
http://en.wikipedia.org/wiki/Partial_differential_equation
http://en.wikipedia.org/wiki/Numerically_stable
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Basic theoretical background

Skyline storage scheme

A skyline matrix, or a variable band matrix, is a form sparse maix storage format for a
square banded(and typicallysymmetrig matrix that reduces the storage requirement of a
matrix more than banded storage. In banded storage, all entries within a fixed distance from
the diagonal (called halfandwidth) are stored. In column oriented sky storage, only the
entries from the first nonzero entry to the last nonzero entry in each column are stored.
There is also row oriented skyline storage, and, for symmetric matrices, only one triangle is
usually stored.

Skyline storage has become verypptar in the finite element codes for structural
mechanicsbecause the skyline is prased byCholesky decompositiofa method of solving
systems ofinear equationswith a symmetric positive-definite matrix all fill-in falls within

the skyline), and systentf equations from finite elements have a relatively small skyline.
addition, the effort of coding skyline Cholesky is about same as for Cholesky for banded
matrices.
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An example of the skyline storage scheme follows in the next picture.


http://en.wikipedia.org/wiki/Sparse_matrix
http://en.wikipedia.org/wiki/Square_matrix
http://en.wikipedia.org/wiki/Band_matrix
http://en.wikipedia.org/wiki/Symmetric_matrix
http://en.wikipedia.org/wiki/Finite_element
http://en.wikipedia.org/wiki/Structural_mechanics
http://en.wikipedia.org/wiki/Structural_mechanics
http://en.wikipedia.org/wiki/Cholesky_decomposition
http://en.wikipedia.org/wiki/Linear_equations
http://en.wikipedia.org/wiki/Positive-definite_matrix
http://en.wikipedia.org/wiki/Fill-in
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A= |:‘-'1m dy dy dp Ay Ay Gy dy d34:|

MAXA = [l} 1 2 5 ?]

Frame3D libary uses this storage technique at all cases where symmetric and positive
defined matrices are to be stored, in order to minimize computer memory usage and
accelerate the solution speed as much as possible.
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Coordinate systems

Three different coordinateystems are available in Frame8brary. The global system and

two local ones, the element local and node local system. It has to be noted that these three
coordinate systems result into more flexibility and ease in creating the structural model,
since dah as loads, boundary conditions etc can be defined at the desired system, whereas
analysis results are obtained in each corresponding coordinate system.

.I Local member system

Global system

Global system
The global coordinate system remains constant for each element, node and generally the

complete model.

Element local system
For each element (frame etc), a local system is assigned by rotating the global one according
to followings:

T [ 20t E FLEA&A A& RSTAYSR TNRY StSySyidqa &idl N
1 Local y axis is definday an auxiliary pait that lies on the plane that is formed by
the local x and y element axes
1 Local z axis is defined as perpendicular to x and y local axes, so that a right hand side
coordinate system is formed.

Node local system
Generally the local system of a node matcliies global system unless otherwise defined.
Local system of a node is defined the same way as the element local system.

Model data and corresponding coordinate system

| Nodal loads | Node local system ]
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Nodal reactions Node local system

Nodal displacements Node local system

Prescribed displacements Node local system

Member loads Element local and global system (as specifi
Member end releases Element local system

Response spectrum excitation(ground | Global system
motion direction)

Member internal forcesand displacements | Element local system

Diaphragm loads Global system

Diaphragm displacements Global system
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Degrees of freedom

Frame3D library features 6 degrees of freedom per node as indicated below. Each degree of
freedom can be fully or partiallfby springs) constrained. Furthermore, in case of frame
elements,each set of degrees of freedom can be released unless a mechanism is formed.
The ability of partial releases is also available in Frame3D.
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Load combination
The following load combinatiotypes are supported in Frame3D library:

1

Linear Add All load case results are multiplied by therake factor and added
together.

Envelope A max/min Envelope of the defined load cases is evaluated for each frame
output segment and object joint. The ldacases that give the maximum and
minimum components are used for this combo. Therefore the load Combo holds
two values for each output segment and joint.

