9.Check by EHE a Prestressed Slab Bridge

Applicable CivilFEM Product:
Level of Difficulty:

Interactive Time Required:
Discipline:

Analysis Type:

Element Type Used:

Active Code:

Units System:

CivilFEM Features Demonstrated:

All CivilFEM Products
Moderate

90 minutes
Prestressed Bridge
Linear static

Beam 44

EHE

N, m,s

Bridge, Prestressed Concrete and
Combination Modules, axial and bending
reinforcement checking, cracking checking

Problem Description

This is an advanced CivilFEM analysis, the basic idea consists in generating, from
the cross section and main axis definition in plan and elevation views, the structure of
the bridge. Tendon definition and all prestressing effects in the structure will be

studied as well.
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® Given

The straight bridge given will have two cross sections: one solid for supports and the
other with 2 holes for spans. The bridge is 53 m long divided in 3 spans, a central
one of 29 m and the other two of 12 m and will be prestressed with 6 tendons.

The load distribution, material properties, cable definition, cracking properties and
safety factors for concrete and steel reinforcement are the following:

- Mobile Load: One heavy vehicle in one line (Heavy Vehicle IAP)
- Self Weight

- Dead Load (along all deck): 33200 N/m?

- Surface load (along all deck): 40000 N/m?

- Initial prestressing (t = 0 days) and final (t = 10° days)

- Thermal gradient of 5°C

These loads will be combined to obtain the most unfavourable case according
EHE criteria.

v COEFFICIENTS
LOADS
Favourable effect Unfavourable effect
Vehicle 0.90 1.10
Initial Prestressing 0.90 1.10
Final Prestressing 0.90 1.10
Self Weight 1.00 1.35
Dead Load 1.00 1.35
Surface Load 0.00 1.50
Thermal Gradient 1.00 1.35
Materials:
Concrete HA-35 (EHE code)
Prestressing Steel Y1860 S7 (EHE code)
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There are two reinforcement groups

Group

1

Reinforcement material

Material 2 (S 500)

Reinforcement class

Scalable

Diameter 20 mm
Bar spacing 0.1992 m
Face Bottom
Geometrical cover 0.050 m
Group 2

Reinforcement material

Material 2 (S 500)

Reinforcement class

Scalable

Diameter 20 mm
Bar spacing 0.201538 m
Face Top
Geometrical cover 0.050 m
Cracking properties:
Bar spacing 20 mm

p (effective reinforcement ratio)

104.2 (top fiber)

212.4 (bottom fiber)

For prestressing losses calculation and prestress concrete checking:

Friction coefficient p=0.21

Unintentional friction K =0.0126 m*

Anchorage slip A=5mm

Tendon area 21 cm?

Casing diameter 9cm

Post-prestressing method Initial end
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Tendons in plan view have a straight trajectory, parallel to deck, and a distance from

bridge axis of:

Tendon Distance
1 0.09m
2 -0.09m
3 1.10 m
4 -1.10 m
5 1.30m
6 -1.30m

(Positive is down from the bridge axis)

Tendons trajectory in elevation view is the following (referred to section axes)

Tendons 1,3 & 4

X (m) 0.0 45 | 125 27 415 | 495 | 53.0
y (m) -0.613 | -0.613 | -0.135 | -1.065 | -0.135 | -0.613 | -0.613
Slope 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Distance ratiotothe next | 55 | g | 02 | 08 | 02 | 05 | 05
inflection point
Tendons 2,5& 6
X (m) 0.0 45 | 125 | 27 | 415 | 495 | 53.0
y (m) -0.212 | -0.212 | -0.135 | -1.065 | -0.135 | -0.212 | -0.212
Slope 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Distance ratiotothe | 5|\ 58 | 95 | 08 | 02 | 05 | 05
next inflection point
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Initial tendon tensile force will be 3125 kN, then decreasing to 2930 kN at
anchorage.

B Approach and Assumptions

This is a static analysis with 3D elastic elements and elastic material properties.
Model geometry is defined with nodes and elements. The finite element model
will be automatically generated with the bridge utilities.

B Summary of Steps

Preprocessing

Preprocessing

Specify title

Define the viewing direction.

Set code and units

Define material

Define element

Define bridge section

Bridge Layout Design

Bridge Solid Modelling

Define bending reinforcement properties

© © N o bk wDdPRE

T
= o

. Beam Support

[ERN
N

. Define tendons

Solution

13. Define Boundary conditions
14. Families and Load States Definition

Postprocessing

15. Conversion of families into combinations
16. Define targets

17. Define combination rules

18. Carry out combinations

19. Read & Plot results
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20.

21.

22.
23.
24,
25.
26.
27.
28.

Calculation of the load distribution to obtain the minimum deflection at a
node (all loads)

Calculation of the load distribution to obtain the minimum deflection at a
node (vehicle only)

Check by code

Plot Results: Axial+Bending checking for target 1 (Maximum MZ)
Plot Results: Axial+Bending checking for target 2 (Minimum MZ)
Plot Results: Crack checking for target 1 (Maximum MZ)

Plot Results: Crack checking for target 2 (Minimum MZ)
Interaction Diagram

Exit the ANSYS program
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Interactive Step-by-Step Solution
1. Preprocessing

A typical CivilFEM analysis begins with providing data such as the units system,
active code, materials, element types, section and model geometry definition.

2. Specify title

Although this step is not required for a CivilFEM analysis, we recommend that
you make it part of all your analysis.

Utility Menu: File - Change title
[1>> Enter the title: Prestressed Slab Bridge
[2>> OK to define the title and close the dialog box.

I\change Title

[/TITLE] Enter new title I Prestressed Slab Bridge

IE> QK Cancel

Help

Define the viewing direction

We define the viewing direction for the display and specify the global Cartesian
coordinate system reference orientation.

Utility Menu: PlotCtrls — View Settings— Viewing Direction
E> Set (1,1,1) as coordinates of point of view

[2>> Choose Z-axis up

[3> Ok
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m\“iewing Direction = l]
[AYIEW] [/YUP] Viewing Direction
WN Window number

[“VIEW] Yiew direction

XM ¥V,ZY Coords of view point IE> |1 |1 |1
[/¥UP] Coord axis orientation IE> |Z-axis up v]

[#REPLOT] Replot upon OK/Apply? |R9P|°' j

IE> oK I Apply | Cancel | Help l

4. Set code and units

Main Menu: — CivilFEM — Civil Setup
E> Choose EHE for Reinforced and Prestressed Concrete Code
[2>> Pick on Units tab

[3> OK to set active code and close the code dialog box

I CivilFEM Setup Options i x|

["CODESEL] Select Codes

Steelcode KEYSTEEL  |EuroCode No.3 =]

Reinforced concrete code KEYCUD IEHE [Spanish] LI
Prestressed concrete code KEYPRE> IEHE (Spanish) LI
Seismic code  KEYSEISM IEuloCode No.8 LI

About I | oK I Cancel Help
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F CivilFEM Setup Options

CF config I Bridges config | Prestressed Concrete config | GUI config |

[FUNITS] Define Units System
Systemn units Ilnternational system units 3
Length unit [L] Il"“I eter Ll I"’ = I1 m
Time unit [T] I Second L‘ I\ = I1 s
Force unit [F] INr:wtan _'J IN - I1 N
Pres/Stress unit [P] I Pascal _:J IPa = I1 Pa
Mass unit [M] IK|Iogram Ll Ikg 2 I1 ka
Monetary unit | Euro L] IE“'° = I1 Euros
About | IE> oK I Cancel Help
5. Define material
Main Menu: — CivilFEM — Civil Preprocessor — Materials
[1> Pick New to define a new material
[2> Choose EHE, then HA-35 concrete
[3>> Add to define material 1
F Material Browser o ] 4|
ixlatzrial izt
Marme | Feference | Numl Type D Mew |

Dielete
ity
Copy
List
Save

Carrelations

FEk el

A fime

ActTime |28 .0g Drayz Help |
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VAZACAVAVAVAVAVAY.

x
Number Il

- i Structural steel
-’ Concrete

- CfE] EC2
=-CE AC!
=-C[E] CEB
=-CfEl EHE
L HA-20
. P HA-2S
L HA30
@ Ha-3
P HA-40
P HA-45
P HAS0
- CE B58110
 m-CE GB50010
~mead Reinforcing steel
& Prestressing steel
i Soll
&% Rock
(3] USER

List'user material file |

Delete user materal / file I IE> Add Exit

Select Reinforcing steel material type
Choose EC2: S500 reinforcing steel
Add to define material 2

Select Prestressing Steel

Choose EHE: Y1860S7

Add to define material 3

Exit

Select material 3

Modify
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F New material i
Number |2

-

5] CEB
5 EHE
@9 HA-20
-l HA25
P HA-30
- HA-35
i HA-40
@ HA-45
ol HABO0
=& BS8110
& GB50010
IE:>EI - Reinforcing steel
=@ Ec2
e 5400

oo BE<5 |
-ClE ACI

e
#-C[E CEB
e
e

+-C|
SR

- C[&] EHE
+-C[E BS8110
#-C@ GB50010
& Prestressing steel

P4 FNew material i
Number |3

CE CEB
@ EHE
c@ Bsa110
cf@ GB50010

7 > & Prestressing steel

[+

[+

=@

EHE
& vis70C

[ g Soil |

Help I

Bit |

List user matenal file |

Delete user material / file |

Add

& Y1670C
- Y1770C
B Y1860C
- Y177082
& Y186053
& 196053
@ Y206053
- Y177057

i C[E] ASTMAHE
- C[2] BS5896

- C[E JISGI538
7 C[E) EN10138
[+ Soil

-8 Rock

i e W

B

=l

List user material file |

Delete user matenal 7 file | WI

Help I
Exit

[Erateraioronser =i/
I aterial list
Name I Reference l Numl Type New
K]
vl HA-35 1 Concrete Delete |
00/ 5500 2 Reinforcing steel

]} Modify |
Copy
List
Save

Correlations

Active time

ActTime |28. o0 Days

s

Help | oK
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Pick on Prestressing Steel tab

Enter 0.21 as Friction coefficient

Enter 12.60e-03 as Unintentional friction
Enter 5e-3 as anchorage slip

OK

SAAACA

IR
General] Analysis Diag(aml Design @PFESUESSMQ Steel I EHE I FLAC3D I

Strain limits

T 10.000E-03

Data to evaluate the losses of prestress

y o
k [rz.600E-05 1/
A |5e-3 m
s ooz

SRS

: S oK I Apply Cancel Help

6. Define element type
We will use 3D Taper Beam 44 for this analysis.

Main Menu: — CivilFEM — Civil Preprocessor — Element Types — Civil
Beams

E> Select Element Type 3D Taper Beam 44
[2>> Choose OK
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mBeam Element Types for Code Checking )

[ET] Beam Element Types for Code Checking

Element Type Number  ITYPE I 1

Select Element Type ENAME

O

3D Taper Beam 44
3D Elast Beam 4
3D T-wal Beam 24
3D Lin. Beam 188
3D Qua. Beam 189
2D Elast Beam 3
2D Taper Beam 54
3D Spar Link 8
3D Spar Link 10
2D Spar Link 1
2D Plast Beam 23

Elas straight 16

e e e R e e e e e @ e e

Plas straight 20
Label

IE> (5] l Apply I Cancel Help

7. Define bridge section

[1> First we activate the Bridge and Civil Non Linearities Module

[2> OK to activate
[3>> Then we activate the Prestressed Concrete Module
[4> OK to activate

We will define a slab bridge cross section:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep — Bridge

Sections
[5> Choose New Slab
[6 > Selecta TF shape
[7>> Enter Bottom Width: 2.7m
Enter Medium Width: 4m
[9>> Enter Top Width: 8m
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ANSY S Main Menu

Preferences
Preprocessor
Solution

General Postproc
[ TimeHist Postpro
Topological Opt
ROM Tool

Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

CivilFEM

Civil Setup

Civil Preprocessor
Civil Solution
Civil Postprocesor
[ Seismic Design
Flac3D

Soil Mechanics

I Activate Bridge and Civil Non Linearities Module
[~CFACTIY] Activates CivilFEM or its aditional modules

Do you want to activate Bridge ond Civil Non Linearities Module?

mActivate Prestressed Concrete Module

Cancel |

[~CFACTIYV] Activates CivilFEM or its aditional modules

Do you want to activate Prestressed Concrete Module?

