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Disclaimer

The STRAP programs have been written by a team of highly qualified engineers and programmers and have
been extensively tested. Nevertheless, the authors of the software do not assume responsibility for the validity
of the results obtained from the programs or for the accuracy of this documentation.

The user must verify his own results

The authors remind the user that the programs are to be used as a tool for structural
analysis, and that the engineering judgement of the user is the final arbiter in the
development of a suitable model and the interpretation of the results.

Windows is a registered trademark of Microsoft Corp.

AutoCAD is a registered trademark of Autodesk Inc.

General

This manual explains the method for defining the geometry and loading of several typical structure models. The
examples are intended as an aid to learning the proper use of the STRAP program options, and are not
intended as a guide to proper engineering judgment in the construction of a model for analysis.

Note that only the main input options are listed in the examples.
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1 Plane Frame

Define vertical and horizontal loads in separate loading cases and create a combination 1.4*Vertical +

1.6*Horizontal.

X2

Vertical load 20t/m on all beams

5.0=15.0m

Sx

¢ Main Menu

©

Ol NON NG e
O OR[GO ON S

S

10.0m

S ECEECHEC

X

COLUMNS : A=0.1m?2
BEAMS A=0.2m?2

- select Files in the menu bar

1=0.002m*

I=0.02m*

- select New model in the pull-down menu

- enter the model title:

Enter title for new model [max. 70 char.]

Plane frame example.

0K

Cancel

«~——— Type in the title

=——— and click the button

Version 11.5
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* Preliminary Menu:

Arrange the menu as follows:

Units: fMeter T = | «—— select the model units

Title: | Plane frame example «~—— Enter the model title
Model type
& Plane frame " Grid «—— Set the model type to Plane frame

" Space frame ﬁ  Truss cilin

Select a method for creating the model:

UsEer
model defined

wizard «— Click

to proceed to geometry

Display width: [0.3

Display height:|-3. to (30.

Cancel |

* Nodes:

Define the nodes with two Line - equal commands:

+ .+
+1 o+

- click the 228 |icon

o+t

. line .
- click the _&%_1licon

- define line 1 -5:

Move the crosshair using the mouse to X1=0, X2=0, or type in the values directly
in the Text Boxes

T |
Node nu.=E| X1=l0.0 3 X2=[00 F x3:
Screenl End definitiunl 0K |

Move the crosshair to X1=0, X2=15.0 (or dX2=15.0), or type in the values directly
in the Text Boxes

dax1=|0.0 [laxs=fis. [Hlax3=[0.0 2| Cancel| Screen |
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Enter the number of segments
along the line:

D ~——— Specify 5 segments

ok | cancat| | Click the L& putton

Nodes 1 to 6 are created.
- Repeat for nodes 7 to 12.

- Click the men4 { jcon.

The nodes may also be defined with the Grid command, where the “base line” contains one segment only.

¢ Restraints

Click the _1aints | icon.

VAN

Click the _fired | jcon.

Select the two bottom nodes:

NODE SELECTION

Individual nodes «— Click Individual nodes

Select by window | - |
ance |

Select by polygon

Select all nodes

[ Multiple selection

Move the crosshair adjacent to node 1 and click the mouse, then move the crosshair adjacent to node

7 and click the mouse: click the End selection button.

Click the [™ment {jcon.

* Beams:

Define all beams with a grid command -

- Click the P&a™|jcon

EE
- Click the _2™ {icon

- Select Node 1 as the start node of the base line:

Move the crosshair adjacent to node 1 so the Node = 1 appears in the Text Box and click the mouse.
Node=|1 oK Cancell Bm. no.= EI Prup.:EI Screenl

- Select Node 7 as the end of the base line.
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- Select Node 12 as the end of the height line.

The program draws a complete grid, including a beam between 1 and 7 ; to delete this beam

B
- click the _.2¢" Jicon.

BEAM SELECTION

Individual beams

=——— Click Individual beams

Select all beams

Select by window |
Cancel |
Select by polygon |

Select beams with:

" One node in the windowfpolygon
& Both nodes in the windowfpolygon

[ Select only beams parallel to a beam
™ Multiple selection

- Move the crosshair adjacent to the beam so that it is highlighted with the small rectangular blip.

End selection

- Click the mouse. To complete the selection click the mouse again or click the button.

|
- Click the PP {jcon.

Beams properties E

Properties Groups | &dditional options I

MO Description Dir. | Mat. -~ * Click property no. 1

- Undefined - —

- Mot uzed -

- Mot uzed -
- Mot used -

- Mot uzed -
- Mot uzed -

- Mot used -

F .a
e B = RS R SR PR ] 3

| L

DefinefRevise | Assign Delete

Cancell Close I

=——— Click the Define/Revise button
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Select section type:

2 O| = —| IZ| & A
I= faEI:JEI:e dimen taper. cable E::,:n‘h_ paste Click the 1= icon
Steel table: |Eurnpean j|

Cancel |

- Enter the constants:

. - . «—— Set units to Meter
Units: _Meter LS ELGLEIRISTEE E=20407740 vl
«~——— Select Steel

A= ||].1 | SF3:|I].I35 | SF2:|I]. |

12=| | Ha=[o. | H3=. D Define A
Define 13

3= 102 | 0| b ]| = Defino sFs

Angle from x2 to principal axis=

L I LaneE! | C“"‘PDS"E| «——— Click thebutton

- Similarly define property group 2 with values A=0.2 and 13=0.02.

Property 1 was automatically assigned to all of the beam elements. To assign property 2 to the horizontal
elements:
- Select Property 2 (click and highlight)

Azzigh

- Click the button.

BEAM SELECTION

Individual beams |

Cancel |
Select by polygon |

Select all beams |

=—— Click Select all beams

Select beams with:

" One node in the windowfpolygon
& Both nodes in the window{polygon

¥ Select only beams parallel to a beam
[™ Multiple selection
" Limit selection by property

«— Setto ™

- Select the “parallel” beam.:

Beam=|b (1] 4 Cancell

Property 2 is assigned to the selected beams.

«—— Move the crosshair adjacent to any horizontal beam
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- Click the button to complete the property definition.

FX

The geometry definition has been completed; click the meRl | icon.

Jiss]
- Click the tead= | jcon.

* Loads:

Define the vertical loads as load case 1:

5
- Click the _™#* licon.

Define the load case title:

Load case title: Imax. b0 char.]

Vertical loads

| «~—— Type in the title

oK

Cancel | «—— and click the button

Select the load type:

Load type
" joint load

@ heam load

" elements Id.
" supp. displ.
" combine Id.
" glohbal load

= Set the Load type menu to beam load

and click the _9€fine| jcon,

Select load type:

Select load type:

| gl | L
umnif. linear | conc.

0| g

linear W

- line emp. | zelfw

S

pre- I

zlress ICE

Cancel |

=
~——— Click the L4mik| jcon

Select all horizontal beams as explained in Properties.

Version 11.5
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Define the load:

Beam no. 2 L=

x2
Sta HT

V¥ Apply loads on parallel beams in the same direction

0K

Cancel

end
load

Click the 52 | icon.

=—— Set the Direction fo FX2
=~ Set Type to Local or Global

«—— Type in the load value

=—— Click the button

Apply the horizontal loads in a separate loading case:

El
Click the _™* [ icon.

define the load case title:

Load case title: [max. 60 char.]

Horizontal loads

oK

Cancel |

Select the load type:

Load type
¥ joint load

" heam load

" elements Id.
" supp. displ.
" combine Id.
i~ global load

- and click the 9€fine | jcon.

Joint loads ]

~Moments

—Forces

0K |

Cancel |

Select node 2 as explained in “Restraints”.

Version 11.5

«~——— Type in the title

=——— and click the button

=~ Set the Load type menu to joint load

«—— Type in the load value

=——— and click the button
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The load is displayed graphically on the node.

- Repeat the process for the loads on nodes 3,4,5 and 6.

end
load

- Click the _£2%€ [ jcon.
+ Combination
The combination can be created in Loads as a separate load or can be defined after the solution.

Combination defined as a load case:

El
- Click the _"®* licon.

- Define the load case title:

Load case title: [max. 60 char.]

Combined loads «—— Type in the title

1] 4 Cancel =—— and click the button

- Select load type:
Load type |
" joint load
" heam load
" elements Id.
" supp. displ.
#® combine Id.
" global load

e
And click the define| jcon.

Select combination type:

«~——— Set the Load type menu to combine Id.

Regular combination

«—— Click Regular combination
Combination on selected beams

Cancel
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- Select load cases and enter the load factor so that the table appears as:

Combination definition

Load caze Factor
Wertical loads 1.4
Harizontal loads 1.6

Ok | Cancel |

- Click the button.

The loads are displayed graphically.

end
load

- Click the _€2* licon.

- Click the ¥ icon.

- Click the No button when the program asks Do you want to save the matrix ?

Combinations defined after solution:

[
Click the =& | jcon.

Click the No button when the program asks Do you want to save the matrix ?

Select Combinations in the menu bar and Define/Revise in the combination menu.

gerfne ! EVIEE combinations =———— Define/Revise combinations
Define £ revize Groups
Standard combinations libran
Digplay combinations List
Frint combinations list
[izable all combinations

Definition options

- type in the load factors for each load case (the program will automatically create the Title).

- Click the button.

Combinations definition

Ma. Title 1MVerical load: | 2:Harizontal |... -
1#1.40+2*1 B0 1.4 16

-

R | ) )P0 —

Cancel | Copy | Cut | F"astt:l

Version 11.5 1-9
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2 Plane Grid

Solve the following plane grid of beams:

BEAMS 1 TO 4, 13 TO 16:

(14.33, 7.5)
©

ALL OTHER BEAMS:

; o/ @
[ o f ® £ ©
o/ o o o
(0 L @ L @ 4 @

2.5 ‘
1

(woo/oo)

MATERIAL: CONCRETE

LOADING:

1

¢ Main Menu
- select Files in the menu bar

uniform load = 3.0 t/m

- select New model in the pull-down menu

- enter the model title

* Preliminary Menu:

Model type
" Plane frame % ' Grid

H

" Space frame ﬁ  Truss i

- Click defined

* Nodes:

«~——— Set the model type to Plane grid

to proceed to geometry

Define the nodes with a Grid command:

+1 o+
node

- click the icon

.......
+++++++
4444444
.......

gnd

- click the icon

Define nodes on grid base as:
@ Equally spaced
" Unequally spaced

" An existing line of nodes

Cancel |

Version 11.5

«~——— Select Equally spaced

=—— and click the button

N

80

80

BEAMS 5 to 8 ; 9 to 12
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¢ Restraints

Move the crosshair to X1 = 0.0, X2 = 0.0 and click the mouse.
Move the crosshair to X1 =10.0, X2 = 0.0 and click the mouse.

Specify: 4 segments.

Define nodes on grid side as:

" Equally spaced

#® Unequally spaced: «—— Select Unequally spaced

" An existing line of nodes

OK Cancel
=—— and click the button

Move the crosshair to X1 =14.33, X2 = 7.5 and click the mouse. (You will have to decrease the Step to
0.01 to set the X1 coordinate).

Move the crosshair along the line to the intermediate nodes and click the mouse. In this skew grid it is
easier to type in dD rather than moving the crosshair:

Move the crosshair into the dD text box.
Type 2.6 and click , nodes 6 to 10 are displayed.
Type 3.46 and click ; nodes 11 to 15 are displayed.

Move the crosshair outside the line 5-20 and click the mouse or click ﬂl; nodes 16 to 20 are
displayed.

FX

Click the ™m€n4 {jcon.

Click the raints icon.

TAN

Click the _fi*ed | jcon.

Select Individual nodes

Move the crosshair adjacent to node 5, 10, 15 and 20 so that the nodes are highlighted with the
rectangular blip; click the mouse. After the node 20 has been selected, click the mouse again without
moving the crosshair.

=
Click the _®™ [icon.

Select Individual nodes.

Move the crosshair adjacent to nodes 1 and 16 so that the nodes are highlighted with the rectangular blip;
click the mouse. After the node 16 has been selected, click the mouse again without moving the
crosshair.

Click the men4 {jcon.
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+ Beams: Define all beams with a grid command —

Click the _P&am|icon

EEH
Click the 9% |icon

Select Node 1 as the start node of the base line:
Select Node 5 as the end node of the base line
Select Node 20 as the end node of the height line.

The program draws a complete grid, including beams between nodes 5-10, 10-15, 15-20;to delete these
beams -

B
- click the .2¢" Jicon.

