7. Biaxial Bending + Axial Force Checking
According to BS 8110

Applicable CivilFEM Product: All CivilFEM Products

Level of Difficulty: Moderate

Interactive Time Required: 35 minutes
Discipline: Structural Concrete
Analysis Type: Linear static
Element Type Used: BEAMA4

Active Code British Standard 8110

Units System Ton, m, s.

CivilFEM Features Demonstrated: Units selection, code selection, material
definition, section definition by dimensions,
axial and biaxial bending reinforcement
checking.

Problem Description

This example illustrates the British Standard 8110 checking criteria for a
concrete frame given bellow. We will use the program skills to check the frame
reinforcement for biaxial bending and axial force. The frame has two different
cross sections, one for the piers and other for the beams, and it is subjected to
the loads shown bellow.
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Loads:
FX = 6 Ton
FY =15Ton
FZ= 6 Ton

Geometric dimensions:

Length B=4m
Depth D=5m
Height H=3m

Section properties:

Dimensions of section 1:
Width B=0.3m
Depth D=0.3m

Dimensions of section 2:

Width B=0.25m
Depth D=0.3m
Material:

Concrete C40

Steel reinforcement Grd60A

Reinforcement:

Bending reinforcement: Group 1 Section 1
Bending reinforcement: Group 2 Section 1
Bending reinforcement: Group 3 Section 1
Bending reinforcement: Group 4 Section 1
Bending reinforcement: Group 1 Section 2

Bending reinforcement: Group 2 Section 2

3 ¢ 16 mm at face number 1 (Scalable)
3 ¢ 16 mm at face number 2 (Scalable)
3 ¢ 16 mm at face number 3 (Scalable)
3 ¢ 16 mm at face number 4 (Scalable)
Total areaattop = 6E-3m°

Total area at bottom = 1E-3 m?
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® Given

The load distribution, the section geometrical dimensions, material properties
and reinforcement distribution are shown in the previous table.

® Approach and Assumptions

We will use 3D elastic beam elements for this analysis. Model geometry will be
defined by direct generation of nodes and elements.

® Summary of Steps

Preprocessing

[

[ERN
©

© 0 N o bk~ 0D

. Specify title

Set code

Set units

Define material

Define element type

Define sections

Define bending reinforcement properties
Define Beam & Shell properties

Define model geometry

Save the database

Solution

11. Apply displacement constraints

12. Apply load

13.

Solve

Postprocessing

14.
15.
16.
17.
18.
19.

7-3

Enter the postprocessor and read in results

Checking under 3D biaxial bending moment and axial force
Review elements OK and No OK

Review BS8110 total criterion

Plot an interaction diagram

Exit the ANSYS program
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Interactive Step-by-Step Solution

® Preprocessing

1. Specify title
Utility Menu: File ->Change title
E> Enter the title: “Biaxial bending + axial force checking”
[2> OK to define the title and close the dialog box.

n\ Change Title

[JTITLE] Enter new title E>| Biaxial bending + axial force checking

IE> QK | Cancel I Help

2. Set code
Utility Menu:— CivilFEM — Civil Setup

E> OK to set active code and close the code dialog box
x|

Cades | Units | CF confia | GUI canfia|

[*CODESEL] Select Codes
Steelcode  KEYSTEEL IBritish Standard (3950-85) j
Reinforced concrete code  KEYCOMNCR I Eritish Standard 8110 j
Prestressed concrete code  KEYPREST I Eurocode 2 [EMY 1992-1-1:1951) j
Seismic code  KEYSEISH I Eurocode 8 [EM 1338-1-1: 2004) j
About | Cancel Help
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3. Set units
Main Menu: — CivilFEM — Civil Setup
[1> Pick on the Units tab

E> Change to user units and choose Ton force

[3> Ok

F CivilFEM Setup Options x|

E> Units | CF config | ML config | Geotechrhical config

[=UrlTS]  Dizfine Urit: Sustzm

|lzer units

System units

Length urit [L] [Meter =l |rn 5 |1 i

Time unit [T] |Second <] [ - .
E>Forceunit[Fl [Tonfoce =] IMD - |sens_s5 N
Pres/Stress unit [F] | User =l [P . |9806.E5 Fa

Mass unit [M] | User =] [t B EEIGE ka

Monetary unit | Euro =] [Euro - Eurs

About | : ;S 0K I Cancel Help

4. Define material

Main Menu: — CivilFEM — Civil Preprocess —»Materials
Choose New

Select concrete material type

Choose BS 8110: C40 concrete

Add to define material 1

Select reinforcing steel material type

Choose BS 8110: Gr460A reinforcing steel

Add to define material 2 and Exit.