Cancel |

Help I

Geotechnical module

Bridge and Civil Non Lin
1 Activate BCNL

3 Prestressed Concrete

activate PRSCEEE]]

earities

F Bridge sections explorer 7

Bridge sections list

Number

l Name l
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I odify I
Delete |
Copy |

List |

Ewport—————
To cross section |

Help I
Exit |




=10l

F'New Slab Bridge Section by Dimensions L
@ v x B | & ]J Number |1 'I Name I Material |1 'I

Bridge Section shape

D Shape ]v TF vI

Bridge Section dimensions

BTOP

TTOP T L\ =
DEPTH
TBOT‘[ \TF -

Enter Total Depth: 1.2m
@ Enter Bottom Thickness: 0.9m

[12> Enter Top Thickness: 0.2m

[13> Ok

Now we will modify the slab section to define 2 hollows:
Pick Bridge Section 1 and Modify
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F Bridge sections explorer 5'

Bridge sections list

Number | Name I
-
Edit—
14>  Modify |
Delete |
Copy |
List |
~Esport—————
Help |

Go to Edit Holes

Pick on New Hole

Enter Hole Center Coordinates: Y= -0.65m, Z=-0.6m
Choose Type C and Radius R= 0.4m

Enter Number of Holes: NH= 2

Enter Distance between Holes: DBH= 1.2m

[22> Ok to finish Holes definition

@ OK to finish th Bridge Section definition

VA ACASA A
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BOT |2.700E+00 |
[4.000E+00 |,

op [5-0008v08 ]

P | 200.000E-03 |

F'New hole
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8. Bridge Layout Design

CivilFEM command ~BRINIP will be used to define the Mileage point and Ansys
direction from which the bridge model is generated:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep — Layout
— Initial Point

E> Enter (1,0) as global cartesian coordinates for the direction vector

5
[~ERINIP] Define intial point and intial vector for Bridge Layout

Set nktial drection vactor

VXVY drection coords E> [ I[o ]

Seb ndtial point

X,Y,2 caxtosion cooeds [0 ”n ] [IJ ]

2> _« | _ww | o | e |

E>Ok

We will define solid sections at both sides of each support, at a distance of
0.5m, therefore we define the bridge stretch starting at MP=99.5.

Now we define the bridge layout in plan view:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep -> P
view generation — Define Plan View

E> Enter MP1= 100 - 0.5
E> Enter MP2= 100 + 53 + 0.5

5> Ok
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I\\pefine Plan Yiew Stretch i

[~BRADDPL] Define stretch in plan view.
MP1 Mileage point 1 IE> 99.5
MPZ Mileage point 2 E> 153.5
RD1 Curvature Radius 1
RDZ Curvature Radius 2

ANG Angle wrt previous stretch

LTTTS

IE> QK Apply Cancel | Help I

And now the same in elevation view:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep > E
view generation — Define Elevation View

E> Enter MP1=100 - 0.5
E> Enter MP2=100 + 53 + 0.5

OK

[~BRADDEL] Define stretch in elevation
MP1 Mileage point 1

MP2 Mileage point 2 E> 153.5
11 Inclination of point 1
12 Inclination of point 2

ANG Angle wrt previous stretch

T

QK I Apply Cancel | Help I

And finally we plot the bridge axis:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep
— Layout —» Plot sketch

[9>> Enter 5 as maximum line size

[10> Ok
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mPIot bridge sketch |

[~BRSKTCH] Plot bridge sketch

SIZE  Maximum line size IE> |5
FACTOR_Y Vertical Factor Ig

Plot Options  PLEL

(¢ Default Plot

(™ Only Plan Yiew

OK Apply Cancel Help

9. Bridge Solid Modelling

This utility allows generating the complete geometrical model of the structure as
well as the finite element model from the cross sections definition (its location,
“offsets”, banks, etc) by using either solid elements or beam elements. CivilFEM
command ~BRDEF will be used to define and assign attributes:

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep — Model
Generation — Generate Section

We start with the first support:

[1> Enter Mileage Point: MP= 99.5
[2>> Enter Section number NSEC= 1
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mDefine section in model 3 l]

[~BRDEF] Define a section in Bridge Solid Model

MP Mileage Paint E>

i

NSEC Section number

¥,Z Offset | 0 I 0

BANK (per cent) IE—

Transition
¢ Smooth in Plan and Elev. view
" Not smooth in Elevation view
(" Not smooth in Plan view
" Not smooth

SKEW angle

T

SOLID Solid behauviour

" With Holes

IE> ' Solid holes

(" Rectangular

E> OK | Apply | Cancel | Help |

E> Specify Solid behaviour as Solid. This capability allows the user to define
hollow or solid sections from a particular mileage point. It allows the user to
consider hollow sections as solid section at particular points of the structure. In
our case we will place solid sections at a distance of 0.5m of each support.

E> Apply to continue with the next cut
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mDeﬁne section in model . ]

[~BRDEF] Define a section in Bridge Solid Model

MP Mileage Point 100

li

NSEC Section number IE>

¥,Z Offset I 0 | 0

BANK (per cent) IU_

Transition
¢ Smooth in Plan and Elev. view
" Not smooth in Elevation view
(" Not smooth in Plan view
" Mot smooth

SKEW angle

T

SOLID Solid behauviour

" With Holes

E> {+ Solid holes

(" Rectangular

oK | Apply | Cancel | Help |

[5> Enter Mileage Point: MP= 100

[6 > Enter Section number NSEC= 1
[7> Specify Solid behaviour as Solid
Apply to continue with the next cut

We use the same procedure repeating steps 1 to 4 to define the rest of the cuts
starting from MP= 100.5 of support 1 :

Support 1
Support 2
MP SOLID PP
99.5 Solid MP SOLID
100 Solid 1115 Solid
100.5 With Holes 112 Solid
1125 With Holes
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Support 3
MP SOLID
140.5 Solid
141 Solid
141.5 | With holes

Center Span

MP SOLID
126.5 | With holes

Support 4

MP SOLID
149 With Holes
152.5 Solid
153 Solid
153.5 Solid

The program creates a beam element model and automatically generates all
cross sections and Beam&Shell properties needed.

Main Menu: — CivilFEM — Civil Preprocessor — Bridges Prep — Model

Generation —» Generate Model
E> Choose Beam44 Model

Enter size of longitudinal divisions SIZEL=1

@Ok

9-23

[~BRGEN] Generate ANSYS model

Optons

 Sobd PE Moded

" Shell FE Moded

IE> 5 Baamt Model

" Orly Grometry

€ Fest Saction
Set Element soes for vertical, transverse
and longudnal drections.
SIZEY, SIZET, SIZEL [.;. ”n "
Set Element sives for holes outine
s
@ o | oty | corcel | Hep |
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'Prestressed Bridge'

10. Define bending reinforcement properties

To define the bending reinforcement we have to take into account the following
facts:

a) Number of reinforcement groups to be defined.
b) Material of reinforcement group.

c) Class of reinforcement group.

d) Amount of reinforcement per group.

e) Location of reinforcement group.

We will define two reinforcement groups for each of the 13 cross sections
created after the bridge modeling.

The characteristics of the reinforcement of group 1 are shown in the following
table:

Group 1
Reinforcement material | Material 2 (S 500)
Reinforcement class Scalable

Diameter 20 mm
Bar spacing 0.1992 m
Face number 1 (bottom)
Geometrical cover 0.050 m

The characteristics of the reinforcement group 2 are shown in the following
table:
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Group 2

Reinforcement material | Material 2 (S 500)
Reinforcement class Scalable
Diameter 20 mm

Bar spacing 0.201538 m

Face number 2 (top)
Geometrical cover 0.050 m

First we will define the faces and then the reinforcement groups for cross
section 1:

Main Menu: — CivilFEM — Civil Preprocessor — Cross Sections

[1> Select section 1 and click on modify

E> Edit Faces

¥ Cross Sections Explorer i =101 x]

Cross Section list

i~ Redefine Section

Num Name Reference Type Shape -
E> Hot Folled
Reinfor Concrete  Reinforced concrete Reinforced concrete

Steel by Dimensions

! 2 Reinfor Concrete Reinforced concrete  Reinforced concrete

Steel by Plates

E 3 Reinfor Concrete  Reinforced concrete Reinforced concrete
Concrete |

E 4 Reinfor Concrete  Reinforced concrete Reinforced concrete {Jser Data Base

! 5 Reinfor Concrete  Reinforced concrete Reinforced concrete

Edit Sections———————
! B Reinfor Concrete  Reinforced concrete Reinforced concrete E >£ Modify I
! 7 Reinfor Concrete  Reinforced concrete  Reinforced concrete Copy Delete |
! 8 Reinfor Concrete  Reinforced concrete Reinforced concrete c T |
E 9 Reinfor Concrete  Reinforced concrete Reinforced concrete L}

- 2D Mesh Sections
Capture 2D Mesh |

! 1 Reinfor Concrete  Reinforced concrete Reinforced concrete
T B Export 2D Mesh I

Active time

ActTime ]28.00 Days

! 10 Reinfor Concrete  Reinforced concrete Reinforced concrete

Hep | Bt |
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FSection 1: 3

Section Select | Edit List View

J v x | General Properties v Namel
Tessellum
[2> IET Properies

Reinforcement Groups

Plates
4 |5.215E+00 |2

TRefine
|w¢ | 0.000E+00 | 4

Code Properties

- Jyy | 13.459E+00 | pd

Moment-Curvature Diagram
|2z | 645.966E-03 | 4
Wy |3.365E+00 |3
Wz | 891.705E-03 |3

Activate Edit Faces Mode

Contour Yiew 4

E> New Face by coordinates
E> Enter Face number 2 and Ok
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Properties:

K New Face by coordinate

Face number

E> Pick on point 53
E> And then point 14 to define face 2

E> Now we define Face 1: New Face by coordinates

And enter number 1
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¥ Section 1:

Name

@ | Number I h¢
7 wo P i— i |_1b V’ x
L~

¥ New Face by coordinate x|

Face number

>

Cancel

E> Pick on point 97
And then point 180 to define Face 1
@ Finish
@ Go now to Edit Reinforcement groups
[= = ¥ @ (D v x

Section Select | Edit List Yiew

J v x | General Properties 3
ol ~ ]
J =i =2 ! Tessellum
v Faces _
@ Reinforcement Groups
Plates K
THefine
Code Properties

Moment-Curvature Diagram

@ New Reinforcement
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¥ Section 1:
Section Select Edit List View

v X B | % Number I I

Enter Bending Reinforcement Number 1
Select Material 2

Enter Geometrical cover Ge= 0.05 m
Choose Face 1

Select Amount by bar spacing

Enter diameter Phi= 20 mm

Enter bar spacing S= 0.1992 m

AR AAC RN

Select 4:Bars at both ends at MC

I Reinforcement properties o ] |

Bending |Sheal | Torsionl

Fredefined bending reinforcement

REey IUserdefined "l I aterial I 'I

Bending reinforcenment

Rieinforcement group |l @ W atesial |2:B4DEIS vl

Geometrical cover ISEI. 000E-03 m Class IU: Scaleable j
Face I-I jv @ @ End |4: Bars at both ends at MC j

Unifarmly distibuted reinforcement

 Amount & drea

I_ 2
Taotal area 674.652E+03 m © Bydiea
Area per length INaIII m /m " ByArea s Length

B are distribution reinfarcement

I— ramount & Bars ———————————
N TEEEE

™ By Mumber of bars

ML |U-UUUE+UD ' Phi |2'2'-'JEI | | By Mumber of bars / Length
Spacing IlQQ.ZUUE—DS - 18> &

ak. I Cancel

Reinforcement group 1 created, now we define group 2 repeating the same
process :
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[22> Enter Bending Reinforcement Number 2
[22> Select Material 2

@ Enter Geometrical cover Gc= 0.05 m
Choose Face 2

@ Select Amount by bar spacing

Enter diameter Phi= 20 mm

@ Enter bar spacing S=0.201538 m
Select 4:Bars at both ends at MC

I' Reinforcement properties o ] e |

Bending |Shear I Torsionl

Fredefined bending reinforcement

Rkey IUserdefined 'I b aterial I 'I

Bending reinforcement

Reinfarcement graup |2 @ b aterial |2: B 4005 g ::
@ Geamatrical cowver ISD LQ00E-03 m Clazs IEI: Scaleable j
Face |2 ! End

Inifarmly distributed reinforcement

4: Barz at both ends at MC

 Amount & Area

I _ 2
Totalarea |12.566E-03 m » Bt
Area per length Il. E71E-03 me fm " Bydrea/ Length

Bars digtribution reinforcernent

N |4D— rAmount & Bars —————————

" By Mumber of bars

N |4'949E+DD Phi |2|:|'|:":| jv mm [ By Mumber of bars / Lergth
@ Spacing |202.DSlE—DS m 25> ' Bybarspacing

ak. I Cancel

Now we use the same procedure to define the same reinforcement groups to
the rest of the 12 cross sections or we can use APDL commands:

Type this in Ansys Input Window:

*DO,1,2,13
I Modifies the data of CivilFEM cross sections
~SECMDF,I,FACES,PT_ADD,LOC,,2,0 ,-4
~SECMDF,I,FACES,PT_ADD,LOC,,2,0 ,4
~SECMDF,I,FACES,PT_ADD,LOC,,1,-1.2,1.35
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~SECMDF,I,FACES,PT_ADD,LOC,,1,-1.2,-1.35

I Defines a reinforcement group in cross sections

~RNFDEF,I,1,2,1,0,50.000E-03, , ,20.00, , ,199.200E-03,4
~RNFDEF,I,2,2,2,0,50.000E-03, , ,20.00, , ,201.538E-03,4

*ENDDO

We will set the cracking properties by modifying again the cross section 1:

Edit Code Properties

Section Select | Edit List Yiew

=10l x|

J « X | GeneralProperties Zl Namel

Tessellum

Faces

Reinforcement Groups
Plates

TREfine

(29> N

N
Moment-Curvature Diagram

Properties:

A [5.215E4+00 |
lwx | 0-000E+00 |y
Iy [13.459E+00 |,
|22 |645.966E-03 | 1

wy [3.365E+00 |

Wz | 891.705E-03 | 1

2

4

4

4

i

3

View [ Maodify Section Code Properties Contour Yiew 4
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Enter PHI YTOP= 20mm and PHI YBOT=20mm
@ Enter RHO YTOP=104.2 and RHO YBOT=212.4
@ Enter C YTOP=0.05 and C YBOT=0.05
[33> Enter S YTOP=0.02 and S YBOT=0.02

Ok
CRACKING PROPERTIES:
YTOP YBOT ZToP ZBOT Al
PHI {mm) |20.00 ]20.00 |o.000 |0.ooo I
(31> FHO |104.2 [212.4 |0. 000 |0.000 [
(> C [0.5000E-01 |0. 5000E-01 |0. 000 [0.000 [
3> § [0. 2000E-01 |0. 2000E-01 |0. 000 [0.000 [

| DK I Cancel

Now we use the same procedure to define the same cracking properties to the
rest of the 12 cross sections or we can use APDL commands (faster way).