Absolute Add The absolute of the individual load case results are summed and
positive and negativevalues are automatically produced feach output segment

and joint.

SRSSThe Square Root Sum of the Squares calculation is performed on the load
cases and positive and negative values are automatically produced for each output
segment and joint

CQC The Complete Quadratic Combinatiors used in case of coupled modes
combination. Modes are generally coupled in ordinary building structures so this
method is used aan improvement on SRSS.

It should be noted that in case of Modal analysis, only one of &sé two combination
methods (SRSS, CQC) can be used, since the remaining do not have a meaning when
combiningdynamicmodes.
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Rigid diaphragm constrained

Many automated structural analysis computer programs use mastere constraint
options. However, iv I y& Ol aSa GKS dzid S NDgline Yhe rfatzeniatic® 2 S a
constraint equations that are used within the program. illestrate the various forms that

this constraint option can take, let us consider fteor diaphragm system showelow.

A. Typical Joint =" on Floor Systam in x-y Blana B. lWastar-Slave Constraints

The diaphragm, or the physical floor system in the real structure, can havaumiger of
columns and beams connected to it. At the end of each member, adidqgghragm levelsix
degrees of freedom exist for a thremensional structurebefore introducton of
constraints.Field measurements have verified for a large number of builtipg structures
that the in plane deformations in the floor systems are small compared to the-#ttey
horizontal displacements. Hence, it has become common practicesganae that the in
plane motionof all points on the floor diaphragm move agigid body. Therefore, the in
plane displacements of the diaphragm can be expressed in terms of two displacements, (m)
u™ andu,™, and a rotation about the-axis,u, ™. In the case of static loadinthe location

of the master nodgm) can be at anjocation on the diaphragm. However, ftire case of
dynamic earthquakéoading,the master node must be located at the center of mass of each
floor if a diagonamass m#ix is to be usedFrame3D libranautomatically calculates the
location of themaster node based on the center of mass of the constraint noles result

of this rigid diaphragm approximation, the following compatibilityequations must be
satisfied forjoints attached to the diaphragm:

U =0, ™ ¢ yO y, ™
U, = uy™ 4+ )y,
Uy, O = gy, ™

Or in matrix form, the displacement transformation is:

y 2
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LJ,E? 10 _y(ﬂ L

E]

ugﬂ =lo 1 2% ug”‘) or, u® = T 4o

wl] (000 uf |w?

If displacements are eliminated by the application of constraint equations, |daels
associated with those displacements must also be transformethéomasternode. From
AAYLX S adlraAada GKS f2FR& LN ABBNI bg RE A YW E G A€
following equilibrium equations:
R™ = RO
R™ = RO
R, M™=R,"cy? RO+ RO
Or in matrix formthe load transformatn is:

R 1 0 0fr®

R |I=| 0 1 0|R¥|or, R™ =T RO

R | |-y® 29 1|RE
Again, one notes that the force transformation matrix is the transpose ofdthplacement

transformation matrix.The total load applied at the maat point will be the sum of the
contributionsfrom all slave nodes, or

WE) = ER BN

Q

Now, consider a vertical column connected between joint i at level m and jaihtgvel
m+1, as showielow. Note that the location of the master nodmn be different foreach
level.

ffr] 11

It is apparent that the displacementansformation matriXor the column is given by
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e ]
WPl 100000 -3 000000 0 fu
w01 0000 2® 000000 0 | u¥
w?ljoo1 000 0 000000 0 | a®
wpl 000100 0 000000 0 | af
vl foo0010 0 000000 0 |af
uf | jo0 0001 0 000000 0 |uf
Pl jlooo0o00 0 100000 —yi|amy
w1 {000000 0 010000 % |afm?
o000 00 0 001000 0| a¥
2! loooooco 0 ooo01o00 0 fa¥
udljo00000 0 000010 0 |af
wl| 000000 0 000001 0 | af
uib

Or in symbolic form:
D=Bu

The displacement transformation matrix is 12 by 14 if theotations are retainedas
independent displacements. The new 14 by 14 stiffness matrix, with respebetmaster
and slave reference systems at both levels, is given by:

