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Attempt Coding:

In general, the following steps are required to be performed in any finite element analysis.

Discretize the Continuum

Generate Element Matrices: Stiffness matrix; load vector
Assemble Element Matrices: Form global Stiffness matrix
Apply Boundary Conditions

Solve Equations and Calculate Deformations

Calculate Strains

Calculate Stresses

Nowuhscwn =

Discretization of the continuum involves dividing the given problem domain into number of
subdomains called "elements”. Each element is bounded and defined by imaginary points called
"nodes". For example, consider a beam as shown in figure below:

To analyse the beam by finite element method, we must subdivide the domain (discretize) it into
number of finite elements. The type of element is a matter of choice that the analyst must select
based on his engineering experience and judgement. If we were to discretize the domain by
quadrilateral elements, it could look like:
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An element is defined by nodes. In the domain, each element can be seen separately as:

i
(0]
\.T./
\
Foooil [
5, £
. Ll Rl _'_._____,_.-n-"'"
Nodes - |, PO i
: s
|
by 9 . & =
Element

Discretization or "meshing" as more commonly known, is a huge science in itself and is
considered to be out of scope for this article.

Each element assumes a displacement field over the domain. Based on this assumption, the
stiffness matrices of the element get generated. A 3-noded triangular element having linear
variation of deformations over the domain has been assumed here. The element has linear shape
functions having horizontal and vertical translation at each node. The shape function (at node 1)
and degrees of freedom at each node may be depicted as:
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Element

The element is very basic and simplistic, but suffices to provide for the basic understanding. The
element has 2 degrees of freedom per node and hence produces a 6x6 stiffness matrix. Since the
deformations are linear, the strains and consequently the stresses are constant. Hence, this
element is commonly known as the Constant Strain Triangle (CST). The stiffness matrix may be
derived using the minimization of potential energy or Rayleigh-Ritz Method or any other
variational method. The readers are requested to refer to more fundamental references on the
subject. For completeness, the key equations for deriving the stiffness matrix of the element are
presented here.

@ 3 nodes per element
o 2 dofs per node

o translation in x direction
o translation in y direction

o Total 6 degrees of freedoms (DOFs)
per element

o 6x6 stiffness matrix

E-mail : info@sdrcorg.com, info.sdrc@gmail.com




SOC|

Each node has two degrees of freedom - u and w, or commonly termed as u and v. Shape
functions approximate the variation of a field over the domain of the element. Thus, at any point

on the element, the displacements may be obtained as:

u_{u(w,y)}_[Nl 0 N, 0 N
v(z,y) 0 N, 0 N, O
usz1 = Noge doat
u (z,y) = Nyuy + Noug + Naus
v(z,y) = Nyv; + Novg + Nivs
N, 0 N», 0 N,
[ 0 Ni 0 Ny O

N =

where, [N] is the Shape Function matrix and the shape functions are given by:

a, + bz + 1y

Nl —
24

Ny = as + box + coy
2A

Ny — as + byx + c3y
2A

o
Ny

where, A is the area of triangular element, which may be determined as half of the determinant of

the Jacobian matrix or as:
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L = wn
A = area of triangle = EdEt 1 x5 o
I z3 y3

Usual procedure of generating the stiffness matrix involves the calculation of the Jacobian
Matrix [J], Strain-Displacement linking matrix “[B]" and finally calculating the stiffness
matrix [Ke] as:

BT DBdv
Vol

[KE] =

where, as per the usual notations, [B] is the strain-displacement linking matrix and [D] is the
constitutive matrix.

