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Model

A slender floor plan with shearwalls at the far edges is chosen for this case study. A flexible diaphragm
option will be used. Seismic forces will be calculated using the equivalent static load method. The
behavior of the structure with different slab stiffness modifiers will be investigated.

3D model of the structure

Slab Analysis and Design Methods

In ProtaStructure, slabs can be analyzed and designed with three different methods. These methods
are:

e Analytical approach with code-based Moment Coefficients Method
e FE Analysis by including slabs in the global building model for all load combinations

e Analysis using the “Finite Elements Floor Analysis” option independent from the building under
vertical load cases only.

In this study, effective stiffness modifiers will be discussed by using the last two methods
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Inclusion of Slabs to Building Model for All Load Combinations

As shown below, slabs can be included in the building model in the “Analysis > Building Analysis” section

Design Drawings & Reports

Loading Review

Building Setout Modelling

W, - g
3 ﬁ i v =X
- = — [ | —
Building FE Floor FE Foundation Load Decomposition Slab Strip Update Delete
Analysis Ql‘lah'SiS Analysis by FE Analysis Source Steel Bars  Steel Bars

Buildingnnalg,h‘
Pre-Analysis IMUdE| Options | Analysis | Post-Analysis | Reports |

S
Model | ShearWall Mowﬂab Model I| Settings |

—Storey Diaphragm Model
(") Slabs to Define Rigid Diaphragm All Storeys
ingle Diaphragm per Floor Level

I (®) Mo Rigid Diaphragm Floor Levels I

| Storeys with Diaphragm Definition ‘

—Finite Elements Mesh

I Include Slabs in Building Model I Storeys to be Meshed

[] Use Decomposed Slab Loads in Meshed Storeys
[ Indude Columns Sections in FE Model

—5hell Element Size
Min: 100.0 cm Max: 100.0 cm

SE Agd boyutunun 50 cm'den kiclk girilmesi model boyutunu, analiz ve tasanm siresini
tnemli dlglide artracakbr. SE af olusumunu optimize etmek amacayla 'Maks' boyutun 'Min'

boyuttan en az %50 daha buylk ayarlanmas: dnerilir,

—Slab Stiffness Coefficients

In-plane (Membrane): Bending:

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 modelling purposes.

Including Slabs in Building Model
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Effective Stiffness Modifiers for Earthquake Load Cases and Combinations

ProtaStructure generates effective stiffness modifiers automatically if a seismic code is selected. Also,
users can customize these modifiers manually. This option can be applied as stated below.

Design Drawings & Reports BI

Building Setout Modelling Loading Reyiza

v -y
o | Pk o2
3 ey — — —
Building RE Floor FE Foundation Load Decomposition Slab Strip Update Delete
Analysis | arWysis Analysis by FE Analysis Source Steel Bars  SteelBars |~ Jo
Building Analysi
Pre-Analysis | Model Options | Analysis | Post-Analysis | Reports |
——
IMDdE| I%r'ﬂ'all Model | Slab Model | Settings |
Material and Section Effective Stiffness Factors ‘ Default Settings |
—General
Storey Deagrees of Freedom; |>{h‘ AND TORSION PERMITTED | ] |
Rigid Zones |Reduced by %25 |v|

Ignore Rigid Zones in Beam to Beam Joints |:|

Beam Section in Analysis Model:

() Flanged (@ Rectangular

—Soil Structure Interaction @

Modeling the soil with supports andor springs having
User-Defined Supports user-defined stiffnesses defined at the bottom of
columns and walls

Merged Foundation Model Integrated modeling of foundation and upper structure
Codes:
T5500-2000, TSC 2016 (LRFD), TS 498 Q2 X
TEDY 2018 Help F1 Close

Effective Stiffness Modlifiers Location
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Er‘lqa;;jut: Axial Area 5?]?:;:2 Shear Area gg':;?::tl

Shearwalls (Shell) 1.00 0.50 In Plane 0.50 0.50 1.00
Out of Plane 0.25 1.00

Shearwalls (Frame) 1.00 0.50 Major 0.50 0,50 1.00
Minar 0.50 0.50

Basement Walls 1.00 0.80 In Plane 0.80 0.50 1.00
Out of Plane 0.50 1.00

Slabs 1.00 0.25 In Plane 0.25 0.25 1.00
Out of Plane 0.25 1.00

Columns 1.00 1.00 0.70 1.00 1.00

Beams 1.00 1.00 0.35 1.00 0.10

Coupling Beams 1.00 1.00 0.15 1.00 0,10

| fou can modify the elasticity modulus, section areas, moment of inertias and torsional constants of the member groups to be used in the
| analysis model, For example, you can enter 0,05 to reduce the moment of inertia values by 95%: to reduce the lateral stiffnesses of the
columns.