BEAM SELECTION

Select by polygon

Select by window
I Cancel | «—— Click Select by polygon

Select all beams

—Select beams with:

" One node in the windowfpolygon

 Both nodes in the windowfpolygon = Select Both nodes in the window/polygon

[ Select only beams parallel to a beam
™ Multiple selection

|
- Click the PP {jcon.

Beams properties Ed

Froperties Groups | &dditional options |

MO, D ezcription Diir. | Mat. - «—— Click property no. 1
- Undefined - —

- Mot uzed -
- Mat uzed -
- Mot uged -

- Mot uzed -
- Mot uzed -
- Mat uzed -

L
@ e e

Select section type: < Click the Define/Revise button

A= Glzah D ﬂ A IT =)
I= steel By
table | |dimen.| taper| cable| comb.| paste
| Steel table: |European = |

Cancel |
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O
=—— Click the di_"m| icon

- Click the EI icon

- Enter the dimensions, as follows:

Units: |cm =] Material: [CONC E=300001~| Select Conc
B=140 H= |80 . «—— Define B,H
SF2=(0.85 SF3= [0.85 ; Define SE2
~Major axis direction———— |L|
& JEH"XZ C E‘}., , .
=~ Define x2 as the major axis
Ox || |vaneel] | Compoeie «— Click the L_98_1 putton

Note that in plane grids 12 corresponds to the axis of bending.
- Similarly define property group 2 as a rectangular section with dimensions H = 80; B = 20.

Property group 1 was automatically assigned to all of the beam elements. To assign property group 2 to
beams 5 to 12, 17 to 28:

- Select 2 — Rectangle H=80 B =20 MAJOR CONC
- Click the ﬂl button.

- Set ™ One node in the window/polygon and define a window enclosing nodes 6 to 15.

- Click the button to complete the property definition.

- Click the [ment | jcon.

The geometry definition has been completed.

i
Click the 1eads | jcon.

* Loads:
Define all loads in load case 1

5
- Click the _™* {icon.

- Define the load case title
- select the load type:

Version 11.5 2-4 12/04
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" joint load
& beam load

Load type

" elements Id.
" supp. displ.
" combine Id.
" glohbal load

=]
- click the _define

b
- click the _unif. |

icon.

icon

- Select beams 5to0 8, 9 to 12.

- Define the load:

Beam no.5

L=

2.5 Dire

X3

s
Start |

End
[TITITRITITITI

‘OK

| Cancel |

ction:

Type:

FX3

Local

Invert load dir.

end
load

- Click the _52=¢

Version 11.5

icon.

=~ Set the Load type menu to beam load

Set the Direction to FX3

Set Type to Local or Global

Type in the load value

Click the button
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3 Plane Truss

Define the geometry of the following plane truss using a “Model wizard”.

15@ @ 5
2 1 @ @ 16
M @ 17
AN RVl A
Mo te’e fee’ @ 0 e &
3.3 | 6x3.0=18.0 | 3.5

* Preliminary Menu:
Model type

. " Gri
Plane frame % Grid E «~—— Set the model type to Truss
" Space frame ﬁ & Truss s

model
Click wizard

K

Truss

- Click

- Define the truss parameters:

number of panels at left side= |4

~—— Define the length of the interior panels

Typical panel length= (Exterior panel dimensions will be revised later)

Truss height at exterior=|0.5

Truss height at the centre=|3.0

0] 4 Cancel | =—— Press the button

Version 11.5 3-1 12/04
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- The following menu is displayed:

Select section type for bottom chord
A= BRI
|= steel D
table dimen
Steel tahle:| European j|
Skip | Skip all «—— Click the _S¥P3l_| putton to exit from the menu.

Dead load on top chord = (0.

Dead load on bottom chord = (0.

Live load on top chord =

Live load on bottom chord = |0.

—

Self weight factor =

0K | Skip | Skip all | «—— Click the __=XPa_| pytton to exit from the menu.

The program creates the model according to the parameters and displays it on the screen :

Mo. of panels at |Eﬂ:E| Mo. of panels at right= |4 oK | Can-::f:ll

Total length= Dimensions |
- To revise the exterior panel lengths, click the button.

- Move the cursor until the dimension of the left exterior panel (beam 1) is highlighted with the rectangular
blip; click the mouse.

Enter the new dimension:

3.3 =—— FEnter the new dimension

1] .4 Cancel =—— and click the button

Do you want to revise:

This dimension only | «—— Revise This dimension only

All identical dimensions on this line

- Repeat for the right exterior panel (beam 8).
- Press Esc to end the revision of dimensions.
- Click the button to leave Model Wizard. The program now enters the regular geometry module.
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4 Space Frame

@
O ®@ 1@

o ®© G O

2.0

20 |, 2.0

Load Case 1: -1.2 t/m distributed vertical load on roof beams
Self-weight of entire structure
Load Case 2: 1 cm. vertical initial displacement of one support node.

* Preliminary Menu:
Model type

e " Gri
Plane frame % Grid @ «~—— Set the model type to Space frame
& Space frame ﬁ  Truss clilin

- Click to proceed to geometry

* Nodes:

+ .+
+1 o+

- click the ™9 | jcon

ket
- click the -2**]icon
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~¥orking plane
X1 -X2

T K2-¥3
T X3-X1
" Defined by 3 nodes

@® Cylindrical system «—— Select a cylindrical system

Cancel =——— and click the button

~Cyl. system height axis: -
ﬁi ------- obal X3 axis =——— Select the Global X3 axis
" Global X1 axis

" Global X2 axis

~Cyl. system origin:

@ Global system origin «=—— and the Global system origin
" Defined by a node

" Defined by coordinate:

OK | Cancel | «— and dlick the &1 putton

- click the

Define nodes on grid base as:

@ Equally spaced
~—— Select Equally spaced
" Unequally spaced

" An existing line of nodes

Cancel |

- Move the crosshairtoR=3.5,f =0, H = 0.0 and click the mouse.
- Move the crosshairto R=3.5,f=300, H = 0.0 and click the mouse.
- Specify 5 segments.

- Specify :

Define the intermediate nodes
from the start node :

@® Counter-clockwise :
i Clockwise
0K Cancel

Nodes 1 to 6 are created.
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- Define the nodes on the grid side as o Equally spaced
- Move the crosshair to R = 3.5, f =300, H = 4.0 and click the mouse.
- Specify 2 segments.

Nodes 7 to 18 are created (rotate the model to view all of the nodes).

e
- click the M9e | icon

- Move the crosshairto R=0.0, f =0, H = 6.0 and click the mouse.
Node 19 is created.

¢ Restraints

- Click the 1am& | jcon.

PAN
- Click the _™™ licon.

NODE SELECTION

Individual nodes I

|§5£:It:ct by window !
| Cancel

«——— Click the Select by window

Select by polygon

Select all nodes |
™ Multiple selection

- Create a window enclosing nodes 1 to 6 (even though nodes 2 and 3 are hidden they will be included
in the window). A pinned restraint is assigned to the selected nodes.

- Click the MR icon.

* Beams

- Click the _eam | jcon

Define the vertical beams:

- Click the " |jcon

- Define beams 1-2 as a line: Select node 1 as the start node of the line and node 13 as the end node of
the line; beams 1 and 2 are created.

- In a similar manner, define beams 3-4, 5-6, 7-8, 9-10, 11-12.

Define the horizontal rings:

- Click the ﬂl icon

Version 11.5 4-5 12/04
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- Set O Define an arc.

- Select node 7 as the start node of the arc, node 12 as the end node and any of nodes 8-12 as the third

node; beams 13-17 are created.

- Click the ﬂl icon

- Define beam 18 between nodes 12 and 7.
- In a similar manner, define the upper ring with beams 19-24.

Define the roof beams:

- Click the ﬂl icon

- Define beam 25 between nodes 13 and 19.
- In a similar manner, define the upper ring with beams 26-30.

Define the section orientation:
Rotate the local x2 axes of the columns so that they point towards the center of the circle:

fzﬁ[
- Click the _3%% | jcon

Select option for local axes definition:
[the local axes determine section orientation in space]

Define a plane; the local x2 axis will be parallel to it. |

Define a plane; the local x3 axis will be parallel to it. |

=——— Click Define a node

Return to default local axes. |

Reverse local %1 axis direction |

Cancel |

- Move the crosshair until the rectangular blip highlights node 19; click the mouse.

BEAM SELECTION
Individual beams

Select by window
Cancell

Select by polygon
[ Selectall beams | «— Click Select all beams
—Select beams with:

@ One node in the window/polygon «~—— Select this option
" Both nodes in the window/polygon

[+ Select only beams parallel to a heam | «— Sgject this option

[ Multiple selection

and select any of beams 1 to 12 as the parallel beam.

Version 11.5 4-6
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Similarly rotate the local X2 axes of the top ring beams 19-24 so that they point towards the peak:

Define properties:

E
Click the P | icon.

Select property group 1 — UNDEFINED-

Click the Definefievise | by itton.

REEH
i steel |
Click the table | jcon

Click IPE in the section type list and 240 in the section list.

Material: | STEE E=21000( 7] «—— Select Steel

Major axis direction———— .
Composite | «—— Define X2 as the major axis

- }vxZ C H—'-'XZ
Cﬂ"“ﬁ"l «—— Click the _%€_ putton

Similarly, define Property group 2 as IPE 180 and Property group 3 as a 30x60 rectangular concrete
section.

Select property group 2 IPE 180.

To assign property 2 to the ring beams, click the ﬂl button.

Select ring beams 13-18.
Similarly assign property group 3 to the vertical columns.

Define Releases:

|
Click the %€ | icon

~Moment ———————— Shear
¥ M2 release [T ¥2 release o - t
—
¥ M3 release V3 release elease both moments
[" Torsion release

~PRelease at

#® Both beam ends «~——— At both ends

Remove releases

" Opne beam end

—#&xial force
® No release " Tension only beam

" Axial release ¢ Compression only beam

1] 4 Cancel =—— Click the button

Select property group 2 IPE 180.

Select the lower ring beams 13 to 18.
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* Loading:

5
- Click the _™* licon.

- Define the load case title
- Select load type:

Load type
" joint load

@& beam load

" elements Id.
" supp. displ.
" combine Id.
" global load

and click the €fine{ jcon.
=
- Click the _4nif | jcon

- Select all roof beams 25 to 30.

- Define a load of -1.2 t/m in the Global X3 direction.

B
- Click the =#F* | jcon

BEAM SELECTION

Individual beams |

Select by window
Cancel

I
Select by polygon |
|

Select all beams

Select beams with:

& 0ne node in the windowfpolygon
" Both nodes in the window{polygon

[" Select only beams parallel to a beam
[" Multiple selection
[ Limit selection by property

- Define the load:

= Set the Load type menu to beam load

=——— Click the Select all beams

=

Beam no.25 L= 4.03

x3 End
StanT 1- Direction: |X3
Factor= [-1. End | Cancel |

Version 11.5

=——— Set the Direction to X3

=—— Type in the factor and click _End |
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end
load

Click the _52€ | icon.

R

Click the _™&* licon.

Define the load case title.

Specify the load type:

" joint load

¢ beam load

 elements Id.

& supp. displ. .
supp-displ- | . ot the Load type menu to support displacement

" combine Id.

" global load

- click the define | jcon.

Support dizplacements

~Displacements ; [ Rotations—

dX1= £X1=
dx2-= £X2=
dx3= 1X3= «~—— Define a vertical displacement of 1 cm

Cancel |

and select node 1.

end
load

- Click the _£2%% [ icon.
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5 Plate Bending

t

|

|

l

: th=80cm

|
; 31 32 33 34 35 ‘36 ,,,,,,,,, ’*(t

1 e.[a]a]aelals],

EERIE N
LA E B @4 o] 6} 1 ® e Edge beams Al

of 4, 1@) | | @,

OOI®|@©|®

5x 1.2 = 6.0
12.0

RAFT FOUNDATION

ITIIT

This raft foundation the use of elastic supports and the solution of a symmetric structure where only one-quarter
of the structure is entered.

Jjos

SECTION A — A

Vertical Loads:  Element pressure = -3.0 t/m?
Uniform load on edge beam = -20.0t/m
Concentrated load at nodes 15, 17,27 = -200.0t

* Main Menu
- select Files in the menu bar
- select New model in the pull-down menu
- enter the model title

* Preliminary Menu:
Model type

¢ Planc frame % « Grid E «~——— Set the model type to Grid
" Space frame ﬁ  Truss i

defined

- Click to proceed to geometry
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* Nodes:

Define the nodes with a Grid command:

1
Q
5
=
—
=y
[¢)

3
]
a
]

icon

+++++++
4444444
.......
+++++++

- click the -9 |icon

- Define the base line as Equally spaced

- Move the crosshair to X1 = 0.0, X2 = 0.0 and click the mouse.
- Move the crosshair to X1 = 6.0, X2 = 0.0 and click the mouse.