If =% are the coordinates of the node © of a given element, %ii is defined as . The
approximation of strains and subsequent computation of strain-displacement matrix [B] may be
carried out as:

du
= [ oz ]
A
E=( &y p = % =B d
du v
\ fh':y E —|— E
" AN, (z,v) N3 (z,y) ANy (z.y)
oz 0 iz 0 dr 0
. AN, (z,y) AN, (x,y) N (z,y)
B = 0 S 0 oy 0 =
ON,(z,y)  ON(z.y) ONuo(zy)  ONs(zy)  ONy(zy)  ONy(zy)
L y dzr ay az y ar
1 y3 0 yun 0 w2 O
[B] = m | B Z 0 13 0 &n
T32 Y3z T13 Y T21 Y12

The constitutive matrix for a 2D membrane problem depends on the assumption of plane stress
or plane strain condition. For plane stress condition, the [D] matrix looks like:
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b

For plane strain condition,

B E
(1 4w) (1 —2v)

D]

1
0 0 E—L’

where, E is the modulus of elasticity of the material (isotropic) and v is the Poison's ratio. The
Jacobian matrix [J] is obtained as:

b= |2 ve

T2z Yn
The area of the triangle is obtained as 4 = %IJE

B matrix is in terms of 2D coordinates (x and y). Thus, the product BT DB gives the area part of the volume
integral. The final equation for stiffness matrix becomes:

[K.]=a-t- (B"DB)
where, t is the thickness of the element.

The procedure described above for generation of element stiffness matrix can be shown in code as:

' <summary>
' Returns the determinant of the Jacobian
</summary>
<returns></returns>
Private Function getDetJ() As Double
Return (x13 * y23 - x23 * y13)
End Function

<summary>
' Returns the [B] matrix
' </summary>
<returns></returns>
Public Function getB() As Double(,)
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Dim B(2, 5) As Double 'initialize a 3x6 array
Dim detJ As Double = getDetJ()

B(@, 0) = y23 / det]
B(1, ©) = 0.0
B(2, ©) = x32 / det]

B(@, 1) = 0.0
B(1, 1) = x32 / detJ
B(2, 1) = y23 / det]

B(@, 2) = y31 / det]
B(1, 2) = 0.0
B(2, 2) = x13 / det]

B(@, 3) = 0.0
B(1, 3) = x13 / det]
B(2, 3) = y31 / det]

B(@, 4) = y12 / det]
B(1, 4) = 0.0
B(2, 4) = x21 / det]

B(@, 5) = 0.0
B(1, 5) = x21 / det]
B(2, 5) = y12 / det]

Return B
End Function

Private Function getAe() As Double
Return getDetJ() * 0.5
End Function

Public Function getD() As Double(, )
Dim D(2, 2) As Double
Dim c As Double
If ProblemType = ProblemTypes.PlaneStress Then
c = ElasticityModulus / (1.0 - (PoissonRatio * PoissonRatio))

D(@, @) = 1.0 *
D(1, 9) PoissonRatio * ¢
D(2, @) = 0.0

D(o, 1) PoissonRatio * ¢
D(1, 1) = 1.0 * ¢
D(2, 1) = 0.0

D(@, 2) = 0.0
D(1, 2) = 0.0
D(2, 2) = (1 - PoissonRatio) * @.5 * c

Else
'plane strain
¢ = ElasticityModulus / ((1 + PoissonRatio) * (1.0 - 2 * PoissonRatio))
D(@, ©) = (1.0 - PoissonRatio) * c
D(1, ©) PoissonRatio * ¢
D(2, @) = 0.0
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D(@, 1) = PoissonRatio * ¢
D(1, 1) = (1 - PoissonRatio) * c
D(2, 1) = 0.0

D(9, 2) 0
D(1, 2) =@
D(2, 2) = (
End If
Return D
End Function

.0
.0

0.5 - PoissonRatio) * c

Public Function getKe() As Double(,)

Dim B(,) As Double = getB()

Dim BT(,) As Double = getBT(B)

Dim D(,) As Double = getD()

Dim teAe As Double = Thickness * getAe()

'Compute Ke now
Dim BTD(,) As Double = MultiplyMatrices(BT, D)
Dim Ke(,) As Double = MultiplyMatrices(BTD, B)