VAVAVAVAVAVAVAY.

Ok to define material properties and close the dialog box
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7-6

K Material Browser

=101 x|

fel atznial lizt

M ame | Feference | Numl Type

E>New |

Delete

Fd mdify

Copy
Lizt

Save

Bl L

Correlatians

St tima

ActTime IEB.EIIII Days

F'New material

MHumber |2

[S 1 CSTEEL
2/‘

{# COMCRETE
=-CEf EC2
E-CEf ATl
+-CE] CER
=-ClE EHE
=-CEf BSa10

i C7 8

e i

ki

- C20

- N

g T30

g C35

i Can

i CRO

——

- CRO

#]--mem REINF

g SOIL

-0 ROCK

| v

||

LList uger material file | Help |

[elete uzer materal / file | IE> dd

Exit
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' New material

MHumber |3

B STEEL

g’ COMCRETE

|:5/: o REINF

&--CE] EC2
i-ClE] ACI
-CE] CEB
-CEl EHE
-CE] BSa110

[+ SOIL
&% ROCK

Lzt uzer material file |

[relete user maternal / file | E> Add

Help |

Edt |

K Material Browser

=101

fel ztzrial lizt

| Reference I Numl

Type 1=

C40 1

GraB0s, 2

Concrete
Delete

Reinforcing stesl Wadiy
Copy
Lizt

Sawve

Correlations

Ll

Antie tima

At ime IES-DD Draps

Ok

Help | D
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5. Define element type
We will make use of BEAMA4.

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

E> Select 3D Elastic Beam 4
[2>> OK to define element type

I\ Beam Element Types for Code Checking X
I 1

[ET] Beam Element Types for Code Checking
Element Type Mumber ITYPE

Select Element Type ENAME

Label

Apply Cancel

(2>

DR

R: @ W@ R e W e R W

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

Plas straight 20

Help

6. Define section

First, we will define the section geometry and then we will introduce the

reinforcements.

Main Menu: — CivilFEM — Civil Preprocess —»Cross Sections

[1> Pick on the Concrete button to define a concrete section

E> Choose rectangular shape
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F Cross Sections Explorer o [ 23]

Mew Section

Num | Mame | Reference [ Type [ Shape |

o Ot Raled

Steel by Dimensians
Steel by Plates
Concrete
User Diata Base

r~ Edit Sections

M odify
Copy Delete
List Save
Merge

[~ 2D Mesh Sections

Capture 2D Mesh
Erport 200 besh

Auire fine

ActTime  |28.00 Daps
Help Exit

[3> Enter 0.3 as depth (TKY)

[4> Enter 0.3 as width (TKZ2)

[5> Enter Rectangular Section as Name

E> To draw the rectangular section click with the right button on the window

E> Apply to define Concrete Section

¥ New Concrete Section by Dimensions
E‘I @ Number |1

Section shape —

2 Shape ,m

Bending reinforcement —
RKey IWI
AMat | -]

Section dimensions ——————

3 Tky 0.3 m

4 Tkz m

jame |Rectangular Section Material |1 ']

v v v &

v v e 9

P o o a a

TKZ
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Choose rectangular shape

[9>> Enter 0.3 as depth (TKY)

Enter 0.25 as width (TKZ)

[12> Enter Rectangular Section as Name

@ To draw the rectangular section click with the right button on the window

E?> Ok to define Concrete Section
Exit to close dialog box

¥ New Concrete Section by Dimensions
\fxlﬂi’ Number |2 D

Section shape

e |Rectangular Section Material |1 ¥

8 Shape [_m

Bending reinforcement —
RKey {m
AMat | -]

Section dimensions

9 Tky 0.3 mm
10 Tkz |0.25 m

]

-------
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F Cross Sections Explorer

=101x]

— Mew Section

Murm | Mame

| Feference | Type | Shape

1
2 Rectangular Section

Rectangular Section

Reinfor Concrete Reinforced concrete 5 Square / Rectangular

Reinfor Concrete Reinforced concrete 5 Square / Rectangular

Hat Rolled |
Steel by Dimensions |
Steel by Plates |
Concrete |

User Data Baze |

— Edit Sections

iy |

List | Save |
Merge |

— 2D Mesh Sections

Capture 20 Mesh |
Expart 200 kesh |

Active fine

ActTime IZB.DD Daps

Help ' Bt |

7. Define bending reinforcement properties

7-11

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.