Type this in Ansys Input Window:

*DO,1,2,13
~SECMDF, |, EHEPROP ,PHI ,20,1,0,0
~SECMDF, |, EHEPROP ,PHI ,20,2,0,0
~SECMDF, |, EHEPROP ,C ,,0e-002,1,0,0
~SECMDF, |, EHEPROP ,C ,,0e-002,2,0,0
~SECMDF, |, EHEPROP ,S ,0.2,1,0,0
~SECMDF, |, EHEPROP ,S ,0.2,2,0,0

~SECMDF, I, EHEPROP ,RHOR ,,104.2,1,0,0
~SECMDF, I, EHEPROP ,RHOR ,,212.4,2,0,0
*ENDDO
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11. Support Beam
We must capture the support beam from the beam element model.

The support beam will be captured on the active coordinate system. The vertical
direction must be oriented towards the Y axis. It is recommended to place the X
axis along the main direction of the tendons, in order to avoid geometrical
singularities (a tendon must not have any segment parallel to the Z axis). We
first define a local coordinate system by a location and orientation:

Utility Menu: — WorkPlane — Local Coordinate Systems — Create Local CS
— At Specified Loc +

[1> Enter 0 and Ok
E> Enter +90 rotation about local X (positive Y toward Z) and Ok

Ji\create Local CS at Specified Location ) |
Create CS at Location [LOCAL] Create Local €5 at Specified Location
& Pick " Unpick KCN Ref number of new coord sys |11
e KCS Type of coordinate system ICartesian 0 L]
Maximum = XC.¥C.ZC Origin of coord system IU IU IU
HMinimaes v THXY Rotation about local Z Io
wP X =
- : THYZ Rotation about local X IE> +90
D THZX Rotation about local ¥ |o
Y =
&= Following used only for elliptical and toroidal systems
e —— PAR1 First parameter Io
(¥ Global Cartesian PAR2 Second parameter |0
[
Reset Cancel
Help
oK | Apply Cancel Help

Main Menu: — CivilFEM — Civil Preprocessor — Prestress Concrete Prep
— Beam model —» Auto-Capture

[3>> Ok to capture

Initial node 3 X1
[~SBBMDEF] Capture Support Beam from Beam Model

Initial node will automatically be assigned to the lowest number.

IE> Cancel I Help |
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12. Define tendons

¥ Tendon Editor

To define a tendon we must define first all the control points in plan and
elevation view. The Tendon Editor of CivilFEM will be very useful to us:

Main Menu: — CivilFEM — Civil Preprocessor — Prestress Concrete Prep

— Tendons —» Tendon Editor

=10x|

Cut 2 at 0,500

Cut 3 at 1,000
Cut 4 at 1,875
Cut 5 at 2,750
Cut 6 at 3.625
Cut 7 at 4,500
Cut & at 5,438 -

Cut 9 at 6.375 5 >
Cut 10 at 7.312 ¥
Cut 11 at 8,250
Cut 12 at 9.188
Cut 13 at 10,125
Cut 14 at 11,063
Cut 15 at 12,000
Cut 16 at 12,500

Cut 17 at 13,000
Cut 18 at 14,000
Cut 19 at 15,000

Cut 20 at 16,000
Cut 21 at 17,000
Cut 22 at 18,000
Cut 23 at 19,000 =
PR

Property | value |

1d

Node

¥Loc (distance from ...  0.000m
Dorsal center of gravity 7 -l
Upper caver q
Lower cover

Elevation angle

0.000m
0.000m

zy

Elevation and Plan Views | Cioss Section | Elevation and Data Table |

Information and modifiable data of cut 1 {at 0.000)

[ Cut 1 at 0.000s selected /

VAVAVAY

9-34

Point definition at the beginning (figure of problem description) is different from
the one in tendon editor (cut position). This is because in tendon editor cut
position begins in 0 but mileage points begin at -0.5.

We start with tendon points in plan view:

Pick on cut 1 (at 0.0)

Insert new plan view point =~ @+

Enter 0.09 as Zcoord for point 1
OK

CivilFEM Workbook. Ingeciber, S.A.”

Property | Yalue |_
MNumber ID 1
Cut Mumber IE> 1
Slope 0

Inflection distance ratio 0.500

Insert global plan point |, Ok | Cancel l

Ver. 2025




E> Select again cut 1 and insert new plan viewpoint to define point 2

E> Enter -0.09 as Zcoord and OK

Property | value . We follow the same procedure to define the
Number ID 2
Cuk Number 1 rest of points in cut 1:
E>
ope H . —_—
Infﬁection distance ratio 0.500 Point 3: Cut 1’ ZCoord=1.1
Insert global plan point Ok | Cancel I Point 4: Cut 1, ZCoord=-1.1
@ Point5: Cutl, ZCoord=1.3

Point 6: Cutl1, ZCoord=-1.3

D> Now we pick on cut 60 (last one) and we define the rest of plan view points:
Point 7: Cut 60, ZCoord= 0.09
Point 9: Cut 60, ZCoord= -0.09
Point 11: Cut 60, ZCoord= 1.1
Point 13: Cut 60, ZCoord=-1.1
Point 15: Cut 60, ZCoord= 1.3
Point 17: Cut 60, ZCoord=-1.3

= —o--—
i
S —

Now we have all plan view points defined, the next step is defining the tendon points
in elevation view.

Pick again on cut 1(at 0.0) in elevation view

[> Insert new elevation point  #*

9-35 CivilFEM Workbook. Ingeciber, S.A° er. 2025



¥ Tendon Editor

v x B2 D ¢

Y| Adjust 'I Z'| 100% » 9

@+ G+

<L Cuts

8 g Cut 1 at 0,000

Cut 2 at 0.500

Cut 3 at 1,000
Cut 4 at 2,000
Cut 5 at 3.000
2 Cut 6 at 4,000
Cut 7 at 5.000

=

Cut & at 6,000

Cut 9 at 7.000

Cut 10 at 8.000
Cut 11 at 9,000
Cut 12 at 10.000
Cut 13 at 11,000
Cut 14 at 12,000
Cut 15 at 12,500
Cut 16 at 13.000
Cut 17 at 14,000
Cut 18 at 15.000

OK

v YY¥

|»

Enter Ycoord=-0.613 m for point 1

Select now cut 6 (at 4.0) and insert a new elevation view point to define

point 2

Enter Ycoord=-0.613 m

OK

Property | Value

Property | Walue = Mumber ID 2
Mumber ID 1 Cut Mumber 6
Cut Number 1 YCoord -0.613
YCoord Slope @ 0
Slope 0 Inflection distance ratio 0.500

Inflection distance ratio 0,500

Insert global eIev@ Ok I Cancel I

We follow the same procedure to define the other points:

Insert global elevation p Ok I Cancel

Elevation Inflection
View Point Cut Ycoord Slope Distance
number Ratio

1 1 (x=0.0) -0.613 0 0.5

2 6 (x=4.0) -0.613 0 0.5

3 15 (x=12.5) -0.135 0 0.5

4 30 (x=27) -1.065 0 0.5

5 1 (x=0.0) -0.212 0 0.5

6 6 (x=4.0) -0.212 0 0.5
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Elevation Inflection
View Point Cut Ycoord Slope Distance
number Ratio
7 55 (x=50.37) -0.212 0 0.5
8 60 (x=54) -0.212 0 0.5
9 45 (x=41.5) -0.135 0 0.5
10 55 (x=50.37) -0.613 0 0.5
11 60 (x=54) -0.613 0 0.5

Once all points are defined in plan and elevation view we can trace the trajectory of
all tendons:

[Freonciror N
|v x B| % |2 2 X ||B =@ | e -2[00169 %
[+ ‘ Cuts e
=33 Paints

[ Elevation view !
@ Point 1 e l] U
@ Paint 2
@ Point 3
@ Point 4
@ Point 5
@ Paint 6
@ Point 7 ® ® AL
@ Paint 8
@ Point 9
@ Point 10
@ Point 11
== Plan view
J Point 1
3 Paint 2
) Point 3
 Point 4
 Point 5
J Point 6
J Point 7
(J Paint 9
3 Point 11

J Paint 13
J Paint 15

 Point 17
155 i

Property [ Value
Number of Tendons

!

P

N

Elevation and Plan Yiews | Cross Section ] Elevation and Data Table I

Information about all tendons [ Tendons is selected 7

@ Click on tendons

Inserttendon B

@ We start with tendon number 1 and enter 3 as material number
Enter 0.0021 m? as area of tendon
Enter 0.09 m as casing diameter
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Enter 3,125,000 N as initial tendon tensile force
[22> Enter 2,930,000 N as anchorage force
@ OK (Creep Stress will have default value of 5,000,000 N/m ?)

Property | Yalue |

1d @ 1
Prestressing ste 3
Area 2 le-O
Casing diameter 9e-002
Prestressed to [ 20> 3125000
Anchored at 293000
Creep stress Nfm?2

Insert Tendon @ Ok | Cancel |

We define the tendon in elevation view:

@ Select Elevation view in tendon 1

LY

Insert point in tendon _%*

F Tendon Editor

v x B % |2 & x| 8

‘ Cuts
=39 Paints

(== Elevation view :

@ Point 1 e ll

® Point 2 4 Ll 27 4
@ Point 3
@ Point 4
@ Point 5 a.[ \
@ Paint 6 //
@ Point 7 y
@ Paint 5 25> \-’4 o
@ Point 9 ! N \ 0
@ Point 10 é \
@ Point 11 2
[#- = Plan view
=¥ Tendons 1

=\ Tendon 1 28 "‘%
@ (=1 Elevation view

W, Point 1

W, Foint 2

L7

- Point 3
W, Point 4

= Plan view

Pick point 1
Pick point 2
Pick point 3
Pick point 4

YYYY

9-3
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And continue to trace the trajectory in elevation view by picking points 9, 10 & 11.

¥ Tendon Editor

=1olx]|

[ Frendonkditr P
|v x B¢ || o x| g || v[adus =] 2[70f 303 ¥<_33 |
[i Cuts
=33 Points

[=1-= Elevation view
@ Point 1 i ’ll lL
@ Point 2 ™ LA TP
@ Foint 3 AT // \\ /’ \\ S
@ Point 4 /| 5
@ Point 5 /] \\ // &
@ Point 6 A \ N
@ Point 7
@ Point 8
@ Point 9 \
@ Point 10 N /
@ Paint 11 N ¥

[#- = Plan view \\ ’/
=\ Tendons

-\, Tendon 1

5 Elevation view
T Plan view,

Property [ Yalue {
Paint numb 1

Tnsert plan Ok ] Cancel l @

R

Elevation and Plan Views | Cross Section | Elevation and Data Table |

[ Plan view is selected /4

To finish defining tendon 1 we create its plan view:

Select Plan view

%
_ i+
Insert point in tendon “

7 Property Yalue
Enter Point number 1 and OK Point number 7
Select plan VIeW agaln Insert plan pOint ok | Cancel I

k: +
Insert point in tendon b

Enter Point number 7 and OK

CARAAC A

o :
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9-40

To define tendon 2 we repeat the same steps from step 12 with these control
points (same material, area and casing diameter):

Elevation

_ 5 6 3 4 9 8
View

Plan view 2 9

L OC I !
4 O e [ \\ 1 ™ (i e ot S e
® ._'/ i S \". 19
1 2 \ / 10 11
N e
4
¥ Tendon Editor = of x|
|v x B|% |5 & x| g || v[ages ] z[T00x o] ] % % <35
T Cuts
33 Paints
Tendons =
: U] i Il
Tendon 2 =] et
[, Tendon |t /, \\ // \\ it
4 N /1 N
/ N / \
N
U N
¢ M
\\
o1
Property | value
d 1
Mumber of points (Elev) 7
Mumber of points (Plan) ©
Active Yes ™
Prestressing steel 3
Area 2,100E-03 m?
Casing diameter 0.090 m
Initial fForce 3.125E+06 N 2Y
Anchor force 2.930E+06 N
Initial stress 1,488E+09 Nfm?
Anchor stress 1,395E+09 Njm?
Creep stress 5.000E+06 MNjm?
Order 1
Prestressing order Both sides
Elevation and Plan Views | Cross Seclionl Elevation and Data Tablel
Information and modifiable data of tendon 1 | Tendon 1 is selected 7
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@ Select tendon 1 and then copy tendon = %\

Enter 3 and Ok

Tendons 3 & 4 have the same trajectory in elevation view than tendon 1 so we
will copy it:

&

@ Remove points 1 & 7 in plan view

(By picking 3 | or using right mouse button)

| Property | Value |_
. .
Copy to number 3 %, Tendon 2
' =1-¥ Tendon 3
Copy tendon Ok | Cance (-4 Elevation view
(=l I Plan view
QR
YR Point 7
Property [y Set straight line »
1d . Setparabola »
Cut ”

"-9
Insert plan view point in tendon Wt
Enter plan point number 3 and number 11 to define tendon in plan view.