Mote: In order to apply these factors, building analysis must be repeated. These factors will be applicable only for load cases for which
cracked section properties are used.

Default Values (7] o OK ¥ cancel

Effective Stiffness Modifiers in Turkish Seismic Code Generated Automatically
ProtaStructure uses these modifiers only in load cases where the cracked section option is used.

For example, according to the Turkish EQ code, a vertical load combination (1.4G + 1.6Q) must consider
uncracked gross sections, whereas a seismic combination (i.e., G + Q + E) must consider cracked
sections. That means we have to analyze the structure for two sets of G and Q; one cracked and one
uncracked. ProtaStructure creates Gc and Qc load cases for cracked section analysis and uses effective
stiffness modifiers for cracked sections for these load cases. Thus, the final load combination becomes
Gc+Qc+E.

Explicit Use of Effective Stiffness Modifiers

By default, ProtaStructure will consider cracked sections only for earthquake load cases (if required by
the selected seismic code). Uncracked gross section properties are used for non-seismic load cases.

It does not have to be this way. Suppose the “Use Cracked Sections” option or “Use Cracked Sections in
All Vertical Load Combinations As Well” option is selected while generating the load combinations. The
specified load cases will also use cracked section modifiers in that case.

The cracked section option can also be activated for “User Defined Vertical Load” and “User-Defined
Horizontal Load”.

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM"
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| Load Case Label

Load Case Description

Load Case Type
Pattern Dead Load
Pattern Live Load

®) User Defined Vertical Load
User Defined Lateral Load

Thermal Load

Load Pattern:

Define the pattern by entering '1' for loaded
spans and '0' for unloaded spans. Leave this field
blank for cases that all spans are loaded.

Indude in Storey Mass Calculation

Live Load Case

If this option is checked, live load reduction will be

Create Different Combinations for Steel Member Design

Use Cracked Sections in All Vertical Load Combinations As Well

Vertical Load Combinations | Harizontal Load Combinations

/| Seismic Loading V| GHQHE
Modal Response Spectrum | WoseE
Apply 30% of Other Direction
Office Areas  y2: 03] M
Accessible Roofs  y2: 0.3
Snowload w2 | 0.0

] Notional Loading NG, NQx, NGy, NQy

Sayfa- 8

v.Load Case = 4

H.Load Case = 12

Eurocode 8 (My)
Exc+, Ex-, Ey+, Ey-

Create All Possible Combinations
for Symmetic Results

Use Cracked Sections

applied and the load case will be induded in storey - )
seismic mass using the live load partidpation ] Wind Loading MS1533 (2002)
Define Separate Negative Load Cases

| factors.
| Use Cracked Sections Wx, Wy
| wind Load  w0: 0.5

/| Soil Pressure Px, Py

Pressure Direction

b ir-X Positive (+) s Define Separate Negative Load Cases

] Dir-v Positive () v Use Cracked Sections
v X a v %
OK Cancel

Help F1 oK Cancel

Activating the “Use Cracked Section” Option

Slab Stiffness Coefficients for Load Cases using Uncracked Sections

ProtaStructure pays special attention to slab modeling when it comes to cracked sections. Unrealistic
slab section modifiers can affect the analysis results considerably.

Users can specify additional slab stiffness modifiers for load cases that do not use cracked sections using
the “Analysis > Building Analysis > Model Options > Slab Model >Slab Stiffness Coefficients” fields. “In-
Plane” and “Bending (Out-of-Plane)” stiffness modifiers can be chosen between 0.3 -0.8 and 0.25-0.7
by engineering judgment, depending on the structure.

Slab Stiffness Coefficients
In-plane {(Membrane): 0.3 Bending: 0.7

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

Choosing Stiffness Modifiers for Slabs

Important

These coefficients are only valid for load cases using uncracked sections. Load cases that are adjusted
to use cracked sections utilize the modifiers explained in the previous section.

To explain it better, two analysis results are shown below for both G and Gc load cases. In the first one,
slab stiffness coefficients are determined as 0.8 for In-Plane behavior and 0.7 for Bending behavior. In
the second one, coefficients were taken from the code as 0.25 for both In-Plane and Bending behaviors.