The characteristics of the reinforcement of group 1 of the section 1 are shown in

the following table:

Group 1

Reinforcement material | Material 2 (Gr460A)
Reinforcement class Scalable

Diameter 16 mm

Number of bars 3

Face number 1

Geometrical cover 0.03m

The characteristics of the reinforcement of group 2 of the section 1 are shown in

the following table:

Group 2

Reinforcement material | Material 2 (Gr460A)
Reinforcement class Scalable

Diameter 16 mm

Number of bars 3

Face number 2

Geometrical cover 0.03 m
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The characteristics of the reinforcement group 3 of the section 1 are shown in

the following table:

Group 3

Reinforcement material Material 2 (Gr460A)
Reinforcement class Scalable

Diameter 16 mm

Number of bars 3

Face number 3

Geometrical cover 0.03 m

The characteristics of the reinforcement group 4 of the section 1 are shown in

the following table:

Group 4

Reinforcement material Material 2 (Gr460A)
Reinforcement class Scalable

Diameter 16 mm

Number of bars 3

Face number 4

Geometrical cover 0.03m

The characteristics of the reinforcement group 1 of the section 2 are shown in

the following table:

Group 1

Reinforcement material Material 2 (Gr460A)
Reinforcement class Scalable

Total reinforcement area | 0.6E-2

Face number 2

Geometrical cover 0.03m

The characteristics of the reinforcement group 2 of the section 2 are shown in

the following table:

Group 2

Reinforcement material Material 2 (Gr460A)
Reinforcement class Scalable

Total reinforcement area |0.1E-2

Face number 4

Geometrical cover 0.03m

First, we will define the reinforcement group 1:

Main Menu: — CivilFEM — Civil Preprocess — Cross Sections

E> Select the Reinforced Concrete section
[2> Pick on the Modify button
[3>> Edit Reinforcement Groups
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F Cross Sections Explorer o ] 4 |

— Redefine Section

Hit Fiolled |
Steel by Dimensions |
2 Rectangular Section Reinfor Concrete Reinforced concrete 5 Square / Rectangular
Steel by Plates |
Conerete |
Wzer Data Baze |

Edit Sections

Modify |

List | Save |
Merge |

— 2D Mesh Sections

Capture 20 Mesh |
Export 2D kesh |

Reference

wﬂ

Active fine

ActTime IZB.DD [raps
Hep | Bt |

¥ Section 1: Rectangular Section

Section Select N[ (0 View
v )X [ General Properties :I Name |Rectangular Section
Tessellum
Faces Properties:
Reinforcement Groups k
Plates

Tky [300.000E-03 |,

Tkz [300.000E-03 ],
Code Properties
4 |90.000E-03 |2

Moment-Curvature Diagram

x| 1.141E-03 |4
lyy |675.000E-06 | 4
JY lzz |675.000E-06 | 4
z Wy | 4.500E-03 |3

We |4.500E-03 |3

Activate Edit Reinforcement Groups Mode Contour Yiew

[4> New Reinforcement
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¥ Section 1: Rectangular Section

Section Select Edit

View

E>V’ x B | Number Y Name ]Rectanqular Section
i e

CAAAVAVAVAVAY

7-14

EBX

New reinforcement

Fl

Pick an element

2]

N I
il

B

Properties: -

Selecting

Enter 0.03 for Geometrical cover

Select Reinforcement at Face 1

Select material 2 as material for bars

Specify reinforcement distribution by number of bars

Select 16 mm as Diameter of Bars

Select Bars at both ends at MC

Enter 3 as number of bars

Ok to define reinforcement group 1
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¥ Reinforcement properties