‘multiply ke by teAe
Dim i, j As Integer
For i = @ To 5
For j = @ To 5
ke(i, j) = ke(i, j) * teAe
Next
Next
Return ke
End Function

Private Function getBT(ByRef B(,) As Double) As Double(,)
'returns the transpose of [B]
Dim BT(5, 2) As Double
Dim i, j As Integer
For i = @ To 2
For j = @ To 5
BT(j, i) = B(i, J)
Next
Next
Return BT
End Function

<summary >

Multiplies matrix a by b and returns the product

</summary>

""" <param name="a"></param>

<param name="b"></param>

<returns></returns>

Private Function MultiplyMatrices(ByRef a(,) As Double, ByRef b(,) As Double) As

Double(,)

Dim aCols As Integer = a.GetLength(1)
Dim bCols As Integer = b.GetLength(1)
Dim aRows As Integer = a.GetLength(9)
Dim ab(aRows - 1, bCols - 1) As Double
Dim sum As Double

For i As Integer = @ To aRows - 1
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For j As Integer = @ To bCols - 1
sum = 0.0
For k As Integer = @ To aCols - 1

sum += a(i, k) * b(k, 3j)

Next
ab(i, j) += sum

Next

Next

Return ab
End Function

The element equations give the properties of the element, not the body being analysed. To
analyse the body, all the finite elements must be joined together. This process is mathematically
known as assembly of equations. Each element stiffness matrix is assembled to form a global a
global matrix. The element matrix is a square matrix of size (Element DOFs x Element DOFs). The
stiffness matrix for entire body is of the size (Total DOFs x Total DOFs). Usually, the total degrees
of freedom of an assembled body may be in the order of a few hundreds of thousands. We
usually try to mesh the domain in such a way that the total degrees of freedom are as few
(thousands) as possible, but it is normal to see the degrees of freedom in order of a million in a
complex structure. The memory required for a decent 10,000 DOF structure would then be:

Number of entries in the matrix = 10, 000 x 10, 000 = 108.

Each entry if saved as a double would require 8 bytes. Thus, the total matrix would require 0.8
GB. Manipulating a matrix of this size would be time consuming and inhibitive. For decent size
structures, we may get a global stiffness matrix that cannot be accommodated in the system
memory. However, stiffness matrices are sparse and contain a lot of zeros. These zeros can be
avoided to be worked on. This allows us to use smart schemes for storing the stiffness matrix.
Stiffness matrices are usually stored in the following formats:

Banded Matrix
Skyline Storage

This framework stores the global stiffness matrix in a banded matrix form. The equation solver
also must be appropriately modified to handle the type of storage scheme adopted. A gauss
elimination solver which works on banded matrices is implemented and given here. The solver
implements parallel processing over the factorization block which makes it fast and robust.

The assembly of elements involves placing each elemental matrix in appropriate position in the
global matrix based on the degree of freedom. The procedure may be best understood by

considering an example.

Consider the schematic of a cantilever beam as shown in figure below:
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10 kN

Steel: 5mm thk d = 400mm

L=1200 mm

A good mesh would be to discretize this beam into a large number of elements. However, for
understanding the procedure, we discretize this beam into a coarse mesh as shown below:

2 3 5 (

The degrees of freedom at each node are tied by the node number. Thus, the degrees of
freedom at each node may be given as:
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The element stiffness matrices formed for each element will thus be placed in the global stiffness
matrix. An example is shown below:

123456789 10111213 141516

T 1 A)A/b_b_x'* S
— 0 - s
% ] K3 L
od & P
E [] I~ i
e o T "
_.--*""f'f_.r Bl 5 %
=+ — T8 1129 10 —
1 ol :
m [ %]
@) - &
X : :
it & o &
3 o

Elemental Stiffness Global Stiffness Matrix

Matrices

This produces an assembled global stiffness matrix as:
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123456789 1041218144516