K=B'k B,

where Kk is the initial 12 by 12 global stiffness matrix for the column.
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The frame element

The approach used to develop the tdimensional frame elements can be used to develop
the three-dimensional frame elements as well. The onlffedence is that there are more
DOFs at a node in a 3D frame element than there ara RD frame element. There are
altogether six DOFs at a node in a 3D frame element: tina@eslational displacements in
the x, y and z directions, and three rotations with respect to the x, y and z Bxerefore,

for an element with two nodes, there are altogether thwve DOFs, as shown in Figure below

Equations in Local Coordinate System
The element displacement vecttor a frame element in space can be written as.

d] e
da v
d3 i displacement components at node |
dy tr1 (
ds Byl
d. = 4 j: = i‘:l 3
dy U2
dy i | displacement components at node 2
d1n fra
dn 2
| iz &2

The element matrices can be obtained by a similar process of obtaining the matrices of the
truss element in space and that of beam elements, and adding them together. Because of
the huge matrices involvedhe details will not be showherein, but the stiffness matrix is
listed here as follows, and can be easily condidnsimply by inspection:
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iy " UL " " I vz iz Y2 Hyz Oz2
t 1 1 (] 1 t t 1 1 t t 1
rafE —AE .
_ ] 0 0 ] 0 - ] ] ] 0 ]
e | 2l
IEL 3EL -3EH, IEL
0 0 0 = 0 = ] ] 0 =
2a o= 2a- 2a-
3ET —~3EL, ~3E1Q, ~3EI,
—= 0 S ] ] = 0 ]
2a- oy 2a- 2a- Gl 2a=
'I-.' L
> 0 0 ] ] ] » 0 ]
T 3EL, T ElL
— 0 0 0 e 0
2= [
2EL -3EL, EL
A —= ] ] 0 z
ke = i i 260 i
AE
- ] ] ] 0 ]
o aEL ~3EI,
2 ] 0 0 =
2a® 247
iElL, IEL,
Iy = 0 : 0
2a oy
- 0 ]
v
2EL,
. ]
“ 2EL,

where | and | are the second moment of area (or moment péitia) of the crossection of

the beam with respecto the y and z axes, respectively. Notathhe fourth DOF is related

to the torsional deformation. The development of a torsional elemeié& bar is very much
the same as that for a truss element. The only difference is thatakial deformation is
replaced by the torsional angular deformation, and axial force is replaced by torque.
Therefore, inthe resultant stiffness matrix, the element tensile stiffness Ais/feplaced by
the elementtorsional stiffness Gl where G is the shear modules and g the polar
moment of inertiaof the crosssection of the barThe mass matrix is also shown as follows:

(700 0 0 0 0 33 0 0 0 0 0 7
70 0 0 2 0 27T 0 0 0 —13a
7 0 -2 0 0 0 27 0 13 0
e 00 0 0 0 =357 0 0
8a> 0 0O 0O —13a 0 —6a® D
m, = PA2 8a° 0 I3a 0 0 0 —6a
105 000 0 0 0
78 0 0 0 -2
78 0 22a 0
5. oy 00
ga® D
- Eﬂ: -
Where
‘l(bz = —Q
(o}

in which Ix is the second moment of area (or moment of iag¢rof the crosssection of the
beam with respect to the axis.

Equations in Global Coordinate System

Having known the element matrices in the local coordinate system, the next thingitotdo
transform the element matrices into the global coordinate system to account for the
differences in orientation of Athe local coordinate systems that are attached on individual
frame members.

Assume that the local nodes 1 and 2 of the element correspond to global nodes i and j ,
respectively. The displacement at a local node should have three translational components
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in the X, y and z directions, and three rotational components with respect to the x, y and z
axes.