Bending ISheat | Torsion |

Predefined bending reinforcement

RKey IUser defined vI

Rkat

Bending reinforcement

Uik |1 E> Mat

[5> Ge [30.000E-03  m C
[6 >ufe [1 -l [10> End

S

PR—

|0: Scaleable

5

|4: Bars at both ends at MC

=

Unifarmly distributed reinforcement

AsT

AsL

- Amount / Area-
" Byhrea

" Bydrea / Length

Bars distribution reinforcement

i~ Amount / Bars

" By Number of bars

3 mm " By Number of bars / Length

" By bar spacing

Cancel

B o ]
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The others three reinforcements of this section are made follow the same

procedure.
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¥ Section 1: Rectangular Section
Section Select Edit View

v x B @ Number Y Name |Rectangular Section

EEX

Properties:

Tky
Tkz
A
|2
lyy
lzz
Wiy

Wz

300.000E-03 |
300.000E-03 |
90.000E-03 | 12
1.141E-03 |4
675.000E-06 | 4
675.000E-06 | 4

4. 500E-03 m3

4.500E-03 | 2

Contour Yiew

New Reinforcement for section 2

Enter 0.03 for Geometrical cover

Select Reinforcement at Face 2

Select material 2 as material for bars
Specify reinforcement distribution by Areas
Select 6E-3 m? as total reinforcement area
Ok

A A AR
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¥ Section 2: Rectangular, Section E]@@

Section Select Edit | View

v X B % | Number |0 v Name IReCtang'ulat Section

[13>m

MNew reinforcement

B Properties:

F4

Pick an element Selecting

F Reinforcement propetties o ] |

Bending | Shear I Tu:ursionl

Fradziined bending rzinforczmsnt

Rikey W Rihdat |—EI
Earicing reiniorczmari
W m Os [0: Scaleable =]

@h ~ End | =]

Urnifarroly clistrien itz rainforcament

5 Amount A bdea————————
|s.uqu—n3 m @;ﬁ. By Area
Azl I m 2 Am " Bydea / Length

Earz clistrinntion rainforsement

—hmount S Bars—————————
i I

" By Mumber of barz

ML I TAn i ZI I " By Mumber of bars / Length
g I m " By bar spacing

m Ok, Cancel
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The other reinforcement of this section is made follow the same procedure:

¥ Section 2: Rectangular Section

Section Select Edit
v ox B

View

¢ =l

Number I Name |Rectangular Section

EIBX

i i s
.

Properties:

Tky [300.000E-03 ],

Tkz [250.000E-03 |

4 | 75.000E-03 |2
|ux | 775.154E-06 | 4

lyy | 390.625E-06 | ;4

|zz | 562.500E-06 | 4

Wy |3.128E-03 |3

Wz |3.750E-03 |3

Contour Yiew

8. Define Beam & Shell properties

CivilFEM command ~BMSHPRO will be used to define ANSYS real constants.

Main Menu: — CivilFEM — Civil Preprocessor -»Beam & Shell pro

E> Pick ont

he New Beam button

F Beam and Shell Properties [ %]
1 Mew ———————
Mumber | Mame | Fieference | Type 'E
|_ l./ Mew Beam

Mew Shel |

— Edit:

F cdifys |

Copy |
List |

Help |

Exit |
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E> Select cross section number 1
E,> Enter “Concrete Beam” as Name for the Beam property
[4> Select element type 4

¥ Beam 1: Concrete Beam

5 @ Number |1 Name Concrete Beam D Ename |BEAM 4 ¥ Offset |COG ¥
Cross Sections Member Properties Number
Constant Section l rﬁz
T y Member Properties Type -
T
‘A ) BS535085 v
X
z
Properties:
b 4
1 -
@ < @
o—TY
@ @
Z
< < @
Cross Section
Node | location
Real Constants
Y m
Z m

E> Apply (Do the same procedure to define Beam&Shell property number 2 (cross

section 2)
[6> Exit
MNumber | MName | Reference | Type | e

News Beam
ﬁ 1 Bieam property 1 Constant

Mew Shell
ﬁ 2 Beam property 2 Constant
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Define model geometry
Geometry definition implies the generation of nodes and elements.

