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Starting a new project & Import Members

In this example a DXF drawing is imported into ProtaStructure. This drawing can then be used for the
following features:

Automatic Import of Axis

Automatic Import of Column Sections

Use the DXF as Ghost Layer to accurately create the elements and loads

Snap to locations on the DXF

Import a different DXF at each level (St) of the structure

Provides quick effective checking for changes to the scheme by importing revised drawings

= =4 -4 —a A A

U Create dNewproject A i K G KS yIYS GLNNBIdzZ F NpCE Fadyp{floé¢
U { St Malasia BS8110) & S Y LJmipait® currghRoroject settings

I New Project I

Project Code: |Irreguiar_Fiat_Slab_1
(Available Characters: A-Z, a-z, 09, _

Templates

Search. ..

= India (Indian Codes) N
== Indonesia (SNI, IBC)

== Indonesia (SNI)

HH Ireland (EuroCode)

, EC8)

= TEOroCo0s, EC8-DCL)
EE Malaysia (EuroCode, EC8-DCM)
EE Malaysia (EuroCode)

K1 Peru (NTE)

A Pphilippines (NSCP)

mm Poland (EuroCode)

= Singapore (CP65) v
®) Templates: Projects x
2
2 v X
Help oK Cancel

u / tf A O] EXeyhal Réfetence’Draming A O 2 BuildingSetoutals

Building Setout Modelling Loading Review Analysis Design Drawings & Reports BIM Display Views Help
LO | y [ Recent Projects - B Save E+ HJ L ‘ Y -y rH
| F( D @
L Open Previous Backup E Save As L'-" [ DXF] o e
New Open Merge Building Linked Model IFC Import DXF Import SAF Import Revit External
[#] Save Thumbnail X| Close Project Models Manager Import | Reference Drawing
Project Quick Start

0 Addi KS 3 A @ Bregulat iFEt SRb.AS 6% - C RNI 6 Ay 3 frdnithifling 8 R2 6y 2

Storey Reference Drawing
Active Storey Mo. File Path Unit | Use Colors Opadity Scale Factor Offset
v K 1 C:\Users\C i\Documents\Irregular_Flat_Slab.dxf mm = 10 X=0,Y=0
\ =%} Please dick "Add" button to add a new external B V 4
W Add Remove «Ea Move : | Import reference drawing file for a selected storey.
Ld Ld 1.0 Help F1 oK Cancel
A

U CheclActive
The reference file is shown in the background. We will now import the axes and caimgthe
Import DXF function

i Clickdmport
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DXF Import X
Settings
Import Type :
Min. By Length : L

Add Member Layer Text Layer in. beamLeng 2000.00 mm
v Grid AXIS, AXISZ, ...| v | AXIS, AXISZ, .. | Connectivity Tolerance : 500.00 mm Max. Beam Width : 1000.00 mm

v  Column COLUMN, CO... | ¥
Storey: |1 Default Beam Height : 400.00 mm
e Storey Height: | 3000.00 Default Slab Thickness : 250,00 mm

v
o Default Pile Length : 15000.00 mm

Assign Layers Reset Layer Assignments
Import Close

U Under Add, chedBridand Column

U ForGridLayer choose onAXIS AXK2

U ForGrid Textayer choose oAXIS AXIS

i For Column Layer, choose ddLUMN

U Clickimport > Close> OKto close the dialog

The gridsolumns will be imported as shown belaith external drawing in background.
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If the external reference drawing is not shown in background Radifriest.”™ icon (leftmost icon just
above the structure tree)
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To get a less cluttered view, switch off the backgrourbl&grid dimensions

i Go toReviewab > Visual Interrogatior Scene SettingsUncheckGridk W{ K2 ¢ ! dzi2 5AYSyYy
>0K

Active Windows S

Visual Interrogation
Scene Settings
Entity Edges
Hiddenline Properties
Visibility Filters
Column Display
Beam Plan Display
Slab Plan Display

FE Contours

Animation - -

Animate Camera

Compass
| Coordinate Axis Grid
Bounding Box Show Axis Auto Dimensions

OK

The backgroundjreygrids& grid dimensionsyill be switched off

Generate Load Combinations

We will now proceed to setupe load combinations before proceeding to create other members.
U Loadingab >Load Cases and Combinations
U Clickoading GeneratorVertical LoadCombinations: Useall defaults.
U Go toHorizontal Loa€ombinations/ K S Ndtiona Loading >OK

Use Cracked Sections in All Vertical Load Combinations As Well V.Load Case = 6
Generate Combinations for Steel Members H.Load Case =0

Add Notional Loads Combinations for Geometric Imperfections

Notional Load Factors: Gt 10 @ 0.3
Vertical Load Combinations J Horizontal Load Conl | yertical Load Combinations I—«ov zontal Load Combinations I
| Define Dead Load Case (G
| Define Live Load Case (Q)
' Define Pattern Loads Automatically
v =_=_.. ==_...
V| == == ==
Diwrection Dependent Pattern Loading
I /| Notional Loading Nx, Ny I Use Cracked Sections
Define Combinations for Roof Live Load (Qr)
Define Combinations for Snow Load () Wind Loading
Define Combinations for Rain Load (R)
Stage Cases
Soi Pressure Pressure Direction
Temperature Load
Losdag Load Cases
Generator
a a v x
Help OK Cancel

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM"
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The combinitions will bgenerated as shown below

Load Combination Editor

ULS_RC
ULS_Steel
SLS_RC
SLS_Steel

ID | Label LLRed | VOM
1 1.4G+1.6Q vl v
2 G+0.4Gp1+1.6Qp1 W v
3 G+40.4Gp2+1.6Qp2 vl v
5  1.2G+12Q+NGx+0.3NQx v/
6  1.2G+1.2Q-4NGx-0.3NQx v
7 1.2G41.2Q+NGy+0.3NQy v
8  1.2G+1.2Q-NGy-0.3NQy v

U ClickOKto save & exit the dialog.

Create walls & beam

U Create250mmthick core walls and 250mm x 500mnbeam as shown below

Wi Iii&}.(?h

W1 (2760:250)

W3 (275in258)

e

=
|
|

T... | Load Combinations
b_1.46 + 1.6Q
v G + ©.4Gpl +
_ G + ©.4Gp2 +
2 1.26 + 1.2Q +
9. 1.26 + 1.2Q -
<. 1.26 + 1.2 +
2 1.26 + 1.2Q -

wal

Gen | Geo

Label: w18

x

Len (Storey): 1

| | mm)b: 250.0 mm
e: 0.0 mm

Ext. It 125.0 mm

= BB 125.0 mm

I Top-I: | C2 31
3| C3 31

Bot -I: [ c2 |[ 31
* [ c3 | 31

+ Update ¥ Cancel

1.6Qp1

1.6Qp2
NGx + ©.3NQx
NGx - ©.3NQx
NGy + @.3NQy
NGy - ©.3NQy

Normal
General 0 ’
Label: 181[3
[ (mm)b:|  250.0mm
> e 0.0mm
e h: 500.0 mm
= ez 0.0 mm

I€nd | C2 31
JEnd | C2 33

Section
Angle:

Curved Beam Insertion: |
End Releases

N V2 v3 T M2 M3
I
-

74
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Inserting slabs

There are different techniques for inserting slabs. The options can be chan8kad iRroperties
General tab> Insertion Each one has its own merits; which to use is your decision.

Ins

x

o Undate| Pick Axis 1 Pick AxisSelect the axes one by one consecutiielglockwise
Pick Points orderto define the boundary of the slabEnsure they are listec
Pick Closed Siab Edge in the box> Pick back thdirst axis> Jab will be auto created.

erton

1 Axis Regianinsert slab based on the nearest axes as bound
Hold ownCTRI& pick several axes region to combnBelease
CTRL key & single slab in the combined region will be createq.

