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Problem statement

Perform the structural analysis of a steel truss bridge that spans a total distance of 63 ft. The
truss bridge consists of two parallel trusses and the truss configuration is given in the figure
below. The lower chords of the trusses support the roadway which in turn carries the car and
truck traffic. The object of this analysis is to calculate the internal forces in each member
of the bridge under the effect of the weight of the bridge and roadway (the dead load) and
the weight of the vehicles (the live loads) that are likely to cross the bridge. It is herein
assumed that the bridge carries two lanes of vehicle traffic. Make a first estimate of the
internal forces in each truss member under regular truck traffic. The analysis must be
performed using the SAP2000 package. Use the simplifying assumptions given below to
analyze the four-bay Warren truss bridge shown in Fig 1.

Assumptions

The bridge is supposed to carry its dead load (that is, the weight of the steel members and the
weight of the roadway), as well as the live load (that is, the weight of the cars and trucks)
that will cross over it. In order to simplify the analysis process, it is assumed that the live
load can be represented by the truck configuration shown below in Fig 1. The effect of this
truck is assumed to model the effect of the heaviest trucks that are expected to cross the
bridge in its lifetime.

32,000 Ib 32,000 Ib 8,000 Ib

13.64 ft
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Fig 1: Four-Bay Warren Truss Bridge & Design Truck
Assume that the bridge is 26 ft wide with a two-foot curb on each side and that the roadway
carries two lanes of traffic. Because the bridge has two parallel trusses, it is herein assumed
that the total load applied on the bridge is divided equally to each truss. That is, each truss
will carry the weight of its members, half the weight of the roadway and one lane of traffic
(that is, one truck like the one shown in Fig. 1).

When calculating the weight of the roadway, assume that it is formed by one concrete deck
with an 8-inch thickness. Concrete weighs 150 Ib/ft: and the weight of concrete must be
counted as part of the applied load. Since the roadway is carried by the lower chords of the
truss, the weight of the roadway will have to be divided to each joint of the lower chord.

At this stage assume that each of the steel truss members has cross sectional area A = 2Q in2
and the modulus of elasticity of the steel is E = 29,000,000 Ib/inz. Steel weighs 490 Ib/ft:.
The weight of each member will be assumed to be equally divided between the two joints at
each end of the member

.'A‘

Fig 2 Concrete Deck

Step 1: Define Model Geometry

- The first step when you start SAP2000 is to start A New Model under the File menu.
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- Basic Units: If you are starting a new model, choose the Initialize Model from
defaults with Units you want to use (Fig3). The units used to start a model become the
basic units for that model. Set the units to Ib-ft. Then, select from the template menu
the 2D Trusses template to start.

:K: Mew Model ot S
Mev Model Initialization Froject Information
(¢ { Initialize Model from Defaults with Units—— [1p, 5t F j Maodify/Shaw Info |

(" Initialize Model from an Exizting File

|

Blank, Grid Only Beam 20 Truszes 30 Trusges 20 Frames

Select Template

- From the 2D Trusses template, set the number of divisions to 4. Enter a height of
13.64 ft, a division length of 15.75. Leave the section properties as default, and make
sure that the restraints box on the lower left corner is checked.

20 Trusses
20 Truzs Tupe Sloped Truss Dimenzions
Sloped Truss j Murnber of Divizions |4 Diwision Length |15.75

Height |13264
[~ Usze Custom Grid Spacing and Locate Origin

Section Properties

Chards |Defau|t jﬂ
Braces |Defau|t jﬂ
[v Restraints 0K | Cancel |

truss: A 3-D and an X-Z plane view. CIicK Inside the 3-L window. From the top menu
click on Select -> Select -> All, or use the command Ctrl +A, that will select the
entire truss as well.

By Ait ElImouden Abdellah | LaGuardia Community College 31-10 Thomson Ave. Long Island City, NY 11101




File Edit View Define Draw Salect‘ Assign  Analyze Display Design Options Tools Help

