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1-D Trusses

Strain—displacement relation:

du(x)
g(x) =
*) dx
AE
X — [
= L —
Stress—strain relation:
o(x) = Ee(x)
Equilibrium equation:
do(x)
—+ f(x) =0
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2.4.2 Stiffness Matrix: Energy Approach

We derive the same stiffness matrix for the bar using a formal approach which can be
applied to many other more complicated situations.
First, we define two lingar shape functions as follows (Figure 2.5):

Ni€)=1-E Nj&)=¢ (2.10)
where
€=E; 0<g<1 @2.11)

From Equation 2.4, we can write the displacement as

w(x) = w(€) = NS, + N(Eu;

u=[N, N]{:} = Nu (212)

Strain is given by Equations 2.1 and 212 as

E—@—[dﬁl]u=ﬂu (2.13)
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FIGURE 2.5
The shape functions for a bar element.
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where B is the element strain-displacement matrix, which is

_d £\] = d ‘N .dE-'
B=_ [N® Ni@©]= dg[N.@ N@)-

X
that is,

B=[-1/L 1/L] (2.14)

Stress can be written as

o= FEe = EBu (2.15)

Consider the strain energy stored in the bar

U= ; J oTedV = ; j (u"B"EBu)dV
v v
= %uT [ J (BTEB)dV}u (2.16)
)

where Equations 2.13 and 2.15 have been used.
The potential of the external forces is written as (this is by definition, and remember the
negative sign)

Q=—fu; — fu; =—u'f (217)

The total potential of the system is
Nn=u+Q

which yields by using Equations 2.16 and 2.17

fite ;uT [ j (BTEB)dV}u i (218)
)

Setting dI'1 = 0 by the principle of minimum potential energy, we obtain (verify this)

[I(BTEB)dV]u = f

or

ku=f (2.19)
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where

k = I{BTEBMV (2.20)

is the element stiffness matrix. .

Equation 2.20 is a general result which can be used for the construction of other types
of elements.

MNow, we evaluate Equation 2.20 for the bar element by using Equation 2.14

S [-1/L eal1 -1
k:HM}E[-UL 1/L) Adx= L[_l 1]

Problem Description: Truss bridges can span long distances and support heavy weights
without intermediate supports. They are economical to construct and are available in a
wide variety of styles. Consider the following planar truss, constructed of wooden tim-
bers, which can be used in parallel to form bridges. Determine the deflections at each joint
of the truss under the given loading conditions.

. —_ Material: Douglas fir
E=131GPa
Im 029
i Member cross section:
1m l 1m 1m Im Height = 6 cm

30 kN 30 kN 30 kN Width = 6 cm

Step 1: Define the material properties

1. Double click on Engineering Data
2. Click to define material and name it Douglas fir

N Unsaved Project - Workbench
Fe BBt Vew Tods Unn  Bxtsons  Jobi teb

0[5 [&] | (Tirrosect/ @ nasEngneering Dota

T Piter Engneerng bota [l Engeenng Baes Sources
ST - v s
© Field vanables A 8| C o E

1 Physical Properties [ 2 e P NS

& Linear Elasic P - T

j7] 5 ) T Dougiass i

fosiokr N Pl S (5 o P e S
[ tryparetastc peramancai e | [~ g ] [

8 Hyperelastic

‘@ Chaboche Test Data

@ Cresp
@ Lfe

@ Plashaty Click here to add a new material

3. Click on linear elastic tab and select isotropic elasticity; then define the Young’s Modulus
and Poisson’s ratio.

Then return to the workbench
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Properties of Outiine Row 4: Structural St - I

A B C D | E

1 Property Value Unit |G

2 EI Material Field Variables [E Table

3 T4 pensity 7850 kg m~-3 FO|C

4 iﬁ Isotropic Secant Coeffident of Thermal Expansion [}

6 |B A IsotropicElasticty [}

7 Derive from ‘foung's Modulus and Poisson... ¥

3 Young's Modulus 2E+11 Pa LI E

9 Poisson's Ratio 0.3 E

Step 2: Create geometry using SpaceClaim

1. Click on select new sketch plane

o|m|2]s
| Select Now Sketch Plane i
5 Click anobyect toovent the
sketch gnd along the cbject

@ Press F1 for mom help.

2. Select the x-y plane

ae" { b1 *
4 a0 / [}
7 0 Q zot ©0 9 « = [0 > J
Clipbosrd Orient Sketch Mode Edt Intersect Creste Assembly
Structure
/|4 Designl

| structuce | Layers Setection Groups Views

Options - Selection L
~

-

3. Click on plane view
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AStatic Structural - Design1 - SpaceClaim

Inset  Detai

X G Home + “hspn - N\ O

Repair  Prepare  SheetMetsl  Facet  KeyShot  Dynamics

YT IXN B 0 +
p‘ J & Pion View * Pan SBON e @ L
aste > Select -
7 0- Qzoom - . @ @ D xZ O < \
Clipbosrd Oriont Sketeh Mode Edit Intersect Croste Assembly
Structure
1% Design ANSYS
| structure| Layers Setection Groups Views
Options - Selection .
|11} Sketch (< 3 L
¥ Meamtsin sketch connectivty e ; i
54 Sketch (2]
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141} Dimensions ey
Properties
i
%
e,
z
o4
‘F’mp-:—mes Appesrance I\ Design1 * Plan View (V)
Display your design so that you ore view x|
B e o 2

© Press F1 for more help. or F3 for & video.
O Type here to search

4. Click on file — spaceclaim options. In the options window select units and change the grid
spacing as in the following figure

