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(wave propagation, Stress field) _

foundation p+ﬁle

| 0-8 m Sand 1

I

[ 5-10.5 m Sand 2

[ 10.5-14.25 m Clay
]

[ 14.25-18 m Coal
1

| 18-25 m dense Sand
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Non-linear coupled hydro-mechanical quasi static
analysis of a transrapid train passage with elastic-
plastic material models (Mohr Coulomb)

Plastic strain

O |

| B1 5 B3gg rapzat

Total strain Failure of Yield criteria
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dynamic non-linear coupled fluid flow mechanical analysis with FLAC3P
- dynamic non-linear (Mohr-Coulomb) with stationary pore pressure (PP)
dynamic non-linear (Mohr-Coulomb) with in stationary pore pressure

dynamic non-linear (Double Yield ) with in stationary pore pressure

B

i Db 4 OVl g | (1R Coathirt

total plastic deformation

MC, stationary PP MC instationary PP DY instationary
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crack pattern Riith (1939)

elastic-plastic Masonry Analysis of the
Church of our Lady in Dresden

CENENN W
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SIBEtL Ziegelsteinbricke der Welt

parameterized geometry model

verification of loading (dead
loads, traffic, temperature, wind)

verification of masonry material
model (GANZ Swiss masonry
standard)

detailed geometry model with foundation,
piles and arches made from granite,
sandstone and masonry
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displacement

For the first time stability and
survivability of the structure according
to actual German standards (DIN/DS)
was proven.

NCMNARN $533373°53338
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Geomechanics
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2D/3D Stability analysis
of dams

-non-linear mechanical analysis

Verschiebungen in Talrichtung (cm)

-coupled fluid flow, thermal
and mechanical analysis

- elastic-plastic material models
of rock, jointed rock, masonry,
concrete, soil

Verschiebungen in Talrichtung (cm) Plastische Vergleic (K te)
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Earthquake analysis of dams

- often response spectra analysis 1s used

- then quasi-static elastic-plastic analysis with
worst case modal superposition 1s performed

- with today's numerical power also non-
linear transient analysis 1s possible

tension stress plastic strain
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Geomechanics

Foundation Analysis

- non-linear load history

- non-linear static and
dynamic analysis

- piles & plates
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limit load analysis for airplane impact

load modeling with RTERA load
assumptions (area, pressure)
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shear damage of
concrete

shear failure of reinforced concrete structure
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verification of the concrete model (plasticity & damage)

uniaxial compression test
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The compression strength 0.045 KN/mm2
and the damage mechanics was verified.
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verification of reinforced concrete modeling_r (plasticity & damage)
E897e 00
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AN
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|.s|§&z =
> ‘ plastic steel strain
— 4

plastic concrete strain

The limit load and the damage mechanics
was verified.
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(a)

Fig. 1 Localization Simulation in a Test Fig. 2 Schematic of Bituminous Waterproof
Specimen of a Porous Medium Lining System in a Reservoir
(a). deformation (b). damage distribution



The Clementine Satellite xent

Ik move than 1.5 million
images of the moon at
resolutions never before
arntained Thexe images were
taken with cameras designed

by the Laborarory
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Cur vision of a modular, soft-x-ray,

projection-lithography facility that could

before the year 2000.
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With 1 to 2 volis of inpur
power, this 400-gm-long
intravascular microtool
firom the Microtechnology
Center will curl up and
stretch out in liguid. The
Center's ongoing research
into microscale actuarors
includes their use in areas
such as optics, biomedical
instruments, and micropart

packaging.
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dev = 0.08

dov = 0.00

= 40000
dov = 001

dev = D.68

Figuze 6: Connecovities gensrassd suck that Dsir come-
spmdml coumeciiiry shapes -amub)o lgr so mesh: The
onigina] polygon maczes (Bt the remeshed vee-
zions {second row), the connec! v chapes comespond-
mwmmdmrw(&dw\ The zum-
ber of verices (=) and e relesive deviaticn (dev) of the
sdge lemgeh ars reported for sach mech. 'ﬂubv_-ny\ Zeme
at the botom left 35 2 comoactivicy sbape geuerated ws-
a very soxall vakie of the ramster A It

vos 2lmost unit edge Mgmﬂm i)