They are numbered sequentially byadiil2 corresponding to the physical deformations as
defined by Eq. (6.16). The displacement at a global node shouldaledliree translational
components in the X, Y and Z directions, and threatiobal components with respect to

the X, Y and Z axes. They are numbered sequentially gy0Bg, . . . , and Ddor the i,
node, as shown in Figutelow. The same sign convention applies to ngd€he coordinate
transformation gives the relationship between the displacement vectorbdsedon the

local coordinate system and the displacemh vector De for the same element bbased on

the global coordinate system:

de.=T I, where

D,

De;
D

and T is the transformation matrix for the truss element given by
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T 0 0 0
0 Tz 0 ]
0 0 T; 0
0 0 0 T,
in which
L, m, n,
T-=|L m, n,
- m-. n-
where |, m¢and n (k = X, y, z) are direction cosines defined by
Ix= coqx,X), m= cogXx, Y ), k= cogX,Z)
ly= coqy,X), m= cogy, Y ), n= cogy,Z)
Iz= cogz,X), m= coqz, Y ), = coqz,Z)

To define these direction cosines, the position and the thdeaensional orientation of the
frame element have to be defad first. With nodes 1 and 2, the location of the element is
fixed on the local coordinate frame, and the orientation of the element has also been fixed
in the x direction. However, the local coordinate frame can still rotate about the axis of the
beam. Ore more additional point in the local coordinate has to be defined. This point can be
chosen anywhere in the locat ¥ plane, but not on the-axis. Therefore, node 3 is chosen,
as shown in Figure 6.6.The position vectors _ V1, V2 and _ V3 can beatkpress

Vi=X\ X4V Y +2ZZ

X
Vo=XaX 4+ Y-V + 7,7
Xaf + ‘.“'3]:’ -I—ZJE

where Xk, YkandZk (k = 1, 2, 3) are the coordinates for node k, arid @B dare unitvectors
along X, Y and Z axes. We now define
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Xp=Xr - Xy
YH:]”;‘—F_.' kf=]23
2y =2y — 4

Vectors ($-P and(cfoP can thus be obtained using above equations asvalo
WPraP= %P+ %y B+ 2,B
WP6P= X B+ ¥y B+ 2, B

The length of the frame element can be obtained by

= 20= 6P P = @+ 6+ 6%
The unit vector along-axis can thue expressed as

®= M = wz—fd?+ (*2—.1,(}3+ wz—fda
o G 20 20 20

Therefore, the direction cosines in the x direction are given as

= cos G = oB= L
26

A= COSWW = (ﬁ)(B:dé—l
@ 20

b= cos o = dB= 2
@ 26

It now can be seen that the direction of z axis can be defined by the cross product of vectors
(6P P and(a® o). Hence a unit vector along z axis can be expressed a

oo (6D GDX(GP )

- (6P PP P
Since y axis is perpendicular to both x axis and z axis, the unit vector along y axis can be
obtained by cross product

®= DX @

Using the transformation mai, T, the matrices for space frame elements in the global
coordinate system can be obtained as:

Ke=TkeT
Me=Tm,T

F=Tf,
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Frame element end releases
Including member loading ingeiation

fa=kuuy
the twelve equilibrium equations thelocal 1J reference system can be written as
F=ku+r

If one end of the member has a hinge, or other type of release that causes the
corresponding force to be equal to zerabove @uation requires modificationA typical
equation is of the following form

12

V= Quoot i;
@1

If we know a specific value df, is zero because of a release, the correspordisgacement

U, can be written as:
g 14 12 -
, Quo, Qo,
0 = —— Ot = 0ot I
: - Qu
e+l

Therefore, bysubstitution of last equatidnto the other eleven equilibriuaguations, the
unknown un can be eliminated and the corresponding row@nchn set to zero. Or:

‘&= o+ in
The terms, =1, 9 and thenew stiffness and load terms are equal to:
% % % TQTQ
Qp= Qp B

€

o= ig ‘lé.,&z
Q:

This procedure can be repeatedly applied to the element equilibrium equationsll
releases. After the othadisplacements ssociated with the element haugeen found from a
solution of the gbbal equilibrium equations, thdisplacements associated with the releases
can be calculated from Equatiof#.31) in reverse aer from the order in which the
displacementswere eliminated. The repeated appdition of these simple numerical
equations iglefined as static condensation or partial Gauss elimination.
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Unstable End Releases

In Frame3D library, any combination of end releases may be specified for a Frame element
providedthat the element remains stable; this assures that all load applied to theere¢is
transferred to the rest of the structure. The following sets of releases are hiestaither

alone or in combination, and are not peritat.