SpaceClaim Options

Popular Primary precsion: |2 = Show trailing zero
Detailing - <
Angular precision: |1 - Show trailing zero
Appearance
Use tight tolerances ©
- Selection 9
) New , Reweet Docments s /| show symbol in user interface
> nap
. @ SYS.scdoc - /| Show symbol in annotations
7 Open Edit nte | Units
\1“" SYS sedoc Sheet Metal
Save . N
— Navigation Extended dimensions
E‘J‘ Soveds - @Smaﬂmcm"mmm MultiTouch Use dual dimensions
Secondary precision: |3 =
@ SYS.scdoc Advanced £2
_/ Restare
File Options Show nearest fraction
| . " :
Qs - N Support Files Fraction: 7 -
Customize
[ p—
Add-Ins
Jfel Eint ' License
_J‘ Closs Resources User interface preview: 342 9mm
B & SpaceCisim Options 3 Ext SpaceClom Annotation preview: 342 9mm
/! Snap o grid (Customize SpaceCiam
! i:::l::::mw Angular preview: 54.5°
111} Dimensions a-
Proparties Grid
Minor grid spacing: 0.1m Reset to Defaults
= Number of grid lines per major:
!
(Zhex
- <
|I‘|apennes Appearance N Design1 *

x=739148 y=9.4463

QO Type here to search = A\
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5. From the design tab — select line and sketch the following truss

6. Define cross-section

In prepare tab — select your profile type

RS

AsStatic Structural - Design1 - SpaceClaim

File Design Inset  Detsl  Dwplsy  Measwe  Repsi

Carllis S

ShestMetsi  Facew  KeyShot  Dynemics
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7. Right click on the profile name and click edit beam profile to change the profile dimensions
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8. Return to the design tab, select all the truss members and click
create to define the elements cross-section

ANSYS

i
°
° 5
i
5
L L]
7 oA

9. Merge the truss nodes all together

Select all member — right click — select create new component

9 @ Qg g S S W e GRS w B AN

@ Overlop Faces

5wu Sexend Q
R e Short Edges
ounds Interferencs 9% @, Closran

Volume Midsuroce
o - Extroct @ Enclosure @ imprint
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RO T earect T sput g‘e “Y Shaw ‘*P"‘ Weard Show Contact 180 AM180
%gm Display ~
Icepak ACT  Veldete % ANSYS Workbench

Structure Click to select. Double-click fo select a tangent chain. Double-click again to select a closed loop. Drag fo edit your sketch
v ¥ Beam (Rectangle) A
7 ¥ Beam (Rectangle) AN%IYE%

T Beom (Rectangle)

T Beam (Rectangle)

H Beom (Rectanaiel

~ B Beam(R Construction Ony /Ott
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v ¥ Beam (R Ao a single new

Beam Profiles
X Delete
Options - Selection Rename

\_“J Skotch Hide Others
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7 Maintain sketch connecti  Always Visible “’""

'y
s | & Properties

10. Name the new component 2D truss — in the component options under share topology — select
Merge

Mohamed Abdou Mahran Kasem, PhD
Aerospace Engineering Department, Cairo University



XMSIL/

Advanced Materials and Structures Lab.

vvvvvvvvv " | Click to select. Double-click 1o select a tangent chain. Double-click again to select a closed 100p. Lrag 1o edit your skelch.
4[7]3 svs*

b | @ 2D Truss

» | Beam Profiles =
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Options - Selection

24 sk o
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Creator

e
This concludes the geometry, then we start the FEA
ANSYS FEA

1. Rightclick on static structure — insert — fixed support

@ A Static Structural - Mechanical [ANSYS Multiphysics] - a X
| File Edt View Uits Tooks Help || [0 @ i | FSohe v 2/Showbros A W @) 4 N @-Woiie M Q[RAY - RRAMBESR & S+QQ Q@A RN 8O-
| 5 Show Vertices FF Close Vertices  4.16.003 (Auto Scate)  ~ @aWireframe | “% 0w e K MlRandom @Preferences | 1, [, [, . [. | &Sze~ @ Location v @ Convert v <> Miscellaneous v @ Tolerances

| 81 QeReset Explodefacor f——————— ssembiyCenter v || MEdgeColoing v £~ /i~ A~ A~ A+ A M I~IThicken

| Environment @ Inertial » P Loads » P Supports v @k Conditions » @ Direct FE » | [ |
[FRec_vame _~
Batsai

@@ 8

Physics ype | Structural

L
2. Select the two fixed points and click apply

.08

0,000 1.000 2,000 (m)
[ S— SS—

| Scoping Method | Geometry Selection

- Scope X
 Geonetn YT T N

‘ Sencel 0,000 1.000 2,000 (m)
Defintion — E— )
Tpe Fixed Support m 0500 1.500

suppressed (N0 ndnay =
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3. Right click on static structure — insert — force

@ A: Static Structural - Mechanical [ANSYS Multiphysics] - =] x
| File Edit View Units Tools Help || [ @ =i | JSohe = 2/Showkrors tH W [ # N @- Wi i & || R A% - RMERE@E %R & SPaq a@QayLmnaa O
| P ShowVertices i Close Vertices  4.12.002 (Auto Scale] - gQWireframe | " Showiveh X Bl Random DPreferences | [, I, [, 1, [, | «Sie~ @ Location » [@Convert » ) Miscellaneous = < Tolerances
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G

. Pipe Pressure
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1 Open Solver Files Directory @, Fluid Solid Interface
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& Displacement 4

4. Select the loaded points and define the load value
5. Right click on solution — select the solutions you want to display
6. Click solve to analyze your model
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