The steps that you must follow are:

a) Define parameters
b) Define keypoints
c) Define lines

d) Mesh lines

Utility Menu: Parameters — Scalar Parameters

VAVAVAVAVAVAY.

VAVAY,

7-20

Scalar Parameters

Enter B=4 [terms

Pick on accept B=
Enter H=3
Pick on accept
Enter D=5

Pick on accept

Pick close Selection

5>

@Accept | Delete | 7 Cloze |

Help

Main Menu: Preprocessor —» Modeling— Create —» Keypoints — In Active CS

Enter 1 as keypoints 1
Introduce the coordinates of keypoints 1

Pick on apply
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I\ Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

NPT  Keypoint number E>| 1

%,%,Z Location in active CS E> |o |0

oK | |§> Apply I Cancel |

[4> Enter 2 as keypoints 2
E> Introduce the coordinates of keypoints2
E> Pick on apply

I\ Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

MPT Keypoint number E>| 2

X, ¥,Z Location in active CS IE>| 0 | H

QK | IE> Apply I Cancel |

[7> Enter 3 as keypoints 3

Introduce the coordinates of keypoints 3(X=0; Y=H; Z
[9>> Pick on apply

Enter 4 as keypoints 4

@ Introduce the coordinates of keypoints 4 (X=D; Y=H; Z
[12> Pick on apply

[13> Enter 5 as keypoints 5

Introduce the coordinates of keypoints5(X=D; Y=H; Z
[15> Pick on apply

Enter 6 as keypoints 6

@ Introduce the coordinates of keypoints 6 (X=0; Y =0; Z=-B).

Pick on apply
Enter 7 as keypoints 7
Introduce the coordinates of keypoints 7 (X=D; Y=0; Z
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[2D> OK

Now we are going to introduce the lines between keypoints.

Main Menu: Preprocessor - —Modeling— Create — Lines — Straight Line

[22> Select keypoint 1
[23> Select keypoint 2

Apply

Create Straight Lin:

AANSVS Graphics kplot, 1 type=1 mat=1 real=1 csys=0 i m) 5[

POINTS AN

TYPE NUM

& pick  Unpick

= Eingle = Box

€ Tolyoon (% pircle
~ Loop

Count.
Maximun

Mindman

[ I R
L =
S

FeyP Mo.

¢ List of Items

[ Min, Max, Inc ;A\X

oK | 24 >apply |

| Cancel |

Reset

Piclk A1L

Help |

@ Create line between keypoint 2 and 3
Create line between keypoint 3 and 4
@ Create line between keypoint 2 and 5
Create line between keypoint 5 and 4
Create line between keypoint 6 and 3
Create line between keypoint 7 and 4

10. Mesh
We first specify the meshing control.

Main Menu: Preprocessor —» MeshTool
[1™> Choose Global

[2> Set
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MeshTool

Element Attributes:

[ E—] = [<2

[ Smart Size

[ [

Fine B Coarze

[3™> Choose Material 1
[4> Choose Real 1

[5> oK

: Meshing Attributes |
Default Aktributes For Meshing
[TVPE] Elernent tyvpe number 1 BEAME =

[MAT] Material number : :f 1 vl

[REAL] Real constant set number : j 1 vl
[ES¥3] Element coordinate svs I 0 vl

[SECHUM] Section number [rone defined =]

IE> Ok | Cancel | Help |

Main Menu: Preprocessor - MeshTool
[6 > Choose Global Set
[7> Enter Size 1

[8> OK
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Size Controls:

Global 6 > Set | Clear |
fieas Set | Clear |
Lines Set | Clear |

Copp | Fiip |
Layey Set | Clear |
Keypts Set | Clear |

m Global Element Sizes X

[ESIZE] Global element sizes and divisions {applies only
to "unsized" lines)

SIZE Element edge length E> | 1
IEI

NDIV No. of element divisions -

- {used only if element edge length, SIZE, is blank or zero)