- Specify: 5 segments.

- Define the height line as o Equally spaced

- Move the crosshair to X1 = 6.0, X2 = 5.0 and click the mouse.

- Specify: 5 segments.

¢ Restraints

- Click the 1amt | jcon.

==

- Click the @ther | jcon.

Restraints E

—PRestrained directions; —

=% translation
[~ %2 translation
[~ X3 translation
W X1 rotation
[~ X2 rotation

0K

= %3 rotation

Cancel

=———— Restrain rotation about X1

- Use Select by Window and create a window that includes nodes 31 to 35.

=
- Click the @ther | jcon.

- Arrange the menu so that V¥ X2 rotation is restrained.

- Use Select by Window and create a window that includes nodes 6,12,18, 24, 30.

=
- Click the @ther | jcon.

- Arrange the menu so tha

v %1 rotation
¥ X2 rotation

- Use Individual nodes and select node 36

click the [menu | jcon.

Version 11.5
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¢ Elements: Define all elements with a grid command —

N

click the #&™ {icon.

B

click the 9™ |icon.

Select Node 1 as the start node of the base line
Select Node 6 as the end node of the base line
Select Node 36 as the end node of the height line

Define the element thickness:

£
- click the _®®-licon.

HO. D ezcription

Dir. b &t

®?

o = L P

<]

- Undefined -
- Mot uzed -
- Mot uzed -
- Mot used -
- Mot used -
- Mot used -

«~—— Select 1 -Undefined-
(assigned by default to all
elements)

-

DefinefRevise | Assign

Dummy elem. |

| b
| User material | End | «— Clickthe Define/Revise| ) v

Enter the property values:

Units: Material: [CONC E=300000 -]

[ Orthotropic

Thickness=

0K

Cancel |

_ Click the _E"_{ button.

- click the [m&M | jcon.

Beams: Define all beams with line commands:

Click the _Peam|jcon

Click the " _|jcon

=—— Select Concrete

=—— Type in Thickness = 80

=——— and click the button

Select node 1 as the start node of the line and node 6 as the end node of the line; beams 26 to 30 are

created.

Version 11.5
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- Click the ﬂl icon

- Select node 1 as the start node of the line and node 31 as the end node of the line; beams 31 to 35 are
created.

A
- Click the PP | icon.

Beams properties

Properties Groups | Additional options I

rO. D'ezcription Dir. b at. -
BH1 | -Elements property - =
- Mot uzed - ~——Select 2 -Not used-
- Mot uged -
- Mot uged -
- Mot uzed -

P i . il
4] | 5

Definefﬂevisel Assignl Delete | «— Click the

S

Define/Revize

button.
Cancﬂll |Clused I

- m]
- Click thedi_"mlicon and the D icon

7| Material: | conc E:3uuuu|j]| «— Select Conc

-- oy

«~—— Type in section dimensions

Ma]ur axis dlrectlun B
E ‘El}"‘z e EE"X:Z C - | «——— Select major axis directions
omposite
OK Canct:ll
~—— Click the button

Note that in plane grids 12 corresponds to the axis of bending.

Property 1 (the element property) was automatically assigned to all of the beams. To assign property 2 to
the beams:

- Click the __259" | putton.
- Select 2 — Rectangle H=1.40 B =.30 MAJOR CONC
- Create a rectangular window enclosing beams 26 to 35

- Click the button.
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- click the ﬁ icon.

* Springs:

click the =P™4{ icon.

click the [9efine | jcon.

Enter the spring constant:

Spring constants

~Translation springs — - Rotation springs —
52= rot2=|0.
$3=|3000 rut3=|:| «—— Define S3 = 3000

0] .4 Cancel |
=—— Click the button

Select all nodes in the model.

click the _m&M4 | jcon.

* Loads:

Click the 1eads | jcon.

R

Click the _™* | icon.

Define the load case title

Select the load type:

Load type

" joint load
& heam load | = Setthe Load type menu to beam load

" elements Id.
" supp. displ.
" combine Id.
" glohbal load

- and click the 9€fine | jcon,
=
- Click the _unit- | jcon
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BEAM SELECTION

Individual beams |
Select by window |

Cancel |
Select by polygon |

Select all beams

=——— Click Select all beams

Select beams with:

@& One node in the windowfpolygon:
" Both nodes in the windowfpolygon

[" Select only beams parallel to a beam
™ Multiple selection
™ Limit selection by property

- define the load:

Beam no. 26 L= 1.2
%3 Direction:[’x3 =] |« Set direction FX3
StartT End
PRI «~—— Set type Global
Load: =—— Set load =-20
¥ Apply loads on parallel beams in the same direction
— | E— «~—— Click the button

- specify the load type:
@ joint load «~——— Set the Load type menu to joint load
" beam load
" elements Id.

" supp. displ.
" combine Id.
" global load
i |
- click the [9€fine|jcon.
Joint loads
—Forces Moments ——
Fx1= Mx1=|0.
Fx2= Mx2=|0.
Fx3= [-200 M¥3= =~ Type in the load value FX3=-200
w «— Click the button.
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NODE SELECTION

Individual nodes

Select by window | = |
ance |

Select by polygon

Select all nodes

[~ Multiple selection

=——— Click Select individual nodes

- Selectnodes 15, 17, and 27; after the node 27 has been selected, click the mouse again without moving
the crosshair. The load is applied to the three nodes.

Define the element loads:

- set the Load type menu to @ elements Id. and click the ﬂl icon.

- click the L“' icon.

- Select the load direction and enter the load value:

Direction type Direction
" Local £
«~—— Set type to Global or Local
@® Glohal Q. 4%
" Global proj. w3 «—— Set Direction to X3
Load= |-3 «—— Define Load = -3.0
0K Can[:gll ~—— Click thebutton

ELEMENT SELECTION

Cancel |

Individual elements |

Select by window |

Select by polygon |

Select all elements |

=—— Click select all elements

Select elements with:

" One node in the window/polygon
& All nodes in the windowfpolygon

[ Select only elements in a selected plane
[" Multiple selection
[" Limit selection by property

end
load

- Click the _£2* licon.
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6 Moving Loads

Use the Moving Load option to generate a series of load cases where the live load each case is offset by a
constant increment relative to the previous case.

Note that the Moving Load option applies only to loads defined as Global Loads.

The Figure below shows an arbitrary element grid for which three load cases must be defined. In all three cases
the loads are identical, but the live load in any case is offset 2.0 m from the live loads in the previous case.

Two types of Global Loads are defined:
* apressure on a rectangular area defined by the user.
* apressure on a rectangular area retrieved from the "Pattern’ file.

0.4 0.3 2.1 0.3
Pattern load: "HA(one wheel)”

T = 22 t/m?2
o (defined as 1100 f/mZ in PATTERN.DAT)
0 B 53]
\Recmngulor area load:
© 1.0 , 1.0 = 4.8 t/m2
o| =

| ‘ L ! Load case 1
—2 (ol

T I Tr—o7T I [ T1r T 717 | |

‘ Load case 2

w H]mﬂ]i

WW Load case 3

Two methods for generating the loads will be illustrated:

* Option (a):
- Define the dead and live loads in load case 1. Generate the two additional load cases using the moving
loads option. Note that the dead loads will be copied automatically to load cases 2 and 3.

*  Option (b):
- Define the dead loads in load case 1 and the live loads in load case 2.
- Generate the two additional load cases using the moving loads option. Note that the dead load will be
not be included in any of these three load cases.
- After solving the model, combine the dead load with each of the three live load cases using the Group"
option in the "Combination" module.

+ Geometry
Define the geometry of the grid as outlined in Example 5.
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* Loads

Option (a)

- Click the eads | jcon.

R

- Click the _™* licon.

- Enter a load case title

- Select the load type:
¢ joint load
" beam load
" elements Id.
 supp. displ.
" combine Id.
@ global load | = Set the Load type menu to Global load

- and click the _d€fine] jcon.

Define the rectangular load:

—Load type————— ~Load direction—

 Point load © Glohal %1

* Area load - rectangle € Glohallx? «——— Select rectangle
" Area load - polygon & Global X3

" Area - perp. to contour

" Load pattern

—Apply load as:—— ~Apply at level:—
¢ Joint load & No limit
" Beam load Clevel=s

& Element load

= Apply to elements

[" Apply load to selected beams only

oK Cancel «— Click

- Define the area using Select by window; click the mouse at the lower-left and upper-right corners of the
rectangle at the coordinates show in the Figure.

Define the "Pattern" load:

- click the ﬂl icon.
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Factor= Angle= I:I

—Load type——————— - Load direction——
" Point load G ohall >
" Area load - rectangle CiGlobal %2
" Area load - polygon @ Glohal X3

" Area - perp. to contour

# Load pattern «—— Select Load pattern

—Apply load as:—— - Apply at level:——
 Joint load @& Mo limit
" Beam load Cllevel=

& Element load

~—— Apply to elements

[" Apply load to selected beams only

ok |  Cancel | — ciick <]

Select a load pattern  Epd |

Type_1[¥W=61) -

Type_1[W=91

Type_1[W=121)

Type_1[W=161)

Type 2[W=304]

Type 3[W=601]

:g[['ll_'lf_’m‘r":}““ =—— Select this load
HBIL=15mil

HBIL=15ml il

- Move the crosshair to the coordinates of the lower-left corner of the small rectangle as shown in the
Figure and click the mouse.

- Repeat for the second wheel load.

end
load

- Click the _£2*£ licon.

=}
mov-

- Click the ™3 icon.

- select the load case just defined.

Moving load generation

Mo. of generated loads= El [Max. allowed is998) | * Generate 2 add'l loads

Mowve by: Move in an arc |
DX1= DX2= DX3= |:| +«—— Move 2 m each load case.

ok | cancal | «—— ciiok &1
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- Click _E_|in the following menu (there are no more moving load cases are required).

To check that the two cases were generated:

nCl
- Click the ¥ ]icon. The load cases now appears as:
Select load cases to revise
M, Title

i flacr loads «—— first load case

i 2 floor loads #2 «—— generated load case #1
8 3 floor loads #3 = generated load case #2

Revise Cancel Click Cancel

Note that all load cases contain the same dead loads.
- Solve the model.

Option (b)

- Define the dead loads in load case 1.

- Define the global loads in load case 2.

- Generate the moving loads as load cases 3 and 4, as outlined above.
- Solve the model.

- Select Combination in the Menu bar.

Define ¢ revize combinations
Define / revize Groups «~—— Select Define/revise groups
Standard combinations librany
Dizplay combinations List
Print combinationg list
Dizable all combinations
Drefinition options

- click the | AddJrevise a group_| button

- Click -UNDEFINED- and enter a name for group.

Group definition
Select the load cases included in group
Load case Include
1: floar loads wES
2. floor loads #2 ES .
3 oo loads #3 VES «—— Include these cases in the group
4: Diead lnads

oK Cancel «~— and click the button

Click the ‘ Generate a combination for each load in the group | button

_ Click _End_|
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7 Dome Shell

Define the dome shell shown in the Figure below using either of two options:
+ Equations
» Copy and Rotate

/

* Method 1 - Equations

Define the nodes using a predefined equation:

+1 o+

- click the ™9 | jcon

. equa- |
- click the [hens | jcon

Select an equation Cancel |

User defined formula
Ellipse - line

Ellipse - grid _ .
T | < iohight Sphere and olck the mouse

Ellipsoid

Cone

Spiral

Clothoid from straight line to radius R
Clothoid - grid

Hyperbolic paraboloid - straight generatrices

Hyperbolic paraboloid - parabolic generatrices
Parabola

Refer to the program Help for a detailed explanation of the sphere parameters U,V and R.
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Parameters

R = Sphere radius [Sphere: x*+y*+z*=H7
A= EI +—— Define R=5.0

Ok | Cancel | «~—— and c/ick

Define the variable ranges as follows:

- U from 0 to 1 represents a half circle of the base:

PARAMETERRANGE |
U - Anglef180 on the X1-X2 plane [U=0. TO 1. - half circle projec. on X1-X2]

Start value: End walue: EI Mo. of intervals
oK | Another range | Cancel | =—click

- V=0 or 1 represents the full height of a half — dome:
FPARAMETER RANGE |
V- Anglefd0 between X3 ¥1-X2 plane [¥=0. at X3=0; ¥=1. at X3=R]

Start wvalue: |0. | End walue: |1.0 MNo. of intepeals |9

0K | Anoth | C '|
nother range ance — c/ick

Start coordinates
Start at:  X1= E x2= | 0. | x3= | 0. | «~—— Specify location of dome center
First node no.=|1

Cancel
_ Cancel | R,

- Click the _Refine elements | button to define all of the elements in the dome.