2000 vertzes

5000 verlices.

dev =008
hre ™ 0.008

ported aze the ralative deviaton e
ang the smoothing paramater A..
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Frames from an mteractive anmmation. There 15 no noticeable warping due to a l 53
strain linearization, and the different materials (e g., ears, homs) behave distinctly. - 9
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Family of connectinnty shapes compuned from the cow's congectivity with different smoothing parameters A

2002 verticas

48485 vortces

vty shapes comganted from te conpecnty of (a) garafle, (b) wicersops, {¢) Suaford banny, &0d (d) horse
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Onginal component based geometty Q)

View inside onginal geometry //, View Inside geomatry
before inlersection / afier imersection

Helicopter example containing 82 components
including external stores and armaments
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Ulpper: Cartesian mesh tor attack helicopter configuration with 5 81M cells Lower
Close-up of mesh through left wing and stores
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Isobars resulting from inviscid flow analysis of attack helicopter configuration computed
on mesh with 1.2M cells
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re 1-100 Isobars and mesh cuts on a business jet configuration computed with an octree based

approach (reprinted from Ref [25] with permission)
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rs and adapted quadtres grids showing a tune history of a projectile
o from Ref [T0] with permission

peoetration problem (reprints



Unstructured RANS solver TALU

= hybrid grids

= very complex configurations
= grid adaptation

= fully parallel software

= adjoint option
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* M_=0.85, Re=32.5x10°
+ coupled CFD/structural analysis for wing deformation at o ~ 1.5°
* FLOWer, ka turbulence model, fully turbulent

S & & &
N = o -

c(x/eing),

3.5 million grid points



* M_=0.85, Re=32.5x10°
» coupled CFD/structural analysis for wing deformation at a =~ 1.5°
* FLOWer, ko turbulence model, fully turbulent

0.01 0.02 0.03 0.04 005 G
T 1] T

C,, . 2C CHAn
A sspect ralio

wing deformation computed
uy'avm-c Aachen e

oxp. ETW
del. pre-esth d
del. puted for «c « 1.5

1 i

3.5 million grid points 0 1 2 3 «

-
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Adapted mesh, arxd computed Isobars for inviscid flow over a High Wing Transport
(HWT) contiguration. The unstruact Cartestan mesh contalned 2.9M cells with 10 adaptations

Adgrt o f saaidy, snid corigratiod Honers S e tvoid Dow oaey o GNERA M5 warg ol
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HWT example with high-LIt system deployed. The mesh contains §65M cells at
LU bevels of reflinemeant. The mesh i presented by cutting planes at 3 spanwise locations and
the cutting plane on the starboard wing is fooded by Bsobars of the discrete salution



1-21: Surface triangulations for two Intersecting teardrop shaped bodies. The labels on
the sketch Indicate reglons painted by a single seed

Example of ray-casting combined with mesh painting. The three internal regions
shown were identified and painted using one ray per region



The unshaded triangles may use the 3 x 3 form of the simplex determinant in eq. 2.3
without incurring round-off error due to the initial subtraction of coordinate data.
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4
/\\ 2r sin(T/n)
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PG
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T, = nsin(m/n)

Extrapolated by Wvnn-e

Exact r to 10 places

128
250

0.000000000000000
2.000000000000000
2.825427124746130
3.0614067455920718
3. 121445152258052
3.136548450545939
3. 140331156954753
3.141277250932773
3. 141513801144301

3.4142153562373090

3.141418327933211

3.141592658915053

3. 1415920653589780

3.141592053583733
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Rayleigh-Ritz principle
« Approximation in the whole domain
 Higher-order continuous function

 Fewer base functions
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Discretized approximation Sl s o w5 <
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Flsym (e +hx(xe[x. 5,0
=0