OK Cancel

Help

Utility Menu: Select — Entities

[9>> Choose Lines

Choose By Length/Rad
[12> Choose By Length

[12> Enter H

[13> Choose From Full

[12> OK
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FXselect Entities =]

|By Length/Rad |
* By Length
[1D>

" By Radius
Min,Max.Inc

B
@ * From Full

" Reselect
" Also Select
" Unselect

Sele All | Invert |

sele Nunel Sele Belul
OK_| _apply |
Plot | Fleplut|
Cancel| Help |

Main Menu: Preprocessor —» MeshTool
[15> Choose Lines
Pick on Mesh
[17> Pick on Pick all
Mesh Lines

& pick . Tnpick

* Single " Box

" Polygen (" circle

gl Loop

Count = 0
Maxinum = 7
Mininum = 1
Line No. =

Mesh: I Lines @

Shape: ! Badiol ) Hextwedge

(% List of Items

' Min, Hax, Inc

% Fee Mappedr SweEn

| 3 or 4 sided =

0K I Apply |

MESh | Elear | RBeset | Cancel |
@ Pick Alll Help |
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Utility Menu: Select — Everything

Main Menu: Preprocessor - MeshTool

Choose Global
Set

MeshTool

Element Attributes:

et [<19
[~ Smart Size
El o
Fine G Coarse

Choose Material 1

[22> Choose Real 2

[22>0K

 Meshing Attributes |

Default Attributes for Meshing

[T¥PE] Element bype nurmber I 1 BEAM4 j

[MAT] Makerial number I 1 v|
[REAL] Real constant set number @ Im vl
[ES%S] Element coordinate sys I 0 vl

[SECMUM] Section number INDne defined j

@ oK | Cancel | Help |

Main Menu: Preprocessor - MeshTool
[23> Choose Global Set

Enter Size 1
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Size Controls:

Global [23> _Set | Clear |

fieas Set | Cloar |

Lines Set | Clear |
Copp | Fiip |

Layey Set | Cloar |

Keypts Set | Clear |

m Global Element Sizes X

[ESIZE] Global element sizes and divisions {applies only
to "unsized" lines)
SIZE Element edge length

NDI¥ Mo. of element divisions -

@OK

-
C—

- {used only if element edge length, SIZE, is blank or zero)

Cancel

Utility Menu: Select — Entities

Choose Lines

[27> Choose By Attributes
Choose Real set num
Enter 1

Choose Unselect
[3D> OK

A

Select Entities

@ Lines -

@IBy Attributes vl

B>

Y Mo N

M

Material num
Elem type num
Real set num
Elem CS num
Mo. of divisions
Spacing ratio
Section ID num

in,Max.Inc

Exd

IS
-
o

E>s

Sele Al |

From Full
Reselect
Also Select
Unselect

Invert |

Sele Nunel Sele Belul

@ 0K | Apply'

Plot I Fleplut|
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Main Menu: Preprocessor - MeshTool
[32> Choose Lines
[33> Pick on Mesh

Pick on Pick all

Mesh Lines

% pick  Unpick

* Single " Bax

" Polygen " Circle
'8 Loop

Count = 0

n
-1

Maximum

n
—

Minimuam

Line No.

Mesh: Lines @

Shape: % Fadiol ) Hex/wedge

(% List of Items

9 Min, Max, Inc

% Free € Mapped © Sweep

| 3 or 4 sided =
OE I Apply |

IE?> Mezh | Clear | Peset | Cancell
Pick Alll Help |

Utility Menu: Select — Everything

11. Save the database

Before going to the next step, we will save all we have done so far. The save
operation will save the database to file.db and file.cfdb

Toolbar: CFSAVE
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® SOLUTION

12. Apply displacement constraints

Utility Menu: Select — Entities X
[1™> Choose Keypoints [T [Keypoints 7]

[2>> Choose By Location _
IE> IB@..r Location j
[3>> Choose Y coordinates

" ¥ coordinates
[4> Enter0 B

*+ % coordinates
IE> Choose From Full " Z coordinates

IE> OK Min Max

" Reselect
" Also Select
" Unselect

Sele All | Invert |

Sele Nnnel Sele Belul
(6> ok | apply |
Plot | Fleplnt|
Can[:t:ll Help |

Main Menu: Solution - — Loads — Apply — — Structural — Displacement
—0n Keypoints +

. . Apply U,ROT on KP:
E> P|Ck on P|Ck a"

* pick (" Unpick
Choose All DOF

(¢ Single " Box

IE> OK " Polygon (" circle

-

Count
Maximum
Minimam

KeyP No.