LSty ELELLLOL 6 8B L9 S ¥ ET |

The algorithm depicted here is implemented as:

Private Sub AssembleKg(ByRef Ke(,) As Double, ByRef Kg(,) As Double, ElementNo As
Integer)
Dim i, j As Integer
Dim dofs() As Integer = {getDOFx(Elements(ElementNo).Nodel - 1),
getDOFy (Elements(ElementNo).Nodel - 1),
getDOFx(Elements(ElementNo).Node2 - 1),
getDOFy (Elements(ElementNo).Node2 - 1),
getDOFx(Elements(ElementNo).Node3 - 1),
getDOFy (Elements(ElementNo).Node3 - 1)}

'Place the upper triangle of the elemental stiffness matrix in the global
'matrix in proper position
Dim dofi, dofj As Integer
For i = @ To 5 'each dof of the ke
dofi = dofs(i)
For j = @ To 5
dofj = dofs(j) - dofi
If dofj >= @ Then
Kg(dofi, dofj) = Kg(dofi, dofj) + Ke(i, j)
End If
Next
Next

End Sub

Private Function getDOFx(NodeNo As Integer) As Integer
Dim nDofsPerNode As Integer = 2
Return (NodeNo) * nDofsPerNode

End Function

Private Function getDOFy(NodeNo As Integer) As Integer
Dim nDofsPerNode As Integer = 2
Return NodeNo * nDofsPerNode + 1

End Function

Private Function getHalfBandWidth() As Integer
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Dim i As Integer

Dim n(2) As Integer

Dim MaxDiff As Integer = ©
Dim diff As Integer

For i = @ To NElements - 1

n(@) = Elements(i).Nodel
n(1l) = Elements(i).Node2
n(2) = Elements(i).Node3

diff = n.Max - n.Min
If MaxDiff < diff Then MaxDiff = diff
Next

'now we have maxdiff
'half band width is maxdiff * 2. 2 because there are 2 dofs per node

Dim hbw As Integer = (MaxDiff + 1) * 2
If hbw > NNodes * 2 Then hbw = NNodes * 2

Return hbw
End Function

Note that if we swap nodes 1 and 2, the numbering will be more efficient and the resulting band
will be more compact. The skyline storage for the matrix shown above would look like:

1234567 8% 10111213 141516
} } :.

LSE¥L e E 0L 8 B L9 S FEZ L

Skyline storage scheme is obviously more robust, nevertheless, half band storage scheme is
adopted here. The dark purple squares show non-zero terms. Thus, avoiding zero terms may
allow us to store only the band as shown:
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123456789 011218141516

L
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Further, the stiffness matrix for linear problems are symmetric in nature. This allows us to store
only a half of the band and still get the correct solution. This calls for a half band storage scheme
as adopted in this framework:

123 4587489 101121 141516

Z
3

GLSL¥LELELILOL 6 8 L B9 5 ¥ EE

The stiffness matrix characterizes the structure / body as if floating in space. The stiffness matrix
at this point of time is singular and means that if the structure is given even a slightest
disturbance, it will show infinite rigid body deformations. To perform meaningful analysis, we
must constrain the body by applying boundary conditions. Boundary conditions could be in the
form of loads and supports. While the loads could be of many types, this article considers only
nodal forces for example purpose. Further, the supports also could be of many types. Only
restraints in x and y direction are considered.
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The supports are applied by penalty approach. This involves multiplying the principal diagonal
term corresponding with restrained degree of freedom with a large number. Discussion of in-

depth mathematics behind the penalty approach is considered to be beyond the scope of this
article.

Once the boundary conditions are applied, the next step is solution of equations using gauss
elimination and computation of deformations at each degree-of-freedom. This framework
performs gauss elimination on banded matrices. After computing the deformations, the
elemental deformations can be extracted to compute the strains

from the equation {e} = [B]{d} as explained above. The elemental stresses are then calculated from Hooke's
law.