Two sets of nodes will be generated along line 1-10 and 36 nodes will be generated at the top of the dome.

1+2—) -

unify

To delete the superfluous nodes, click the icon.
* Method 2 - Copy
This method makes extensive use of the Copy option using a cylindrical coordinate system..

To create the dome, define the wedge 1-10-12 (shaded in the Figure) and then copy it 35 times using the
Copy - translate and rotate option.

Define the arc 1-10:
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X2 is the height axis of this arc (the axis perpendicular to the plane of the cylinder)
- click the _"®4¢ | icon

e
- click the 2**licon

—¥orking plane
X1 -%2

X2 -X3
mX3-X1
" Defined by 3 nodes

® Cylindrical system = SetCylindrical system

Cancel
click the button

~Cyl. system height axis: -

i Global X2 axis «~—— Set Global X2 axis

~Cyl. system origin:
I3 Global Systﬂm Drigin =——— Set Global System Origin

" Defined by a node
" Defined by coordinate:

OK | Cancel |
-— C/ick button

- Click the button to rotate the model to the screen plane.

4+
. line .
- click the _&%_1licon

- define the line start (node 1) at R=5.0 f =0.0 H=0.0
- define the line end (node 10)at R =5.0 f =90.0 H=0.0
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- set the number of segment =9 (10° each)

Define the intermediate nodes
from the start node :

@® Counter-clockwise :
" Clockwise
0K Cancel

«~—— Set Counterclockwise

Generate the arc 1-12 by Copy arc 1-10.

E
- click the ™09 |icon

- defineanodeat:R=0.0 f =0.0 H=0.0 i.e. atthe system origin.

Copy + rotate command.

il
- click the -2**]icon

~¥Working plane
X1 - X2

K2 -X3
CX3-X1
" Defined by 3 nodes

i Cylindrical system

Cancel

~Cyl. system height axis: -

oreen

&

" Global X2 axis

~Cyl. system origin:

" Defined by a node
" Defined by coordinate:

«—— Set Cylindrical system

and click the button

«—— Set Global X3 axis

® Global system origin «—— Set Global system origin

1] 4 | Cancel | «—— and click the __°%_| putton

- Click the button to rotate the model to the screen plane.
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Y
- click the ™9 | jcon

- definenode12at R=5.0 f=10.0 H=0.0-

- tofacilitate node selection, click Rotate in the menu bar and rotate the model to: X=-10,Y=-10,Z=0.-

- click the e icon
fEﬁ

- click the .22 licon

copy+

- click the fotate | jcon

NODE SELECTION

Individual nodes

Select by window |

Cancel |
Select by polygon
Select all nodes

[ Multiple selection

=—— Click Select by polygon

- define a polygon enclosing arc 1-10.

- select the 3 reference nodes and their new location:
node 10 to node 12
node 1 to node 1
node 11 to node 11

- Select the new location by clicking the L.2%20.€xisting node | button.

Number of copies: [ 1] OK
~Node numbering

«~—— Set Number of copies fo 1

Cancel

Qe B L I «~—— Select Automatic numbering

= With increment of:

—Beamjele. numbering

® Automatic by the program «~—— Select Automatic numbering

" With increment of:

[" Connect copies with beams

- click

The program now generates arc 1-12.

Define the elements in wedge 1-10-12:

- click the [m&M | jcon

Version 11.5 7-9 12/04



STRAP

O~
click the 2™ | jcon

[T13
quadf

click the €M@ | icon and define all the quad elements.

Pas

click the M- | jcon and define all the triangular element 1-2-13.

Generate the remaining wedges to create the entire dome:

click the ﬁ icon
l.n‘_:|||

click the 2 | icon

. Ccopy+ .
click the "otate| jcon

NODE SELECTION

Individual nodes

Select by window

Select by polygon

| Cancel |

Select all nodes

[ Multiple selection

define a polygon enclosing the entire wedge

=—— Click Select by polygon

select the 3 reference nodes and their new location:

node 10 to node 12
node 2 to node 13
node 1 to node 1

Select the new location by clicking the

Mumber of copies:

—Mode numbering

& Automatic by the program

at an existing node | button

0K

Cancel

" With increment of:

—Beamfele. numbering

#® Automatic by the program

i~ %With increment of:

[" Connect copies with beams

The program now generates the entire dome.

=—— Set Number of copies fo 35

«—— Select Automatic numbering

«—— Select Automatic numbering

select Zoom and Full Drawing to display the entire model.
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8 Refined Mesh

Define the gradually refined mesh:

D c

0.5
——
0.5

1

4X0.25
—

8X1=8

A B

Use the Node “Grid” and Element “Grid” options to create the 8 x 8 grid shown in Figure (a).

D C D c

(@) (b)

O~
- click the [®™ |icon

=

- click the L™esh | jcon
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Elements mesh 5]
~Nodes

& Banerate modica oK.

Select Generate nodes

" Use existing nodes only Cancel

" Use 3D projection of existing nodes

—Mesh type
#® Rectangular
" Skew

" Circular

- Define the contour by selecting nodes A, B, C,D and A again to close the contour.

Contour defimition B |

: End contour definition =——— Select End contour definition

Define contour of a hole

Cancel

- Arrange the mesh parameters menu as follows:

Mesh grid parameters |
Grid step
In % direction oK = Set the Grid step to 0.5 in the both directions

«~—— C(Click the button

Cancel
InY direction [0.5 _ancel |

Minimum element size|0.25

[+ Align grid with existing nodes

[" Ignore existing nodes

Grid angle = | 0.

- The program superimposes the preliminary mesh (0.5 x 0.5) on the area defined by the contour.

Move a horizontal Iint:l Move a vertical line | Move the grid | Cancell

Yertical spacing | Horizontal spacing |

- Click the button.

The elements as displayed in Figure (b) are generated. Note that the existing elements in the contour area
are erased.

- Click the button when the program asks Is the mesh OK?
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E
- click the L™esh | jcon

- Select Generate nodes.

- Define the contour by selecting nodes E, F, G, H and E again to close the contour.

- Select End contour definition.

- Arrange the mesh parameters menu as follows:

Mezh grid parameters
Grid step oK
In ¥ direction
C |
In % direction ance

Minimum element size|0.10]

¥ Align grid with existing nodes
[ Ignore existing nodes

" Align to and split existing beams

Grid angle = | 0.

- Click the button

=——— Set the Grid step to 0.25 in both directions

The program superimposes the preliminary mesh (0.25 x 0.25) on the area defined by the contour; select
“Continue”. The elements as displayed in the Figure are generated.
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9 Dynamic Analysis

Calculate the seismic loading cases for the following model and add them to the STRAP static results.

W.L.=05t/m

Preliminary Menu:

- Enter the model title

thkdkdddddkwkrddd D.L=3.00m+SW.
LIIIIIIIIIIII]l LL=20tm

s i s

4%5.0=20.0

FaX

Columns 300/800
Beams 200600

- Set the model type to Plane frame

model
Click wizard

Version 11.5

=0.7t/m

W.L.

15%3.0=45.0

o
=t

Combinations:

1.2D{0.9)+1.6L
1.2D0+1.0L+1.0E
0.9D+1.0E

09D -1.0E
1.2D+1.2L+0.8W
0.9D+1.3W
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ISRl

‘ Plane frame I

- Click I

- Define the plane frame parameters:

number of bays= EI ~—— Type in the number of bays

number of storeys=|16

«~—— Type in the number of storeys

Uypieal bayy o= EI «—— Type in the bay width

[picolitueditinhiy «~—— Type in the storey height

1] .4 | Cancel |
—— Click thebutton

- Define the section type for beams:

Select section type for beams
- Al
T= steel D |
table dimen D
«—— Click the Simen| jcon.
Steel table: | Britich j
skip | Skipall |

Select section shape:

- Click the EI icon.

- Enter the dimensions as follows :

Units: [cm |~ Material: |CONC E=300001 ]

B=[20 | H= [60 @
SF2=(0.85 |  SF3=0.85 B
|

Major axis direction——- !

& 3 ~ EE"X Composite |
0K

C ||
ance < Click the button

Similarly define the property for columns as a rectangle section with dimensions H = 80; B = 30.

Define Dead, Live and Wind loads and load factors for combination.
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Dead and Live load:

Uniform Yertical Loads <]

Dzed load) = = Type in the dead load value
Live load = «~——— Type in the live load value
Self weight factor = EI «~——— Type in the self weight factor

Skip | Skipalll « Click the __%&_1 putton

Define Wind loads:

Uniform Wind Loads
i :

:

YWind on left column = [0.5 = Type in the wind loads
YWind on right column = 0.7

OK | Skip | Skip ﬂ"l «— Click the [ putton

Define combination factors:

Combination factors B4

Dead + Live :

Dead [max.] =
Dead [min.] =|0.9
=——— Enter the load factors
Live = 1.6
Dead + Live + YWind ;
Dead = (1.2
Live =|1.6
Wind = |I].El |
Dead + Yind :
Wind = 1.3

Ski | Ski |||
oK | 'P A« Glick the L& putton

The program now creates the model according to the parameters and displays it on the screen with the
following Dialog Box at the bottom:

| MNo. of hay5=E| Mo. of storeys= ’E_‘ 0K | Cancell

Total width= Total height= |1¢. | Dimensions |
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- To revise the bottom storey height to 4.0m, click the button.

- Move the cursor to the vertical dimension line so that the dimension of the first storey is highlighted with

the rectangular blip; click the mouse.

Enter the new dimension:
4.0

=——— FEnter the new dimension

0K Cancel
=—— Click the button

Do you want to revise:

This dimension only «—— Select Revise this dimension only

All identical dimensions on this line

- Press Esc (right click the mouse) to end the revision of dimensions.

- Click the button to leave the Model Wizard.

The program now enters the regular geometry module.

Jisi]
- click the 1eads | jcon

 Loads

£
All loads were defined in the Model Wizard. Click the ' ¥#&] ijcon to review and check the loads.

- Click the ﬂl icon on the Side menu to solve the model.

Do you want b zave the matnx for thiz model?

Mo | Cancel | =——— Click the No button

After completing the solution, the program enters the results module of program.

* Results

Display graphic and tabular results for the static load cases. To continue to Dynamic Analysis select Files

in the menu bar.

STRAP models list
Geometry definition
Loads definition

Dynamics

‘Weights
Results

«=—— Select Dynamics the pull-down menu
and click on Weights.

Steel postprocessor
Concrete pogtproceszor
Footings postprocessar

Print/Edit saved Drawings
Copy drawing to clipboard

Enit
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* Dynamic analysis

Define the nodal weights.

The program calculates the natural frequencies and the corresponding mode shapes. Assume that the

dynamic nodal weight

[IwEIGHTS |3

£

add revise

53| X

zelfw.| Del

zlatic 7

L]
load Modes

=1.0 x Dead loads + 0.2 x Live load Retrieve the loads from the static load cases:

=—— C(lick static load

Static Load
Static load case :
DEAD LOAD M «—— Select Dead Load
—Addition mode :
@& Add static load to nodal weights «—— Select Add static load
i~ Heplace nodal weights by static load

Static load component: X1 @ X2

=——— Select X2

Factor = |[1.

=—— Define factor=1.0

Cancel |

=—— Click button

Similarly add the Live

Load to the static load with the Factor = 0.2.

Nodal weights will be automatically assigned to the nodes in the model.

Solve natural frequencies and mode shapes:

L
- click the Modes] jcon

Mo of mode shapes to be calculated = «~—— Specify No of mode shapes

Calculate natu
within a conve

ral frequencies _ E
rgence tolerance of : 10

Apply weight in : Eccentricity : ———

¥ X1 direction dxl =

I= %3 direction dx3 = |:|

~—— Apply weights in global X1 direction

0K I Cﬂ““'l — C/ickbutton
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- Select File in the Menu bar.

- Select Solve the Model in pull down menu. The program solves for the natural frequencies and the
corresponding mode shapes.

Do you want ko gave the matris for thiz model?