W

A Ny i & Y T X *
Another method l
 Pieces function approximation in sub-domain

 Linear or polynomial function

» More base functions
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Roof Truss
support

joint/

Physical Model

IDEALIZATION &
DISCRETIZATION

Mathematical and Discrete Model
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/Finite Number\ J L /Finite Accurac \

There 1s only The accuracy of
finite number of your analysis 1s
elements in your finite. Even for
analysis model, very fine model, it

not infinite. 1S not accurate
solution.
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Finite Element method >S9l il o9,
Finite Difference method o o5 59,
Boundary Element method S sl <
Finite Volume method PREgpE S
Mesh Free method Ol gy 5 9,<
Spectral method b g,
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Analysis of solids

Stress Stiffening \

Static Dynamics Large Displacement
Instability
Behavior of Solids
Linear \ ‘ Nonlinear Contact
Geometric Material
Classification of solids
Skeletal Systems Plates and Shells Solid Blocks Plasticity
1D Elements 2D Elements 3D Elements : _
: Viscoplasticity
Trusses Plane Stress, Plane Strain ~ Brick Elements
Cables Axisymmetric Tetrahedral Elements
Pipes Plate Bending General Elements
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Shells with flat elements
Shells with curved elements
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method
[ Variational I Metho dofWelghted] T 1010

I Trial function I [ Finite differenceJ

method Residuals Licbman 1918
Rayleigh 1870 Gauss 1795 Southwell 1946
Ritz 1909 Galerkin 1915
Similar structure Biezeno-Koch 1923
[ replacement J [ Continuous triaIJ
ﬁfﬁ:ﬁi’yﬁlﬁ?k Couranfllj;itlon Varlable finite J
Newmark 1949 dlfference method

_ _ Prager-Synge 1947
Direct continuum Zienkiewicz 1964 Varga 1962
elements

[ Present Finite J

Argyris 1955 Element Method

Turner et al. 1956
e L First coined by Clough 1960
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1965 ASKA (PERMAS) IKOSS GmbH, www.intes.de
(INTES),Germany
1966 NASTRAN MacNeal-Schwendler Corp., www.macsch.com
USA

1967 ASAS Atkins Res.&Devel., UK www.wsasoft.com

1970 ANSYS Swanson Anal. Syst., USA WWW.ansys.com
SAP NISEE, Univ. of California, www.eerc.berkeley.

Berkeley, USA edu

1975 ADINA ADINA R&D, Inc., USA www.adina.com




. PR

1976 NISA Eng. Mech. Res. Corp., WWW.emrc.com
USA
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*ANSYS (General purpose, PC and workstations)
*NISA (PC and workstation)

« SDRC/I-DEAS (Complete CAD/CAM/CAE package)
* NASTRAN (General purpose FEA on mainframes)

« ABAQUS (Nonlinear and dynamic analyses)

» COSMOS (General purpose FEA)

 ALGOR (PC and workstations)

* PATRAN (Pre/Post Processor)

« HyperMesh (Pre/Post Processor)

* Dyna-3D (Crash/impact analysis)
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¢+ Static analysis ¢ Heat transfer analysis
= Deflection = Temperature
= Stresses = Heat fluxes
= Strains = Thermal gradients
= Forces = Heat flow from
= Energies =convection faces
% Dynamic analysis < Fluid analysis
= FrequenCieS = Pressures
= Deflection (mOde Sh&p@) = (3aS temperatures
" Stresses = Convection coefficients
= Strains = Velocities
= Forces
= Energies
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* Automotive industry

= Static analyses

= Modal analyses

= Transient dynamics
= Heat transfer

= Mechanisms

= Fracture mechanics
= Metal forming

= Crashworthiness

«» Architectural

= Soil mechanics
= Rock mechanics
= Hydraulics

= Fracture mechanics
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*» Aerospace industry

= Static analyses

= Modal analyses

= Aerodynamics

= Transient dynamics
= Heat transfer

= Fracture mechanics
= Creep and plasticity analyses
= Composite materials
= Aeroelasticity

= Metal forming

= Crashworthiness
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Finite Element Trusses

3.0 Trusses Using FEA

We started this series of lectures looking at truss problems. We limited the
discussion to statically determinate structures and solved for the forces in elements and
reactions at supports using basic concepts from statics.