.
3¢ SAP2000 v16.0.1 Ultimate - (Untitled) ¥ 4 Baaee lilﬂlﬁl

[—j é H@‘_El ) v ’/ g[ Select > ] Pointer/Window E Z:' n ’hr’]v nd |~
m} 73-D View Deselect » Poly CtrlShift+0 o
'ﬂ' Select Using Tables Intersecting Poly ~ Ctrl+Shift+P
8% Intersecting Line  Ctrl+Shift+L
% Invert Selection Ctrl+K :?& 2
Coordinate Specification >
\ pgk Get Previous Selection  Ctrl+J
Select Lines Parallel To »
\ Clear Selection Ctrl+Q
m Properties »
= ~ Assii it: »
{;] > *;é ssignments
" 4
gl ,’lf‘- Groups... Ctrl+G
g = Wik
£ (7] 2 Labels... Ctrl+B
D < e AR \‘.' L%
F K A ¢~ [ a1 Ctrl+A
e VAR F e 7T
“ | s A
= 21 ’ w2 ;
| e | F-1 N\ /
| N o ¢ b g 7/
! R ’ P v
i T\ ‘ | 7~ /
7\ \ of # .
Y G4 S | 4 o~ ’
P\ N\ ) AT S N S R S A—"
' Sl ” PARN Sl
/ A
] -
¥ P
i
i
¥
- .
\ # _~
N
IOX 2
' Ctrl + A
3D View X19.625 Y0.000 Z-40.613 |GLOBAL ~lb.rF ]

- Now the truss elements will appear in dotted lines. From the Edit menu, select the
option Replicate, or use the command Ctrl +R to get the Replicate dialog box. When
the box opens, select the linear tab, and enter a value of 26 feet on the dy box. Leave
1 for the box Number and click OK.
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The truss will replicate in the 3-D window. Now select the opposite window by clicking on
it, and then go to the View menu and select the 2-D view. The 2-D View box will show you
the different planes available. Select the X-Y plane, and make sure that the Z value is set to
13.64 ft, which is the top of the trusses.

e Edit View Define Draw
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B 3-D View v | [ExYPane@z-1360 |
~
Set 2D View
Flane
i %-Z plane ®=
7 HZ plane Y= |0
* %Y plane Z=|1364
Wiew Direction
{* Front Face " Back Face
2
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From the Draw menu, select Draw Frame/Cable/Tendon (or selected from the left tool bar).

N\ The pointer of the mouse will convert into a pointing down arrow. Click on the top nodes
of the truss to draw the top chord members of the truss as it is show in the pictures below,

joining the top nodes of the truss.

3¢ SAP2000 v16.0.1 Ultimate - (Untitled)
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Design

Options  Tools

Help
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= 2 Drawing steps : 1st point + 2nd point + right click

N\ (1 After clicking to define the end point of the frame

g object, a right click will “left the pen” so you'll no
longer be actively drawing, but you will leave the

m Draw Frame/Cable command so you may add

= additional objects

7

14

X
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Properties of Object

(=]

[2] Line Object Type

Straight Frame

e Section

FSEC1

- lMoment Releases

Continuous

XY Plane Offset Normal

0.

Drawing Control Type

None <space bar=

3 Press Esc to finish drawing

Draw the bottom cables of the bridge: Again from the View menu, select the 2-D view.
This time, set the X-Y plane distance to 0 to reach the bottom nodes in the truss. Repeat the
process performed for the top nodes. Joint the nodes drawing frame elements from the Draw
menu. The end result should look similar to the picture that follows.
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Step 2: Defining Structural Sections

At this stage assume that cross sectional area, A = 20 inz, is the same for each steel member.

From the define menu, choose Section Properties -> Frame Sections. This will open the
Define Frame Properties window:
- Click on the Import New Property.
- From Frame section property type list select Steel
- From steel section Click 1/Wide flange
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- Click Material (1), then new Material (2)

- Select Material as steel from Material type (3)

- Select ASTM 36 from Standard (A36 steel is a standard steel and a common
structural steel in the United States)
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Material + || 4992Fy50 >
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Step 3: Assigning a Structural Sections
Now we will assign the W10x68 I-beam (20” cross section) to our bridge:

- Press Ctrl +A to select the whole bridge
- Go to Assign/Frame/Frame Section
- From the Frame property window select W10x68 then press OK
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Now we finished designing our bridge frame and assigning a 20in cross section area to steel
member. Next step will be adding the concrete deck.

By Ait ElImouden Abdellah | LaGuardia Community College 31-10 Thomson Ave. Long Island City, NY 11101




Step 4: Defining and assigning the roadway (Concrete Deck)

Roadway property:
- Concrete deck thickness = 8in
- Concrete weights = 150 Ib/ft®
- The roadway will have to be divided to each joint of the lower chord

In SAP200:

- From the View menu, select the 2-D view. This time, set the X-Y plane distance to 0
to reach the bottom nodes in the truss.

a- Define the concrete area :

Shell Section Data

- Go to Define/Section property/Area section

From the Select Section Type to Add Select Shell
Click Add new Section

Type DECK into the section name edit box

Verify that the Material Name is set to 4000Psi

in the Material area. Clicking + button will

display the define materials from where material
Properties may be altered or added.