Pick Points v 1 Beam RegianThis is bno use for flat slab models due to th

Axis Region absence of beams. This is to be used only for beam & slab m

Beam Region

Delete All Axes

1 Pick PointsPick the intersection of axes that forms the corne
the slab irclockwiseorder > Once the loop is closed, the slab w
be auto created.

1 Pick Closed Slab Edgesert the slab using closed slab edge
without need for surrounding by gridsSld edge lines must be
created first, e.gusingPolyline Slab Eddenction.

L¥ atlroa OFlyy2i 06S AyasSNI Béleted

AlAxes 3 adGFNI 3FAyd 1 faz2s GN
again.

Important! Before creating the slabs in a Flat Slab model it is paramount that the layout of the slab
panels is given consideration, and the following guidelines are met

1

= =4 —a -9

All Walls and Beams (if any) must lie on slab boundariedge;i.e. a wall or beam must not
overlap with any slab.

Columns can sit within slab paneéls. a column can overlap with slab.

Slab boundaries sharing the same grid line will be continuous in the FE model

Slab panels should be as large as possdttedf small panels will complicate the FE)

Slabs should have the minimum edges possible (triangle/square/rectangle). Irregular shaped
panels Letc. should be avoided

There is No Right or Wrong layout for the slab panels, but by adhering to the above, slab layouts
should be simple and effective when entering the FE environment

Ignore the yieldines shown on the plan view (they are only valid if the slabs are supported by
beams).

U Insert all300mmthk. slabs with additional Dead Loadf 0.5kN/n¥, and animposed Loadf
3kN/n.
0 Proceed to inse8T04viaBuilding Setoulb >Storey Operationsinsert Storey

The final model will have a total 4 storeys wifithstorey height = 3000 mm.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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O-r—t————————— e 1 B B B e B ®
® Il pe I I | & [ ® slab X g@h -
+ — O G
: } : : : : : : } General | Loads General | Loads
| | | | d | | | |
: } : : | : : : } Label: 1511 Self Weight: | 7.2KkN/m2
720000 FE R RN B NG v [GF
: : I | I | } Enter Value... v
® I x‘ l ! : ! : 'r ‘\ ® |h: 3oochmm| Deadload: |  0.5kN/m2
G ,,?? ,,,,,,,, ILflffkff#fff 7|L7| ————————— f——*\———@ Rel.Level: 0.0 mm
@ I R A _|__|__________|__777\A7 Apply Z to Analytical Model 1mp. Load: 3.0k /m2
| [ [ | | \ Roof Load:
| [ | [} | @
I 11 | (| |
T B e L e B o e T I R ® ——
} : l : : : : ® Conc. Cover: 20.0 mm
/ Rain Load:
| [ I / | / Design Angle: 0.0° '
(G s Bt T_I__'—_"—J"_____T_I__"' ______ B e
= I 1 = (| = / Label Posit Slab Does Not Contribute
&__1 _________ T_}__—__éi_____]'_“j ________ é___/"___@) ae%r\%\j]\:]\j to Floor Diaphragm
@ -———-®
I | | | | |
| | | | I | | Insertion
| | | | | I | | |
| & IR & L
| | | | = | | | |
: } : : | : : : } I X || *y | Pick Points v I
| I | I | I | | |
Lod I P R S B \... S T I + Update ¥ Close + Update K Close
©y 7 A i F¢ 1T ©
®1L-1 \_J._J___L__J_..l._ | | ®
® o 0B © ® o & o o

select 3 Storeys dlick Define Selected Storeys as Similar

Edit Storey

h

Info (o)

Storey

3000.00
3000.00

3000.00
3000.00

sluw N o=

Imposed LoadReduction
Apply
Reset

Assume Roof as Normal Storey

Storey Label that defined this floor level.

{¢nn
rest of the storeys.

Level
(mm)

3000.00
6000.00
9000.00
12000.00

Label | Description Storey Type (mDm§ (mg§ \AE;:IB \A(i:lg
1 Normal 24000.00 24000.00 0.00 0.00
2 Normal 24000.00 24000.00 0.00 0.00
3 Normal 24000.00 24000.00 0.00 0.00
4 Normal 24000.00 24000.00 0.00 0.00

Similar Storey

Define Selected Storeys as Simdar |

Ol yyz2i

Reset

08

(Source)o ST04 (Target)

Generate Storey

Source Storey:

o Storey: 1(+3.00 m) ,

o Storey: 2 (+6.00 m)

o Storey: 3 (+9.00 m)
Storey: 4 (+12.00m)

Target Storey:

{Storey: 4 (¥12.00m)

x Storey: 1 (+3.00m)
o Storey: 2 (+6.00 m)
o Storey: 3 (+9.00 m)

Y

Effective Top Storey No: |4 v

No.of Rigid Basements: 0

a v X
Help oK Cancel
ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"

Make allST01, 02 & 03 storegwnilarviaBuilding Setout Storey OperatiorsEdit Storey(Multiple

Imp. Load | Structural
Reduction | System Siméar Storeys
0.00 RC 2,3
0.00 RC 1,3
0.00, 2,1
RC
1st Storey Bottom Level: 0.0 mm
Foundation Depth: 1100.0 mm
Footing Label: |F
Footing Description:
a2 v X
Help OK Cancel

AAYAL I NI & both NERelayabiddaratmt SmilarfoQ &

ForST04go toBuilding Setout Storey OperationsGenerate Storey Copy all members frd&T01
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Before& aftercopyinganyda 4 2 NE@ Qa Ay F2NN¥VIGA2Y (2 GKS 20KSNJ T
Building Model Check

U Go to theReviewab >Click Building Model Check

Building Model Check - m] X R
i Uncheckhi/ 2f dzvYy LYyaARS
v M This check is for beam slab layout. For
| Overlapping Columns Che: .
| Overlapping Slabs with Beams and Walls Check Delete Orphan Corewall Panels Slab1 the COIU m nS Can Ove rlap Wlth Sl,al
I Columns Inside Slab Panels Checkl hencewe uncheck thls option'
/| Overlapping Beams and Walls Check Fix Corrupted Member Loads
/| validity of Axis Intersections Check u CIICthartto Check
/| Proximity of Axis Intersections Check
| Overlapping Columns Spanning More Than One Storey Check E ns u re the re are n 0 e rro r$f th e re are
] Cotamns and el vith ZeroLength Chck SNNEZ NA = @ kodd Laylto/Editort

| Check Repeating Member Labels

to show the errors in separated NoteP:
a2 A0Qa St cokeBtind. 12 NBFSN

| Check Repeating Member Handles

Check Zero Length Columns and Walks: A U ClickCloseo et.

...Operation Completed....Number of Errors= 0

Check Repeating Member Labels:

...Operation Completed.... Number of Errors= 0

Check Repeating Member Handles:

...Operation Completed.... Number of Errors= 0

Building Model Check Completed. .. Number of Errors= 0

XK Close

Load Log to Editor

Final Flat Slab Model

This is the Flat Slab Model that will be analysed and designed as shown below

T T 1 I
| } 4
=81 |
| i |
/ [ ! ! [
| |
A R | +
[ ] | 1
£~y 4 1 4 + '
& ! ! ! o=
Ll i)
1+D+:
+ ——3 1 +
| |
| | |
e e : , ©
oo S ! 0t <
N :
[ i+ ‘
+ | | +
| |
| |
1 1
l-o o
| |
x 0@ s

Consider the model shown above. A core wall system is assumed to brace the structure and therefore
the flat slabs and peripheral columns predominantlyto be designed for gravity loads only.