9-41

zy

Z’ Scale (Plan 250) %

Repeat the same process from step 35 to define tendon 4 and change the plan
viewpoints by entering point number 4 and 13.

Tendons 5 & 6 have the same trajectory in elevation view than tendon 2 so we

will do the same again as we did before with tendon 1, 3 & 4 but copying tendon
2.

Plan view

5 15

Tendon 5

CivilFEM Workbook. Ingeciber, S.A° er. 2025



Plan view

6 17

Tendon 6

zV

Z’ Scale (Plan 250) %

Now we change the distance ratio of the inflection point (common tangent between
both curves, default value 0.5).

. . . . - cuts
Select Point 2 in elevation view 528 Paints
. . . (== Elevation view

Enter 0.8 as Inflection distance ratio @ Foint 1
- @ Point 10

@ Paint 11

ommm

Property Yalue » giﬁ:::f

1d 7 @ Point 5

Cut @ Point 6

Y -0.613 - @ Point 7

Slope 0.0000 @ Point 8

Inflection distance ... 0.800 @ Point 9

[=1- = Plan view
(3 Point 1
) Paint 11
) Point 13
(3 Point 15
) Point 17
- Point 2
{3 Point 3
.. () Point 4
{3 Point 5
(3 Paint &
: ) Paint 7

Do the same with these points:
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Point Number . Inflection :
distance ratio
6 0.8
3 0.2
4 0.8
9 0.2
[be 41 ib
ST, AT Ik
[t h( \ / \k
b \ Z/ N
A _ ™~
TTTTE ‘L\ / o[
\\ //
ST A
T
Finally we set the Post-prestressed method: Prestressed from the initial end
(cut=1):
Select tendon 1
Choose left side as prestressing order
&g Cuts
22 Paints Property | value -
=-N\\ Tendons 1d |
E-N Number of points (Elev)
-y, Tendon 2 MNumber of points {Plan) =2
-y Tendon 3 Active Yes
-8, Tendon 4 Prestressing steel 3
,. \ Tendon 5 Areta _ 2. 100E-03 m?
B-\ Tendon 6 Casing diameter 0.090m
Initial force 3.125E4+06 N
Anchor force 2.930E+06 N
Initial stress 1.488E+09 M/m?
Anchor stress 1,395E+409 Mfm?
Fluence stress 5.000E+06 Nfm?
Order 1
Prestressing order Left side
Repeat the same procedure with tendons 2, 3, 4,5 & 6 and then
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Ok to finish tendon definition

(4w >x B | ¢ ez @y || v[ads =] zf0oxz] || % 4
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B Solution

In this step we will define the analysis type and its options, apply loads and

initiate the finite element solution. A new, static analysis is the default option, so

we will not need to specify the analysis type for this problem. Moreover, there

are no analysis options for this problem.

13. Define Boundary conditions

[iVsciectentities ST

We will apply displacement constraints in all supports: E>|N°"°S |

Support 1
Utility Menu: Select—Entities
E> Select nodes by location

IBy Location vl

X coordinates

" Y coordinates

" Z coordinates

Min,Max
[2> Enter X=0.5 and OK 25
 From Full
" Reselect
" Also Select
" Unselect

Sele All | Invert |
Sele Nonel Sele Belol

OK | Apply I
Plot | Replot |
Cancel Help |

Main Menu: Solution - —Define Loads — Apply — — Structural —
Displacement -On Nodes+

' Pick ¢ Unpick MApply U,ROT on Nodes i ) ]

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained

(¢ gingle { Box

€ Polygon (" Circle
€ Loop

Count

Maximuam 1z1

[ ]
-

Minimuam

Bt il Apply as IConsfom value :]
s o e If Constant value then:
" Min, Max, Inc WALUE Displacement value li
I
-B IE> OK I Apply Cancel | Help |
.y
Reset Cancel
IE> Pick All Help

[3> Pick Al

[4> Choose UY, UZ and ROTX
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VAY

OAAY,

Pick A1l Help

9-46

OK

Utility Menu: Select—Everything X

IE>|Nodes 'I
IBy Location v‘

& X coordinates

Support 2

- L. Y coordinates
Utility Menu: Select—Entities i
Min,Max

Select nodes by location —

Enter X=12 and Ok

(7>

 From Full
" Reselect
" Also Select
" Unselect

Sele All Invert |
Sele None] Sele Belu]

OK | Apply I

Plot | Replot|
Cancel| Help |

Main Menu: Solution —» —Define Loads — Apply — — Structural —
Displacement -On Nodes+

Pick all
Choose UY, UZ

I\ Apply U,ROT on Nodes ]
Ok [D] Apply Displacements (U.ROT) on Nodes
Lab2 DOFs to be constrained
' Pick " Unpick
Qs Apply as IConstan’r value L]
" Polygon (" circle
€ Toop If Constant value then:

Count
Maximum 1z1
Minimum
Node No.

oK | Apply Cancel |

a YALUE Displacement value I

(% List of Items

{" Min, Max, Inc

——

i |
Reset Cancel

Utility Menu: Select—Everything

We do the same with the rest of supports:
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Support 3

Utility Menu: Select—Entities
@ Select nodes by location
[12> Enter X=41 and Ok

Main Menu: Solution — —Define Loads — Apply — — Structural —
Displacement -On Nodes+

[13> Pick all
Choose UY, Uz
(15> Ok

Utility Menu: Select—Everything

Support 4

Utility Menu: Select—Entities
[12> Select nodes by location
[12> Enter X=53 and Ok

Main Menu: Solution - —Define Loads — Apply — — Structural —
Displacement -On Nodes+

[13> Pick all

Choose UX, UY, UZ, ROTZ

[15> Ok

Utility Menu: Select—Everything
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14. Families and Load States Definition

The user may define load families that can be later used in the combination module.
A family is a group of load states, normally of the same topology. For example, the
vehicles load would be a family formed by all loads created when the vehicles are
placed in all the possible positions.

All the load steps belonging to a family are combined into one unique load step
according to their nature

a) Vehicle Load

Utility Menu: File ->Change Title
[1> Enter Vehicle Load

mchange Title = ll
[/TITLE] Enter new title E> I'u’ehicle Load

(8] | Cancel I Help |

We load and modify properties of a vehicle from the library using the vehicle
editor:

Main Menu: Civil Solution -»Bridges Solu—»Traffic Loads —»Vehicle

E> Vehicle Library &
[3>> Select IAP Heavy Vehicle
[4> Ok to define Vehicle 1

[5 > Ok to exit vehicle editor
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E>Jv'x B 22 2le %[5 S8 8 || s [100x o

%% Vehicles L

K CivilFEM vehicle library ll

Wehicle ta import

Vehicle index Il
IE>Group I]AP 'I

Name IVEHICULD PESADO [Heavy vehicle) j

Factor [L g
(2> [T o |

Property | value
7
Yehicle 1
Aol Tom ol Tem TN
|
o

2m 2% 2m

JofTm TEm ol Tem ol N
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Main Menu: Civil Solution -»Bridges Solu -»Family —»Define Family

One heavy vehicle in one line: Type INCOMPATIBLE
[6 > Family number 1001

[7> Choose Incompatible

MDeﬁne Load Family :
[~BLFDF] Define Family

Famility Number Familiy [6 > |1001

Type of Combination Rule  Type E> IIncompatible _:_I

oK I Cancel | Help |

[8> Ok

[9>> Ok to define family coefficients

mDeﬁne Family Coefficients ¥
[~BLFDF] Define family Coefficients
Family Number 1001

Get Title KTitle

+ Get Title

" Donot get Title

|E> oK | Cancel | Help |

Now we define the family number to which the mobile loads will be assigned

and the identification number of the vehicle that is going to move over the
bridge:

Main Menu: Civil Solution »Bridges Solu —»Traffic Loads —-»Mobile Load
Enter Family number 1001

@ Enter Vehicle ID 1 and Ok
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MMobile Load Definition )

[~ELYR] Mobile Load Definition

Farily Number I_IUDI—'
Horizontal Load Family Number Ii
wehicle ID @ ,17
Line Comp. Displacement Io—

Horiz Load: Fraction, Ain Yalue IU

Transient: 5t Time, Yelocity Iu

LI b

Components and Assemblies

Road Axis - Line Component

CF_BR_NODE

|BROUTEL

Deck - Elem. and Nodes Assembly
BROUTE

IBDECK
@ OK | Apply Cancel |

Help

[12> Solve

Main Menu: Civil Solution ->Bridges Solu »>Solve

n Start CivilFEM Bridge Solver

[~BLSOLVE] Start solve?

@ oK Cancel Help

Now we delete forces to continue with next load step:

Main Menu: Solution »Define Loads —»Delete—>All Load data—All

Forces—»On all nodes

[13> Ok
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m Delete All Forces on All Selected Nodes

[FDELE] This function deletes all forces

on all selected nodes!

E‘?> oK | Cancel | Help |

b) Initial Prestressing
Utility Menu: File ->Change Title

m Change Title

[/TITLE] Enter new title |Ini1ial Prestressing

(8] Cancel Help

Enter “Initial Prestressing”

We will calculate the immediate losses, they occur once the prestressing force

is applied, after the concrete has been placed and cured, and when the tendons
are anchored.

Main Menu: Civil Solution —>Prestress Concrete Solu—»Tendons
—Calculate Losses

E5> Enter 0 as time

[16> OK

i\ calculate stress losses

[~PCLOSS] Calculate stress losses

Timeth) for long-term losses @ In

Long-term loss cale type

Independent calculation

1: Coupled
IIndependem calculation
Ageing coefficient I 0.8
OK | Apply I Cancel | Help |

Now we transfer the tendons’ actions over the finite elements model:
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Main Menu: Civil Solution —» Prestress Concrete Solu - Tendons — Load

Tendon

n\ Assign Tendon loads to the model

Family Id Number

[~PCPL] Assign tendon loads to the model

[12>[o

Family will only be created if the Bridges module is active.

OK I Cancel I

Help |

~CFLSWRT command writes all load and load step option data for the selected
model to a load step file for later use.

Main Menu: Civil Solution -»Load State—Write LS file

F\\Read Load Step File

[LSREAD] Read Load Step File {(Jobname.Sn)
LSNUM Load step file number n

[20> &

Apply

Cancel

Enter Load step number 20

[20> OK

In order for CivilFEM to process the results correctly, it is necessary to use this
command to delete the prestressing loads.

Main Menu: Civil Solution ->Prestress Concrete Solu—»Tendons —Delete

Loads

Ii\Delete nodal loads and prestress actions

[~PCDEL] Delete nodal loads and prestress actions

All loads on selected nodes will be deleted.

@w'

Cancel |

Help I

]
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[22> Ok to delete all loads

c) Final Prestressing

Utility Menu: File ->Change Title

mthange Title N

[/TITLE] Enter new title [22> [Final prestressing

(514 l Cancel I Help |

@ Enter Final Prestressing

We will calculate the long-term losses, they occur after the end of the last
prestressing operation.

Main Menu: Civil Solution —>Prestress Concrete Solu—»Tendons
—Calculate Losses

[23> Enter time 1,000,000 and OK

m Calculate stress losses :

[~PCLOSS] Calculate stress losses

Timeth) for long-term losses I 1000000

Long-term loss cale type

Independent calculation

1: Coupled

IIndependenf caleulation
Ageing coefficient 3

ok | Apply | Cancel | Help |

T

Now we transfer the tendons’ actions over the finite elements model:

Main Menu: Civil Solution »>Prestress Concrete Solu—»>Tendons —Load
Tendon
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N\ Assign Tendon loads to the model

[~PCPL] Assign tendon loads to the model

Family Id Number @ l 0

Family will only be created if the Bridges module is active.

oK | Cancel I Help I

@ Enter 0
%> oK

~CFLSWRT command writes all load and load step option data for the selected
model to a load step file for later use.