Plotting of the elemental strains or stresses require a color map to be defined. A color map defines a variation of
color from minimum value to maximum value. For instance, if stress ranges from -20 to 350, the color map will
spread the specified colors between -20 and 350. Once the color spreading is done, the index of the color
corresponding to the value required can be easily determined by linear interpolation. Here, the color map is
defined to vary between Red - Yellow - Green - Cyan - Blue. The code making color map looks like:

Private Sub setColors()

'Dim mainColors() As Color = {Color.Red, Color.Yellow, Color.LightGreen,
! Color.Cyan, Color.Blue}

Dim mainColors() As Color = {Color.Blue, Color.Cyan, Color.LightGreen,
Color.Yellow, Color.Red}

Dim nColors As Integer = mainColors.Length
'this is from top to bottom.

Dim percentStep As Double = 100 / (nColors - 1)
Dim Indices(nColors - 1) As Integer 'we will have these many main indices

Dim i, j As Integer

For i = @ To nColors - 1

Indices(i) = CInt(i * percentStep / 100 * nSegs)
Next
Indices(@) = @
Indices(Indices.Length - 1) = nSegs
ReDim Colors(nSegs)
Dim c() As Color
For i = @ To Indices.Length - 2

¢ = getSteppedColors(mainColors(i + 1), mainColors(i), Indices(i + 1) -

Indices(i))
For j = @ To c.Length - 1
Colors(Indices(i) + j) = c(3j)

Next

Next

End Sub

Once the colors are set in the array, the required color may be retrieved simply by:
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Public Function getColor(Value As Double) As Color

'value exists somewhere between min and max. .

'we find color between min color and max color corresponding to value and
return

Dim rangeVal As Double = Max - Min

Dim dv As Double = Value - Min

Dim ratio = dv / rangeVal

Dim colIndex As Integer = CInt(ratio * nSegs)

Return Colors(colIndex)
End Function

The finite element framework is implemented in VB.Net and named btFEM. The main classes
implemented are:

The finite element framework is implemented in VB.Net and named btFEM. The main classes implemented are:

1. CST - Implementation of the Constant Strain Triangle. The class returns [B], [D] and [Ke].

2. btGauss - Parallel and serial implementations of the banded gauss solver for solution of equations
[Kld=r

3. Element - Implementation of element. This is different than CST. Element class contains upper level
information such as bounding node numbers for each element, etc.

4. Node - Contains definition for the coordinate of each node

5. PointLoad - Contains definition for the loads in x and y direction for specified node

6. ColorMap - Implements color bar to show stress and strain variation over the body

The start-up file: frmbtFem implements a graphical display of the opened model. Please note that
a mesh of the model has to be supplied to this program. Left click zooms in and right click zooms
out on the model view. Scroll bars pan the model and a button on right bottom of the screen
resets zoom to 1 and pan values to 0. An opened finite element model looks like:
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To analyse the structure, click on menu "Model" -> "Analyse”. Upon analysis, the program shows
the deformed shape as shown below:
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Various results may be viewed such as stresses in x direction, stress in y direction and shear
stress, or strains in x direction, strains in y direction and shear strains. For example, the plot for

stress in x direction is as shown below:
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The deformations, stresses and strains may be viewed in a textbox by clicking menu Model ->
Results. The framework has been validated by comparing deformations and stresses with
standard problems such as cantilever beams with point loads at free end, simply supported
beams. The input files for the same have been included with the project files. A typical validation
run for a plate with hole is shown in figure below, which shows variation of stress ox:

- e,
u:! Finite Element Method Framework @M

File  Model

2519.42974961948
1213.46319332663
(4
. |
-92.5033629662241
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Points of Interest

Finite element analysis is a challenging and computationally intense simulation. The core challenge
lies in efficient computation of element matrices and solution of equations. Gauss elimination is a
versatile technique for solution of equations and can be easily and efficiently modified to work on
banded matrices.