ProtaStructure® ProtaSteel’
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Deformation Direction : Z
Load Case : G|

Deformation in Z For Load Case G

| Deformation Direction IZ
Load Case : GC ProtaStructure
Stiffness Coeff —
Z=2167 | 7-4185 z--Plang : 0=25
—— A é/ézg B _zf-o.ois

Otelenme [2] - (Ge) - Max:-11.862, Min:-0.017 mm

Deformation in Z For Load Case Gc

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Analysis Using “Finite Elements Floor Analysis” Option

This method analyses the floors by isolating them from the building analytical model. This analysis
option is only for load combinations that include vertical load cases. In other words, all horizontal load
cases are ignored. This method is analogous to “Short Frame Analysis.”

This method can be reached from Analysis > FE Floor Analysis tab. In this window, effective stiffness
modifiers can be adjusted. The stiffness modifiers here only affect the bending behavior of the slabs.

setout Modelling Loading Reviey, Design Drawings & Reports BIM Display Views Help
|:: 104 4 bbb
e M ~ = X BEH H ‘H W B
A —_— — — B & [

FE Floor | FE Foundation Load Decompaosition Slab strip Update Delete Sejzmic Monlinear = Existing Building An a Axial Load
analysis i by FE Analysis Source ~  SteelBars  SteelBars  Joint Design Analysis Assessment C Comparison Rep

— F S

Storey: 1({+3.00m) X Floor Mesh and Analysis | | Post-Analysis Processes and Reports

Beam Slab Column wall &£ Edit Materials

Stiffness Factor: 1.0 1.0 10 1.0 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

| Display Analytical Model Before Analysis Shell element size of walls can be

controlled using the Building analysis

Use 'Sparse Solver' for FE Floor Analysis Dialog options.

ﬂ Indude Upper Storey Column Loads
@ Floor Mesh and Analysis

Select\Deselect Al

Stiffness Modlifiers for Finite Element Floor Analysis
This analysis option recommends picking a stiffness modifier value between 0.25 - 0.7.

Unlike the building analysis model, in-plane degrees of freedom (DoF) are locked in the Finite Element
Floor Analysis. In other words, in-plane shear, tension, and compression stresses will not be computed.
This analysis method is developed to observe slabs' bending deformation under vertical load cases.

Using the first analysis option (including slabs in the building model) is advised to obtain more complete
analysis results.

The following is sample output from FE Floor Analysis. The stiffness coefficient for the slab is taken as
0.5.

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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Deformation Direction : Z
; Load Case : G

ii/zéizf%-1.4g;ﬁ; 9—~ T ’f"iv*- Stiffne§§ Qf)eﬁ l "' PR

éi. 3,182/42_32 ;_293%2’(1'233;10;5 - -
!‘4@%{""‘?“'{% 7\ -—Zzﬁ"_z-oso‘@:-o.aﬁ_t i
AR B i
I T S e

Comparison of Results

To compare results, an analytical model created automatically by ProtaStructure can be exported
directly to SAP2000. Since cracked and uncracked sections are used together in the same model, and
SAP2000 does not support this feature, ProtaStructure always exports cracked section stiffness
coefficients. Because of this issue, all stiffness coefficients should be set to 1 to obtain comparable
values.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Analysis

Building Setout Maodelling Loading

: =
H |

IS |

-
an y o

Building oor FE Foundation  Load Decomposition Slab Strip Update Delete Seismic Manlin
Analysis | analy Analysis by FE Analysis Source Steel Bars SteelBars | Joint Design Analy

Design Drawings & Reports BIM Display

Building Ana

—
Pre-Analggien | Model Options || Analysis | Post-nalysis | Reports |

Madel I{hearWaH Model | Slab Modsl | Settings |

l‘ Material and Section Effective Stiffness Factors |l Default Settings ‘
Effective Material and Section Stiffness Factors

T e | heawes| Jrsend

Shearwalls (Shell} 1.00 1.00 In Plane 1.00 1.00 1.00
Qut of Plane 1.00 100

Shearwalls (Frame) .00 1.00 Major 1.00 1.00 1.00
Minar 1.00 1.00

Basement Walls Lo0 1.00 In Plane .00 L.00 100
Qut of Plane 1.00 1.00

Slabs 1.00 1.00 In Plane 1.00 1.00 1.00
Qut of Plane 1.00 1.00

Columns 1.00 100 1.00 1.00 1.00

Beams 1.00 100 1.00 1.00 1.00

Coupling Beams 1.00 1.00 1.00 1.00 1.00

You can modify the elasticity modulus, section areas, moment of inertias and torsional constants of the member groups to be used in the
analysis model, For example, you can enter 0,05 to reduce the moment of inertia values by 95% to reduce the lateral stiffnesses of the

columns.