Ho | Cancel |

=——— Click the No button

- Display the results of the mode shape analysis:

BRESULTS

Graphics

(P
«—— Select Graphics - Screen fo display graphic results.
sifeen | PNt || . geject Tables - Screen to display tabular results
Tables

gireen | print

Mode shapes graphic display
Select mode shape :

«~—— Select Mode no. 1 to display
Mode no.
Mode no.
Mode no.
Mode no.
Mode no.
Mode no.
Mode no.

CO = M I Lo M

Parameters

Max result will be scaled as: cm.
Display only values greater than

[~ Hatch the result diagram

[~ Animate .time= cec YYrite walues for: [total of all direcij

Cancel |

The program displays the normalized mode shape ( maximum deflection = 1.0):

10000000000

SEELE]

L= 1=y L Lot [ Lt

R ==
—]

=
[~ L= 1=§ >

[~ L= 1=§ >

MODE SHAPE NO_ 1 VALUES ARE =10™ 2
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+ Seismic analysis

- Select Seismic analysis in the menu bar.

b ethod for Combining modes
Edit Spectra file «~—— Select Method for Combining modes

Parameters
|lpdate Static Besults files

The program calculates the response that for each mode separately and combines them according to a
formula that accounts for the fact that when one mode achieves its maximum response, the other modes
are less than their individual maximum.

Method for combining mode shapes |

" [S]RS55 - [Square] Root of Sum of Squares

® CQC - Complete Quadratic Comhbination «— Select CQC

with damping ratio = (0.0001
oK Cancel | «—— Click the L_%&_Tputton

Define the Code parameters:

All seismic design codes modify the analysis results by factors that represent the framing method, soil type,
importance, etc.

Refer to the Code and the program Help/manual for a detailed explanation on the factors used in the
following Dialog boxes:

b ethod for Combining modes
Edit Spectra file

Parameters «~——— Select Parameters in pull down menu
|lpdate Static Besults files

UBC (1997) [x]

Select another code |

~——— Specify the calculation code
Minimum no. of modes to consider :El of 8 -— Type in minimum number of modes

Earthquake direction :
: : Near source =~ Select earthquake global direction X1
Soil profile type [s81] factors: Cancel

Importance factor [1 ]|1. | Na = |1. |

Structural factor [R] |3. | Ny = |1. | Click the button
Seismic zone factor [Z]

Scaling of results

# Mo scaling Total seismic dead load [¥][1377. .
N «——— Select No Scaling
" Scaling for regular structures Period [T]

" Scaling for irregular structures [ 100 %)
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¢ Create equivalent static load cases

- Select Seismic Analysis from the Menu bar.

b ethod for Combining modes
Edit Spectra file

Parameters
Update Static Results files «—— Select Update Static Result

Write the dynamic results to the static results file.

Create / Update STRAP static results hles

=——— Select CQC over modes
W - -
MESEL Yo | J to| 4 J «——— Select the range 1 to 4 of modes to be included
™ Mode shapes in the calculation

Deactivate mode shapes

[4 mode shapes deactivated]

Cancel «——— Click the button

The program updates two STRAP files:

- Results file: each dynamic load cases is appended to the file

- Applied forces file: in order that the number of load cases in this file will correspond to the number of load
cases in the results file, “zero” load cases are appended to the end of the file.

+ Static results
Display static results for dynamic load cases.

- Click File in the menu bar.

Wieight data
Static Besults

STRAF models lizt
Geometry definition
Exit

LCopy to clipboard

= Select Static Results in the pull down menu

- Click Combination in the menu bar

Define / revise combinations | «——— Sefect Define/Revise combination
Define / revize Groups

Standard combinations libran
Dizplay combinations List
Frint combinations list
Dizable all combinationz

Definition options
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Mo Title T:DEAD L. | ZLIWE LOAD | 3wIMD L. | &COCOY... |A .
1 11 20+21 .60 1.2 16 =—— Enter/revise the
2 1#0.90+2*1.60 09 16 ; ;
3 199 3042 2043030 15 13 08 combination factors
4 1#0.90+3%1.30 04 1.3
] 11, 20+2%1.00+4%1.00 1.2 1.0 1.0
B 1#0.90+4*1.00 04 1.0
7 1+0.90- 4=1.00 04 1.0
a
9 -
oK Cancel Copy Cut Paste =—— Click the button
Display the results:
i® Draw .
=——— Click Draw
i Tables EE=
 Single “—~
beam ——
|
screen | pnnt || = Click screen
Graphic display |

Display type |Beam result diagram j|

Result type |M3 j|
—Load case

 Load case
@ Combination| Seismic*1.00+Dead load*1.20+Live load*1. 7|
" Envelope

- Parameters
Max result will be scaled as:@ cm.

Display only values greater than % of max. result
Display the result diagram in: # Screen plane ¢ Result plane

[ Hatch the result diagram
Cancel |

The dynamic analysis has been completed.

Version 11.5 9-9
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10 Bridge Analysis

Use the Bridge Postprocessor to calculate the max-min results for the following two lane bridge:

LOADS:
nxz SEIfWEight

Temperatwre gradient -20 EAMS
17 18 19 ,%'\ 20
9 10 ul 1/ 12 &
i % e E {( L. ;

=t
/ 4 X

18X1.67=30.0 3

BEAMS H=80, B=20
ELEMENTS TH=40

* The self-weight and temperature gradient loads will be defined in the regular STRAP loading module.
» The results corresponding to the vehicle loading patterns will be calculated in the Bridge Postprocessor.
» All results will be combined in the Results module.

Define a regular STRAP model of the bridge consisting of beams and plate elements, loaded at this stage by
self weight and temperature gradient load and solve the model for these loads.

* Main Menu
- select Files in the menu bar
- select New model in the pull-down menu
- enter the model title

* Preliminary Menu:
Model type

C * Gri
Plane frame % Grid E «~——— Set the model type to Plane grid
" Space frame ﬁ  Truss i

defined

- Click to proceed to geometry

* Nodes:

Define only the nodes of the beam grid using the Grid command; the remaining nodes will be generated
automatically by the Element Mesh command.

+ .+
+1 o+

- click the ("9 |jcon

- click the icon
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Define nodes on grid base as:

& Equally spaced «=—— Select Equally spaced

" Unequally spaced

" An existing line of nodes

Cancel | «~—— and click the button

Move the crosshair to X1 = 0.0, X2 = 0.0 and click the mouse.
Move the crosshair to X1 = 30.0, X2 = 0.0 and click the mouse.
Specify: 3 segments.

Similarly define the nodes parallel to X2:

Select Equally spaced
Move the crosshair to X1 = 30, X2 = 6.0 and click the mouse.
Specify: 4segments

click

Click the [™ment {jcon.

¢ Restraints

- to display the full drawing, click in the menu bar

. n . .
- click _I' in the menu bar to display the node numbers

Click the _faints

L
Click the ™

icon.

icon.

Select Individual nodes

Move the crosshair adjacent to node 1,2,3,4,9,10,11,12,17,18,19,20 so that the nodes are highlighted
with the rectangular blip; click the mouse. After the node 20 has been selected, click the mouse again
without moving the crosshair.

Click the [ment {jcon.

+ Beams: Define all beams with a grid command —

Click the _beam

EEEEH
Click the 914

icon

icon

Select Node 1 as the start node of the base line:
Select Node 4 as the end node of the base line
Select Node 20 as the end node of the height line.

Properties:

Version 11.5
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Beams properties E I [
- Click the (P22 |icon.

Properties Groups | &dditional options |

M. Dezcription Dir. | Mat. -
28 | - Undefined - =
2 | -Motused-
3 | -Motused- «~——— Click property no. 1
4 | -Motused-
a8 | -MNotused-
B | -MNotused-
7| -Motused -
1] | 13
Defineﬂ:levisel Assign | Delete |
Cancel| [ Close | «— Click the Define/Revise button
Select section type:
- BRI
‘L steel D | — B0 =] |:|
table | | dimen.| taper| cable | comb.| paste «— (Click the dimen| jcon
Steel table: |European |
Cancel |

- Click the E' icon.

- Enter the dimensions, as follows:

Units: Material: [CONC E=300001~] | «—— Se/ect Conc
B=f0. | K —— Define BH
5F2= SF3= [0.85 H

Major axis direction———————— |L|

L ‘EH—'xZ . E‘El-'xz Composite | «—— Define x2 as the major axis

Cancel | =—— Click the button

=—— Define SF2

- Click the button to complete the property definition.

- Click the [ment | jcon.
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* Elements

[J~
- click the #®™ |jcon

i

- click the _™esh | icon

Elements mesh 5]

oK

Select Generate nodes

" Use existing nodes only Cancel

" Use 3D projection of existing nodes

—Mesh type
#® Rectangular
" Skew

" Circular

- and click the button

- Define the contour by selecting nodes 1, 4, 20, 17 and 1 again to close the contour.

Contour defimtion |
. End contour definition «—— Select End contour definition

Define contour of a hole

Cancel

- Arrange the mesh parameters menu as follows:

Mesh grid parameters
Grid step
In ¥ direction [1.67 =~ Set the Grid step in both directions

In ¥ direction El Cancel | «—— Click the button
Minimum element size

¥ Align grid with existing nodes

[ Ignore existing nodes
[ Align to and split existing beams

Grid angle = | 0.

- The program superimposes the preliminary mesh on the area defined by the contour.

Mowve a horizontal Iint:l Move a vertical line | Move the grid | Cancell

VYertical spacing | Horizontal spacing |

- Click the button.
- Click the button when the program asks Is the mesh OK?
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Define the element thickness:

£
- click the PPl icon.

DPE g pup =
MO, [ ezcrption [iir. kdat. -

" Beam property- «— Select 2 -Undefined-
- Undefined -

(assigned by default to all
elements)

?

- Mot uzed -
- Mot uzed -
- Mot uzed -

o e LD B =

- Mot uzed - -
1]

| 3
Definefﬂevisel Assign | User material | End | «— Clickthe Define/Rievise | o

Dummy elem.

- Enter the property values:

Units: Material: [CONC E=300000~]| . Sc/ect Concrete
™ Orthotropic

Thi[:knt:ss= «=—— Type in Thickness =40
0K Cancel | «— and click the button

- Click the ﬂl button. In the Properties Groups dialog box

- click the e icon.

e Beams:

Note that the beams are not connected to the elements at the new nodes between the supports.Use the
Beam Split option to divide up the beams

- Click the _eam ] jcon

'3
- Click the _*®" |icon

Do wou want to split:

All beams with intermediate nodes =——— C(Click all beams

Selected beams with intermediate nodes

Cancel

- click the [™en4 | jcon.
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* Loads:

Jiai]
Click the 1eads | jcon.

Define the self-weight and temperature loads in separate load cases:

Load cage title: [max. 60 char.]

|Dead Loads |

0K

El
Click the _™* [ icon.

Define the load case title:

Cancel

«~——— Type in the title

=——— and click the button

Load type
" joint load
@® heam load
" elements Id.
" supp. displ.
" combine Id.

" global load

Select the load type:

=—— Set the Load type menu to beam load

and click the _9€fine| jcon.
B
- Click the 2#*|icon

- Click Select all beams

- Define the load:

Beam no. 170

Direction:

= Set the Direction fo X3

=—— Set the factor and

Cancel | | «—— Click the _End_| putton

Define the self-weight for the elements:

- set the Load type menu to @ elements Id. and click the ﬂl icon.

- click the ﬂl icon and set the Factor = -1.
- click Select all elements

Version 11.5
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end
load

- Click the [£2=2

icon.

Define the temperature loads in Load case 2:

S
Click the _™&*

Load cage title: [max. 60 char.]

icon.

Define the load case title:

Temperature

0K

Cancel |

«~—— Type in the title

=——— and click the button

oo

click the

~Load type

icon.

" Contractionfexpansion
#® Temperature gradient

0K

Temperature change=

Cancel

-20.

end
load

Click the 2%

+ Solve

—

- Click the _sol¥e

click Select all elements

icon.

set the Load type menu to @ elements Id. and click the ﬂl icon.

~—— Select gradient

«~——— Type in the gradient value

=——— and click the button

icon on the Side menu to solve the model.

Do you want b zave the matnx for thiz model?

Cancel | =——— Click the No button

- Click File in the menu bar.
- Click STRAP Models list to return to Main menu.
- Select Design in the menu bar and Bridge module in the pull-down menu.
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* Bridge Module-general

The bridge module automatically calculates the critical loading pattern that generates the max/min results
for any result type at any point on the bridge.