n n n
[

(¢ List of Items

" Min, Max, Inc

[1)34 I Apply |

Reset

Cancel |

7 >Pick All| Help |
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m Apply U,ROT on KPs

[DK] Apply Displacements (U,ROT) on Keypoints
Labz DOFs to be constrained

If Constant value then:

VALUE Displacement value |

KEXPND Expand disp to nodes? ™ No

IE> QK I Apply | Cancel I Help |

Apply as [Constant value El

Utility Menu: Select — Everything

13. Apply load

Main Menu: Solution - — Loads — Apply — — Structural — Force/Moment

—0On Keypoints
[1> Pick on the keypoint 5

2> Apply
[3>> Choose FX
[4> Enter 6 like force

[5> Apply
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1SYS Graphics LPLOT

Apply F/IM on KPs

& pick (" Unpick // 3\\ AN
(¢ gingle ( Box / \
;Polygon (" circle 7 ™.

2/ \
Count = 0 \ \ 5
Maximum = 7 \\ L /
Minimam = 1
KReyP No. = \ \ / /
& List of Items \ 5/

" Min, Max, Inc ;‘{\X @

o ] _somis &3]

| Cancel I

Reset

Pick All

Help |

5

[F] Apply Force/Moment on Nodes

Lab Direction of force/mom E>|FX—.:_|

Apply as ICOnstom value 3

If Constant value then:

VALUE Force/moment value E>|6
oK I IE> Apply | Cancel l Help |

[6 > Pick on the keypoint 5
[7> Apply
Choose FY

[9>> Enter -15 like force

Apply
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Apply F/IM on KPs

raphics LPLOT

% pick (" Unpick )
3 AN

o« Single " Box / \\

" Polygon ("~ circle / \

€ Loop / \

Count = 0 2/ \

Maximum = \ \ .
:in;m:m = \\ X /’
ST \ /

(¢ List of Items \ /

" Min, Max, Inc \ 5/

Reset I Cancel |
Pick All| Help l
F\\apply F/M on Nodes 3 x|

[F] Apply Force/Moment on Nodes

Lab  Direction of force/mom | Fy vI

Apply as I Constant value LI

If Constant value then:

VALUE Force/moment value IE> |-15
oK I Apply I Cancel l Help I

[12> Pick on the keypoint 5

[12> OK

[13> Choose FZ
Enter 6 like force
[15> OK
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Apply F/M on KPs

YS Graphics LPLOT

& pick (" Unpick
(¢ Zingle (" Box /
" Polygon (~ circle
 Loop /
e
Count = 0 \\
Maximum = 7 \
Minimum = 1
KeyP No. = \\
& List of Items
" Min, Max, Inc
46
EZS 0K | Apply |
Reset | Cancel |
Pick All | Help |

mnpply F/M on Nodes

[F] Apply Force/Moment on Nodes

Lab Direction of force/mom
Apply as

If Constant value then:

VALUE Force/moment value

@OKl

Apply

e ]

IConstom value

e
Help |

Cancel l

14. Solve

Main Menu: Solution - — Solve — Current LS

N\ /STATUS Command

File

LORD STEP OPTIOHS

LOAD STEP HUMBER. . . . . ... ........
TIHE AT EHD OF THE LOAD STEP
HUHBER OF SUBSTEPS. . . . . ... ... ....
STEP CHRNGE BOUNDARY COMDITIONS
PRINT OUTPUT CONTROLS
DATRBASE OUTPUT CONTROLS

H0
............. HO PRINTOUT
............ ALL DATA HRITTEH
FOR THE LAST SUBSTEP
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Fi\ Solve Current Load Step @

[SOLVE] Begin Solution of Current Load Step

Review the summary information in the lister window (entitled "/STATUS
Command"), then press OK to start the solution.

Cancel ‘ Help I

m Note @
)
\ID Solution is done!

Civil

7%

"

Biaxial bending + axial force checking
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® Postprocessing

15. Enter the postprocessor and read in results

You must select the load step from you want to read results data from CivilFEM

results file. This results file contains the calculated forces, moments and
stresses.