Mote: In order to apply these factors, building analysis must be repeated. These factors will be applicable only for load cases for which

cracked section properties are used.

Default Values @

Arranging Stiffness Coefficients For Cracked Sections in Building Analysis

I Building Setout Modelling Loading

Design Drawings & Reports

v, |-V
3 o . e g x
= - — p—
Building E Floor FE Foundation Load Decomposition Slab Strip Update Delete
Analysis ll  aMslysis Analysis by FE Analysis Source Steel Bars  Steel Bars

Building Analysis

Pre-Analysis IModeIOpﬁons IWSIS | Post-Analysis | Reports |

Model | shearWallModel || Sab Model || settings

—Storey Diaphragm Modet
Slabs to Define Rigid Diaphragm
Single Diaphragm per Floor Level

All Storeys

Mo Rigid Diaphragm Floor Levels

| Storeys with Diaphragm Definition |

h

r—Finite Elements Mesh

Indude Slabs in Building Model |

Storeys to be Meshed |

[ Use Decomposed Slab Loads in Meshed Storeys
[ tndude Columns Sections in FE Model

—Shell Element Size

SE Ad boyutunun 50 cm'den kiiciik girilmesi model boyutunu, analiz ve tasanm siresini
dnemli élgiide artracaktr, SE ad olusumunu optimize etmek amacyla 'Maks' boyutun 'Min'
boyuttan en az %50 daha buyik ayarlanmas: &nerilir.

—&lab Stiffness Coefficients 1

In-plane (Membrane): Bending: I‘

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 modeling purposes.

Arranging Slab Stiffness Coefficients For Uncracked Sections in Building Analysis

ProtaStructure” ProtaSteel ProtaDetails’
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setout

FE Floor
analysis

Anal by FE

Finite Elements Floor Ana

Modelling Loading Reviey
¢ ﬁ’/
i en

ndation Load Decomposition

Design

o Storey: 1 (+3.00m) v

Drawings & Reports BIM Display Views Help
B / i A
~ = =X Hi H °‘H W
— — — i 4
Slab Strip Update Delete Seismic Monlinear Existing Building Analytical
Analysis Source = SteelBars  SteelBars  Joint Design Analysis Aszessment Model - ¢
I Floor Mesh and Analysis I Post-Analysis Processes and Reports
Beam Slab  Column wiall & Edit Materia

Stiffness Factor: [ w0l wo|[ we|[  wof

|| Include Calumn Sections in FE Madel

Consider Beam Torsional Stiffnesses

Display Analytical Model Before Analysis
[ Use 'Sparse Solver for FE Floar Analysis

[ Indude Upper Storey Column Loads

Cracking Cree

SlabfRaft Shell Element Size —

Min;

Max:

[
[t

shell element size of walls can bt
controlled using the Building ana

Dialog options.

g Floor Mesh and Analy

Select\Deselect Al |
Merge Column Result with Building Analysis Results Finite Element Maodel should be re-generated after the parameters in this tab are
modified. a
Merge Beam Result With Bulding Analysis Results Help

Arranging Stiffness Coefficients in Finite Element Floor Analysis
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After these configurations, all analyses should be repeated to compare the results. Then, from the
ribbon, BIM > Export to SAP2000 option can be used for both analysis method results within s2k format.

gi Design Drawings & Reports Display Views Help
—
- v =
2 Reé R i X | &
port Revit  BIM Integration Export Image ExportSTLFile Export Exportto | Expo
Impart Status of Active View (3D Printer) 3D POF SAPZ000 ETE
B SAP2000 Analysis Model Export
Please Select One or More Analytical Models to Expart. ..
Building Analysis ’
I W Building Analysis Model 15/06/2022 09:32:48
FE Storey and Foundation Models
I v Storey: 1 FE Floor Model 15/06/2022 10:05:52
Exporting Models to SAP2000
ProtaStructure” ProtaSteel  ProtaDetails’ ProtaBIM’
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Analysis Results of SAP2000 and Finite Element Floor Analysis Method

Analyses results can be examined below.