The procedure is as follows:
Divide the bridge into lanes and then divide each lane into strips perpendicular to the axis of the lane.
- Solve the model: the program automatically applies a unit load to each strip in a separate load case (no.
of load cases = no. of strips). The program uses the results of those cases to calculate worst case effects
by means of superposition.
Define lane loads: specify the vehicle loads and the distributed loads required by the codes on each of
the lanes.
Create load cases: tell the program how to arrange the various lane loads to create the design load

cases.

- Transfer results to STRAP: append a load case to the STRAP results files that contains an envelope of
the maximum results for vehicle load.
Create combinations of the vehicle results and the self-weight and temperature loads.

+ Bridge Module- Lanes

The bridge consists of 2 parallel lanes, each 3.0 meters wide.

X1

!

17 20
] ) - . ,Wﬁ = }Lane1
g B oo RSk o
g > T - .% 3

¥ islels 2| % Lane?Z
B I R e e A A

30.0

The lanes are defined by specifying the center line axis and width.

i
- Click the ﬂl icon to define lane 1.

Version

DEFINE:

@ |ares

" wehicle
" lane load
" load case

=——— Select lanes

Click Node 1 to specify the start of lane.

Click Node 4 to specify the end of lane.

11.5
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Lane segment properties

Segrment length = 30, Nodes:

Lane width = |_ Lane offset = | «——— Type in lane Width and the center line Offset
(the offset of the lane center from the

Yertical tolerance = | 1000 line connecting start and end nodes)

Divide zeqment inta |12E| shrips

E nd definition | Cancel

«~——— Type in the number of strips

Click End definition

- Similarly define lane 2 between nodes 9 and 12.
* Load distribution

The loads may be applied to nodes, elements or selected beams.
- Select Options in the menu bar.
- Select Load direction to specify the Global direction of applied loads.

[Global #1 direction
[Global #2 direction

+ Global %3 direction | «——— Select Global X3 direction

- Select Loads distribution in the pull down menu.

Load distribution method Ed |

Digtribute bridge loads awver :

Beams
Mad
™ Parallel to lanes oaes

™ Elements
C Perpendicular to lanes

W Al beams «=—— Click All beams

™ Selected by uzer

Cancel |

* Solve the model

=—— Click the button

STRAP will create one load case for each strip in the model (a unit load is applied to the strip); 240 load
cases will be solved in this model.

- Select File in the menu bar and click Solve in the pull down menu.

Do you want ko gave the matris for thiz model?

No | Cancel | | «—— Ciick the No button

The program returns to the bridge module after completing the solution.
+ Display influence lines:

Display influence lines for any STRAP beam ,element or node for any result type.
For example, display the influence line for M2 moment at the center of beam 111.
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- Select Results in the menu bar:

Dravy influence lines for selected result
Display takle of influence lines

Prirt table of influence lines

Eraze influence lines from display

=—— Select Draw influence lines

Draswe applied loads for selected result
Dizplay table of applied loads

Print table of applied loads

Eraze applied loads from display

Print draswing

Update STRAP result files

Influence lines for : [E3

Mode deflections |
Beam results | =——— Select Beam results
Element results |
Mode reactions |

Beam result type
Select result type and location within beam
Resulk type———— [~ Location
 sgial 0 Tarsion
_________ i~ Beam start
Coyr W2 = Select Result type
" Beam end

w3 e
& mﬁﬂuufbeam

oK | Cancel | «—— click the (L% 1 putton

- To select beam 111, highlight it with the m and click the left button of the mouse.

The program displays the following influence line:

P piy
Pon Fiy
I 111
£ piy
4

INFLUENCE LIMES.BEAM 111, 0.5 OF SPAN | M2

* Define lane loads.

Specify the vehicle loads applied to the lanes.
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The following lane loads may be defined: uniform, vehicle, knife-edge loads.

DEFINME:

" lanes

" wehicle
® |ane load
" load case

- Click the _define | jcon.

Lane load

Name:l lane laad no. & itz |t.;.n vI Imeter vI «=——— Type in Load case name

— Unifarm load

b &, : = Type in Uniform load value
W= |3_ length = I_ Factor table'“ BD 37/26 7] «—— select load reduction (vs. length)

—Vehicle factor table

T.'r'F'EilHE! [A=8rmn] vI Fa-:h:ur=|_ Direu:tiu:un:IStart ko end VI = Select Vehicle group

— K.nife edge load

=—— Select lane load

«~—— Type in Knife edge load value
W [shear] = Iﬁ " [mament] = m (the program applies the knife-edge load
as a uniform load to a strip)

] 4 I Cancel | = Click the button

+ Define load cases

Assign a lane load to each lane to define a load case. The program applies the load to each of the strips

along the length of the lanes; only those loads that contribute to the requested maximum/minimum result
are used.

DEFINE:

" lanes
= wehicle
" lane load

® load case «——— Select load case

- Click the _d&fine| jcon.

Define three load cases:

- lane load A is applied to lane 1 only.

- lane load A is applied to lane 2 only.

- lane load A (defined in the previous step) is applied to both lane 1 and lane 2.

- Define load case 1 and 2:

Generate all possible permutations of the lane loads on the selected lanes. The program will create load
cases by interchanging the lane loads.
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Load case definition

Name:] lad caze no. 1

Select aload:

—

Click to azsign selected load to selected lane(z)

Azzign |

Select lane(z] :

lane 2

¥ Load case iz active

Lane: Azsigned load
lane 1 lane load type A
lane 2

Create load caszes by permutation:

€ Do hot permute loads

@ From lahe |1_ to lane: |2_

=——— Select lane load A
=—— Select lane 1

«~—— Specify all
possible permutations
on lanes 1 and 2

ok I Cancel | " Bylane groups Define |
Define load case no. 3.
Load case definition
NamE:] load caze no. 3 W Load case iz active
Lane : Azzighed load :
Select a load : Select lane(s] : ane sEinea o

Click to agzign selected load to selected lane(z)] :

Aszzign |

o]

Cancel |

lane 1 lane load type A

lane 2 lane load type A

Create load cazes by permutation:

" Do not permute loads

" From lane I'l_ tor lame: |2_
" By lane groups  [efine |

Display selected results

Select Results in the menu bar.

Diraw influence linez for zelected result
Dizplay table of influence ines

Print table of influence lines

Eraze influence lineg from display

Draw applied loads for zelected result
Dizplay table of applied lnads

Print table of applied loads

Eraze applied loads from dizplay

Frint drawing

Ipdate STRAP result fles

Version 11.5
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Click the button

=——— Select lane load A
=—— Select lane 1 and 2

=—— Click the button

The program displays the loads applied to the various strips that are required to generate the
maximum/minimum result.

For example, display the maximum absolute value for Mx result in the center of element 58.

= Select Draw applied loads for selected results
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Type of extremum
= M aximum results

= Minimum results

@ Ahsolute value masimum | «— Sefect Absolute value maximum

Cancel | —— Click the button

Applied loads for : B4

I ode deflection |

Beam results |

Element results | «——— Select Element results

MHaode reactions |

Element rezult type |
Select result tppe and location withinthe element
—Result—  Location——
@ by | A centre «——— Select Result type

' M_'.-' f'“ At Ja
O My | |C BB
LY A
O abD

Cancel | «~—— Click the button

- To select element 58 click the mouse.

The program displays the location of the loads applied to achieve the max results.

uniform wvehicle
1 ; s e 7
; e B |
f - :
)i : R R

i iy

\k"ifE-EdHE ABS. MAX. RESULT.ELEMENT 58 . CENTRE . Mx:-3.448

¢ Transfer results to STRAP

Create a single STRAP load case consisting of a maximum result envelope for all results types (moment,
shear, etc.). Note that you can create separate load cases for each result type.

The program will search for the critical load pattern for each result type for each node, element and beam
(1/10™ of span).The results will be transferred to the STRAP results file.

- Select Results in the menu bar.
- select Update STRAP result file.
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Update STRAP results files E3

~ Envelope results type
O Maximurm O Minimurn @ Abzolute Valug M azimure

Select envelope result type

—Modes
¥ Update nodes deflections
¥ Update reactions in STRAP results files

—Beams
IEnveIu:upe for each result type j
Elements

’7 IEnveIDpe for each result type j

¥ Update results for elements not on screen

Loadno. 1.:

|Bridge Max. abs. envelope

Ok I Cancel Additional load

~——— Type in name

=—— Click the button

The program runs about one MILLION comparisons for each beam in this model for computing the envelope
and takes a few minutes to complete the calculation.

Status of calculation

Calculating  now  result for element 25
Checking lnad no. 1
Checking wehicle load

- Select File in the menu bar.
- Select STRAP results to return to the STRAP results screen.

« Combinations

The model also contains other load types e.g. self-weight and temperature (already defined). Define
factored loading combinations of these loads with the vehicle loads envelope.

- Select Combinations in the menu bar.

Define £ revize combinations
Define / revize Groups
Standard combinations libran
Dizplay combinations List
Frint combinations list
Dizable all combinationz
Definition options

=—— Define/revise combinations
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Combinations definition

M. Title |'I:Dea|:| loads | & Temperature | 3:Brdge: M., =
1%1.18+2%1.26+3*1.30 | 1.15 1.25 1.3

h| & pa|—

Cancel | Copy | Cut | F‘astel

- Select the load case and enter the load factor.

- Click the button to exit from table.

- To display graphic results:

i® Draw select Draw and

" Tables ===

 Single “—~
beam ——

scieen | print || . click the screen icon.

Graphic display <]

Display type |Elcmcnt results contour map j|

Select Display type

Result type |Moment in X direction j| «~—— Select Result type

~Load case

 Load case «~—— Select Load combination

& Combination | 171.15+271.25+371.30 j

" Envelope

~ Parameters

¥ Fill contour regions with colour.

Mumber of contour lines:

Change contour lines values |

=—— Click the button

=]
-~
\:
o
3
o
o

Mx CONTOUR LINES COMB. HNO_. 1 171.15+271_25+3%1.30
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11 Space Frame with Wall Elements

Define the geometry of the following 10-storey building that includes four walls extending the full height of the

structure:
4000 _ (3
=
Wall 2a | |2
L]
9150 @ Rei b ang
. CaCd -
S Wall 3
2 S ||wal1 2 _ 600
NF | ade 2 5] nggmg ogggmg
T =]
m —— — — —— — —
- A P S DR B
=
2 1000 1000 1000 1000 1000 _ 1000
X2 Wall 2b [l 1800 800
Wall 3
| LX1 Ref. pt.-\‘.ﬁ
{0,0) 24000 2000, 3)
Note:

+ this example explains how to define the geometry; for dynamic analysis and interpretation of the results,

refer to the user’s manual.
* The model is used for dynamic analysis only:

- the slabs are defined with dummy elements; the in-plane rigidity is provided by rigid links.
- columns are not defined because their contribution to the lateral stiffness is negligible.

To define the model:

* Main Menu

- click the New model QI icon

* Preliminary Menu

- Set the Model Type to O Space frame

defined

- click the button

+ Geometry
Define the wall reference nodes 1, 2, 3, 4 at ground level (X3=0.0):

+ .+
+1 +

- click the "9 |icon

+
- click the ™9 | jcon

- Node 1: Move the crosshair to X1 = 0.0, X2 = 8.0, X3 = 0.0 and click the mouse.

Node nu.:|:| X1:||] H X2:|EI H x3:|l]. H
Screenl End definition |
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Node 2: Move the crosshair to X1 = 24.0, X2 = 20.0, X3 = 0.0 and click the mouse.
Node 3: Move the crosshair to X1 =24.0, X2= 0.0, X3 = 0.0 and click the mouse.
Node 4: Move the crosshair to X1 =9.15, X2 = 13.85, X3 = 0.0 and click the mouse.
Click End definition

Define the supports:

Click the et | icon.

Click the raints icon.

VAN

Click the _fired | jcon.

Click the Select all nodes || button

Copy the nodes to all 10 floors:

FX

Click the _™ent | jcon

'.n‘_:|||

Click the £ [icon

'.H_:|||

Click the 22 | icon in the Copy options menu at the side of the screen

Click the Select all nodes | button

select any of the 4 nodes as the reference node

Click the by coordinates | button

Define the floor levels at 3.0 m intervals (X3): Press the left mouse button and do not release; move the R‘.’
into the X3 edit box (note that the coordinates will not change) and type 3.0:

w1=(0. H: x2=|3. Iil x3=|3.l] E’
Screen Cancel | 0K |
set Number of copies: 10 and click

click the Isometric View icon El in the icon bar to display the entire model.