Main Menu: — CivilFEM — Civil Postprocess —»Read Results —» By Load Step
E> Enter 1 in the Load Step number box

[2> OK to read load step 1

i\ Read Results by Load Step Number %

[~CFSET] Read Results by Load Step Mumber

Load step number LSTEP E_>| 1
Substep number SBSTEP I LAST
Alternative number ALT IFIRST v l

E> QK | Cancel | Help I

16. Checking under 3D biaxial bending moment and axial force

Now we are going to check the frame under bending moment and axial force
according to British Standard provisions.

Main Menu: -CivilFEM — Civil Postprocessor —» Code Checking— BS 8110—»
CHECK BY CODE: Beams & Solid -»3D Axial+Bend

E> OK to check axial load + biaxial bending according to BS8110

i\ Check Model X

[~CHKCOM] Checks According to BS8110
Checks axial load + biaxial bending

[1> | Cancel | Help |
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17.

Review elements OK and No OK

In order to review the checked results according to British Standard, we are
going to plot the elements OK and No OK in accordance with the code criteria for
checking under bending moment and axial force. In this graph, elements that
satisfy British Standard specifications for the requested check are plotted in
green, while elements that do not satisfy the code provisions are plotted in red.
Elements plotted in grey are elements that have not been checked.

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS 8110 —»
BEAM RESULTS: Plot Results...

[1>Choose Axial+Biaxial
[2>Elements OK/NoOK

[3>0K

7-36

I\ Graph Reinforced Concrete Results (X
[~PLLSCON] Graph Reinforced Conc

Select Ttemto Graph  ITEM E> Axial + biaial CRT_TOT

ELM_OK
Optional scale factor FACT | 1

[3> o Apply Cancel | Help
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BS8110 RESULTS AN

and Elements no

Biaxial bending + axial force checking

18. Review axial + biaxial bending total criterion
We are going to plot the axial + biaxial bending total criterion

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS8110
— BEAM RESULTS: Plot Results

E>Choose CRT_TOT

[2>0K

m Graph Reinforced Concrete Results

[~PLLSCON] Graph Reinforced Conc
Select Item to Graph ITEM

ELM_OK

| CRT_TOT
Optional scale factor FACT I 1

E> oK | Apply | Cancel | Help |
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Bs8110 RESULTS ALT: 1
Result :CRT_TOT

Descrip Crateraon

Biaxial bending + axial force checking

19. Plot an interaction diagram

LINE 3TRESS
STEP=1

CFETAE_ICFETAE_J
MIN =.093236
ELEMFS

MAX =1.681
ELEM=9
.093236
.269699
.446162
.622625
. 799088
.975551
1.152
1.328
1.505
1.681

I00CEE0EN

Main Menu: - CivilFEM — Civil Postprocess — Code Checking— BS 8110 —»

BEAM RESULTS: Plot Sec Result...
[1>Select element 8 node J

[2>0K

N Graph Interaction Diagram "

[~PLCSCON] Graph Sections Result
Select entity Lab

Entity number MUM

Select extreme section  Keyl

Cancel l Help

IE> oK | Apply

IBEQM Vl
[1>[s
|NODEJ VI
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E> To close this window pick on the exit button

¥ Interaction Diagram Results

Section

Rl

» | % Entity |20 Element End Name

Top Front Right
Back Left

o
o] o] e
J,—

R ; . '
1 25 60 75 100

[50°

i|
0L ] B
& 2] A

@ Ultimate Strenght

Int, Diagram  Results I

ACTUAL FORCES

Fx: -12.728E+00 Mp
My: -20.683E+00 Mp*m
Mz: -1.950E+00 Mp*m
ULTIMATE STRENGTH

FxuU: -7.881E4+00 Mp
MyU: -12.807E+00 Mp*m
MzU: -1.207E+00 Mp*m
RETHFORCEMEHT FACTOR

[o8 1.000E+00
CRITERIOH

Crt_tot: 1.615E+00

Fad
|&e

20. Exitthe ANSYS program

ANSYS Toolbar: QUIT
E> Pick on Save Everything option

I\ Exit from ANSYS X

[2> ok

- Exit from ANSYS -

" Save Geom+Loads

(" Save Geo+Ld+Solu

E>(3‘ Save Everything

" Quit - Mo Save!

IZ> OK I Cancel |
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