Programming the finite element method has been described here. Availability of the complete
working program is expected to enhance the understanding of the readers. Robust banded
assembler and solver have been included as stand alone classes, which can be easily integrated in
any code.
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CALCULATE

L1 Not Continuous L(Minimum Dimension) FolPs)| 2500 | EciPsi)| |
O Flat Roofs not supported or attached to nonstructural elements likely to be damaged by large deflection | |

<Immediate defiection due to live load must not exceed L/180>

Floors not supporting or attached to nonstructural elements likely to be damaged by large deflection

<Immediate deflection due to live load must not exceed L/360>

Roof or floor construction supporting or attcahed to nonstructura elements likely to be damaged by large deflections
[ <the part of the total deflection which occurs after attachment of the non structural elements, The sum of the long time deflection due to all
sustained loads and the immediate deflection due to any additional live load must not exceed L/480> |7|

Roof or floor construction supporting or attcahed to nonstructura elements not likely to be damaged by large deflections
[ <the part of the total deflection which occurs after attachment of the non structural elements, The sum of the long time deflection dus to all
sustained loads and the immediate deflection due to any additional live load must not exceed Li240>
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SORC

Positive Moment for Dead Load at Long Direction(Pound inch) Deflection(mm)

| Deflection{mmjMaximum due to Dead Load | |0?71E.|

Positive Moment for Dead Load at Short Directon(Pound Inch) |898128 Deflection(mm) [0.7718
Positive Morment for Live Load at Long Direction(Pound inch) Defiedion(mim). [1.9763|

Positive Moment for Live Load at Short Direction(Pound inch) Deflection(mm) |2 o040

| Deflection dueto T | [1.1577]

| Deflection{mm)Maximum due to Live Load | |2.0ND|

ANALYSIS OPTION [T (Time dependend coeficient) | [ For Five years

] Conts b
200]  [EclPs)] 2850000

| CALCULATE |

Design Satisfactory *

Deflection check is ok

Roof or floor construction supporting or attcahed to nonstructura elements likely to be damaged by large deflections
<the part of the total deflection which occurs after attachment of the non structural elements, The sum of the long time deflection due to all

sustained loads and the immediate deflection due to any additional live load must not exceed L/480>

55! DIRET DESIGN METHOD  SDRC PRODUCT - o x
OUTPUT
|SLAB WITH BEAMS BETWEEN ALL SUPPORTS |
INPUT ChaRT LOCATION  Mu.fi-Kips bINCH  dJNCH Wz kst SHORT DIRECTION
womcowR @ | e ewe Coie e
S D . oo woneir 7 (e |
|LONG CLEAR SPAMn Feet 25
' e s s | [oc | e
242 13
[Fefsh [0 ] SCag NowEnT
Bans 47 | [1= 05
) 50000 i T
[LIVE LOAD IN PSF 125 G ! = PFOR
[PLEASE ASSUME SLAB THICKNESS
SDEX1/2
PLEASE ASSIINE BEAN e | e 6 SLAB HOWENT
\
DIMENSION (SMALL)in Inch POSITIVE
WIDDLE STRIP
PLEASE ASSUME BEAM . SLAB MOMENT
DIMENSION  (Largs) MERILE NEGATIVE 53
POSITIVE 29
‘E%g-né:&%us LR ASRLER A LONG DIRECTION
'EF%s{HMSO S‘Lél)_us OF ELASTICITY 1 gﬂm GO NegamvE CEE s e R 0s
| CALCULATE | BEAM MOMENT 607 [1867 |[2293
COLUMN STRIP SLAB MOMENT [10.7 [323 |[405
MIDOLE STRIP SLAB MOMENT  [4.7 |[515 |[s33
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SOC|

RALD
File Report About

| Project Information
1. Market Engineering
- 2.8ales Engineering
3.Project Implementation
4.Design Engineering
3. Material Management
6. Production Engineering

