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Limitation of Prota shall not be held responsible for any losses caused by
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In addition to Prota License Agreement Terms, it is the responsibility of
the user.
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e make sure that the users of the software and their supervisors
have adequate technical capabilities,

e make sure the software is correctly used per the reference
manual and documentation,

Intellectual ProtaStructure is a registered trademark of Prota Software Inc, and all
Property intellectual property rights belong to Prota Software Inc.
Documentation, training, and reference manuals. Any program
component cannot be copied, distributed, or used in violation of the

license agreement.
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Software Inc.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



S PRoTA poge- 3

Table of Contents

COMPOSILE SIAD DESIZN ..ot et 4
Profiled Metal Deck (Sheeting) LIDrary .......oovvi i 5
SREAT STUA LIDIAIY ..o e e e e 6
Reviewing Analysis and DeSIGN SETHINGS.....ciiuiiiiiiiiie ettt e 6

D= T L) Lo PRSPPI 6

D AUIE SNEEEING .t 7
SEUA LAY OUL . tttteeiiiee ettt ettt e e ettt e e e st e e e st e e e e e atb e e e e e atb e e e e estb e e e e entba e e e e bt e e e enees 7
SEUA PEE ROW ..ttt ettt e sttt e ettt e e nt e ettt e et e et e et e e arteeenreeeeneeas 7
Clearance for Stud Placement at Frame ENAS ........ooiiiiiiiiiiie e 7
ANAlYSIS COMPOSITE DEEIEE ..vviiiiiiiiie ettt e e e e e e et e e e et e e e e s eabreeeeenas 7
Allowable Composite Degree Tolerance Between Analysis and Design ......ccceeeevvvieeeviiiieeeiiieeeen, 7
Primary and Secondary COmMPOSITE FrameS .......coiuiiiiiiiiiiii ittt 8
CoMPOSILE SIAD INSEITION .eiiiiiiiiec e e e e e e e et e e 9
Loads on Composite Slab and CoOmMPOSIte BEAMS ......coiviiiiiiiiiiecciiiee et 11
Self-Weight of COMPOSITE SIah ....viiiiiiiiiie e 11
Weight of Primary and SEcoNdary Frames ........coviiiiiiiii e 11
WEIZNT OFf CONCIBTE .. vviiiiiie e 11
IMPOSEA LOBUS. ...ttt e e e et e e e e e aaa e 11
Imposed Loads (CONStrUCTION STAZE) ...c.vvii i 12
Tributary Area for Load DiStribUtiON.........ooiiiiii e 12
Section Properties Considered in Analysis and DESIZN ......cc.ooiiiiiiiiiicii e 13
CONSTIUCHION STAZE .o 13
BNl StAEE .. et 13
Effective Width CalCUlation ... e 13
CONSTIUCION STAEE ANAIYSIS.....eiiii et 14
FINAL STAEE ANGIYSIS ..ot 14
COMPOSITE BEAM DESISN ..ceiiiiiiiiiite et 15
Batch Design of COMPOSITE BEAMS .. ..iiiiiiiiiiie ettt ettt e aeeen 15
Interactive Design of @ COMPOSItE BEAM .. .iuiiiiiii ettt 16
SeEMENTEA STUA LAYOUL....coiiiiiiiiiiie e e et 17
UNIfOrM STUA LAYOUT ...ovviiiiiice ettt e e et e e e st e e e e e etbee e 17
Changing the Target Degree of COmMpPOSIte ACION . .cvviiiiiiiiiiiciiee e 17
Changing Shear STUA LaYOUL ........viiiiiiic e e et 19
Changing the STrUCtUral SYSTEIM ...iiiiiii e 19
Recommended Workflow for Composite BEam DESIZN ......ccveiiiiiiiiiiiiiiiee e 20
THRANK YOU .t ettt ettt ettt ettt ettt 21

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



r'} DEOTA Page -4

Composite Slab Design

ProtaStructure supports a powerful composite slab/beam design. This feature is introduced with
ProtaStructure 2024.

\

0

The overview of the composite slab modeling, analysis, and design in ProtaStructure is as follows:
1. Metal decks can be chosen from a Metal Deck Library.
2. Shear studs can be specified from a Stud Library.