Main Menu: Civil Solution -»Load State—Write LS file

Fi\Read Load Step File E X
[LSREAD] Read Load Step File {Jobname.Sn)

LSMUM Load step file number n : : >| 21
oK l Apply Cancel l Help I

[27> Enter Load step number 21

[28> Ok

In order for CivilFEM to process the results correctly, it is necessary to use this
command to delete the prestressing loads.

Main Menu: Civil Solution »Prestress Concrete Solu—»Tendons —Delete
Loads

Fi\Delete nodal loads and prestress actions x|

e

[~PCDEL] Delete nodal loads and prestress actions
All loads on selected nodes will be deleted.

OK | Cancel | Help I

Ok to delete all loads
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d) Self Weight
Utility Menu: File ->Change Title

x4
[/TITLE] Enter new title |59|f Weight

(5] I Cancel | Help I

Enter Self Weight

We specify the linear acceleration of the structure:

Main Menu: Solution -»Define Loads —->Apply
—Structural-Inertia>Gravity—>Global

[3T> Enter 9.81 as ACELZ and OK

I\ 2pply (Gravitational) Acceleration . x|

[ACEL] Apply (Gravitational) Acceleration

ACELX Global Cartesion X-comp Io
ACELY &Global Cartesian ¥-comp Io
ACELZ Global Cartesian Z-comp @I 981

oK | Cancel | Help |

~CFLSWRT command writes all load and load step option data for the selected
model to a load step file for later use.

Main Menu: Civil Solution —»Load State—»Write LS file
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mRead Load Step File a

[LSREAD] Read Load Step File (Jobname.Sn)

LSMUM Load step file number n @I 22

@ OK I Apply Cancel I Help

%]

@ Enter Load step number 22

[33> Ok

Now we delete this load by entering zero gravity:

Main Menu: Solution -»Define Loads —->Apply
—Structural—Inertia—>Gravity

N Apply (Gravitational) Acceleration

[ACEL] Apply (Gravitational) Acceleration
ACELX Global Cartesian ¥-comp

ACELZ Global Cartesian Z-comp 0
OK | Cancel I Help |

I ]
ACELY Global Cartesian Y-comp | 0

Enter 0 as ACELZ and Ok

e) Dead Load

Utility Menu: File ->Change Title

n\ Change Title

[{TITLE] Enter new title @| Dead Load

OK | Cancel I

Help |

@ Enter Dead Load

[36> ok

We specify a surface load on all beam elements:
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Main Menu: Solution —»Define Loads -»Apply— Structural ->Pressure—0On

Beams+
Apply PRES on Beams
(¢ pi 5 5
Rk Bl A\ Apply PRES on Beams X
¢ gingle ( Box [SFBEAM] Apply Pressure (PRES) on Beam Elements

" Polygon (" Circle LKEY Load key Iz
" Loop

VALI Pressure value at node I 133200
Count = 0

Harinunt = 60 VAL) Pressure value at node 1

Minimam = 1

Elem No. =

(leave blank for uniform pressure)

Optional offsets for pressure load

(¢ List of Items IOFFST  Offset from I node I

" Min, Max, Inc JOFFST  Offset from J node

0K | Apply | oK I Apply Cancel ] Help ]

Reset I Cancel |

37> Pick Aall Help I

@ Pick all
Enter 2 as load key

Enter pressure value= 33200

[40> OK

~CFLSWRT command writes all load and load step option data for the selected
model to a load step file for later use.

Main Menu: Civil Solution -Load State—>Write LS file

_; =

MRead Load Step File
[LSREAD] Read Load Step File {(Jobname.Sn)

LSMUM Load step file number n I 23
oK I Apply Cancel I Help |

Enter Load step number 23

[42> Ok
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Now we delete the surface loads from all elements:

Main Menu: Solution — —Define Loads — Delete — All Load data—All
Surface Ld — On all Elems

m Delete All Surface Loads on All Selected Elements
[SFEDELE], ALL,ALL, ALL

This function deletes all surface loads

on all selected elements!

QK | Cancel l Help '

[43> Ok

f) Surface Load
Utility Menu: File ->Change Title

N Change Title b4
[{TITLE] Enter new title 44> |Surface Load

OK | Cancel I Help |

Enter Surface Load an Ok

We specify a surface load on all beam elements:

Main Menu: Solution »Define Loads -»Apply— Structural ->Pressure—0On
Beams+
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Apply PRES on Beams

* pick (" Unpick

n\ Apply PRES on Beams

[SFBEAM] Apply Pressure (PRES) on Beam Elements

(¢ gingle ( Box LKEY Load key .‘ 2

" Polygon (" pircle

ooy YALT Pressure value at node I 40000

it - 0 YAL) Pressure value at node J
pER = O {leave blank for uniform pressure)
Minimum = 1

Elem No. = Optional offsets for pressure load

IOFFST  Offset from I node

(¢ List of Items
JOFFST  Offset from 1 node

[IN

o« Min, Max, Inc

0K I Apply Cancel | Help l

(1) 34 I Apply l

Reset

Cancel l

45 > Pick All | Help l

Pick all
Enter 2 as Load key

Enter pressure value = 40000

[48> Ok

~CFLSWRT command writes all load and load step option data for the selected
model to a load step file for later use.

Main Menu: Civil Solution -»Load State—»>Write LS file

Fi\\Read Load Step File k. x|
[LSREAD] Read Load Step File {(Jobname.Sn)

LSMUM Load step file number n I 24

50> QK l Apply Cancel l Help |

Enter 24
Ok

Now we delete the surface loads from all elements:
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Main Menu: Solution - —Define Loads — Delete — All Load data—All
Surface Ld — On all Elems

m Delete All Surface Loads on All Selected Elements
[SFEDELE], ALL,ALL,ALL

This Function deletes all surface loads

on all selected elements!

@ oK l Cancel | Help I

[5s2> Ok

g) Thermal Gradient
Utility Menu: File ->Change Title

n\ Change Title P

[JTITLE] Enter new title [52> [ Thermal gradient

IEZ> QK | Cancel I Help '

[52> Enter Thermal gradient and Ok
Now we apply temperature on all elements:

Main Menu: Solution - — Loads — Apply — — Structural — Temperature— On
Elements

[53> Pick all

Starting location at location 1
@ VAL1=0, VAL2=0, VAL3=5, VAL4=5

Apply
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Apply TEMP on Elems

% pick (" Unpick

N Apply TEMP on Elems
[BFE] Apply Structural Temperatures (TEMP) on Elements

STLOC Starting location N B}

(¢ Single " Box

" Polygon (" circle

YAL2 Temperature at loc N+1 @

VAL3 Temperature at loc N+2

* List of Items

" Min, Max, Inc

1111

ValL4 Temperature at loc N+3

0K | Apply I QK ADD'Y I

(a)
[«
o
(nl
o

& I 1

Count = 0 Apply as IConstant value L‘
Maximum = 60 If Constant value then:

TR YAL1 Temperature at location N 0

Elem No. =

Help

Reset | Cancel I

53> rick Al@lp |

[57> Pick all again
Starting location at node 5
VAL1=0, VAL2=0, VAL3=5, VAL4=5

[60> Ok

mApply TEMP on Elems X

[BFE] Apply Structural Temperatures (TEMP) on Elements

STLOC Starting location N [5

Apply as |Constant value
If Constant value then:

VALl Temperature at location N

| 1]
¥aL2 Temperature at loc N+1 | il
| )
| S

VAL3 Temperature at loc N+2

VaL4 Temperature at loc N+3

OK Apply | Cancel | Help l

=

~CFLSWRT command writes all load and load step option data for the selected

model to a load step file for later use.
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Main Menu: Civil Solution »Load State—»Write LS file

mRead Load Step File

1 X
[LSREAD] Read Load Step File {(Jobname.Sn)
LSMUM Load step file number n

oK I Apply

Enter 25
oK

We finally delete element body force loads:

Main Menu: Solution —» —Define Loads — Delete — All Load data—All Body
loads — On all Elems

m Delete All Body Loads on All Selected Elements A
[BFEDELE] This function deletes all body loads

on all selected elements!

QK | Cancel | Help |

Ok

To finish we must read and solve multiple load steps taking into account the
construction process:

We type this in the ANSYS command window:
~CFLSSLV, 1,25,1

Range of load step files to be read and solved, from LS20 to LS25 in steps of 1

F\\ANSYS Multiphysics Utility Menu

File Select List Plot PlotCtrls ‘WorkPlane Parameters Macro MepuCtrls  Help

EIEIEI @I @Iﬂ B ~crussLy, 20,25, K54 |

These are all the load steps and start states created :
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Load Steps

Vehicle Load
Initial Prestressing
Final Prestressing

Self Weight
Dead Load
Surface Load

Thermal Gradient

Start

States
LS1:19
LS20
LS21
LS22
LS23
LS24
LS25

_ TEE3XT 24111305171 L 12 SEEREG 13 53@%ﬂﬂ%&§%$l&ﬁS&ﬁQﬁmaﬂﬁﬁﬁ?E3Nﬂ?? EKEEBQNBQS?BQl

nfﬁ\ T AT T AT

'Prestressed Slab Bridge'

£
fl]

Civil

R sgum.
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® Postprocessing

15. Conversion of families into combinations

Constructing the combinations from the families previously defined, is carried out
through command ~BLF2CMB. This command converts families in CivilFEM load
combinations. The combination will always have the same numbering as the family
from which it has been generated.

Once this command is executed, it deletes the existing families and the user must
start using at this stage the corresponding commands of the CivilIFEM load
combination module (command ~TRGDEF for target definition and command
~COMBINE to carry out the combinations).

Main Menu: Civil Postprocessor — Bridge Post - Family to Cmb

E>Ok

m Transform Families into Combinations E(ii‘

[~BLF2CMB] Transform Families?

E> QK l Cancel Help

16. Define targets

The targets are the objectives to reach; in this case we will define two, the
maximum and minimum bending moments.

Main Menu: Civil Postprocessor - Combine Results — Def One Target

E> Specify target number 1
[3>> Select CROSS and MZ
[4> Select Maximum

E> Apply to define next target
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m Define One Target

[~TRGDEF] Define Target

Specify Target Number  ITRG |:>| 1

Select Group, Item and Component BEAM F X
Select Type Type

" Minimun (MIN)
E> & Maximun (MAX)

(" Absolute (ABS)

OK I IE> apply | Cancel Help

E> Specify target number 2
E> Select CROSS and MZ

Select Minimum
[©> Ok

m Define One Target

[~TRGDEF] Define Target

Specify Target Number  ITRG IE>| 2

Select Group, Item and Component BEAM F X
SHELL FY
SOLID FZ
AXSHL M X
DISPL MY

E> REACT

VERTX MZ

Select Type Type

(? Minimun (MIN}

" Maximun (MAX)

(" Absolute (ABS)

IE> OK Apply | Cancel Help
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17. Define combination rules

CivilFEM provides, by the combinations module, the possibility of operating with
a results sets and combine them in such a way that a given targets are
achieved. Therefore, the results combination is based on the search of the
combination among certain data set that, following certain rules, fulfills the given
targets in each node of the structure.