™ Project Informationt3.Project Implementation\PID-02
File Report About

ject Iuformation
. Market Engineerin 5
Prisiary Inf-01 IJob Looking For
Secondary Inf-02
. Sales Eugineering
JOB ENTRY SEARCH
Quotation stage-01
Quotation stage-02
Quotation stage-03 m PARTICULARS FINISH SHOWING PROGRESS
Quotation stage-04
Quotation stage-05 30/1/2012
Quotation stage-06 31312012
Quotation stage-07
Quotation stage-08
Quotation stage-09
Quotarion stage-10
- 3.Project Implementation

3132012 3/3/2012

PID-01

PID-02 31312012 31312012
[} 4.Design Engineering

DE-01 313{2012 3/3{2012

DE-02

DE-03 31312012 31312012
[F1-- 5. Material Management

i 332019 [3/3(2012
(B} 6.Production Engineering

PE-0I 3132012 (31342012

PE-02

QB001_10 -

[cn l save | elet | cancer | e

|<< < > >>|
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HIGHWAY PAVEMENT
DESIGN

Developed by
BY

Engr.Uzzal Kanti Chakraborty
Principal Consultant
Structural Design & Research Centre

& PAYVEMENT DESIGNAFLEXIBLE PAYEMENT DESIGNWAASHO METHOD

FILE: VIEW HELP

it S8 PAVEMENT DESIGNVFLEXIBL 5
EEBQE{EPA VEAIES MAIN
AASHO METHO
o A TN refect i Data for surface -
o BLIEAS TER A | TYPE OF ROAD _~||REGIONAL FACTOR | | |SURFACE COURCE(FOR a1) =]
- CARMETHOD | |
GROUPINDEX] | REGIONAL FACTOR [ EVALUEFOR [~ 10°%
o MO L EOD METH SUREACE :
- NORTH CAROL) | SINGLE AXLE LOAD [ Perthousand
- STARMOMETEY | —p —
TRIAKIAL TES]| | 00t inpet for sebarade - | DLaUbgIace

- FHGHD PAVEMENT D

SUBGRADE CBR VALUE oM SN for Subbase

Dotz for sebbase | SN for base

SUBBASE CBR YALUE =N

|SUBBASE COURSEaY) - |

l—
l—
]_

Data for base | COEFF2al ]—
l—
l—

|BASE COURSE[CHOSE COMDITION FOR YWALLE OF 52 :_J

BASE CBR YALUE
SN

VALUE OF qu(¥ days) psi COEFFz>a3
HMODULUS OF ELASTICITY psi FOWARD=»

COEFF>a2

i PAYEMENT DESIGNARIGID PAVEMENT DESIGNIPORTLAND CEMENT ASSOCIATION METHOD - [NOW CALCULATE]

FILE WIEW HELP

CALCULATE
<=BACK

m

[LLELLELbbEe B bt LLEL
LT T
CLEELEEEEFEEEEEEEEE b

™
o
)

T=E5 P(ps k:ci = n-:h stresss\

322.0546166BEER

250

1] [ ] BERSRNERERNS

for tandem axle truck loads
D¢ 87312568 Y 8757117

[8/14/72003 034137 DEPSRTMENT OF CIVIL ENGINEERING CIET
" . S [
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& PAYEMENT DESIGN\RIGID PAVEMENT DESIGNAPORTLAND CEMENT ASSOCIATION METHOD - [NOW. CALCULATE] [BEET

FILE WIEW HELP

CALCULATE
<=BACK

T:@Dps k:ni = nch stresss\

322.054615HBEEE,

250

for tandem axle truck loads
X 8.731258 Y 8.757717

LbEbEEEERERERBEEEERELEEE

[ WERRENERERMEN || ||
R
PEEEEEEREEEEEREEREEEEEEEEE

(971472003 AT DEFARTHENT OF CVIL ENGINEERING CUET
A - f VE [
iy start i

(Aiming to do all in a click!!)
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