Set the Thickness (both Membrane and Bending) to
8in (make sure you add “in” after 8).

Click the OK button then click the OK to complete
The Deck definition

Section Name [Deck

Modity/Show... |
Digplay Color l_

Section Motes

Type
v Shell - Thin
" Shell - Thick
" Plate - Thin
™ Plate Thick
™~ Membrane
" Shell - Layered/MNorlinear

I aterial
Material Mame + |[4000Psi ~|
b aterial Angle 0

Thickness
ernbrane [.EEEEEEEEEERE
Bending Bin

Concrete Shell Section Design Parameters

Madify/Show Shell Design Parameters. .. |

Stiffneszs Modifiers
Set Modifers... | |

ak. | Cancel |
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Note: you can modify you sections property any time you want

b- Assign the concrete area :

- From the View menu, select the 2-D view. This time, set the X-Y plane distance to 0
to reach the bottom nodes in the truss.

- Select Draw Rectangular Area from the left tool bar, then select the Deck section
from Properties of Object window

3¢ SAP2000 v16.0.1 Ultimate - bridge - L e
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- Draw the rectangle area following the figure below (The drawn concrete rectangle
will be highlight in red)
B3¢ SAP2000 v16.0.1 Ultimate - bridge - -
File Edit View Define Draw Select Assign Analyze Display Design Options Tools Help
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"~ |
~ |
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S |
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- |
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__________________________________________ )
yoree| o -
a 0 (g;End Point
:‘EL;

- Press Esc to exit the Tool and go back to selection mode IE

Mesh the Area Object

- Click anywhere on the area object to display the Object Model
- Go to Edit/Edit Area/Divide Area
- Select the Mesh Area Based On Points On Area Edges option.
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Fiatation of Cut Lines From Area Local Axes [Deg)
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e
—
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-
-
i |

—

Divide Area Using General Divide Tool Based On Selected Paints and Lines

——

The roadway (Area Object) is now meshed. (Click inside each box to check)

To better view the deck addition, click the set Display Options button [l , Or go to the view
menu > Set Display Option command (Or press Clrl+W). When the form appears, check Fill

Objects box and Apply to All Windows check box as shown in bellow figure

Display Options For Active Window
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Labels

Restraints
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Springs
Local Axes

Invisible
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Mot in Yiew
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[ Local Axes
[ MatinView
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[~ Labelks [~ Shrink Objects
I Sectionz ¥ Fill Dbjects

[ Releazes v Show Edges

[ Local Axes ¥ Show Ref. Lines
[ Frames Mat in Wiew [ Show Bounding Boxes
-

-
Solids Links

u u

u u

u u

u u

] | Cancel

iew by Colors of
{ Objects
Sections
M aterials
Calor Printer
“wihite Background, Black Objects

Selected Groups
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[~ Show Analysis Model [IF Available)
[ Show Jointz Only For Objects In Yiew

T T Ty

Wiew Type
(¢ Standard (™ Offzet ("~ Extruded
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- Click Ok

...... W

138 ~ /| 8| = |7

[

JEIE AT

Step 5: Define Load Cases (Live Load)

The load used in this tutorial consists of dead and live static load acting in the gravity
direction.

For this project, assume that dead consists of the self-weight of the bridge plus an additional
live load (the weight trucks).

Dead load = the weight of the steel members + the weight of the roadway
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Assign Area Stiffness Modifiers

In this step, the membrane properties of the Area object is modified to prohibit the deck from
acting as flange for the bottom chords of the trusses. Make sure that X-Y Plane @ Z=0 view
is still active, and that the program is in the select mode.

A- Click anywhere on the area object to select the deck.

B- Click the Assign menu > Area > Area Stifness Modifiers command to access the
property/Stiffness Modification Factors from shown in Figue.