In our case we will define these combination rules using the start states created

before:
(0]
_ _ Start N
Combination Rule Type Start | Cf1 | Cf2
States
States
1.10 | 0.90
1.10 | 0.90
Total with Initial CMB1001, 1.35 | 1.00
Prestressing LS20, 22, | SELECTVC 6
1002 23, 24. 25 1.35 | 1.00
1.5 0.00
1.35 | 1.00
1.10 | 0.90
1.10 | 0.90
Total with Final CMB1001, 1.35 | 1.00
Prestressing LS21,22, | SELECTVC 6
1003 23, 24, 25 1.35 | 1.00
1.5 0.00
1.35 | 1.00
Total with Initial or Final CMBL002
Prestressing ’
1003 OPTION 2 1 1
1004
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Main Menu: Civil Postprocessor -»Combine Results -Combination

The combinations explorer window opens:

¥ Combinations Explorer =|&8] x|
v < 82|92 28 8% M+ &6 6|4
1 :’ =14ty Combinations e ) .
4 Combination 1001: Vehicle Load i~ New Combination - (fill the properties and prerton]
44 Families Title | Total with initial prestressing. < 2
with Variable Coefficients.
Number [1002 Type [SELECTVC LI Adamrrof a fised number of Start States: each one
can be multiplied by two cos
Num S5 [6 NADD [6 (6—|

—Start State

N—

Caefici

ent ] I

Coeficient 2 |

(- List of Possible Start States (drag and drop over tree)

IT’i- L[ | ] Default coeficient 1 |1‘DUU

Def. coef. 2 [1.000

Start State

| Title

24 Combination 1001

& Load Step 1, Sub Step LAST
& Load Step 2, Sub Step LAST
b Load Step 3, Sub Step LAST
& Load Step 4, Sub Step LAST
& Load Step 5, Sub Step LAST
& Load Step B, Sub Step LAST
& Load Step 7, Sub Step LAST
& Load Step 8, Sub Step LAST
& Load Step 9, Sub Step LAST
& Load Step 10, Sub Step LAST
& Load Step 11, Sub Step LAST
& Load Step 12, Sub Step LAST
& Load Step 13, Sub Step LAST
& Load Step 14, Sub Step LAST
& Load Step 15, Sub Step LAST
& Load Step 16, Sub Step LAST
& Load Step 17, Sub Step LAST

Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load
Vehicle Load

Combinations I

[1> Pick on Combinations

E> Enter title “Total with initial prestressing”

E> Enter combination number 1002
E> Choose type SELECTVC

E> Enter 6 as number of start states
[6 > Enter 6 as NADD

E> Click on Create

| Combinations is selected

Combination 1002 is created, if we select the combination from the tree (it still does

not have its start states defined):
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¥ Combinations Explorer
|v x B2 [ D 2

=)-4t Combinations
[+ 4% Combination 1001: Vehicle Load
8 Y Combination 1002: Total with initial prestressin. .. Title IT atal with initial prestressing
I 2 Mot defined

= [= |

I R W+ &= e | x a<I0]

i~ Combination

2 Not defined e Selection with Variable Coefficients.
2 Mot defined Number [1002 Type ISELE cTve L] Addition of a fixed number of Start States; each one
-.; Mot defined can be multiplied by two coeficients.
S Num 55 [6 NADD [6
2 Mot defined
2 Mot defined
£ Families e

Coeficient 1 Coeficient 2

r— List of Possible Start States (drag and drop over tree)

rﬂ- 15 | | Default coeficient 1 '0. 90 Def. coef. 2 {1.10
~_ | Start State I Title l -
I:g /> 24 Combination 1001 Vehicle Load
Y% Combination 1002 Total with initial prestressing
& Load Step 1, Sub Step LAST ~ Vehicle Load
& Load Step 2, Sub Step LAST  Vehicle Load e

& Load Step 3, Sub Step LAST ~ Vehicle Load
& Load Step 4, Sub Step LAST ~ Vehicle Load
& Load Step 5, Sub Step LAST  Vehicle Load
& Load Step B, Sub Step LAST ~ Vehicle Load
& Load Step 7, Sub Step LAST  Wehicle Load
& Load Step 8, Sub Step LAST ~ Vehicle Load
& Load Step 9, Sub Step LAST  Vehicle Load
& Load Step 10, Sub Step LAST  Vehicle Load
& Load Step 11, Sub Step LAST  Vehicle Load
& Load Step 12, Sub Step LAST  Vehicle Load
& Load Step 13, Sub Step LAST  Wehicle Load
& Load Step 14, Sub Step LAST  Vehicle Load

& Load Step 15, Sub Step LAST  Wehicle Load |
Combinations
Trfarmatinn and madifishla Aaka shaok Camhbinakian and Skavk Shaka [ Famhinakian 1002+ Takal with inikisl crackvaccin icee 2
e N e { o 1 — R e~ . . — s . I

So, now we select in the start states list, the ones desired to be included in the
combination (more than one can be selected maintaining the control key [CTRL]
pressed).

Select combination 1002
E> Select from List of Possible Start States: Combination 1001: Vehicle Load

i
Press the contextual button in toolbar _=

to define a new start state (user can drag with the mouse the selected start
states selected from the list, and drop them on the combination)

Start state 1 is defined, now we must define the rest:
@ Select combination 1002 again
@ Select from List of Possible Start States ( hold control key [CTRL] )
Load Step 20 Initial Prestressing
Load Step 22 Self Weight
Load Step 23 Dead Load
Load Step 24 Surface Load
Load Step 25 Thermal Gradient
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¥ Combinations Explorer

Jv x B2 B

sl

" %+ & =2 =X

=10l

()-8 Combinations
A4 Combination 1001: Vehicle Load

11 A% Combination 1002: Total with initial prestressin. ..
I A4 Combination 1001: Vehicle Load

2 Not defined

? Not defined

? Not defined

2 Not defined

2 Not defined

£ Families

i~ Combination

Title |Total with initial prestressing

Selection with Variable Coefficients.

Number [1002 Type ISELECTVC j Addition of a fized number of Start States; each one
can be multiplied by two coeficients.
Num S5 |6 NADD |6
— Start:State

Coeficient I Coeficient 2 I

i~ List of Possible Start States (drag and drop over tree]

[RL]1] Def. coef. 2 [1.000

Start State | Title | 4]
& Load Step 17, Sub Step LAST  Vehicle Load
& Load Step 18, Sub Step LAST  Vehicle Load
& Load Step 19, Sub Step LAST  Vehicle Load

Default coeficient 1 |1.000

Gradient

& Load Step 1, Sub Step 1 Vehicle Load
& Load Step 2, Sub Step 1 Vehicle Load
& Load Step 3, Sub Step 1 Vehicle Load
& Load Step 4, Sub Step 1 Vehicle Load
& Load Step 5, Sub Step 1 Vehicle Load
&) Load Step B, Sub Step 1 Vehicle Load L,

|_Combinations I

[13> Press the contextual button in toolbar _=_

to define a new start state

The default coefficients that these start states will have in the combination must also

be defined:

Select Combination 1001: Vehicle Load

E5> Enter 1.10 as coefficient 1
Enter 0.90 as coefficient 2

F Combinations Explorer "

JV’XE'@HMW

L A -t

I

=)-4b Combinations
2% Combination 1001: Vehicle Load
&Y Combination 1002: Total with initial prestressin. .
% B FCombination 100 i d
& Load Step 20, Sub Step LAST: Initial Prestressing
& Load Step 22, Sub Step LAST: Self Weight
& Load Step 23, Sub Step LAST: Dead Load
& Load Step 24, Sub Step LAST: Surface load
& Load Step 25, Sub Step LAST: Thermal Gradient

£ Families
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i~ Combination

Title |\o"ehicle Load

Selection with Yariable Coefficients.
Type ISELECTVC .:] Addition of a fired number of Start States; each one
can be multiplied by two coeficients.

Number |1 0m

Num 5 [19 NADD |1

i~ Start State

On Cornb. W@oeﬁcienﬂ 1.100 Coeficient 2 [0.900 <[:




@ Select Load Step 20: Initial Prestressing
Enter 1.10 as coefficient 1
Enter 0.90 as coefficient 2

v x B2 |2 28 8|8 M+ &5 | X 4

=] g Combinations S
A% Combination 1001: Vehicle Load IR

[=)-2% Combination 1002: Total with initial prestressin. .. Title ITotaI with initial prestressing
[17 [#-2% Combination 1001: Yehicle Load
®N 0ad Step 20, Sub Step LAST: Initial Prestressing Wurber [To02
; 8 umber 1062 Type
& Load Step 22, Sub Step LAST: Self Weight P tates; eachi

& Load Step 23, Sub Step LAST: Dead Load o . Zath Al
Wum 55 Ir’ NADD IE
& Load Step 24, Sub Step LAST: Surface load <
& Load Step 25, Sub Step LAST: Thermal Gradient
Families
& ~ Start State

Sub Step [LAST CoeficienH 1.100 l:oeficientzln.snn z:

Select Load Step 22: Self Weight
@ Enter 1.35 as coefficient 1

@ Enter 1.00 as coefficient 2

=10f x|
v x|zl 2B 3|8 M+ $5 o x4

=4t Combinations

24 Combination 1001: vehicle Load [ECbrEton
(=14 Combination 1002: Total with initial prestressin... Title ITcl'a| with initial prestressing [,k

[ 4% Combination 1001: Vehicle Load

L & Load Step 20, Sub Step LAST: Initial Prestressing Humber 002 ., o 5
umter (1002 Tupe ISELECTVC « SRy e
[_’ZO & Load Step 22, Sub Step LAST: Self Weight I se | [ tates; each one
& Load Step 23, Sub Step LAST: Dead Load Num S8 I A NADD IF
& Load Step 24, Sub Step LAST: Surface load

& Load Step 25, Sub Step LAST: Thermal Gradient

£ Families

i~ Start State

Sub Step [@ Coeficient 1 [1.350 Coeficient 2 |1.00K::

We will complete defining all coefficients by following this table:

Combination 1002 Total with Initial Prestressing
Start State Coefficient 1 Coefficient 2
CMB 1001 Vehicle Load 1.10 0.90
LS 20 Initial Prestressing 1.10 0.90
LS 22 Self Weight 1.35 1.00
LS 23 Dead Load 1.35 1.00
LS 24 Surface Load 1.50 0.00
LS 25 Thermal Gradient 1.35 1.00
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Now we define a new combination:

[23> Pick on Combinations

Enter title “Total with final prestressing”
@ Enter combination number 1003
Choose type SELECTVC

@ Enter 6 as number of start states

Enter 6 as NADD
Click on Create

F Combinations Explorer 3 o =] B}
vxBle|D 2B a||" Nt &6 0|3
23 > Combinations
E’ ﬁ‘j Combination 1001: Yehicle Load New Combination - [fill the properties and press the button]
4 Combination 1002: Total with initial prestressin. .. Title |T0tal with final prestressing Qﬂ
& Fanilies

< ith Variable Coefficients.
Number [1003 Type ISELE cTve L] a fized number of Start States; each one
can be multiplied by two coeficf
57 tumss [ neop

—Start State

Coeficient 1 Coeficient 2 I

i~ List of Possible Start States (drag and drop over treg)

rF!- & | | Default coeficient 1 |1.000 Def. coef. 2 |1 .000

Start State [_Title: -
é’ Combination 1001 Vehicle Load

% Combination 1002 Total with initial prestressing

& Load Step 1, Sub Step LAST  Vehicle Load o
& Load Step 2, Sub Step LAST ~ Vehicle Load
& Load Step 3, Sub Step LAST  Vehicle Load
& Load Step 4, Sub Step LAST ~ Vehicle Load
& Load Step 5, Sub Step LAST  Vehicle Load
& Load Step B, Sub Step LAST  Vehicle Load
& Load Step 7. Sub Step LAST  Vehicle Load
& Load Step 8, Sub Step LAST  Vehicle Load
& Load Step 9, Sub Step LAST  Vehicle Load
& Load Step 10, Sub Step LAST  Vehicle Load
& Load Step 11, Sub Step LAST  Vehicle Load

c_b Load Step 12, Sub Step LAST  Vehicle Load l]
| | &
|_Combinations l
Information about: Combinations | Combinations is selected 4

We follow the same procedure (as we did with combination rule 1002) to define
all start states and coefficients repeating the same steps with this data:
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Combination 1003 Total with Final Prestressing
Start State Coefficient 1 Coefficient 2
CMB 1001 Vehicle Load 1.10 0.90
LS 21 Final Prestressing 1.10 0.90
LS 22 Self Weight 1.35 1.00
LS 23 Dead Load 1.35 1.00
LS 24 Surface Load 1.50 0.00
LS 25 Thermal Gradient 1.35 1.00

LEEYTE

| v X

B¢ =l

unpo  FE0D

(=

|| x 4

-4 C

£

ombinations

[+ Combination 1001: Vehicle Load
(-4 Combination 1002: Total with initial prestressin...
[+

A4 Combination 1001: Yehicle Load

& Load Step 20, Sub Step LAST: Initial Prestressing
& Load Step 22, Sub Step LAST: Self Weight

& Load Step 23, Sub Step LAST: Dead Load

& Load Step 24, Sub Step LAST: Surface load

& Load Step 25, Sub Step LAST: Thermal Gradient

=% Combination 1003: Total with final prestressing

-4 Combination 1001: Vehicle Load
& Load Step 21, Sub Step LAST: Final Prestressing
& Load Step 22, Sub Step LAST: Self Weight
& Load Step 23, Sub Step LAST: Dead Load
&, Load Step 24, Sub Step LAST: Surface load
& Load Step 25, Sub Step LAST: Thermal Gradient

—Combinati
ombination

Title ITotaI with final prestressing

Selection with Yariable Coefficients.
Addition of a fixed number of Start States; each one
can be multiplied by two coeficients.