Although it looks like a simple layout, it woblvery difficult to apply the idealisation of column and

middle stripshence AG 06S02YvySa |fyz2ald AYLRaaAirofsS G2 | LLX &
methods.Therefore, the ProtaStructure Finite Element Analysis is going to be used to determine the
gravity Loads on thslabscolumns andvalls.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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U Continue with the model you have setup in the former segtibld dza S
Slaf)(@ipped model can be download fromnk)

Material Properties

Page 11

i K SrregulasdFat

U Go toBuilding Setoutab and cliciMaterials

U Click on th€oncrete Graddsutton for Slabs

U SelectC40making sure the Short tervodulus of Elasticity = 28000 N/im

U Make sure thé&Jnit Weight of Concrete = 24 kN/m

i Tickthe®! LILIX & G2 'ff aSYOSNI ¢dLSaQ

U ClickOKAy GKS W/ 2yONB(GS DN}IRSQ 6AYyR2¢

U Using similar techniques as used to change the Concrete GradesGaelefg0&teel with a Steel
Material Coefficient of 1.15

i Check thdar Sizefor Slabsare set toH10/H12/H16/H20/H25/H32

U ClickOKAy GKS Wal GSNAIfQ gAYyR29
i All element types have a Consistent Set of Section Properties

These settings for the Material Properties apply to both the Building Analysis and the

Element Analysis.

Rebar

Rebar

Grade 250 (Plain)
Grade 410 (Type 2)
Grade 460 (Plain)
Grade 460 (Type 1)
Grade 460 (Type 2)
Grade 500 (Type 2)
Grade 485 (A-Fabric)
Grade 485 (B-Fabric)
Grade 485 (D-Fabric)
Grade 500 (A-Fabric)
Grade 500 (B-Fabric)
Grade 500 (D-Fabric)

General
Material Name :  Grade 500 (Type 2)
Material Color I 255,0,0 v
Mechanical Properties
Modulus of Elasticity :  200000.0 Nfmm2
Shear Modulus ¢ 76923.0 Nfmm2
Poisson's Ratio : 0.30

Thermal Expansion Coeff, 0.00001200 (1/°C)

SBPDN 930/1080 Unit Weight :  78.000 kN/m3
SOPON 1080 ‘_1330 Steel Bar Parameters
SBPDN 1275/1420

Minimum Yield Strength :  500.00 N/mm2

Ultmate Strength (Fu) 550.00 N/mm2

Bearing Strength : 0.00 Njmm2

Material Coeff : L15
Rebar Symbol : H
Rib Type Type 2 v
Hook
Prestressed
& | | x Rebar Diameters Edit...

" Apply to all members of this material dass in this storey o OK x Cancel
Grade 500 (Type 2) Rebar Table — O ®
v| Column Label Diameter (mm) Area (mm32) ¢ el & G|+ ¢

vl Wal 8 8.0 50,266 v v v v v v
) Beam 10 10.0 78.54 v W Vv v v W v
v| Slab
12 12.0 113.097 AR o o o Ud ol o
Rib Slab
- 201 v,

Footing 16 16.0 201.062 Ul U 0 U d Ud d Ud

Links 20 20,0 314.158 v W W e v

Longitudinal Web Bar 25 25.0 490.874 v W W v Y v v

Horizontal Web Bar 32 32.0 804.248 v v W v v

Generic L

ProtaStructure®  ProtaSteel ProtaDetails ProtaBIM'
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Flat Slab Analysis & Design Flow Chart

Flat slatanalysis& designcanbe done using either of 2 methods :

A. Building Analysis with floor slab meshed

B. Finite Element Floor Analysis Chasedown + Building analysis without floor slab meshed

The difference in the analytical model is as sh&summarizedelow.

Physical Model

Building Analysis with floor slabs meshed

ety bt

b4t bbby

B el

) = R S R et A B
l _'A' 4
¥

I | Y e et 1Y

Building Analysis without floor slab meshed

A. Building Analysis with floor slab Meshed

B. FE Floor Analysis Gravity Load Chase down
Building analysis without floor slab meshed

Full 3D model top to bottom storgwith floor slab
meshed. There is option to mesh only selected
storeys.

FE Floor Analysis analyses 1 storey only, i.e. subf
analysis.

Single analysis to obtain both lateral and gravity lo
results.

FE Floor analysis givgravityload results only.
Hence need to run Building Analysis (without
meshingfloor slaks) to obtain lateral analysis

3D effects such as differential axial deformation eff
or natural sway due to gravity loads included
Hence, results may deviate from traditiooal
conventional assumption of flat slab.

3D effects are excluded since analysis involves on
storey at a time.

Hence, result is more in line with traditiowal
conventional flat slab analysis.

Analytical modeis larger & more complexf floor plan
is large with many storeys

Hencemay beharder to identify modelling mistakes
as need texaminethe full 3Danalyticaimodel.

FE floor analytical modeldmaler & simple since
only 1 storeys considereat a time

Howevermore steps are requiresince both building
analysist FE Floor Gravity Chasedown must be do

More efficient as single analysis for gravity & lat
loadsor for modelswhere only certain floors are flg

slab.

More suitablewhen traditional subframe assumptig
preferred.

ProtaStructure® ProtaSteel

ProtaDetails’ ProtaBIM’
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Flat Slab Analysis using Building Analysis with floor slab meshed

The following are summary of steps using this method :
1. Modelthe flat slab model using slabs as outlined in the previous section.

2. Go to Building Analysis > Model Options > Slab Model

Building Analysis

Pre-Analysis Model Options Analysis Post-Analysis Reports

Model ShearWall Model Slab Model Settings

Storey Diaphragm Model

®) Slabs to Define Rigid Diaphragm

V| All Storeys
Single Diaphragm per Floor Level
No Rigid Diaphragm Floor Levels
Finite Elements Mesh
I | Indude Slabs in Building Mmde\l Storeys to be Meshed ’

Indude Quad Elements in Floor Mesh

V| 1(+3.00m, Sim:2,

Use Decomposed Slab Loads in Meshed Storeys

Indude Columns Sections in FE Model v 3(+9.00m, Sim:2,
ilv| 4 (+12.00 m)

Shell Element Size

Min: 1000.0 mm Max:

Entering shell sizes smaller than 500 mm may increase the model s
time considerably. In order to optimize the mesh size and density ‘Max' size not less than
1.5 times the 'Min' size is recommended.

Slab stiffness Coefficients
In-plane (Membrane): 0.25 Bending 0.25

These factors are provided for being applied to the cases that use uncracked
stiffnesses (such as G and Q cases), where only the meshed slab Stiffnesses need
to be reduced for modeliing purposes.

1 Tick4hclude Slabs in Building Mo@ethis will mesh the floor slabs
1 {St EDENBE & ( 2Sae§alztBrayKk SRQ
1 Review other parameters such@ellHement size& Slab Stiffness Coefficients
1 The defaults for this model is 0.25 or 25% feplme & Bending (otdf plane)
9 For detail explanation of each parameter, kindly refer to Prota Help ceditgy Model

3. RunBuilding Analysis

1 Thiswill give results of gravity (G+Q) and lateral (notional + wind)
1 Go toBuilding Analytical Modéb review & verify the results

U PerformBuilding Analysiswith all the settings shown above (without performing any member
design).

After analysis is completed successfuijft checksummary will be showrif the model is set up
correctly, the drift check should pass. For details of the drift check, you can genetstifnalysis
Checkseport.