In this section, we will apply basic finite element techniques to solve general two
dimensional truss problems. The technique is a little more complex than that originally
used to solve truss problems, but it allows us to solve problems involving statically
indeterminate structures.

3.1 Local and Global Coordinates

We start by looking at the beam or element shown in the diagram below. This
element attaches to two nodes, 1 and 2. In the Figure we are showing two coordinate
systems. One is a one dimensional coordinate system that aligns with the length of the
element. We will call this the local coordinate system. The other is a two dimensional
coordinate system that does not align with the element. We will call this the global
coordinate system. The (X', y’) coordinates are the local coordinates for the element and

(X, y) are the global coordinates.

YA

\ Local coordinate

system
Global coordinate

] —  System

> x

Figure 1 - Local and global coordinate systems

We can convert the displacements shown in the local coordinate system by
looking at the following diagram. We will let g, and q, represent displacements in the
local coordinate system and q;, q2, g3, and q4 represent displacements in the x-y (global)
coordinate system. Note that the odd subscripted displacements are in the x direction and
the even ones are in the y direction as shown in the following diagram.
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Un-deformed elemen

q, sin @

—

Deformed element

q1

Figure 2 - The deformation of an element in both local and global coordinate systems.

We know that for small deformations in tension or compression a beam, acts like
a spring. The amount of deformation is linearly proportional to the force applied to the
beam. As the beam is stretched or compressed, we are added potential energy to the
beam. This energy is called strain energy and it can be modeled with Hook’s law. The
law states that the force is directly proportional to the deformation.

F = kAx (3.1)

We can compute the energy by integrating over the deformation

1, 2
u _ijdx_EkQ (3.2)

AE . )
where k = —— the element stiffness, A = the cross sectional area of the element,

E = Young’s modulus for the material, and L = the length of the element. Q is the total
change in length of the element. Note that we are assuming the deformation is linear
over the element. All equal length segments of the element will deform the same
amount. We call this a constant strain deformation of the element.

We can rewrite this change in length as

Q=(a-a) 3-3)

Substituting this into equation (3.2) gives us

1 ’ [
uzgk(%_%)z (3-4)
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or expanding

1 ! ’ ’ !
u= Ek(qzz _2q2q1 + q12)

Rewriting this in vector form we let

;o
q =1,
{qz}

k'zﬁl -1
L|-1 1

With this we can rewrite equation (3.5) as:

and

L o
u=— !kr!
2q q

(3.5)

(3.6)

(3.7)

(3.8)

We can do the indicated operations in (3.8) to see how the vector notation works.

We do this by first expanding the terms then doing the multiplication.

_AE a1 1]
u=2- qz}{_l IH%}

AE ! ! ! ! q'
U=I{ql—q2 —ql+qz}{q,‘2}

AE

u =I(q{(q{ —q)+;(d; —a)))

AE [ ! ! !~
u= I(qlz — 0,0, +q22 _qqu)

AE ! I ! !
u =I(qf —20q,0; +05°)

Which is the same as equation (3.5).

Equation (3.7) is the stiffness matrix for a one dimensional problem.
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(3.9)

(3.10)

(3.11)

(3.12)

(3.13)
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6.2 Two Dimensional Stiffness Matrix

We know for local coordinates that

;o
q = ’
{qz}

and for global coordinates (See Figure 2)

a4

0>
q —

a;

0y

(3.6)

(3.14)

We can transform the global coordinates to local coordinates with the equations

q; =q,cosé+Q,sinéd
and

g, =Q,cos@+q,siné

This can be rewritten in vector notation as:

q'=Mq
where
c s 0O
M = ,
0 0 c s
C=cosf,and s=sind.
Using
-
u:_ !k!l
2q q

we can substitute in equation (3.17)
u= %qT [M Tk'M ]q

Now we will let

Chapter 3 - Finite Element Trusses

(3.15)