Define the wall sections:

FX

Click the _™&nt | jcon

Click the .#a" |icon

£
Click the ﬂl icon in the menu at the side of the screen

Version 11.5 11-2 12/04



STRAP

- Select the section:

Wall sections m |

Ma. | M ame - .
B | Undefined section Select section 1
2 | Undefined zection
3 | Undefined section
4 | Undefined section -
4| | >
Edit/add section Azzign sechion | End | ~— Click Edit/add section

- Define the properties and dimensions of Wall 1; the wall consists of one segment only and we will define
the segment end at DX=0, DY=400:

Wall section no. 1 m
_ — Current segment properties i )
Mamne: Matenal: | COMC E=;| segrment 1 Thickness =Wmm — SpeCIfy thickness = 300

@
" Coupling Beam, H= | 1000.

— Segment ends at:

i _ = Specify DY = 4000mm
moxe[ Jov- i and press [Enter]

£ | irather segment end

£ it erthienseament The segment is drawn in the
o Add current segment | center box as — =
— Segment start—————————————————

Mext zegment starts at the mark.

Mave Arathen Coren |
mark, to: —
itk & seament |

elete & segment I Edit & segment |

Eeferetize carmer | Undo |

300

4000
1

_— ,
= reference corner Close | Click Close
= next segment start Ayl

Define Wall 2 section:

[
- Click the ﬂl icon in the menu at the side of the screen
- Highlight section no . 2 and click Edit/add section

- The wall is composed of two segments; the first ends at DX=4000; DY=0. Set the Thickness = 300, type
in DX = 4000 and press [Enter]; the first segment is drawn in the center box:

L|< 4000 ;|J
* ] il

300

- the second segment is offset DX=0, DY=3000 from the end of the first segment. The cursor is already in
the DY= box; type 3000 and press [Enter]; the second segment is added to the display:
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Default reference Reference point
paoint should be here
/ 300 L
L 4000 J
= =1
- Click Close

Define Wall 3 section:

- Note the “reference point” at the first corner denoted by the *,

This is the point where the wall section will be attached to nodes
in the structural model. Referring to the floor plan at the
beginning of this example, it is apparent that Walls 2a/2b will be
attached at the corner joining the two segments in the section.

3000

To move the reference point, click _ieference cormer | move the ¢
to the new location so that it is highlighted with the M click the

e mouse. The - will now appear at the correct location.

- Wall 3 is created by defining nine segments in the following order:

Ref pt
. Note:
- segments 3 and 5 are coupling beams
@ segment 9 bisects segments 4 and 8 and
)] divides them each into two new
segments.
I | | I
| T —— . —
2 3 @) & ®
g
- Click the 2= | icon in the menu at the side of the screen
. . . . - - + _"‘c
- Highlight section no . 3 and click Edit/add section
- Segment 1:
— Current segment properties s
Thickneszs = o SpeCIfy thickness = 300 300F— 2
& wall
" Coupling beam, H=
— Segment endsz at:
Lg
 DX= D DY= mm «~——— Specify DY = -2000mm
" Another segment end and press [Enter] T
" Within another segment The segment is drawn in the center box:
- Segment 2: % 1
Specify DX =1000mm and press [Enter]. The segment is drawn:
- Segment 3 (coupling beam): b
1000
— Current zeqment properties
Thickness = mm [
C wall
{* Coupling beam, H= = Specify {s Coupling beam
— Segment ends ak: H=800 mm g oo
DX= (1000 |[DY=| |[mm | +—— Specify DX =1000mm o
" Another segment end and press [Enter] 7,1UUWBUU|
" Within another segment !;T_ -------------
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Segment 4: - Segment 5:
Specify © Wall and DX = 2000 Specify ©* Coupling beam and DX = 1000
% 300 = » . % 300 . e e =
ﬁuuu.ﬂﬁuuT 2000 ’I ﬂ]uu;suﬁ 2000 Tuuu.iﬁu’[}
_____________ |j:|
________ __ O
1000 M
Segment 6: - Segment7:
Specify ' Wall and DX = 1000 Specify ' Wall and DY = 2000
2 R NN = L NP =
b 3uu1ﬁﬂﬂrﬁﬁﬁ 2000 1000300 ] 3001@]033@3 2000 1Poo/sap =

1000 1000 1000

Segment 8:
This segment ends at the start of segment 1

Segment ends at:

Cpx=[  |py=[  |mm

* Another segment end: = Specify ™ Another segment end
" Within another segment

| Select segment end I «~—— Click Select segment end

move the Eﬁ' to the start of Segment 1 so that it is highlighted with the M click the mouse.

[ =]
F 6000 A
* T
= =]
=300 ! ol Il =
& 1Puuraﬁﬁ 2000 1Puwaﬁp S

1000 1000

Segment 9:

Cumrent segment properties
Thickness = mm «——— Specify Thickness = 600 mm
= Wall

" Coupling beam, H=

This segment starts at the mid-point of segment 4 and ends at the mid-point of segment 8

Segment start
Mext segment startz at the mark

Move Another corner |
mark to:

Within a segment | «—— Click Within a segment
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F 6000 o
*
SR A T— e — =
N 1ﬁuur36ﬁ 2000 fﬁuursﬁp N
s ] S =——— move the R:’ adjacent to segment 4 so thatitis
| 1000 R | 2000 highlighted with the B; click the mouse.
Specify the location along segment 4:
Startfend coordinate of a wall [ x|
Distance to starting point = — eqer tl?e distance from the start of the segment to the
mid-point.
Cancel |
Now define the end-point of the segment:
Segment ends at:
" Another zegment end
' Within another segment ~—— Specify &+ Within another segment
| Select segment end | «——— Click Select segment end

Move the ['E' adjacent to segment 8 so that it is highlighted with the B click the mouse. Specify the location
of the end point of segment 9 at the mid-point of section 8, as explained above for the start point.

- Section 3 is now complete; Click Close.

Now we will attach the three wall sections to the model:

- click the node number icon il in the icon bar to add the node
numbers to the display:

M M
‘-I A M0 #
- click Tine 33 +3543 A8
- select the wall section: 29 +3%9 .
+ 30
Node=(2 OK | Cancell wall no.= |1 |Sect.: |1 | Screenl 25 285 +26
1 ¥
Type I—Tand c:Iick—T ? 3131 29
& 2% :
- attach section 1 to line 1-41: 12 1*&2 s
move the@.1 adjacent to node 1 so that it is highlighted with the q +1;|3 4
B click the mouse; move the%‘ adjacent to node 41 so that it 5 +3+ ? A0
is highlighted with the I click the mouse; ; v 5
& an
The program adds the wall section to the line 1-41. 7 £
- attach section 2 to line 2-42: £

Specify Sect =2 and select nodes 2 and 42. Note that the X}Lﬁ
orientation of the wall is not correct. We will rotate it after the
other three walls have been attached.
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- attach section 2 to line 3-43:
Specify Sect =2 and select nodes 3 and 43

- attach section 3 to line 4-44:
Specify Sect =3 and select nodes 4 and 44

- click the node number icon il the Isometric View icon El and the Restraints icon ﬁl . The model is
displayed on theX1-X2 without numbering or restraints:

All of the walls are oriented correctly except Wall2a (check the
coordinates of the wall corners by clicking on the 4 Data icon ) tnvall 2a)

- Rotate Wall 2a:

click the Isometric View icon EI ]:]:I
click '4|

e orall 3
o1at licon (4vall 1)

- the wall may be flipped or rotated:

Wall rotation angle ovall 2k

Rotate wall section relative to its default orientation +
wegll

(ol | B axis
T refererce
90 puln{ —_— . W
 180° 210
© 270° - B
 Angle= X +
g Y

¥ Flip about wall X axzis

d
flip about - «——— Specify ™ Flip about X axis

" Flip about wall Y axis fip aboutY—" 2

OK Cancel

- Click Select by window
- Create a window around Wall 2a; the program flips it into its correct position.

Define the floor slabs:

The floor slabs are modeled by dummy elements since the model will be solved only for dynamic loads. The
elements are necessary in order to define the masses, but the size of the elements is not important.

We will define the slab at X3=3.00 and copy it to the other 10 levels.
- Click on Remove in the toolbar at the top of the screen

- Select Limit display to a plane

- Select any three nodes at X3 = +3.00

- click the Isometric View icon El to display theX1-X2 plane

Define the nodes at the X1=0 corners of the slab
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+ .+
+1 +

- click the ("9 |icon

+
- click the M9e | icon

- Type in the coordinates X1 = 0.0, X2 = 0.0, X3 = 3.0 in the dialog box at the bottom of the screen
- Type in the coordinates X1 = 0.0, X2 = 20.0, X3 = 3.0 in the dialog box

Define the element mesh:

[J~
- click the [#™ |icon

=

- click the L™esh | icon

Elements mezh m

~Nodes

si

" Use existing nodes only

" Use 3D projection of existing nodes

~Mesh type
& Rectangular
" Skew

¢ Circular

Editan existing mesh |

«——— Click OK

- Select the four corner nodes and end the selection by clicking the first corner again

Contour definition m

End contour definition

Define contour of a hole

Cancel
Mesh grid parameters m
Grid step

In ¥ direction
In Y direction

Minimum element size [HEIEPS

[ Align grid with existing nodes
[~ Ignore existing nodes
[~ Align to and split existing beams

Cancel

0K |
[ |

¥ Align edge elements with adjacent ones

Grid angle = | 0.

Version 11.5

I «——— Select End contour definition

«~——— Specify Grid steps: X =2.4, Y=2.0 and click OK
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click @ in the Elements menu
prop.

click Dummy element

ELEMENT SELECTION -

| Individual elements |
Select by window |
Cancel |
Select by polygon

I
Select meshes | =—— Select meshes
|

Select all elements

Select elements with:

" One node in the window/polygon
@ All nodes in the windowfpolygon

[" Select only elements in a selected plane
" Multiple selection
[ Limit selection by property

select any two nodes in the mesh

Click on Remove in the toolbar at the top of the screen

Select Limit display to a plane

Cancel last plane selection| =—— Cancel last plane selection

Revise plane selection

Change tolerance

Cancel

click the Isometric View icon El

Copy the slab to the other nine levels:

'.n‘_:|||

Click the _£%** |icon in the main menu.

'.n‘_:|||

- Click the _£2® ] icon in the copy options menu

- Click the By levels button

- Select level X3 as the height axis and select X3 = +3.00

- Select a reference mode: move the [? adjacent to the node in the left corner so that the node is highlighted
with a B; click the mouse.
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- Define the new location of the reference node:

- Click the | by coordinates Ibutton

- Click and hold the left mouse button and drag the cursor into the dialog box at the bottom of the screen -
the coordinate values in the box will not change as the cursor moves. Type the coordinates X3=6.0.

- specify No. of copies =9
- Click to continue

Define Rigid links in the slab plane:

- Rotate the model so that it is displayed on the X1-X3 plane. Select Rotate in the toolbar, specify X1-X2 and
enter the rotation values X1 =-90, X2=0,X3=0

rest- | . .
- Click the faints | jcon in the main menu.

!
rgid
- Click the _fimks | jcon in the Restraints options menu

Rigid links | x|

Select rigid link type:

" all directions
—rigid in a plane
@ X1-X2 plane
" X2-X3 plane
" X3-X1 plane

Select X1-X2 plane

—rigid in a single direction
X1
X2
X3

" Remove all rigid links

Cancel |
Rigid links selection m

Link rigidly:

" All selected nodes

@ Selected nodes with same X3 coordinate
" Selected nodes with same X2 coordinate
" Selected nodes with same X1 coordinate

Select Selected nodes with same X3 coordinates

0K Cancel

- Select the nodes in the entire model, except the support nodes at X3=0.0

The geometry of the model is now complete.
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 Loads

Jissd
- click the 1eads {icon

- apply the following loads to all slabs on all levels:
Dead = 8.0 kN/m2
Live =1.5kN/m2
The mass used for the dynamic analysis will be based on these static loads.

¢ Dynamic analysis

- return to the Main menu and model list
- click on Dynamics in the toolbar and Weight data in the pulldown menu.

4
- click the Medes|jcon

No of mode shapes to be calculated =

Calculate natural frequencies _[3
within a convergence tolerance of : 10

Apply weight in : Eccentricity : ———

X1 direction dx1 =
[ X2 direction dx2 =
[~ X3 direction dx3 =

Ok I Cancell

. zhatic .
- click the I:"’a“ icon

Static Load m

Static load case :
[DEAD B
Addition mode :
@ Add static load to nodal weights

" Replace nodal weights by static load

Static load component: X1 (X2 @ X3

Factor = I:l
0Ok | Cancel

- Select File in the toolbar and Solve the model in the pulldown menu.