You should also revieAkial Load Comparison Repioricheck whether any gravity loads are lostsTh
is already covered under the ProtaStructure Basic Training; hence please refer to it if you have not
already done so.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Slab Meshing

Long Term Deflections
Adjustment to the slab stiffness to cater for long term deflections are recommended in 2 references:

1 Concrete Society TRE®eflections in Concrete Slabs and Beams
f The Concrete Center (HTE®) | 2 4 { 2¢ HpvSidNDeSigh Reinforced Concrete Flat Slabs
using Finite Elements Analysis.

HTFS & TR%BRecommends linear elastic analysis

9 ProtaStructure currently uses linear elastic analysis.
1 This is the simplest analytical method discussed in the report. So, it should be the simplest for
you to use.

T LG aK2dxZ R 2yfteé 0SS dzaSR (2 akK2g (GKIFIG RSTESOGA:

deflection estimates.
1 For this method a lonterm elastic modulus should be used.

HTFS Recommends adjustment of E

1 Creep cracking and shrinkage are all factors that affect thedomgdeflection of concrete.
1 Short term E (Est) should be reduced to allow for these factors, 4elongyalue (Elt) should
be used in analysis.
1 HTFS suggests:
- For office/ residential : Elt = 1/4 Est
- For storage/ plant - Elt=1/6 Est

For more guidance on stiffness adjustments, kindly refer to this article in Prota Help Efstgive
Stiffness Modifiers

Building Analysis Model
U Close the building analysis dialogo>to Analysigab > clickAnalytical Model

The building analysinalytical Modethows the analytical wirefran&resultsof analysisFor details
of all the icons of this view, kindly refer to this article in Prota Help Ceftetytical Model

All the floor slabs and shearwalls are meshed using finite element Khelhighlyrecommended to
carefully examine th®isplacementas slabs are the key structural elemémt flat slab models
Specifically, check if the shape & magnitude of the slab deflection are reasonable.

¢KS OASE A& ljdaGS 02y 3ISaidSRI&KedfgbSemenSi Qa aK2 g
U In the leftFilterpane, check onigtorey 4

U D2 (2 wSadz Gda G o You éfinkréaseor Rédica Sdhler erfel Safeliaftar
switching off theAuto Scale

U Pick Load Combinatidf] 1.4G + 1.6t the right pane.

The displacements of the chosen load combination will be rendered in red. The maximum resultant
displacement will be show at the bottom.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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OCBNCPYOBO® ProtaSiructure 2026 (9.0.356) / Project: Irregular_Fat_Slab_1 Analybical Model m - 0 x

Analyss  Design  Drawings &Reports  BIM Dsplay ~ Views  Hep  General  Members  Results  Contours  Soiid Model

Buiding Setou sling

Ls [ AL A SelMenbers N - D e oo T ! Diagrams v N
Lx U [ Femebebes T, (SRS J Sheariais ke Result Collection Method | Maximum | v
~ Cublc Curve Ls 2 @ Nodes b v el 10,000 (7 Besn e Inchude Column Patch Region Resuts
e Dagrams Slab Strps. ~
cocil  eac me [ N :
= Lt . Load Combinations 3
Member Types - A > 4 Load Cases
4 m-—s Al Members v e
4 = Views T L
E ::;: Concrete Columns v i
o 1-nuddng Stee! Columns v I
Pedestals v »1
5 Reports sy K
2w Concrete Beams v Q2
A Connections NGx
" Slabs v s
Mat Foundations. v e
Ripd Links v b
= - 4 Load Combinations
Swer0(s000  r—
: 3 2 0. %P 1 +1. 6D R
Storey: 1(+3.00m E
[3) G40.4Gp2+1.6Qp2 RC
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_ (5] 1.2G41.2Q4NGx+0.3NQx (RC
e e BT (6] 1.2G+1.20NGx-0.3NQx  (RC
; (7] L.2G+1.2Q4NGy 40.3NQy (RC
:“Xﬂ : (8] 1.2G+1.20NGy-0.3NQy (R«
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E3t v Envelope (Max)
n v
R v
4 v
s v Imsnlacamom [Resultant] - (1.4G+1.6Q) - Max:60.601, Min:1.09 mm |
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indeed deforming as connected entities.

c:

Turn offDisplacemenafter due verification.
Go toContourgab & ClickContours> UndeiEffectE & DisadementiZglobal)

z

c:

% %

U /tATOf By GKS o5 OdzoS G2 201 G2 Lily @ASs

U Alternatively, lickPlan Viev,E (located inGeneratab) to lock the view in plan mode.

— BuldngSetout  Modeling  loadng  Review  Anolvss  Desgn  DrawngsSReports  BIM  Duplay  Views Hep  General  Members  Remits Contours

Sokd Model
ol Colored Lines J Sheaels'  Traspwrency| 1005 Index Count [H 1 pa—
HE s B - i e BEEEE =
Z tine Contours. - 7 slabs ¥ smeTol sze 908 PR :
User Defined  Threshald 8 - o ShowLive Losd Reduced Detaled  Proper
Contours  Contours (3 Display Values onLines 1z & Footngs o i Rebar Contours ‘Combinaton Resuts DesgnRests  Contous
Contours Legend -

ce-tffe @ Ot G || B swreris

II e e
H
+ il structre
S Vews
[l storey: 4
¢ Storey: 4

R Reports
5 Detad Previews
{1\ Comnections

[ 6+0.46p2+1.6Q92
M6+

(5] 1.26+1.20-+0Gx+0.3Qx.
[6] 1.26+1. 206X 0. NQx (R
[7] 1.26+1.2Q4MGy+0.3Qy (RC.
(8] 1.26+1.204Gy 0. My

4+ Envelope

Envelope (4n) Eny
Envelope (Max) En

Disp Z
(mm)

60 585
51.169
41753
32337
22921
~13.505
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TheContoursicon grouphas options that can be on / off by clicking on button :

Ec S i Coloured LinesAdd line betweerontours
@ Line Contours T Line ContoursDraw line contours

. _ 1  Display Vaies onLines. Show the valuesf line contour
(e Display Values on Lines

Contoursrender & display can be changagsing Displaygroup icons Legend parameters can be
changedandLegendyroup icons

Transparency| 100 | A W Index Count 8
9

v/| Sync To Legend Size
" [ Show Min. Asin

Rebar Contours

< |lesle>

Legend Position | Bottom Right

Display Legend

i Placing the mouse cursor aslabmeshwill displayits parameters &he value of the effect

5333
Disp Z: -37.74 mm

‘
Disp Z: -34.519 mm 9873 (4510)

Thickness: 0.3 m

Area: 0.299 m2
Pressure: -15.58 kN/m2
Resultant: 4.7 kN

i 5334
Disp Z: -34.237 mm

Bottom steel reinforcement provision

We will start by assumirtpat the whole slab is to be reinforced orthogonally in the Global X and Y
directions. At this point the slabs reinforcement angles have not been adjusted, so Direction 1 steel is
aligned with global X, which runs from left to right in the view below

U  Select EffeaindercRequired Steel Ar¢@/oodArmerf Asd2Bots g | tSiaAdar8 y & dzNBS
Contourss activated

It is recommended to always refer to plots that include Wood & Armer adjustment i.e. torsional effect
of slabgncluded¢ KS&S | NB @Sy iBRa #gayiX o3 ! &

i UnderLoad Combinatiorselect the desired design combination, §1j.1.4G+1.6Q¢

Alternatively, if you like to design for envelope of @l loombination fotthe bottom steel, choose
Envelope (Max)

i/ t AShdw Min Ain Rebar Contouts-===- to show minimum required steel for the selected
code. We recommend to perform a manual check to ensure this value for extra precaution.