Number [1002 Type [SELECTVC v |

Num SS |6 NADD 6

— Start State

Coeficient 1 I Coeficient 2 l

 List of Possible Start States (drag and drop over tree]

Default coeficient 1 |1.UUU Def. coef. 2 |1.000

Information and modifiable data about Combination and Start State

& Fanilies FH_II
Start State | Title | A
24 Combination 1001 Vehicle Load
ﬁ‘i Combination 1002 Total with initial prestressing
A% Combination 1003 Total with final prestressing —
& Load Step 1, Sub Step LAST ~ Vehicle Load
& Load Step 2, Sub Step LAST ~ Vehicle Load
& Load Step 3, Sub Step LAST  Vehicle Load
& Load Step 4, Sub Step LAST  Vehicle Load
& Load Step 5, Sub Step LAST  Vehicle Load
& Load Step B, Sub Step LAST  Vehicle Load
& Load Step 7, Sub Step LAST ~ Vehicle Load
& Load Step 8, Sub Step LAST  Vehicle Load
& Load Step 9, Sub Step LAST ~ Vehicle Load
& Load Step 10, Sub Step LAST  Vehicle Load
& Load Step 11, Sub Step LAST  Vehicle Load
& Load Step 12, Sub Step LAST  Vehicle Load
A 1 AnACAR 12 Cub Chan L ACT  Aiakialal and :—]
Combinations l

| Combination 1003: Total with final prestressing is sele

The final combination will be a combination of 1002 and 1003:
Pick on Combinations
@ Enter title “Total with initial or final prestressing”

@ Enter combination number 1004

@ Choose type OPTION

Enter 2 as number of start states

E5> Click
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¥ Combinations Explorer (=] 3]

v x B2 e ||E RNt o= =
30 4t Combinations L ) ‘

X _L_x, Combination 1001: Vehicle Load New Combination - [fill the properties and press lheb}c 1 I

] ﬁ‘, Combination 1002: Total with initial prestressin... Title ITotaI with initial or final prestressing \_l

[-2% Combination 1003: Total with final prestressing

44 Combination 1001: Vehicle Load I: Number [1004 I'—_I Start States Option.
e |OPTION o ;
&, Load Step 21, Sub Step LAST: Final Prestressing 28 g:flir'l e Start State is selected from the ones
& Load Step 22, Sub Step LAST: Self Weight 34 ; @
Num 55 |2 1 it
& Load Step 23, Sub Step LAST: Dead Load l l
& Load Step 24, Sub Step LAST: Surface load
b 1 acd Chan 90 €k Cham 1 ACT: Thavmaal Fuadinmb

Select combination 1004
@ Select from List of Possible Start States ( hold control key [CTRL] ):
Combination 1002 and Combination 1003

F Combinations Explorer

vt ald

=} g Combinations e
4 Combination 1001: Vehicle Load [ Combination
4 Combination 1002: Total with initial prestressin...

[' i—‘g Combination 1003: Total with final prestressing

SRR | x 4

Title ITolaI with initial or final prestressing

LY Combination 1004 Total with initial or final pr... Start States Option.
T~ &% ;:a’milies Number 1004 Type IUP“DN =l lél:fl; :Se Start State is selected from the ones
Num S5 |2 NADD |1

—Start State

Coeficient 1 I Coeficient 2 I

i~ List of Possible Start States [drag and drop over tree]

F L| | I Default coeficient 1 |1,0EIU Def. coef. 2 |1.000

Start State | Title [«
ﬁ‘jCom inati Vehicle Load

%Combination 1004 Total with initial or final prestressing
& Load Step 1, Sub Step LAST ~ Vehicle Load
& Load Step 2, Sub Step LAST ~ Vehicle Load
& Load Step 3, Sub Step LAST ~ Vehicle Load
& Load Step 4, Sub Step LAST ~ Vehicle Load
& Load Step 5, Sub Step LAST  Vehicle Load
& Load Step B, Sub Step LAST ~ Vehicle Load
& Load Step 7. Sub Step LAST  Vehicle Load [}s
& Load Step 8, Sub Step LAST  Vehicle Load
& Load Step 9, Sub Step LAST  Vehicle Load
& Load Step 10, Sub Step LAST  Vehicle Load

< | 2]
|_Combinations I
Information and modifiable data about Combination and Start State | Combination 1004: Total with initial or final pr... is sele

1Y)
Press the contextual button in toolbar _=_

to define the 2 start states.

You can drag with the mouse the selected start states selected from the list,
and drop them on the combination tree instead of clicking the button.
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18. Carry out combinations

Prior to completing the combinations CivilFEM shows a window with the global
status in order to review all data before carrying out the combinations.

Main Menu: Civil Postprocessor -»Combine Results - Combine —»
Combine for targets

[1> Review the information in the list window

[2>> OK to start the combination process

B o s x
File
COHBINATION HODULE STATUS -
GLOBAL STATUS
TARGETS:
- Hin Target Hunber : 1
- Hax Target Hunber : 2
COHBINATIONS: B
- Nunber of conbinat ions: q
- Hin Conbinat ion Nunber: 1001
- Hax Conbinat ion Nunbev: 1004
TARGETS DATH
TARGET GROUP  ITEH COHP TYPE LABEL
2CROSS H ¢ HIN HZ-
1CROSS H 2  HAX Hi+
IISER POINTS:
Stress user points:
Hot def ined
Strain user points:
d

X

msmrts the Results Combination Process

[~COMBINE] Starts the Results Combination Process

Review the summary information in the lister window
{entitled "CMB_STAT.TXT"), then press OK to start

the Results Combination Process.

E> 0K | Cancel I Help |

Before plotting results we define the viewing direction for the display:
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Utility Menu: PlotCtrls -»View Settings —»Viewing Direction

E> Enter (0,-1,0) as coordinates of view point

[4> ok

mViewing Direction

[AYWIEW] [/YUP] Viewing Direction

WN W indow number IWindow 1 LI
[fYIEW] Yiew direction

XM ¥V.ZY Coords of view point IE>|0 |.1 IU
[#¥UP] Coord axis arientation IY-axis up LI

[#REPLOT] Replot upon OK/Apply? IReplof LI

E> oK l Apply | Cancel | Help |

19. Read & Plot results

First of all we need to point to the combined results.

Main Menu: — CivilFEM — Civil Postprocessor —» Combine Results — Set

data to read
[1> Select combined results
2> ok

li\set Data to read 1

[~CMBDAT] Paints to original or combined results
Results KEY

(" Original results

We read the results of combination rule 1004 that satisfy the defined target.
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Main Menu: — CivilFEM — Civil Postprocess — Combine Results — By
description...

[1™> Enter 1004 to read result of combination rule 1004
E> Select the target MZ MAX

[3> Ok

mRead Combination Results by Target Description . |
[~CME] Read Combination Results
Combination Rule Number ICME

Select Group, Item and Component

IE> (8] | Cancel | Help |

We change title:
Utility Menu: File ->Change Title
[> Enter Maximum Bending Moment MZ (All loads)

[ > ok

m Change Title ll
[/TITLE] Enter new title

|:> IMoximum Bending Moment MZ {all loads)

|:> oK I Cancel | Help I

In the following step we plot the maximum bending moment MZ in each point of
the bridge:

Main Menu: Civil Postprocessor - Beam Utilities —» Graph
results— Forces & Moments
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F\\Graph Force and Moment Results i x|

[~PLLSFOR] Graph Force or Moment
Select Ttem fo Graph TTEM,.COMP E>| Bending Aom Z ~]
-1

Optional scale factor  FACT |
E> oK | Apply Cancel | Help I

[6 > Choose Bending Mom Z

[7> ok

MIN =-911003
BHBEM= 43

MAX = .102E+ 08
BHBEM= 29
-911003
324691
.156E+ 07
.280E+ 07
A03E+ 07
527E+ 07
.650E+ 07
T74E+ 07
.897E+ 07
.102E+ 08

)

>

jouogoom

Maximum Bending Moment MZ (all loads) k"

Si1gn craterion MZ+

Now we point to target 2: minimum bending moment MZ:

Main Menu: — CivilFEM — Civil Postprocess — Combine Results — By
description...

Enter 1004 to read result of combination rule 1004
E> Select the target MZ MIN

[10> Ok
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mRead Combination Results by Target Description

[~CME] Read Combination Results
Combination Rule Number ICME

Select Group, Item and Component

(8] I Cancel l Help I

We change title:
Utility Menu: File ->Change Title
[> Enter Minimum Bending Moment MZ (all loads)

[ > ok

mchange Title

[/TITLE] Enter new title |:>IMinimum Bending Moment MZ {all loads)

|:> (8] I Cancel I Help |

In the following step we plot the minimum bending moment MZ in each point of

the bridge:

Main Menu: Civil Postprocessor - Beam Utilities —» Graph
results— Forces & Moments

mGraph Force and Moment Results g
[~PLLSFOR] Graph Force or Moment

X

Select Ttem to Graph  TTEM,COMP [13>[Bending tom z

Optional scale factor  FACT |-1
oK I Apply Cancel l Help I

il
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[13> Choose Bending Mom Z

[12> Ok

MIN = -.116E+ 08
HEM= 43

MAX = 923454
BEM= 37
-.116E+ 08
-.102E+ 08
-.882E+ 07
-.743E+ 07
-.604E+ 07
-.465E+ 07
-.325E+ 07
-.186E+ 07
-469097
923454

T | N |

-

Minimum Bending Moment MZ (all loads) f
A

Sign criterion MZ+

jEooonom

20. Calculation of the load distribution to obtain the minimum deflection at
a node (all loads)

We can know which are the coefficients that multiply the Start States of a
combination and which of them can be used to achieve a Target at a determined
node of the structure. The ~CMBINQ command shows a list with the coefficients
applied over each one of the Start States that forms the combination rule.

We change title:
Utility Menu: File ->Change Title

[> Type Maximum negative displacement and load location (all loads)

[ > ok
=

[/TITLE] Enter new title |:> IMo.ximum negative displacement and load location {

|:> (5] I Cancel | Help |

Main Menu: — CivilFEM — Civil Postprocessor —-» Combine Results —» INQUIRE:
Nodal Results

E> Enter 1004 to select combination rule 1004 (all loads)
[ > Enter node 15
[ > Select group DISPL
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[ > Select item and component UZ
[ > Pick Minimum

[ > Pick Recursively

[ > Pick Target Value

[ > Select Yes Update

> o«
i\\1inquire Combination Procedure E

In the following window we can read a list of starting states that satisfy the defined

target:

9-81

[~CMBING] Inquire Combination Procedure
Combination Rule Number ICME

MNode Number NODE

Select Group, Ttem and Component

Select Type Type

Ll i

|1004
h5

u
REACT Uy

[>

-~

VA

X
ROTX
ROTY b

Z

U

|:> & Minimun (MIN)

(" Maximun {(MAX)

(" Absolute (ABS)

List KEYLIST

Requested Data

" No
" ¥Yes

|:> (¢ Recursively
|:> ' Target Value

(" Concomitant Yal.

Update Combined Loads and Model Concomitance
KEYCLD

|:> oK |

Cancel |

|:> [v Yes Update

Help |

=
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To obtain the deflections distribution for the start states combination that satisfy
the requested targets we must proceed as follows:

Main Menu: General Postproc — Plot Results — -Contour Plot-Nodal Solu
[12> Select DOF solution
[13> Select Z-Component of displacement

[ > oK

F\\cMB_COEF.TXT o X|
File
LIST OF COEFFICIENTS AND SELECTED START STATES THAT HATCH WITH: A
- Target  : DISPL ,UZ-
- fit Hode: 15
- Requested Yalue : U Z (Target Yalue)
Conbinat ion Rule 1004
Title: Total with initial or final prestressing
Type : OPTION  (Option)
The selected Start State is:
S.5tate Descript ion Yalue
1 C.Rule 1002  Total with initial prestressing -374.976E-06
Conbinat ion Rule 1002 o
Title: Total uith initial prestressing
Type : SELECTVC (Selection with variable coefficients)
Data : Add 6.00000 StartStates fron 6 def ined
The selected Start State and Coeff icients ave:
S.5tate Descript ion Yalue Coeff. Part ial
1C.Rule 1001  Yehicle Load -782.903E-06 1.100 -861.193E-06
2 Load Step 20 -1.720E-03 1.100  -1.892E-03
3 Load Step 22 1.565E-03 1.000  1.565E-03
4 Load Step 23 501.980E-06 1.000 501.980E-06
5 Load Step 24 604.795E-06 0.000  0.000E+00
6 Load Step 25 311.490E-06 1.000 311.490E-06
Conbined Result -374.976E-06 _l
v

Ji\contour Nodal Solution Data g x|

— Item to be contoured

Favorites b=
Nodal Solution
[ & DOF Solution
3 X-Component of displacement
&3 Y-Component of displacement
(i 7 -Component of displacemen
3 Displacement vector sum

& X-Component of rotation

G ¥-Component of rotation
3 Z-Component of rotation
& Rotation vector sum
B Stress
Total Strain
Elastic Strain d

(| i

— Undisplaced shape key

Undisplaced shape key | Deformed shape only :l

Scale Factor Auto Caleulated :] IU

Additional Options ® |

|:> 0K Apply | Cancel I Help '
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DMX =.004141
SMIN = -.439E03

SMX =.639E-03
@MRBAMW%WMAAAAAA PN TSV
-889507 554331 .200E+ 07 -200E-03 .280E03

-167588 .128E+ 07 -.439E-03 .399E04 .639E03

Maximum Negative Displacement and load distribution(all loads)

21. Calculation of the load distribution to obtain the minimum deflection at a
node (vehicle only)

Utility Menu: File ->Change Title
[> Enter Maximum negative displacement and load location (vehicle only)