- Select Seismic analysis in the tool bar and Method for combining modes in the pulldown menu
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Method for combining mode shapes E

@ {S]RSS - (Square] Root of Sum of Squares!

. CQC - Complete Quadratic Combination

Maximum frequency [cut-off] =

¥ Assign to the RSS the signs of the results
calculated for the dominant mode shape

[~ Always add "missing mass" correction to
the combinations

0K I Cancel |

- Select Seismic analysis in the tool bar and Parameters in the pulldown menu

UBC (1997) X

Select another code
Mini no. of modes to ider: of 10

Earthquake direction : |x1 j

Soil profile type [s1]

Importance factor [1 ] Nef:;soor::rce |
Structural factor [R] |4. | Na = |l. ‘ Cancel |

Seismic zone factor [Z] |l].3 | Nv = |l. ‘

Scaling of results

@ No scaling Total seismic dead load [W] [4623.1

¢~ Scaling for regular structures

¢ Scaling for irregular structures [ 100 %) Period [T]

(If UBC is not displayed in the title of the box, click Select another code and select UBC 1997)

——
- click the Tables - "] jcon

Display dynamic results tables m
~Result type

" Display eigenvalues

Display results for
" Display mode shape
" Mode shape no.

& RSS over modes | 1 d to| 8 d

Seismic analysis results:

" Display deflections at nodes

" Display forces on nodes
" Display beam element loads
Display’elementloads

£ Display solid element stresses
# Display wall loads W Average results at adjacent wall elements
¢ Display modal results ™ Display results for elements not on screen

Cancel |

The results for all wall segments are displayed on the screen.
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Add the dynamic results to the static results file:

Select Seismic analysis in the toolbar and Update static results files in the pulldown menu

Create / Update STRAFP static results files E

¥ RSS over modes | 1j| to | 3j|

[ Mode shapes

Deactivate mode shapes |

[2 mode shapes deactivated)

Cancel |

Display the results in STRAP:

Select File in the toolbar and Static results in the pulldown menu

=
- click the Graphics - "] jcon

Graphic display

[ ]

Display type |Wa|| results j|
Result type |Mument j|
~Load case

@ Load case

e 3. RSS OVER MODES: 1- 8.DIRECTION:X1 j
" Envelope
~Parameters

Max result will be scaled as: cm.

Display only values greater than % of max. result

Display the result diagram in: @& Screen plane ¢ Result plane

[~ Hatch the result diagram

v Average results at adjacent wall elements

0k | Cancel

The moments in the walls are displayed.
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12 Prestressed beam

Define the following two-span continuous post-tensioned concrete beam:

STRAP:
+  Geometry

e B A VP L VPPl

800

K K2 S 10000 2= 10000 =H2 300
Moce: 1 2 3
* Load cases
1 - Self-weight
2 - Deadload =-5.0 kN/m (service)
3 - Liveload =-7.5kN/m (service)

« Solve the model

« Combinations
1 - 1x1.00
2 - 1x140+2x1.40+3x1.60

B
1501? IB']“

The first combination corresponds to the “stage” where the prestressing is applied and is used to calculate
service results (stresses, deflections). The second combination is used to calculate both service and
factored results with total loads(ultimate moment, shear); the program ignores the load factors when

calculating service values.
» Select Files - STRAP model list to return to the main menu.
+ Select Design - Posttensioning module.

POSTTEN:

Refer also to the Help/Users Manual topics: “How to use the program” and “How to define cables”.

Specify the default parameters, e.g. design code, revise the loss parameters, etc.

J—
R
« click P2=M i, the side menu.

Parameters

Genelall Reinforcement parameters  Creepd/shiinkage | Cable Iossesl Steel type definitionl Strand t_l,lpesl Time stepsl

E of concrete= Im MPa fek - concrete strength |35 MPa Casting at day = IEI
- — = Frewvailing temperature |2D.|3403
Humidity |50/° vl Cement lype Inormal J [EC2. ES5400)

E stimated shrink age+creep loss = |1 3 = [T Alwaps use estimate for creep and shrinkage losses

— Shrinkage lozs — Creep lozs

&' Compute according to the Code

Factor to multiply creep |1

" User creep factar * [1.-exp[-kt])

' Compute according to the Code

Factor o multiply shrink.age I‘I

€ User given strain * [1.-expl-kt])

strain = IU.UDEI?B
Half tatal shrinkage at IWU days

™ User given stain * [tACst+))
strain = ID.DDD?S Cat= |35

Creep factor =

Half tatal Creep at days

—
—

™ User creep factor * t*0.6A10+"0.5)

Creep factar =

o

Select concrete
grade 35

|3
ok I Cancel | Help
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Define time steps (days) where the program calculates the prestress load, including losses. The resulting
load is automatically applied at the start of the next time step.

Generall Reinfarcement parametersl Creepx’shrinkagel Cable I-:-&sesl Steel type definitionl Stand ppes  Time steps |

Add ta the list the times of each stage divided into:

List of time steps in addition ta the times of the stages:

Load progran default |

Time [days] -
0.
30 —
EO.
120.
365,
730,
30000,

=
=

00| | T T | DD D =

Note:
- the program default time-steps are usually sufficient
- additional times are defined in the “Stages” option.

Define the design “stages”. Stages are defined at dates where prestressing and/or loads are applied. The
program calculates results at all stages and at the “time-step”dates.

Sinl

. sta
» click L

a0

. . | sta
* click e

in the main side menu.

in the stages side menu.
The program checks stresses at each design stage. Define two stages:

- ‘“transfer’- the stage at which the prestressing is applied and only self-weight acts on the beam.
- ‘“working”- the stage at which all loads are applied.
Stages definition
Stage Mame start allowable allowable rnodel
MHa. at t= tenzile COMpressive
[danps) strezs(MPa) strezz(MPa)
1 TRAMWSFER | 7. 16.3 Current .
2 WORKING 40. 21 Current ‘_ for each stage, specify:
- the allowable stresses
- the start day
Add | Delete | Up | Dot |
OF. I Cahcel |
D
+ click tagie in the main side menu.
Combinations properties
L .
load | name stark time: end time permanent | service factored ) SpeCIfy.
1 [1-.00 TRANSFER: | WORKING | Yes Service anly - time range where each
2 1°1.40+2%1.40+3*1.60 | WORKING | infinity Tes Service & Factored combination is applied
- combination used for
Mate: start time and end time are defined by the start time aszigned to the selected stages service calcu/a tions
(stresses, deflections) or
k. I Cancel “factored” (ultimate

moment, etc) or both.
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Define the beam:

|

click define| i the side menu.

Beam dehmition

& New beam - select start/end «~—— Select ' New beam - select start/end
' Mew beam - select one by one

" Revize a beam

™ Delete a beam

Cancel |

———  Start: highlight member 1 and click the mouse
=——— End: highlight member 2 and click the mouse

Define the prestressing:

S ]
click es19n] ;1\ ihe side menu.

o
click “E'['!'?g in the Design side menu to define the cables.

The program displays the “Magnel diagrams” at the start, middle and end of the beam. The stresses at the
extreme fibres are limited to the Code values and are checked at every stage for maximum and minimum
moments with the actual prestressing force (after losses) . This gives four limiting stress conditions:

- minimum moment - top fibre - maximum moment - top fibre

- minimum moment - bottom fibre - maximum moment - bottom fibre

m Pe —E * PTEE % Oall where se is the relevant stress from external loads.

The equations are in the for

Plotting all of the possible solutions for each of the four conditions gives
four intersecting lines: 1-2, 2-3, 3-4, 4-1 in the adjacent diagram; any
combination of P and e within the enclosed area will result in acceptable
stresses in the specific cross-section.

4
1+ P

e .2 4820
The program creates an ‘envelope’ of diagrams for all combinations, all stages f;gg
and for all locations over a specified portion of the beam length. For example, 202
at the start of the beam, the Magnel diagram is: 10

477 22 00 323

From examination of the allowable ranges of prestress force and eccentricity, = 14.1
try a cable with four 16 mm. strands. Magnel at L=[.

For stage no. 0.1
Change I
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» Enter the data in the first row of the table:

=

Cables definition x|
Cable Mo, of Strand Start End % of Total
Mo, strands type coord. | coord. | jacking farce
m M kM
1 4 PS5 16 Ok b 0. 20. a5, 8415
2

Define the geometry for the cable:

Ry
cable
geom.

+ click

in the side menu.

» click and highlight Cable no. 1 and click

The program superimposes the eccentricity limits for these cables on the display:

Beam

top Alloweable eccentricity range
far zelected cables

Define a symmetric cable;

with three segments,

each
half of the cable will be defined

WO gap-

parabolic and a third segment

joining them:

Define segment 1:

Cable defimition

— Defing a line betweean;

| 2 new points I

— Define a parabola by:

3 new points

centre-of-
0.0 gravity
af beam
Beam
end
7.0 2.0
o |- -0.12
giii_mnau
AL
[ :
Pt i
L
segment 1 segment 2
segment 3

exizting segments ends |

2 new points & start angle |

exizhing segm. & a new |:u:uint|

exizting zegm. & a new pu:uintl

join 2 exizting segments |

— Edit a segment

move end |:u3int| delete

| oK

Cancel

=——— Select 3 new points

Move the R? to the start point of the parabola (coordinates 0.0, -0.4) and click the mouse; repeat for the end
point (7.0, -0.4) and mid-point (3.5, -0.64)

oo
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Alternatively, the coordinates may be typed in the dialog box at the base of the screen. For example:

o |? v |-D.4

DX |7

o I an (]

Cancel | |

Segment 2 is tangent to the horizontal at the span centre-line

Cable definition 3

— Define a line between:

| 2 new points

— Define a parabola by:

3 new points |

exizting segments ends |

2 new points & start angle |

existing segm. & a new |:u:uint|

exizting seaqm. & a new pu:uintl

joif 2 exizting segments |

— Edit a segment
move end pDintl delete | Ok, | Cancel |

Define angle of the tangent at the start of the new segment:

Angle [degrees] = I . 4G
-G

Cancel

«~—— Select 2 new points & start angle

= Enter angle = 0.

Move the Q‘ to the start point of the parabola (coordinates 10.0, -0.12) and click the mouse; repeat for the

end point (8.0, -0.3)

Define segment 3 by joining segments 1 and 2:
- [% Move the cursor to Segment 1 so that it is highlighted with the rectangular blip; click the mouse
- R‘.’ Move the cursor to Segment 2 so that it is highlighted with the rectangular blip; click the mouse

The program automatically draws Segment 3, modifying the end points of segments 1 and 2 to create a

smooth curve.

Repeat for the right side of the beam.

+ click Q in the side menu; the program creates cable force load cases at each of the defined stages and
time steps, including losses at each step, and solves the model for these cases. The new load cases and
their results may be viewed in STRAP

The program now is able to calculate the stresses accurately at all locations in the beam at any time, taking into
account the calculation of losses, secondary moments, etc. To view the change in the allowable eccentricity

envelope:

Version 11.5

in the side menu.

Jin the side menu.
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STRAP

» click and highlight Cable no. 1

and click

To display results and a summary of the input data for the beam:

+ click 2™ ®€M in the side menu.

For example, to view the stresses at the top and bottom of the beam at time t =7

Display table

Select table to dizplay:
General project data
Shear
Ultirnate koment
Max. Deflections
Min. Deflections
Streszes at top/bottom

Sheszes ab: ID_ *h and I'I—

Geometmy

8 i e B i i i i

o+ Abt= |? days

 bamimum of t =

|3mu | |

o
.

Lozzes for selected cable

¢ Frictional and Draw-in loszes

M- - 1

¢ Summany of loszes

[ o |

Cancel

«~——— FEntert=7 days

=——— Select Stresses

The program displays the maximum/minimum stresses at every '/,, of each span. For example:

i Streszez [MPa] at t = 7. beam no. 1 =] E3

Exit
Maximum Minimum ﬂ
member| at h*0.00 at h*1.00 at h*0.00 at h*1.00
no. Dist Cnmh‘ Stress| Cumh‘ Stress Cumh| Stress Cumh| Stress
1 0.00 1 2.97 1 1.09 1 2.97 1 1.09
0.50 1 3.51 1 0.72 1 3.51 1 0.72
1.00 1 3.98 1 0.43 1 3.98 1 0.43
1.50 1 4.37 1 0.20 1 4.37 1 0.20 =]

The program lists the combination associated with each stress.

Version 11.5
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