Releasing U1 at botbnd

Releasing U2 at both ends

Releasing U3 at both ends

Releasing R1 at both ends

Releasing R2 at both ends and U3 at either end
Releasing R3 at both ends and U2 at either end

=A =4 =4 =4 =8 =4
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Introduction to Dynamic Analysis
The dynamicdrce equilibrium Equation canebwritten in the followingform as a set of N
second order differential equations:

D60 +000+000="00 = @00
&1
All possible types of timdependent loading, icluding wind, wave and seismic, can be
represented by adzY 2 F A Wé¢ &, Lwhich Bre @S aOfin2tibiBdinE, and J time
functions dt);.

For the dynamic solution of arbitrantrsctural systems, however, thelimination of the
massless displacement is, in general, not numdyicefficient because thetiffness matrix
loses its sparsityTherefore,Frame3D library does not use stationdensation to retain the
sparseness of the stiffness matrix.

The fundamental mathematical method that isadl to solve the equilibrity equationsthe
separation of vdables. This approach assumes the solution can be expressdte
following form:

u(t) =u Y

2 KSNB v 408 b#& Yilbd NAE Owgfofisithatyark yioBa fimctiépEimé, A | €
and Y(t) is a vector containing N functions of time.

Before solutbn, we require that the space functiossitisfy the following mass arsfiffness
orthogonality conditions:

vir v T
virv

GKSNBE L Aa | RA I Gsafiagonaldnatiixin writhithdBidgonatrysRare m

2.0 KS  (,9a8)he units ofadians per second and may or may beta free vibration

frequencies. It should be noted that the fundamentalsnmdthematics place no restrictions

on those vectors, other than the orthogonalityoperties.Each space functiod S O (i 2iNI

always norméized sothati KS DSYSNJI f AT SR al,Ma,=Aa Sljdat G2 2y

The above equations yield to:

DO+ Qo+ 200 = o)
@1
where g = UTfj are defined as the modal participation factors for Id@ahction j. The tem
pn is associated with theghmode. Note that there is one set df b modal participation

factors for each spatial load conditon f£.2 NJ | € £ NBFf &GNHz2OGdzNBasx> GKS
diagonal; however, to uncouplthe modal equations, it is neceary to assume classical
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damping where there is nooupling between modes. Thdwre, the diagonal terms of the
modal damping arélefined by:

dnn= 2yn *n

% K S NB defined as the ratio of the damping in modetnthe critical damping ofhe
moded. A typical uncoupled modal equation for linear structural systems is of the following
form:
0
WO+ 24 ;WO +] °0 = Moy
@1
For threedimensional seismic motion, this equation can be written as:

DO+ 2] ;W0 +1 ;200 = Ne0(ay + NeO (g + NegO(O)

where thethree-directional modal participation factors, or in this cassrthquake excitation
factors, are defined by p=-u N M; in which j is equéalo X, y or z and s the modenumber.
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Response Spectrum Analysis

The maximum modal displacement for a strueiumodel can now be calculated
for a typical mode n with period,Bnd corresponding spectrum response value
S0 ) . The maximum modal response associated with perjas Jiven by:

Y(T) max=S(n) / + n2
The maximum modal displacement response ofgtraectural model is calculated
from:

Un=Y(TF )max> n

The corresponding internal modal forceg, fre calculated from standanthatrix structural
analysis using the same equations as required in static analysis.
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Example problems for Frame3D library

At this section some characteristic primer problems will be presented in order to
comprehensively demonstrate the basic features of Frame3D library. The reader is advised
to refer to the corresponding Visual Studio project to see in action how each example
implemented and analyzed with Frame3D library.