The viewmbelow) shows design bottom steel requirements in directionith the minimum steel of
390mnt/m aslowest1%t contour. A might be anticipated the peak requirements are occurring along
the longest free edges

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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® & G

+ Displacement 4 Load Cases

« Bending Moments (Local)

n Homents (Wood-Armer)

+ Required Steel Areas (Local)

The legend shows the maximum valu#285 mm2/mWe can zoom in the contowurewto try to
find this node, usually maximum value occurs between supports or at the column or wall node.

U By zoomingn the colummC4(right corner) we can locate this value by placing the mouse
cursor on the column boundary node & reading the tooltip as shown. below

Itisunreasonable to expect maximum AdBidt to occur
atthe column nodeit should be at middle of slab whel
maximum sagging deflection occurs.

o > This is due circular column being simplified as hexag
/1?2370? 1;;30 ﬁ‘rir:gm [ element& the slabshellmeshed to the boundary of the

column. Thigause a local distortion at a single nod
If you read the adjacent node, it immediately drops
minimum steel.

Thisabnormal valuganbe ignored, as any single
abrupt & extremeymp innodevalue will be deem
unreasonable.

U Zoom into the areas between the columns where the maximurBasdhould occuii.e.
locatiors where maximum slab deflections occ(switch toDisplacement Zontour to check)

We can locate this nodsomewherebetween
column 4@ and4C4. The value 893 mn¥/m.

5446 ‘ The other similar maximum value is at the lov
X:25.70 Y:12.81 Z:12.0f

Asd1-Bot: 892.6 o | slanting slab between column 4C3 & 4CA4.
4 § value is aroun879 mn¥/m.

We can conclude the reasonab®sdXbot is
around900 mn¥/m.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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U SelecEffectAsd®-bot

Using the same inspection & reagunas direction 1ye similarly locate the correct slab nodes
values for direction 2The maximunAsd2Botvalue is aroun840mm?/m at the slanting slab edge
between 4C3 & 4C4For simplicitywe will use the large900 mn¥/m as maximum of both Asdl
Bot & AsdBot.

User Defined Contours
U Switch backo viewAsdtbot.

We can now use the custom contours option to show where different steel reinforcement
provisions would be adequate. In gengtiad strategy would be to decide on general lower level of
reinforcement to be provided continuously throughout the slab and identify the regions where an
increased provision is required

U Clickon theUser Defined Contourson andedit User Definitiortsutton.

General Members Results Contours Solid Model

ol Q | [= colored Lines 4 # ShearWalls
. i " 6 Line Contours i &7 Slabs

b =
Contours | User Defined| Threshold . Edit User 0
Contours | Contours @ Display Values on Lines| Definitions | &7 Footings

Contours

U SetNumber of Contour§ 24Q WILeggendii 2Both?> click Updatebutton to reinterpolate
contour valuesWe choose #o0. because we intend to provide 2 different steel contdhes (
other2 no. is autecalculatedmin & max contour).

User Defined Contours Settings n

Legend
Effect:
Contour Value

Loading: Contour Label
Contour Count: |4 Update l‘

g M@ i
(245.02) Contour Label:
(490.04)
Max (1225.11)

Contour Value:

v X

oK Cancel

Redraw

Effect¢ Thisis the brought through from the current view selected in the FE Post Pracessor
Loading; Thecurrent Load Case or Combination selected in th®t&iey and Foundation Models

Legendg This allows the user to choose the information displayed on the legend withifEhe
Storey and Foundation Modej€.g. Contour Value only (565.5mm2/m) / Contour Label only (H10
¢ 200) / Both

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Contour Count; Thisallows the user to specify the number of contours to be displayed on the
screen. Notehat Minimum (0.0) and Maximum cannot be changed

Contour Label/ Contour Value/ Diameter and Spagirigs area allows the user to select bar sizes
FYR ALI OAy3dQa T2N) GKS ONBIFGA2Y 2F GKS 02y (2 dzNA

on the selected size and spacing of the reinforcement.

U Enterthe contour settings as shown below and clicklpdatefor each input.

User Defined Contours Settings n User Defined Contours Settings n
Legend egen
Effect: Effect: S
Contour Value Contour Value
Loading: Contour Label Loading: Contour Label
® Both ® Both
Contour Count: |4 Update Contour Count: | 4 Update
=== &2z
Min (390 Min (390)
H12-200 (565.49) Contour Label: L H12-200 (565.49 Contour Label:
724.09) H12-200 H12-200+H12-200 (1130.97) H12-200+H12-200
Max (1225.11) ax (1225.11
Contour Value: | 565.49 Contour Value: ' 1130.97
|V Rebar 1 H12 |v| 200 |  Rebar 1 HI2 |v
Rebar 2 v Rebar 2 H12 |v
Rebar 3
v X
Redraw v X Redraw o A
oK Cancel oK R

The F contour should satisfy As min stee330 mnt¥/m. H12200 = 565 mrfim satisfesthis.

The 29 contour must satisfghe Asd1-Bot maximum 900 mn?/m. H12200 + H1200 = 1130
mm?/m safisfesthis. This is effectivelf12100but we choose to display as the former.
0 ClickOKto view theReinforcement Requirements for the Bottom Steel, in Direction 1 (Global X
axis in this case)
IftheO2y (1 2dzNJ £ SISY R A & Pésitidt BnfefLegeddansQdshift it @ fardotdey 2y @
corner. The legend size can also be increased or decreased

ok Mode

- ﬁ PR S coredins — R
- s M e M ] b
Contours| User Defined | rreshois EdtUser hxed ShowMegnbedSeimc Detsied  roperbes
Contours tours (53 Disploy Vekues onLines  Def Desgn Reaits
cet Raa = “
: Load Combinations
: s + Load Cases
X T % iz s
* . . o1
B 1-Buldng Ansivss Model KINK ¥ V0 A 1 [ [N, 2
R Reports X . Qavaw. AN 5 : . M 2 o1
fA Comectons e (% 5 v - s
RNy H12200 MR
KX <> B w i
x KX ¥ X 2 e
4 Bending Moments (Local) iz
X ¥ VAVAVAVAYAYS o)V &
X - X

+ Design Moments (Wood-Armer)

M2d-Top

+ Required Steel Areas (Local)

4+ Required Steel Areas (Wood-Arme
et
Asd2-Top

WIS eyl
sty 12200 e,
Say -+ K 0+

8% + HD-200 (Eea

..........
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¢ KS8lugds NB I A 2 122004 & KNEINIBdzBrbEE R NNBER 2 Ad2208 + H2RE0S
required. Effectively, this meahld2200is placed in in the entire slab, whit42-200 added in

a LIS OGrdek O IdNBEIKA a ST TS 0Grded @dick WS Ij WAHI2HB08 & 66 NI
region indicates area where the provided steel is insufficiat can ignore this (if any) as we
already determined the reasonable maximum value.

Creating contours (bottom steel provision)
U Usingthesamet 9 RA G | & SNJ 5 SreateyfhieAsd2BotcéntofS 1 K2 R X
U Create two contourd12200andH12200+ H12-200.

cee R =

* || Load Combinations
+ Losd Cases

*

K A AR VA ¥4 ok
\ * JAVAY * o
¥ ¥ A ¥ 2
= * * * *
* . A A D A " 2
"b. \1’// sy
BN H12200 + [
o | HI2200, _iamtbilin
¥ ¥ WK WK

(Local)

Yare . ol

Moments (Wood-Armer)

ired Steel Areas (Local)

In short H12200& H12200+ H12-200satisfies both the bottom steel in direction 1 and direction 2

These requirements can be simply communicated to the detailer by display the above contours to plan
view and then export to DXF

U0 Go toReviewab, click orVisual Interrogatior FE Contoursselect contours type, effects and
load combinations based on preferences

£ 0 SNY I G A Ty Pictured 283w Eittykdodated atGeneratab to save the image of the
contour by clicking respective icons in top menu.