(3.16)

(3.17)

(3.18)

(3.8)

(3.19)
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k=MTk'M (3.20)

and doing the multiplication, k our stiffness matrix for global two dimensional
coordinates becomes

¢ ¢ -c* —cs
AE| cs s* —cs -—¢?
k=— (3.21)
L{-c* —-cs ¢ cs
-¢s -s* ¢ §?
where:
E = Young’s modulus for the element material
A = the cross sectional area of the element
L = the length of the element
C=cost
S=sind
3.3 Stress Computations
The stress can be written as
oc=E¢ (3.22)

where ¢ is the strain, the change in length per unit of length. We can rewrite this as:

total deformation

/
=L (3.23)

L\

length of element

In vector form we can write the equation as

o= %{—1 1}{%} (3.24)

as

From our previous discussion, we know that in local coordinates

q
"= 3.6
| {q;} (30
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and in global coordinates

O
0>

q —
s
a,
From equation (3.17) we know that
q'=Mq
where
c s 00
M =
0 0 c s
Substituting this in to the equation (3.24) yields

E
=—{1 1M
o L{ Mg

Now we multiply M by the vector

E
G_f{_c —s ¢ sjq

Chapter 3 - Finite Element Trusses
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(3.17)

(3.18)

(3.25)

(3.26)
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3.4  Truss Example

We can now use the techniques we have developed to compute the stresses in a
truss. Consider

l 25,000 Ibs
ds
de

L"V Ol L>q5 E =29.5x10°

T D 4 Area = 1.0 in’
30” @ @

qz

o
@ 2 20,000 1bs
s G )

q1
— i —

Computing Displacements

There are 4 nodes and 4 elements making up the truss. We are going to do a two
dimensional analysis so each node is constrained to move in only the X or Y direction.
We call these directions of motion degrees of freedom or dof for short. There are 4 nodes
and 8 degrees of freedom (two degrees of freedom for each node). We can number the
degrees of freedom with the formulas:

Vertical degree of freedom dof =2*node (3.27)
Horizontal degree of freedom dof =2*node-1 (3.28)

where node is the node number.

We can locate each node by its coordinates. The table below shows the
coordinates of the nodes in the problem we are solving. We can use these coordinates to
determine the lengths and angles of the elements.

Node | X | Y
1 00
2 40| 0
3 40130
4 0 (30

Table 1 - Coordinates of the nodes in the truss.
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Each element can be described as extending from one node to another. This also
can be defined in a table below.

Element | From Node | To Node
1 1 2
2 3 2
3 1 3
4 4 3

Table 2 - The elements and the nodes they connect in the truss.

From these two tables we can derive the lengths of each element and the cosine
and sine of their orientation. This is shown in the table below.

Element | Length | Cosine | Sine
1 40 1 0
2 30 0 -1
3 50 0.8 0.6
4 40 1 0

Table 3 - Elements with sines and cosines to be used in the stiffness matrix.

In the previous sections we developed the stiffness matrix for an element. This is
shown in equation (3.21) below.

¢ ¢ -c* —cs
_AE| cs s° -cs -¢’

3.21
L|{-c® —cs c¢c* cs (3-21)

k
—¢cs —-s* ¢ s?

This stiffness matrix is for an element. The element attaches to two nodes and
each of these nodes has two degrees of freedom. The rows and columns of the stiffness
matrix correlate to those degrees of freedom.