[ > ok

4

[/TITLE] Enter new title |:> Iative displacement and load location (vehicle only)

|:> oK I Cancel I Help |

Main Menu: — CivilFEM — Civil Postprocessor —-» Combine Results - INQUIRE:
Nodal Results
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n\ Inquire Combination Procedure

[~CMBING] Inquire Combination Procedure
Combination Rule Number  ICMB

MNode Number MNODE

Select Group, Item and Component

Select Type Type
List KEYLIST
Requested Data

Update Combined Loads and Model Concomitance
KEYCLD

|:> (¢ Minimun (MIN)

" Maximun (MAX)

(" Absolute (ABS)

" No

" Yes
|:> (¢ Recursively

(¢ Target Value

" Concomitant Val,

|:> v Yes Update

|:> oK Cancel Help

%

L

E> Enter 1001 to select combination rule 1001 (vehicle only)

[ > Enter node 15
[ > Select group DISPL

[ > Select item and component UZ

[ > Pick Minimum

[ > Pick Recursively
[ > Pick Target Value
[ > Select Yes Update

[ > ok

In the following window we can read a list of starting states that satisfy the

defined target :

9-84

CivilFEM Workbook. Ingeciber, S.A°



x
File
LIST OF COEFFICIENTS AND SELECTED START STATES THAT HATCH HITH:
- Target : DISPL  ,LZ-
15

- At Hode:
- Requested Yalue : U Fi (Target Yalue)

Conbinat ion Rule 1001

Title: Yehicle Load
Type : SELECTVC (Selection nith variable coeff icients)
Data : Add 1.00000 StavtStates fron 19 def ined

The selected Start State and Coeff icients ave:
3.5tate Descript ion Yalue Coeff. Part ial
3 Load Step 3 -762.903E-06 1.000 -782.903E-06

Corbined Result -782.903E-06

To obtain the deflections distribution for the start states combination that satisfy
the requested targets we must proceed as follows:

Main Menu: General Postproc — Plot Results — -Contour Plot-Nodal Solu

[12> Select DOF solution
E3> Select Z-Component of displacement

[ > ok

Ji\contour Nodal Solution Data x|

i~ Item to be contoured

»

Favorites e
Nodal Solution

[ 12 > voF solution

3 X-Component of displacement

3 ¥Y-Component of displacement

Z-Component of displacement

3 Displacement vector sum
3 X-Component of rotation

3 Y-Component of rotation
¥ Z-Component of rotation
3 Rotation vector sum
Stress
Total Strain
Elastic Strain ;I
I | e

i Undisplaced shape key

Undisplaced shape key | Deformed shape only :]
Scale Factor Auto Calculated :l IO

Additional Options ®|

|:> 0K | Apply | Cancel I Help |

9-85 CivilFEM Workbook. Ingeciber, S.A° er. 2025



NODAL SOLUTON
DMX = .902E03
SVIN = -.783E-03
SMX =.902E-03

/_/—MX_\\R
- 783E:03 - 409E-03 -341E:04 .340E03 .715E03
-596E:03 -221E03 .153E03 .528E03 .902E03

Maximum Negative Displacement and Load Distribution (vehicle only)

22. Check by code

TARGET 1: MAX MZ
We first read the results of combination rule 1004, target 1 (maximum MZ)

Main Menu: — CivilFEM — Civil Postprocess — Combine Results —- READ
RESULTS: By description...

[1>> Enter 1004 to read results of combination rule 1004
E> Select the target MZ MAX

[3> Ok

9-86

mRead Combination Results by Target Description ) _>§]
[~CME] Read Combination Results
Combination Rule Number ICME

Select Group, Item and Component
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1) Cracking checking

We will check cracking in prestressed cross sections according to EHE code.
The checking consists of the verification of the decompression state or the

crack width calculation.

Checking is made taking into account the bending according to the local cross
section axis, as a user request, and the bending moment in the perpendicular

direction.

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post —»

EHE — Code Checking—>EHE—>Check by Code -»Beams & Solid—»

Prestress Crack

[4> Enter maximum crack width 0.0003 m
[5> ok

[~*CHKPRS] Check Prestressed Concrete by EHE
Cracking (Art.49.2.5)

Direction DIRKEY

Maximum crack width — WAAX

4>

Beta coefficient BETA

K2 coefficient K2

|E> OK I Cancel I

(¢ Mz Moment

" My Moment

ID.0003
Il.?

(" Single - short term

(¢ Sustained or cycles

Help I

Results will be stored in Alternative 1

2) Axial force + bending checking

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post - EHE

— Check by Code— Beams & Solid—2D Axial + Bend
[6 > Ok to check model
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I\ check Model i el

[~CHKPR S] Check Prestressed Concrete
Checks axial force + bending

Choose bending local plane
(¢ X¥ local plane

(" XZ local plane

IE> oK I Cancel | Help |

Results will be stored in Alternative 2

TARGET 2: MIN MZ

Now we point to target 2: minimum bending moment MZ

Main Menu: — CivilFEM — Civil Postprocess — Combine Results - READ
RESULTS: By description...

[7>> Enter 1004 to read results of combination rule 1004
Select the target MZ MIN

[9> Ok

mRead Combination Results by Target Description i X

[~CME] Read Combination Results
Combination Rule Number ICME

Select Group, Item and Component

IMZ MIN

|E> oK | Cancel l Help I
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3) Cracking checking

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post —»
EHE— Check by Code— Beams & Solid—Prestress Crack

Enter maximum crack width 0.0003 m

[1D> ok
|

[~CHKPRS] Check Prestressed Concrete by EHE
Cracking (Art.49.2.5)

Direction DIRKEY
(s Mz Moment

My Moment

Maximum crack width — WMAX N 0.0003
Beta coefficient BETA I 1.7

K2 coefficient K2
(" Single - short term

(¢ Sustained or cycles

@ oK | Cancel | Help |

Results will be stored in Alternative 3

4) Axial force + bending checking

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post - EHE
— Check by Code— Beams & Solid—2D Axial + Bend

[12> Ok to check model
]

[~CHKPRS] Check Prestressed Concrete
Checks axial force +bending

Choose bending local plane
(¢ X¥ local plane

(" XZ local plane

@ oK | Cancel | Help |
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Results will be stored in Alternative 4

23. Plot Results: Axial+Bending checking for target 1 (Maximum MZ)

User must select the alternative of results calculated before:

Main Menu: — CivilFEM — Civil Postprocess —»Read Results —» By Num. Alt.

[1> Enter alternative number 2

(2> ok

[~CFSET] Read Alternative

Set Alternative ALT : >’ 2

IE> QK | Cancel | Help |

X

To plots crack checking results in prestressed concrete beams:

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post -Code

Checking—EHE —»Beam Results— Plot Results
[3>> Select Axial + bending
(4> select CRT_TOT

[5 > Ok

MGraph Prestressed Concrete Results ]
[~PLLSPRS] Graph Prestressed Con

Select Item to Graph  ITEM [3>

Axial + bending
Crack checking

Optional scale factor FACT I 1

:2 oK | Apply | Cancel l Help |

w

X

I CRT_TOT
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Axial + Bending Checking EHE Criterion

.018621 .194099 .369578 .545056 .720534
.10636 .281839 457317 .632795 .808273

The represented result of checking is a criterion that indicates the proximity or distance to the limits
established by the code. An equal to one criterion indicates that the forces and moments are equal
to the limits specified by the code. A criterion greater than one indicates that the code is not being
fulfilled and a criterion smaller than one indicates that the code requirements are satisfied.

24. Plot Results: Axial+Bending checking for target 2 (Minimum MZ)
User must select the alternative of results calculated before:

Main Menu: — CivilFEM — Civil Postprocess —-»Read Results - By Num. Alt.
E> Enter alternative number 4

[2> ok
|

[~CFSET] Read alternative

Set Alternative ALT DI 4
IE> OK | Cancel | Help I

To plots crack checking results in prestressed concrete beams:

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post -»Code
Checking—EHE —»Beam Results— Plot Results
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[3>> Select Axial + bending
[4> Select CRT_TOT

[5> Ok

mmaph Prestressed Concrete Results x|
[~PLLSPRS] Graph Prestressed Con
Select Item to Graph  ITEM [ ial + bencing

Crack checking

w

| CRT_TOT
Optional scale factor FACT I 1

:2 oK | Apply | Cancel I Help |

Axial + Bending Moment EHE Checking

479E10 .161103 148331 .644413
758 .563862 724965

The represented result of checking is a criterion that indicates the proximity or distance to the limits
established by the code. An equal to one criterion indicates that the forces and moments are equal
to the limits specified by the code. A criterion greater than one indicates that the code is not being
fulfilled and a criterion smaller than one indicates that the code requirements are satisfied.

25. Plot Results: Crack checking for target 1 (Maximum MZ)

User must select the alternative of results calculated before:

Main Menu: — CivilFEM — Civil Postprocess —»Read Results —» By Num. Alt.
E> Enter alternative number 1

(2> ok
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m Read Alternative ' |
[~CFSET] Read alternative

Set alternative ALT >’ 1
IE> OK | Cancel | Help I

i

To plots crack checking results in prestressed concrete beams:

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post -»Code
Checking—EHE —»Beam Results— Plot Results

[3>> Select Crack Checking
E> Select CRT_TOT

[5 > Ok

m&aph Prestressed Concrete Results N 5]
[~PLLSPRS] Graph Prestressed Con
Select Item ko Graph ITEM

Axial + bending
Crack checking

ELM_OK .

I CRT_TOT
Optional scale factor  FACT I 1

:2 oK | Apply I Cancel | Help |

9-93 CivilFEM Workbook. Ingeciber, S.A° er. 2025



Crack Checking EHE Criterion

0 1.502 3.005 4.507 6.01
.751214 2.254 3.756 5.258 6.761

In previous graph the EHE Criterion for crack checking is plotted. Elements
with a criterion (CRT_TOT) greater than 1 do not satisfy the code provisions.

This means that the reinforcement indicated in the statement would not be valid
in order to fulfil the established cracking criterium. In order to improve the
results it is not necessary to increase the reinforcement area, because the
bending checking was correct. The best solution, in this case, would be to
decrease the bars spacing.

26. Plot Results: Crack checking for target 2 (Minimum MZ)

User must select the alternative of results calculated before:

Main Menu: — CivilFEM — Civil Postprocess —-»Read Results - By Num. Alt.

[1> Enter alternative number 3

(2> ok

I\\Read Alternative E x|
[~CFSET] Read Alternative
: >! 3

Set Alternative ALT
E> oK I Cancel | Help I

To plots crack checking results in prestressed concrete beams:

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post -»Code
Checking—EHE —»Beam Results— Plot Results

[3>> Select Crack Checking
E> Select CRT_TOT
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[5> Ok

Fi\Graph Prestressed Concrete Results 5 x|

[~PLLSPRS] Graph Prestressed Con
Select Item to Graph ITEM

ELM_OK Y.

I CRT_TOT

Optional scale Factor FACT |1
:2 QK | apply | Cancel l Help I

Crack Checking EHE Criterion

N ==

0 1.413 2.825 4.238 5.651
.706367 2.119 3.532 4.945 6.357

In previous graph the EHE Criterion for crack checking is plotted. Elements with
a criterion (CRT_TOT) greater than 1 do not satisfy the code provisions.

This means that the reinforcement indicated in the statement would not be valid
in order to fulfil the established cracking criterium. In order to improve the
results it is not necessary to increase the reinforcement area, because the

bending checking was correct. The best solution, in this case, would be to
decrease the bars spacing.

27. Interaction Diagram

The interaction diagram is a surface in space (F,M) that contains the forces and
moments corresponding to the section’s ultimate strength states. In CivilFEM the
ultimate strength states are determined through the pivots diagram.
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To plot the 2D interaction diagram:

Main Menu: — CivilFEM — Civil Postprocessor — Prestress Concrete Post -EHE
—Beam Results— Prestress 2D Int Diag

[13> Select Beam as entity type

(12> Ok

MZD Interaction Diagram for prestressed concrete 5 x|

[~PLZ2DPRS] Prestressed concrete 2D Interact Diagram

Entity Type Lab E3> IBeam _'J
oK | Cancel I Help |

[15> Enter element number 15
Select Both to add reinforced concrete interaction diagram and Ok

[17> Ok

=
Beam Number MUM @ |15_
Beam End KEYIJ
¢ EndI
(" EndJ
Direction DIRKEY

(* Mz Moment

(" My Moment
Plot Point KEYPL1

(¢ Yes

" No
Plots KEYPL2

(" Prestressed only

(+ Both

::2 OK | Cancel l Help I
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28. Exit the ANSYS program
We save everything before exiting the ANSYS program.
Utility Menu: File —»EXxit
[1>> Choose Save Everything
[2> Choose OK

=

- Exit from ANSYS -
{~ Save Geom+Loads

" Save Geo+Ld+5Solu

(1>

" Quit - No Save!
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