Although only 2 reinforcement provisions have been shown in the above example, if required many
more contours could be introduced to suit specific project requirements

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Creating contours (top steel provisiapsditop
U Switch back to vie@ontoursor Asdttop (same factored load conth4G+1.6Q)

OB YV OBO® : syics n - & x
¥ ¥ 7 P[5 couedines J Shearials Tl -
Rl 2 ||E - & E " A -
tousrs | User Defined [rivezroid Show M. As egend Live Load Show Maghed Sesmc
Contours. e - &7 Footings ebar Contour ombnaton Re Design Results.

Load Combinations

4 Load Cases

4+ Bending Moments (Local)

+ Design Homents (Wood-Armer)

ired Steel Areas (Local)

4 Required Steel Areas (Wood-Arme.
Asd 180t

Asd1Top

As expected, a review of the top reinforcing requirements shows that in fteedyyminimumsteel is
required over large areas of the sl@lueregion)and that the hogging moments intensify rapidly over
the column head& core wall The minimum steel B30 mn¥/m. For economyH10-200 = 393 mr#im
would suffice as bagep rebar everywhereWe should now locate the maximum top steel by zooming
in columns & walls where peak top rebars are expected.

0 Zoom iMC4& place mouse cursor on sksitellto locate the maximumsdtTop

The peak As a&round4740 mnt/m.

It would be impractical to provide top ste
e : "™ | exactly to match tis peak maximum stee
- S | area as these a very small localised a

Thickness: 0.3 m

1y 14 " | often exposed when meshing slabs.

366

Resulant. 0.4 kN JAsdTop 472288 mmzim """ | The average of thinesh nodess
(4740+4727+2649)/3 4038mm?/m

If we calculate the average values of all th
peakslabshellnodes connected to the
column,it isaround2500mn?/m.

365
Asd1-Top: 4740.63 mm2/m

Asd1-Top: 2649.35 mm2/m

Manually calculating average of all peak stadinodes is tediousthemore practical way to deal with
these peak requirements is to integrate (average) results in strips cut across the &olatirheads
which is in line witlsimplifiedd 9 Ij dzA EdmE Bigfhipd statedin most ofcodepractice.

This can be done by usiRgotaStrucurd=inite ElementntegralStrip The purpose is t@alculate the
design moments using integral approacle. toaverage out the moment within the strip width,
otherwise the maximum momentd a single nodwithin the strip range will be used for rebars design

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Strip Width Strip Width (bigger)
il <l

I 1
P Max nodal moment
l—— Max nodal moment le—

/E\ L Integral / Average moment /E\//IntegralfAverage moment
/ \ 1 (lower with higher strip width)

I
I
1
I

I
4
A

Typical bending moment diagram
@ flat slab column interface

I 1
1 Refer to the figure above;ylefault, the maximum peak nodal moment will be used for finite
element slab desigig.column center line
1 Integral option will average the design moment across the width of the strip
T ¢KS $ARSNI GKS adNARLEZ GKS 2SN GKS al @SN ISR
moment changes rapidly
1 User should carefully evaluate how wide to create each strip when integral is.chosen
In thediscussiorelow a2m wide strip is cut across the head of the most critical internal calumn

U Go toPan view ensure the active storeyStorey04

U / t AS@b Strip  AitMbgellingtab, ensure that below options are set to creatdraegral
FE slab strip witBm width :

Type FEStripy { St SO GCAESR . FyR { (NRALXE

1 Analysis Results SourcBuildingAnalysis

1 Scope Width Left & Right®00mm(total 2000mm)

1 / KS Dtegraf

=

4 SE4(+1200m)
+ 1] coumne
+ i Shesrwals
+ (7 Beams

U Click the 2 point& then 29 point of slab edgemnaking sure taut through exactly the middle of
columns 4C9,4C1 & 4CA4.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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U If the slab strip createdaccording to the settings sa$ aboveprogram automatially designs

Page 23

& providesH16-100(top) & H10-100 (bot) tocover the area of the slab strip width.

Note: Whenthis steelsprovided,it mustbe provided ovethe full extent of the2m width strip
The fixed band strip design provides a single top and bottom bar across the entire length &
width of the strip. Practically, this usieconomical desigtoo conservativeas the required

steel contours shows minimum steel is already sufficient for large area of staie H i Q &

advisable to adopt thissdinal steel arrangemenespecially the top rebars.
U Select the slab stripRght-click >Slab Strip Check DesigriiaunchSlab Analysis & Desidialog

&{, ¥

Design Strip

Profile Desi

File Name

FE Strip

Check Patch

gn

Label

X1

Report

Bl
B2
(mm)

Summary OK

Cancel

h
d
(mm)

300.0

272.0

As-Provided
Top/Bottom
{mm2)

Steel Bars
Top
Bottom

M -Top
M - Bottom
(kN.m)

As-Required
Top/Bottom
(mm2)

184.1
79.1

1682.83
696.36

2010.62
785.40

H16-100 (T1)
H10-100 (B1)

Design Status

v

From theabovedesign dialogthe requiredtop steel reinforcement is arourd683mm?m. This
value is significantlpwer thanthe previouslymanually calculatedveragemeshnodesconnect to
the columnboundaryof 2500mm?/m. This is becaughe 2 meterslab strip is averaging ovaany

more shell®eyond the column boundarWe will now compare the various slab strip width results.

Slab Strip | Slab Strip | As Required Remarks

half width | total width | (mm?#/m)

Im 2m 1683 Likely too wideas column size is 500mm.
500 mm 1m 2358 Lower boundmorereasonable

250 mm 500 mm 3200 Upper bound too conservative

As expected, the narrower the strip, the higher the required area of 3tieelfinal choice of slab

strip width is an engineerirjgdgementandfactors to consideare:

1 Code of practicek design guidancewhich will specify some idealized strip width in
accordance with traditional analysis & design metHeal. example BS8110 suggests a

certain percentage gfanel width on each side.

! Compare with manual average peak node25600 mnt/m, the 2m total width strip is likely

to wide and unconservativéhe 2m wide with is 4 times the column size of 500mm.
9 Size of support The size of the column @ready500 mm, hence 500mm total width is
likelytoo small &verconservative

The 1000 mm total strip widtAs required 02358 mm?/m is closeto the manually computed

average 02500 mn¥/m. This seems to be the most reasonable. The design top std@Dd25 =
2513 mnt/m is sufficient.

U Now, apply the same processhtorizontalwall area. Create a slab strip acrosswiad. It
is found that the required steel area is arodfl5mm?/m when the total slab stripotal
width is1000mm

The FE fixed band strip can only be used if cut across slabs with the same thickness. The rea:
design only detestthe slab thickness nearest to the first end of the striphrée aremany slabs with
different thicknesses, then do not use the FE Slab Strip. Use the other method of design using
required contours as outlined iniffFlat Slab training manual

ProtaStructure’

ProtaSteel

ProtaDetails’ ProtaBIM’
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Slab Strip Diagram
To review slab striforce diagramin Analytical Modet
U Go back to théBuilding Analysis Modeliew
i GoContourdab, deactivate all th€ontourgo get a clean view.