Using the equation shown in (3.21) we can construct that stiffness matrix for
element 1 defined in the table above. The stiffness matrix is:

A/ Global dof
3 4

1 2

1 0 -1 01
" :29.5x10"’ 0 0 0 02 (3.29)
‘ 40 |-1 0 1 0|3

0 0 0 04
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FElement 2

5 6 3 4
0O 0 0 O0]5
0 1 0 -116
K, :m (3.30)
30 0O 0 0 0]3
0 -1 0 114
Element 3
1 2 5 6
.64 48 —.64 -—.48]1
K _29,5x10"’ 48 36 —48 —-361|2 (3.31)
50 |—.64 —48 64 48 |5
|—.48 —-36 48 .36 |6
Element 4
7 8 5 6
1 0 -1 017
0 0 0 018
K, = 29.5x10 (3.32)

40 -1 0 1 0}5
0 0 0 O0}6

The next step is to add the stiffness matrices for the elements to create a matrix
for the entire structure. We can facilitate this by creating a common factor for Young’s
modulus and the length of the elements.

For element 1, we divide the outside by 15 and multiply each element of the
matrix by 15. Multiplying and dividing by the same number is the same as multiplying
and dividing by 1.

1 2 3 4
15 0 -15 0]1

o _20.5x10°0 0 00 02 (3:33)
1 600 |[-15 0 15 0]3
0 0 0 04
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We multiply and divide element 2 by 20.

5 6 3 4
0 0 0 075

o _295X10°(0 20 0 =206

600 [0 0O 0 0 |3
0 —20 0 20 |4

Multiply and divide element 3 by 12.

1 2 5 6
7.68 576 -7.68 -5.76]|1

295x10°| 576 432 -5.76 -4.32(2
600 | 768 576 768 576 |5
576 -432 576 4326

k3

We do the same for element 4 by multiplying and dividing it by 15.

7 8 5 6
15 0 -15 0]7

 _295x10°0 00 0 08

! 600 |-15 0 15 0|5
0 0 0 06

(3.34)

(3.35)

(3.36)

The coefficient for each stiffness matrix is the same so we can easily add the
matrices. We add the degree of freedom for each element stiffness matrix into the same
degree of freedom in the structural matrix. The resulting structural stiffness matrix is

shown below.

1 2 3 4 5 6
2268 576 —-150 0 —7.68 —5.76
576 432 0 0 -576 —432

~150 0 150 0 0 0
( _29:5x10°| 0 0 0 200 0 =200
600 |-7.68 —576 0 0 2268 5.76
~576 432 0 -200 576 2432

0 0 0 0 -150 0

0 0 0 0 0 0

Chapter 3 - Finite Element Trusses
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(3.37)
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Remembering our basic equation
KQ=F (3.38)

where K is the structural or global stiffness matrix, Q is the displacement of each node,
and F is the external force matrix. This results in

(2268 576 —150 0 -768 -576 0 0](q 0
576 432 0 0 -576 -432 0 0|lq, 0
150 0 150 0 0 0 0 O0fg| [20000
950 0 0 0 200 0 =200 0 Olja| | O | .0
600 |-7.68 =576 0 0 2268 576 -15 0]|q 0
~576 432 0 -200 576 2432 0 0||q| |-25000
o 0 0 0 -150 0 150 0||g, 0
0 0 0 0o 0 0 0 0fg 0

We have boundary conditions at the fixed supports. Our assumption is that these
joints will not move in the constrained direction. We remove these from our matrix. The
constrained displacements are dof 1, 2, 4, 7, and 8. The lines in equation (3.40) show the
rows and columns that are removed.

-150 15.0 20,000
° ¢ 0 2 0
29.5x10 - (3.40)
600 |-78 5|76 0 0
-5[6 4.32 0 - —25,000
U U
The resulting matrix is:
150 0 |lq, 20,000
29:X1071 268 576 Hal=] o (3.41)
600

0 576 2432||q, —-25,000
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We can use Gaussian elimination or any number of other solution techniques to
solve the system of equations shown above. Doing so yields

q, 27.12x107
Jsr =1 5.65x107 inches (3.42)
qs) |—22.25%x107

Computing Stresses

Previously we showed that

azf{—c —-s ¢ sjq (3.26)

We use this equation to compute the stress in each element.