Example 1: Load case and combination definitions

R | et 10ktim

W | ez ke

040
—_—1
\hﬂ 50 kM

=
o
=

- z
7 Element local system
Global system

/INew model definition
Model Model= new Model ();

/[ - MATERIAL DEFINITION -------

/[Create a new ma terial for concrete

Material matConcrete = new Material  ();

matConcrete.Name = "Concrete" ; //Material name

matConcrete.Density = 2.5e - 3; //density in mass units/m3,
for example tn/m3

matConcrete.G = 11538461 ; /ls hear modulus

matConcrete.E = 30000000 ; //elasticity modulus

I SECTIONS DEFINITION -------

/[Create a new beam section of dimensions 40cmx80xm
FrameElementSection secBeam40_80= new
FrameElementSection  ();

secBeam40 80.Name = "Beam40/80" ; //section name

secBeam40 80.A= 0.4 * 0.8 ;//section area

secBeam40_80.ly = 04 * 0.8 * 0.8 * 0.8 [/ 12;/linertia
moment about local y axis

secBeam40_80.1z = 08 * 04 * 04 * 04 [ 12;l/linertia
moment about local z axis

secBeam40_80.It = 0.0117248 ; /ltorsional constant

secBeam40_80.h =  0.80 ; //section height
- MODEL GEOMETRY AND LOADS DEFINITION-----

/ICreate node nl
Frame3D. SuperNode nl1= new Frame3D. SuperNode (1, 0, 0, O0);
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nl.doflconstraint = true ; //delete
nl.dof2constraint = true ; //translational constraint in
direction y at local system of node
nl.dof3constraint = true ;//t ranslational constraintin
direction z at local system of node
nl.dof4constraint = true ; //rotational constraint in
direction x at local system of node
nl.dof5constraint = true ; //rotational constraint in
direction y at local system o f node

Model.InputNodes.Add(n1);

/[Create node n2
Frame3D. SuperNode n2= new Frame3D. SuperNode (2, 5, 0, 0);

n2.doflconstraint = true ; //translational constraint in
direction x at local system of n ode

n2.dof2constraint = true ; //translational constraint in
direction y at local system of node

n2.dof3constraint = true ; //translational constraint in
direction z at local system of node

n2.dof4constraint = true ; //rotatio nal constraint in
direction x at local system of node

n2.dof5constraint = true ; //rotational constraint in

direction y at local system of node
Model.InputNodes.Add(n2);

/[Create frame element 1

/INote that th e 4th argument specifies the auxiliary
point that lies in the xy plane that is formed by the x and y axes in
the local element system

FrameSuperElement ell= new FrameSuperElement (1, nl, n2,
new Geometry . XYZ( 0, 0, 1), matConcrete, secBeam40_80, new
MemberReleases (), new MemberReleases (), false , false , 0, 0);

LinearLoadCaseForSuperFrameElement Icl= new
LinearLoadCaseForSuperFrameElement ("lc1" , LoadCaseType .DEAD);

Ic1.UniformLoad.UniformLoadsY.Add( new SuperUniformLoad (O,
1, -10, -10, LoadDefinitionFromStartingNode .Relatively,
LoadCordinateSystem  .Global));

Ic1.PointLoad.PointLoadsY.Add( new SuperPointLoad (3.5, -
50, LoadDefinitionFromStartingNode Absolutely,

LoadCordinateSystem  .Global));
ell.LinearLoad CaseslList.Add(Icl);

LinearLoadCaseForSuperFrameElement Ic2= new
LinearLoadCaseForSuperFrameElement ("lc2" , LoadCaseType .LIVE);

Ic2.UniformLoad.UniformLoadsY.Add( new SuperUniformLoad (O,
1, -5, -5, LoadDefinitionFromStartingNode .Rela tively,

LoadCordinateSystem  .Global));
ell.LinearLoadCasesList.Add(Ic2);

LinearLoadCaseForSuperFrameElement Ic3= new
LinearLoadCaseForSuperFrameElement ("lc3" , LoadCaseType .LIVE);

Ic3.UniformLoad.UniformLoadsY.Add( new SuperUniformLoad (O,
1, -1, -1, LoadDefinitionFromStartingNode .Relatively,

LoadCordinateSystem  .Global));
ell.LinearLoadCasesList.Add(Ic3);

Model.InputFiniteElements.Add(ell);

/— SOLUTION PHASE------























































