Deformation Direction : Z

Load Case : G ProtaStructure
Stiffness Coeff |
Bending : 1.0
%@%1 28957=167437-_1
=l 2] aER i g ‘ _: 7= <] - =
v 8_menng 50 - ‘: ;_. f "y ‘0.3%51)_1_?54] 35?72293:.'.532;.1‘28942;15?14 2

Deformation in Z Direction for Load Case G

Deformation Direction : Z
Load Case : G
Stiffness Coeff |
Bending : 1.0

SAP2000

AN
‘E{ PthjZ1BE

\/
‘# PtEIm: 185

5

: % :
. LTS
LA ADAZS

Deformation in Z Direction for Load Case G
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Analysis Results of SAP2000 and Building Analysis Method

Deformation Direction : Z
Load Case : G
Stiffness Coeff | ProtaStructure
In-Plane : 1.0
Bending : 1.0

27-0.589-.1.23

42__.1 S0%8--1.2407,_ 597
1836 A ——

52
Z=-1.757H_
B\Vl,

7=-05793_
= _%.'.'1.'21_&_%:‘1-f‘a"%=-1.21492=_(

Rz 215y 400 -

) 466

Z%0.0

Deformation in Z Direction for Load Case G

Deformation Direction : Z
Load Case : G SAP2000
Stiffness Coeff |

In-Plane : 1.0
Bending : 1.0
U1=-0008
A
R2- 00018

R3=-2903E-08

Deformation in Z Direction for Load Case G

Apart from the deformations in the Z direction, deformations in the Y direction are also checked, and
the results are shown below.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Deformation Direction : Y
Load Case : Ey-

Stiffness Coeff | ProtaStructure
In-Plane : 1.0

Bending : 1.0

. Y=01615

Y=0.1643 v=0.1661

Y=0.1536 ,_
- TV Y0482 g g

W _

Deformation in Y Direction for Load Case Ey-

Deformation Direction : Y
Load Case : Ey-
Stiffness Coeff | SAP2000
In-Plane : 1.0
Bending.: 1.0

Pt Obj. 254
Pt Elm: 254

AVAVAVAYg i
KMAANISIAL Ro - 2271807
R3= 1298E-06

=

= 1E-05

Deformation in Y Direction for Load Case Ey-
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Conclusion
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Slabs can be analyzed using several methods with different stiffness coefficients in ProtaStructure.

Different stiffness coefficients can be selected in Building Model Analysis and Finite Element Floor
Analysis with different user interfaces. By default, stiffness modifiers follow the selected seismic and
design code provisions, but users are free to modify them.

Analysis models are exported to SAP2000, and results are compared.

All values are tabulated and presented as follows.

Deformations (mm)

G Gc Ey'
Direction Z Direction Y
o - .
o) In-Plane = 0.8 Building Analysis
% Bending = 0.7 Model -4.83 -11.542 0.345
O
[
&
& N FE Floor Analysis - -
- Bending = 0.5 Model -7.681
(%]
Analysis Results from ProtaStructure
Deformations (mm)
G Gc Ey'
Direction Z Direction Y
In-Pl =1.
. n-Plane =10 PS - Building Analysis Model | -3.4186 | -3.4186 0.1666
3 Bending =1.0
p
n In-Plane = 1.0 SAP2000 — Building Analysis
E, Bending = 1.0 Model -3.4186 -3.4186 0.1643
% | Bending=1.0 PS — FE Floor Analysis -3.7853 ] ]
©
a - -
Bending=1.0 SAP2000 — FE Floor Analysis -3.7853

Comparison of Results

Based on the results, it is observed that stiffness and deformation have a negative correlation. In fact,
as bending stiffness increases, deformation in the Z direction decreases. It is also valid for in-plane
bending stiffness and deformation in the Y direction.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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In-Plane Deformation

I

Demonstration of in-plane deformation

Bending Deformation

Demonstration of Bending Deformation

In these studies, it is observed that results from both ProtaStructure and SAP2000 are almost identical.

The level of precision could change depending on the complexity and differences of models. All in all,
the main lines to compare results are stated, and essential points for effective stiffness coefficients are

underlined in this article.

ProtaSteel’ ProtaDetails’ ProtaBIM"
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
Our top priority is to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at
all times through globalsupport@ protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center, together with our responsive technical support team, is
available
to help you get the most out of Prota’s technology solutions.

The Prota Team

ProtaStructure’
ProtaSteel
ProtaDetails’
ProtaBIM’
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