29.5x10° 0 2
=— -1 01 0 3.43
=" | Na7.12x10°(3 G.43)
0 4
or
o, = 20,000 psi (3.44)
5.65x10° |5
° —22.25%x107| 6 (3.45)
= M {0 1 0 — 1}
—-27.12x107| 3
0 4
o, =—-21,875psi (3.46)
Using a similar technique we get
o, =-5,208 psi (3.47)
and
o, =4,167 psi (3.48)
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Computing the Reactions

The last step is to compute the support reactions. We need to determine the
reaction forces along dof 1, 2, 3, 7, and 8 which correspond to the fixed supports. These
are obtained by substituting Q into the original finite element equation.

R=KQ-F (3.48)

We only need to use those rows of the structural stiffness matrix that correspond
to the fixed supports. At these supports, we are not supplying an external force so F=0.
Our equation becomes

R=KQ (3.50)
or
0
) _ 0
R, 2268 576 -150 0 -7.68 -576 0 0 |
R 576 432 0 0 -576 —432 o of 220
’ O I 0 3.51
R=22M00 g 0 20 0 20 0 L 3-31)
600 5.65x10
R, 0 0 0 0 -150 0 150 0 |
~2225x10
R, o 0 0 0 0 0 0 0 .
0

We multiply the stiffness matrix K and the deformation vector Q to get the reactions.
They are shown in the following equation.

R, —-15,833.3

R, 3,126 (3.52)
R ¢=4 21879

R -4,167

R, 0
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Problems
1. Element area = 1.5 in’

Element length = 5 feet

E=30,000,000

Write the stiffness matrix for the structure. The

bar is vertical. Show all work.

2. Using a different load, the element shown in

2
8,000 Ibs

Problem 1 deforms by 0.02 inches in length. What is the stress in the material? Use a

finite element approach to solve the problem. Show all work.

3. Use a finite element approach, solve for the stress, joint displacement, and
reaction force on the element shown in Problem 1. Use the 8,000 Ibs force as shown in

the diagram. Show all work.

4. The structure shown in the diagram results in the stiffness matrix shown in the
table. Manually solve for the displacement of node 4. Show all work.

1.0¢+006 *
3
2

0.6293 | 0.4720 | 0 0]0 0 -0.6293 | -0.4720
0.4720 |0.3540 |0 0|0 0 -0.4720 | -0.3540
0 0.6146 |00 0 -0.6146 | 0
0 0 0|0 0 0 0
0 0 0] 0.6293 | -0.4720 | -0.6293 | 0.4720
0 0 0| -0.4720 | 0.3540 | 0.4720 |-0.3540
-0.6293 | -0.4720 | -0.6146 | 0 | -0.6293 | 0.4720 | 1.8733 |0
-0.4720 |-0.3540 | 0 01]0.4720 |-0.3540 | 0 0.7080
Element | Area | E
3 1 2in" | 29.5¢6
2 1in° |29.5¢6
3 2in° | 29.5¢6
4 Node X feet | Y feet
1 0 0
1 2 0 3
10,000 Ibs 3 0 6
4 4 3

Chapter 3 - Finite Element Trusses
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5. Element area = 1 in’

Node X Y
1 0 40
2 30 0
3 60 40
A. Find the joint displacements
B. Find the stress in the elements
C. Find the reactions
6. Element area = 1 in’ Material = steel
2 4
5,000 Ibs
1 3
D. Find the joint displacements
E. Find the stress in the elements
F. Find the reactions

Material = steel

1 3
2
10,000 Ibs
Node X Y
1 0 0
2 4 3
3 8 0
4 12 3
Element | From To
Node Node
1 1 2
2 2 3
3 2 4
4 3 4

Write a Matlab program that uses the finite element technique discussed in class to solve
for the displacements, stresses, and reactions in a finite element truss. You may want to
modify the static stress program you wrote earlier to create this new program. The two

programs should be able to use the same input file.

Solve the problem shown above to turn in. Use both this new program and the static truss
program to run the data file. Compare the results.
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