U Go toResultab, select slab strip you want to review from 8iab Strip List

This will display the moment diagrams of selected strip on the analytical view

Review  Analyss  Design  Drawings&Reports  BIM  Display  Views Help  General  Members  Resuts = Contows  Sold Model
' | v _‘ ol i e Iv’ Diagrams 41 v I(“ .
il
1 / A4 " i Result Collection Method  Integral _ |v| H
o e Diagrams = " showLive Load Reduced
° . Incude Column Patch Region Results Conbination Reaudts
cements Diagrams Slab Strips
‘‘‘‘‘ P ® st
© 481 * . °
< @
° ©
% 1o ¥ = -
© ° & v @ pe
o ’ o » P ° &
3 — " ® e T
© °
[ ] ) L . @ >
© g * . -
L « 0. °
i . s Cyp
«, e
| o . ° ¢ 8 - s
P % - -
N ° L -
- -
o ¢ - .
© ° X - 4 e .
- a®
°
° ot ° 5 \ e - -
B © ® - 4
. » - . )8 » w823 2 - e
A
e LI -, Show Selected Only

i S Hide Selected »

]{V‘ Slab Strip Diagram Profile ]

U To view the detailed profile, selactlab strip> Rght-click>select Slab Strip Diagram Profile

= Slab Strip: X1 (Storey: 4) - Building Analysis Model = m] X

Load Cases & Combinations

Envelope Diagram
G

4.590 4.589
Gp1 & (mm) - =
Gp2 ™ EB0T
P ~ ,\\-\ /// 4 \M\-\“‘ //

& '50.668 50676
NGx 2476 -246.8

NQx -183.2

NGy y

N M

o — |  (N-)

G+0.4Gp1+1.6Qp1 31.5 777 777 32.3

G+0.4Gp2+1.6Qp2
G+Q
1.2G+1.20+NGx+0.3NCx

1.2G+1.20-NGx-0.3NCx -206.3
1.2G+1.20+NGy+0.3NQy {i
1.2G+120-NGy-0. 3NGy

Md (kN.m) R+

852 396

L=27.00 (m)

s—T—% & s ||a] |4 <

Result Collection Method | Integral v

Indude Column Patch Region Results x

Display Detailed Values Exit
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Program provide8 different result collection methods namely Maximum, Integral, and Strip Line

Approach Description
_ Maximum values of the transverse nodes at each station are used in strip r¢
Maximum .
calculation
Calculates the integral of transverse node results yielding more economica
Integral smoothened values.

Note:¢t KAa YSUiK2R 2yfeé | @FAftlFofS F2NJ
CKAa YSUK2R A& az2fSfte F2N OKSOlAyYy
nodes displaying the values exactly at the station nodes

Note: Slab Diagram can also be accessed via the Slab Analysis & Design dialog.

Strip Line

Havinggathered all the reinforcement steel area for column and sheaaballe we can add more
contour to satisfy the required steel area.

We will addUser Defined Contours according to satisfy the top reinforcement required:
U / f AEGifUsek Definitiods | ZhhdAngr&ase Contour count§a | y RUpdatéi O1 a
U Update thel® contourwith reinforcement rebad10-200
U Update the2" contour with reinforcement reb&10200 + H16200

U Updatethe 3 contourwith reinforcement rebad20-125to satisfy all the areaat shearwalls
and colums heads.

£ stabs.

Tl I

& Footngs Rebar Contows

Q ¢ G

4+ Design Moments (Wood-Armer)

H10-200 + H8-200

ured Steel Areas (Local)

ired Steel Areas (Wood-Arme.

Upon closer inspection on the contour plotteg zooming into columngou carstill & S 8déd | NS I
which suggesithe contours created are n@adequate. This would be the case if we were considering
everypeaknode value for the floor platevhich we have established it not feasible nor practical

As suchyve have chosen to design these areas using aveeagés, thered area can be ignore&l we
can provide the same maximueinforcement established earlier.

For practicethe samesteps can be repeated fé&sd2TopusingUserDefined Cotours
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Flat Slab Analysis using FE Floor Anéljzsisedown

FE Floor Analysis is an alternative to Building Analysis with floor slab rmiéshfetlowing are summary
of steps using this methad

1.
2.

Modelthe flat slab model using slabs as outlined in the previous section.
Go to Building Analysis > Model Options > Slab Model

1 ! y { lnéhide Stabs in Building Mo@eFloor slabs will not be meshed
Run Building AnalysiBA)

1 This will give results of gravity (G &Q) and lateral (notional + wind)

9 Gravity results are not valid since BA requires beams to supports slabs

1 Lateral results are valid as lateral loads are transferred via rigid diaphragm formed by slabs
1 Go toBuilding Analytical Modéb review & verify the lateral analysis results

Run FE Chasedown Analysis for Gravity Loads

9 Since BA cannot evaluate flat slab gravity loads, we need to run FE Floor Analysis to obtain
gravity load results

1 FE Floor Analysis analyses a single floor with slab meshed. To correctly accumulate column &
wall loads, we need to run the process from top to bottom storey (gravity load chase down)

1 Go toFEAnalytical Modelo review & verify the gravity analysis results
Mergethe results of both analyses foolumn & wall or beardesign
1 Lateral loads results will be from Building Analysis

9 Gravity loads results will be from FE Floor Analysis Gravity load Chasedown

Building for lateral loads - FE Analysis for gravity loads

[ S N

| N il
Fx ' H“ f Tll

Building Analysis to Generate Lateral Design Forces

We will now proceed to analyze the flat slab system using FE Gravity Load chase down method.

We will setup the materials & options before running Building Analysis:

U Analysigab >Building Analysis
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S PRoTA page 27

U Go toModel Options Settings> ShearwWall Modéhb > Pickd a * R S NE o

Since we are not meshing the floor slab in Building Analysis, it is not necessary to use FE Shell for
walls. This will make the analysis run faster without sacrificing accuracy

U Go toAnalysis tal> CliclBuilding AnalysisRun Building Analysis
U 9yadaNB (GKS /2ftdzyyk2lftt | YWRicked3I Y wSAYyT2NOSYSy

At the end of the analysis process, you should see a warning indicating load has been lost.

Warning X

Axial Load Comparison Warnings:

L ® "\ Warning: Difference between decomposed loads and slab
loadings
is (%) =86.01
Yield Line approach for beam load decomposition may
not be adequate for this model.

Warning: Difference between Building Analysis Results and
Undecomposed Slab Loads (%) = 86.01
It may be advisable to check the building model.

Refer to Axial Load Comparison table for more detailed
information.

This warning will always appear when running Building Analysis for flat slabs. It indicates that an FE
analysis is required for the gravity loads. Hetlie messagean be ignored

In the Building Analysis the slabs are replacednigithdiaphragms to decompose the lateral loads to
the Columns/Walls in the structure.

U IntheAnalytical Modél & 2 dz O \Diaphragndi OFK {(2§f $O00G (G KS b20A2Yy I f
load caséNgx or Ngy > The nodal load=xor Fywill be shown to applied at center of
diaphragm of each storey (as shown below).

B NCYEBEO® 9.0.356 " t Slal < Analytical Model M - o X

o Labels

£ supports

Load Combinations »

4 Load Cases
[E] Storey: 4
&n

5 Reports

(2 Deta Previews

A Connections

NGy
NQy
4 Load Combinations.

[8] 1.26+1.2Q-NGy-0.38Qy
4 Envelope

. { . Envelope (Min)
Envelope (Max)

4~

Hence, in building analysis ONLY the lateral design forces have been calculated correctly.
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As the flat slab has no beams as suppohisiet is no means afalculatinghe verticalslabloads onto
the Columns/Walls. Therefore, for vertical / gravity loads, we need to peRigrAnalysis Gravity Load
Chase Dowrfor the structure to obtain the correct gravity results.

U Go toAnalysis tab» ClickE Floor AnalysisRun Building Analysis

FE Floor Analysis Settings

Wy Of dzZRS / 2f dzvYy { &SThis klidws &he Kinfte Ele@nentyNebh&d fm around the
perimeter of the columns, producing moments at the face of columns rather than the centre of the
columns. This option significantly reduces the peak hogging moments over the column heads in Flat
Sld ConstructionThis option is automatically activated for flat slab model.