C- Type 0 in the Membrane f11 Modifier edit box

D- Type 0 in the Membrane f22 Modifier edit box

Property/Stiffness Modification Factors

Propertu/Stiffneszs Madifiers for Analysiz
Membrane F11 Modifier [0
Membrane 122 Modifisr [
|| | Membrane 112 Modifier I
l Bending m11 Madifier I

Bending m22 Madifier I
I | Eending mi2 Modiier I

Shear v13 Modifier I
Shear v23 Modifier I
M azs Modifier |1
Wweight Modifier I

Assign Joints Load (Live load)

When the cars and trucks move across the bridge, they normally produce dynamic
oscillations of the bridge structure. This dynamic oscillation will in turn produce forces in
each member that are higher than the forces obtained if the loads are statically applied. These
additional dynamic forces can be modeled using a dynamic amplification factor or impact
factor. It is herein assumed that the impact factor is equal to 0.27 times the truck load. This
dynamic amplification load should be added to the total truck load.
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The impact factor is computed as a percentage increase in vehicle live load stress.

Back Wheel Middle Front Wheel

Live load without addition of the Impact factor 32000 Ib 32000 Ib 8000 Ib

Live load after addition of the Impact factor ? ? ?

Calculate the new loads after adding the impact factor

-W\ LOADING CONDITION - 8
‘A

LOADING CONDITION - 1

o AN

LOADING CONDITION - 2

LOADING CONDITION - 5

LOADING CONDITION -4

- In SAP2000 go to Define menu > load pattern

- Add the seven cases and make sure you choose Live for load type and leave Self
Weight Multiplier set as 0 for the live loads.

Note that Self Weight Multiplier is set to 1 for default case (DEAD). This indicates that this
load case will automatically include 1.0 times the self-weight of all members.
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— i\ e Nl
Define Load Patterns

— Load Patterms r Click To:

Self \weight Auta Lateral
Load Pattern Name Type Multiplier Load Pattern Add New Load Pattern

LI I‘I LI Fodify Load Pattem

rodify Lateral Load Pattem...
o

Delete Load Pattem

Show Load Pattern Motes.... I

L T e s T s Y s Y s Y e |
|«

Caticel |

Case 1:

N
LOADING CONDITION - 1

- Click the pointe tool icon k . Select the first two lower cord joints
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Note: It is herein assumed that the live load applied on the bridge is divided equally to each
truss.

- Go to Assign > Joint Loads > Forces

- Select CASEL1 for Load Pattern Name

- Add the value of the front wheel load in the Load edit box

Remember that the Gravity Direction is in the negative Global Z direction

A T
-

Joint Forces
Load Fattern Mame itz
+||case -] Ib. 1. F ~]
Loads Coordinate Svstem
0.
| Force Global & |I3LEIE.-'1‘-.L j
Force Global 0.
I’ | Optioks
F Global £ !
oree aiiha (" Add to Existing Loads
i Moment about Glabal 5 0. {(* Replace Existing Loads
b ament ahout Glabal ¥ 0. " Delete Exizting Loads
Maoment about Glabal 2 0. ITI Cancel

- Click OK

Case 2:

ag. S AVAVAY

LOADING CONDITION - 2

Now we’ll apply load in four joints (front wheels load and middle wheels load)
- Select the second two joints only, then go to Assign > Joint Loads > Forces
- This time select CASE2 for Load Pattern Name
- Add the value of front wheel load, then press OK
- Next select the first two joints only, then go to Assign > Joint Loads > Forces
- Make sure you are selecting the same Load Pattern Name CASE?2
- Add the value of the middle wheel load in the Load edit box, Then press OK
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Continue with the other cases by following the same steps. Make sure you choose the right
CASE from Load Pattern Name before assigning the loads

You can display the Load Pattern by going to Display > Show Load Assigns > Joint
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Step 6: Run the Analysis

In this Step, the analysis model will be viewed and the analysis will be run

Click the Analyze menu > Run Analysis command or the Run Analysis P 0 access the Set
Analysis Cases to Run form as shown bellow

Set Load Cases to Run

l " Alwaps Show
" Mever Show

Analyziz Maonitor Dptions

{* Show After |4 zeconds

Caze Mame Type Status Action
DEAD Linear Static Mot Run Run
MODAL todal Mat Run Do hiot Aun
CASET Linear Static Mot Run Run
CASEZ Linear Static Mat Bun Run

| CASEZ Linear Static Mot Run Run
CASE4 Linear Static Mat Run Run
CASER Linear Static Mot Run Run
CASEE Linear Static Mat Run Run

| CASET Linear Static Mot Run Run

|

Click to:

Fun/Do Mot Run Caze

Fun/Do Mat Bun Al

Delete Al Results

Show Load Caze Tree...

[ ModelAlive

ok

Cancel

-

- Select MODAL from the Case Name list.
- Click the Run/do Not Run Case button to set the action for MODAL to Do Not Run, as

we intend to run only a static analysis

- Click run Now button

The program will create the analysis model from the object-based SAP2000 model, an will
soon display an analysis window. Data will scroll in this window as the program run the

analysis. This information may be accessed at a later time by going to the File menu > Show
Input/Output Text Files command and selection the file with .Log extension
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Step 10: Graphically Review the Analysis Results
In this Step, the analysis results will be reviewed using graphical presentation of the results.

- Select the XZ plan By vzt

- Click the show Forces/Stresses > Frames/Cables button ﬁ", or the Display menu >
show Forces/Stresses > Frames Cables command to bring up the Member Force
Diagram for Frames (You can also press F8 for a quick access)

- Select CASE2 / Combo Name Drop-down list

- Select the Axial Force option.

- Select the Auto option under the Scaling area

- Select the Fill Diagram option

- Click OK button to generate the axial force diagram shown in figure

s N L
Member Force/Stress Diagram for Frames Fill Diagram Option:

v" Blue: Tension

— Case/Combao

v" Red: Compression

Caze/Combo Hame

— kultivalued Options

{" Envelope [Range] a
{* Step I1 fud|

— Type
i+ Force " Stress

— Companent
% Ayial Force i Tarsion

i~ Shear 2-2 i Moment 2-2
i~ Shear 3-3 { Moment 3-3

Show Values on Diagram option

—Sealing

2 o - AN TTT]
= Scale Factor ENNaibde A A [T o %5

6‘096\ y 7

-

— Options - 7 o

& Fil Diagram AERUEN XA

" Show Yalues on Diagram AR <
Cancel |
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Designing the structural members and checking the safety of a design.

In This Step, the steel frame members of the trusses will be designed.
Not that the analysis should be run before completing the following action items

- Click the Design menu > Steel Frame Design > Start Design/Check of Structure

command or the Start Steel Design/Check of Structure I button, to start the
steel frame process.

1.00
0.90
W10X68 W10X68 W10X68
D L D L o & D &
o o o @
X 2 X 2 X = X - 0.70
S S S % S %
£ T = i = i = 5
W10X68 W10X68 W10X68 W10X68
0.50
0.00

When the design is complete, the selected sizes and stress ratios are displayed on the model.
The goal is to repeat the analysis and design process until the analysis and design sections for
the truss are all the same.

Note that when the bridge is reanalyzed, SAP2000 will use the current design sections, as

new analysis sections for the next analysis run. You will need to optimize you design by
changing the cross section area of the frame steel, by following the same procedure in Step 2
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Notes for the design and analysis of the Truss Bridge

Part A —Procedure:

Create an EXCEL table for listing all the members. EXAMPLE

Member# COMBO. FORCE (DSLTL4) A min = (FORCE) Optimum App = A_min + i
_ OALL

1

2

3

Note:DSTL4 = (All cases ) + Dead Load. To Select DSTL4 :

- Click the show Forces/Stresses > Frames/Cables button 11~
show Forces/Stresses = Frames Cables command to bring up the Member Force
Diagram for Frames (You can also press F8 for a quick access)

, or the Display menu =

e Consider the type of force (tension or Compression to select your i (Cross section area

increment).

e Go to the Steel Sections website (see |http://www.structuraI-drafting—net—expert.com/steel-l

i and you the A, value to find the cross section Designation (e.g. W10x68 for
20in?Cross Section).

e Select the member that you want to change the cross section then follow step 3 in the tutorial

to assign it.

o Check the safety of a design again and make sure your member is optimum in terms of cost and
not overstressed (green Color):

Click the Design menu = Steel Frame Design > Start Design/Check of Structure

command or the Start Steel Design/Check of Structure I button, to start the
steel frame process.

Part B — Cost analysis

Steel cost $560 per ton

Concrete cost S50 per cubic yard

Calculate only the material cost for the steel members and roadway (neglect connections and

Labor costs)

PartC- Group Report - (format similar to lab reports). Include all concepts and

Cost analysis: Use the excel file provided to calculate the cost

Part D — prototype building and testing (bridge model). Material will be provided



http://www.structural-drafting-net-expert.com/steel-beam.html

	APPLICATION OF SAP2000
	Notes for the design (003)