W/ 2YyAARSNI . StY ¢&ZnidElbowsyhle forsigndl AtiFrn€sg & &ry Ber@ members to be
considered in the design. Higcking this option would assume the beams to have No Torsional Stiffness.

WLYy Of dzZRS ! LILIS NI {cdrEsNBién mus ibedafeyted[to2aHoR @ Load to be chased
down through the model (even at the top storey).

Shell Element Siz&his controls the minimum and maximum size of the mesh. Generally, the smaller
the mesh, the higher the number of total mesh & hence longer analysis time.

The key objective is to choose an ideal balance of minimum and maximum Shell Element Size and to
LINE RdzOS YAYAYdzY ydzYoSNJ 2F LJ I G4S& odzi &adGAftf adzF¥;
the slab (so analysis time is minimized). Generallig aghieve betweeB platesbetween the column

heads.The default ominimum 500mm & maximum 1000mnshellsizeshould be sufficient for most

models.

Cracking and Creep Allowance

U ClickCracking Creepponto calculate the stiffness adjustment
U EnterAverage Dead Load = &@®verage Live Load =>®K

Stiffness adjustment &.33will be automatically calculated for all membérke theory behind this
is explained in this articleCracking and Creep Factor Calculator

U ¢AO1 G KDisplay AnaljtitayModel Before Analysis
U ClickPloor Mesh and Analy§isitton >FE Analyticahodel will be showias below.
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o Storey: 4 FE Floor Model = o X
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The FE Analytical model is for 1 storey onbu can verify the analytical model by zooming in area of
concern, example ensure the elements are connected properly. As mentioned previously, we should
have recommended 8 shells between columns or suppétisicethe default shell size setting is
sufficient.

U ClickOKto close & complete the analysis

Batch FE Chasedown Analysis
The previous operation could be performed at each floor level by analysing and moving to the floor
0St2¢ dzyGAft GKS f2FR KIFa 0SSy GNIXya¥FSNNBR (2
/| K aSR2yQ (GKA& LINREOSRANE OFy o6S Fdzi2YlF dSR

U Selectll Storeys Y R Sy & dzm@ude2UpjieriStorey Columns Léadsh & G A O1 SR ®

Finite Elements Floor Analysis

o Storey: 4(+12.00m) v Floor Mesh and Analysis | Post-Analysis Processes and Reports
o Storey: 3 (+9.00m) X
o Storey: 2 (+6.00 m) X
o Storey: 1(+3.00m) X

Indude Subbasement Slabs, Walls and Beams in Foundation Analysis Model

Beam Slab  Column wall v Edit Materials

Stiffness Factor: 0.33 0.33 0.33 0.33 Cracking Creep

v/| Indude Column Sections in FE Model

/| Consider Beam Torsional Stiffnesses

Slab/Raft Shell Element Size
Min: 500.0 mm
Max: 1000.0 mm
Shell element size of walls can be
/| Display Analytical Model Before Analysis controlled using the Building analysis

Dialog options.
Use 'Sparse Solver' for Analysis

B /| Indude Upper Storey Column Loads: I R Floor Mesh and Analysis
Select\Deselect All Refresh the Connectivity Information of All Members
Finite Element Model should be re-generated after the parameters in this tab are
modified. (2] X
Help Close

U Make the settings as shown abovElickFloor Mesh and Analysis
Storey will be highlighted gseencolourwhen FE Floor Analysis is completed.
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LT aC9 [/ KI &SR2p¢ ¢6 Mmfat LONFRNISRIZe SR ySEG G2 GF
greyed.
Untick i K Bispldy Analytical Model Before Analgsisk & G KS Tt 22NJ LJX FdSa |1
mode] so there is no need to check and approve the Mesh at every floor level
LG YIFeoS (KL DisphyArmalylckl Madel Befare2AnalysisT 2 NJ 6 KS T A NEA
the Load Chase Down. However, after minor changes, you may sieK this option
Once FE Chasedown of all storeys is completed succa$stukigrge @olumn Results with
Building Analysis Restaits
_Fibm'terE\emen;s Floar Analysis _
¥ o Storey: 4(+12.00 m) v Floor Mesh and Analysis | Post-Analysis Processes and Reports
¥ o Storey: 3 (+9.00 m) v
¥ o Storey: 2 (+6.00 m)
¥ o Storey: 1(+3.00 m) v
Indude Subbasement Slabs, Walls and Beams in Foundation Analysis Model
Beam Slab  Column wall y 4 Edit Materials
Stiffness Factor: 0.33 0.33 0.33 0.33 Cracking Creep
| Indude Column Sections in FE Model
| Consider Beam Torsional Stiffnesses
Slab/Raft Shell Element Size
Min: 500.0 mm
Max: 1000.0 mm
Shell element size of walls can be
| Display Analytical Model Before Analysis controlled using the Building analysis
Dialog options.
Use 'Sparse Solver' for Analysis
o /| Indude Upper Storey Column Loads g Floor Mesh and Analysis
Select\Deselect All Refresh the Connectivity Information of All Members
I v Merge Column Result with Building Analysis Results: I :gldt;g]je.ment Model should be re-generated after the parameters in this tab are L‘ x
Merge Beam Result With Bulding Analysis Results Help Close
This ensure that all column and wall gravity (vertical) loads will use FE Floor Analysis results;
otherwise gravity loads will still be based on Building Analysis (wrong!)
The option to alstMerge Beam ResuKsis optional & is a user decision if there are also
beams in the model.
ClickClo to exit the dialog.
Important!

2 KSy aaSNBS

[ 2fdzYy kx . SIY wSadzZ §a ¢A0K .Chigeét

the dialog for the FE Chasedown Redoltsnsureall the associated member forces and reports to

updated.
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ReviewingColumn & Wall Forces on plan view
U Go toSTO1 Plamiew.
U Go toReviewab >Visual Interrogatior Column Plan DisplayCheclAxial Load
U UnderLoad Combinatiodropdown > Picl] 1.4G+1.6Q> ClickOK

The Axial load for the selected combination will be shown on plan view as below

Display

1C1 (D=500)

Cmb1: N=-4033.7 kN

.

Displaying column / wall forces on the plan view is a convenient way to check memberHorces.
above column 1C1, the axial load value does seem reasonable wherefgomsced against the Axial
Load Comparison Report.

Other methods of reviewing colunor wallforces are :

x  Select ColumhWall> Rightclick >PickAnalysis Results DiagramDialoglsows all the force
diagramof all load cases and combinations.

X Select ColumhWall> Rightclick >PickColumn / Wall Design Force&eport will be
generated listing down design forces.

Verify the results

When FEFloor Analysis successfully completed,S OF y 32 (2 at2ad !ylIfeara
tab to review or check the resulsreports.

U Go toAnalysigab > ClickE Floor Analysis relaunch the FE Floor Analysis dialog.
U / f A ORostAnglysis Processes @Rdports (i | 0
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Positive Moment Factor

For FE Floor Analysis Modekhould be noted that they do not include for the effects of Pattern
Loading. It is not feasible to automate pattern loading to generate every possible worst case scenario
for every conceivable irregular arrangement. If you are concerned about thts effé&attern Loading
S adza3Sald FYLXAFeAy3d (KS Wt 2aAdA@S az2yYSyd cCIl Oz
effects.Please note if a factor is appliééfJoor Mesh and Analysisiust be repeated.
U Leave the factor as.0for now.

U ClickAxial Load Comparison Report

U Check values dmble 1 : Total Loadsput Loads) is closeTable 4 : Finite Element Analysis
Columns/Wall Axial Loa¢iSutput Loads)

—
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