3. Primary and Secondary Composite Frames can be modeled freely to create any structural
layout.

4. Composite Slab can be inserted on top of primary and secondary frames using flexible
methods.

5. The effective widths of composite frames are automatically calculated, and load distribution is
automatically done.

6. Transformed section properties are automatically calculated.

7. The Construction Stage and Final Composite Stage analysis are automatically performed
considering construction stage imposed loads, final stage imposed loads, dead loads, etc.
Different mechanical properties and end conditions are automatically considered in these
analyses.

8. Steel profile checks and deflection checks are done in the construction stage.

9. The composite design is done according to a default Composite Action Ratio. You can change
this ratio and optimize your design.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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10. Uniform or Segmented Stud Layout can be used depending on the moment diagram of the
member. You have complete control over the designed shear studs.

11. Checks are done for the mesh reinforcement inside the topping concrete.
12. Final deflection and vibration checks are done.
13. AISC360, Eurocode 4, and Turkish Steel Design codes are supported.

14. Composite frame sections and layout can be easily changed and optimized.

Profiled Metal Deck (Sheeting) Library

A parametric metal deck library is provided in ProtaStructure for the most often used metal deck
types. You can add or edit new types to suit your needs. ProtaStructure will use the selected type for
weight calculations, transformed section properties, etc.

Storey
Opera

‘v Re M 2 | &£ mHF | o T"wl

\FImport  Revit External Materials | Settngs  layersand  Display  Project  Performance | Partton  Slab Additional  Studs
Import | Reference Drawing Center Color Settings  Settings Templates  Mode Wall Loads Loads

Materisls Settings Libraries Storeys

[ Deck Panels ————————— Panel Properties
ALDECK 70/815 Label: |3Wxt-36
ALDECK 50/980

WH-36 Material: 5235 Top Rib Quantity
B35 [REReE Rottam Rb Wickh

S | | BHN-36R Rib Height 7.6an Rib Angle

NH-32

Top Ridge Width 20 Bottom Ridge Width
Top Ridge Height: 0.8 Bottom Ridge Height
M ——
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Shear Stud Library

Shear studs can be selected from the provided library. You can define new stud types parametrically in
this library or use hot-rolled profiles as shear studs. ProtaStructure automatically designs uniform or
segmented stud layouts.

# geéﬁgée'ﬁ*ﬂ-(t’@wﬁ

External Matersls  Settngs  Layersand  Deplsy  Project  Performance | Partiton  SiabAddtonal] Swds foneetngs | Storey
Reference Drawng Center Color Settngs Settngs Tempiates  Mode Wallosds ~ Losds Operations +
— setng: Lbrares Storeys

Stud Lbaary

Nefeon 16/150
Nelson 16/175
Nelson 167200
Neloon 16/250
Neloon 18/50
Nelson 19775
Nelson 15/100
Nefoon 19/125
MNelson 19/150
Nelean 19/175
Nefson 16/200
Nefson 167225

Nelson 16250

Reviewing Analysis and Design Settings

Default Stud

Before designing the composite beams in the model, you must ensure the Default Shear Stud is
correctly specified. The default stud will be used in designing shear stud distribution. Navigate to
Settings > Composite Member Settings > Default Stud menu for changing the default stud. The default
shear stud will be used for all composite beams in the model, and cannot be changed for individual
members.

Options
|Search Settings... |P‘
+ @ ProtaStructure Environment Default Stud: |13/155-22/8 Stud
» @ ProtaDetails Environment
Default Sheeting: | ALDECK 70/915
» = Project Preferences stud Layout: i V]
[0 Unit and Format
B o P
&) Codes Clearance for Stud Placement at Frame Ends:
<] Lateral Drift & Bracing
Analysis Composite Degree: 50.0%
» ﬁ] Column & Shearwall allowable Composite Degree Tolerance Between Analysis And Design:
b ¢ Beam
b o~ Slab
+ AL Foundation
& Stairs
iilif Retrofit wall

b ¢# Steel Settings

4 £ Composite Member Settings f
General

3 Analytical Model Settings
b 4fi* Load Editor Settings
» @I Assesment Settings
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Default Sheeting

A default profiled metal sheeting is specified in Settings > Composite Member Settings. This default
sheeting type is used for self-weight calculation and stud strength calculations. You can insert
composite slabs with the default sheeting type or change it for individual composite slabs.

Stud Layout

ProtaStructure will employ a uniform stud distribution by default. But you can change the default
value to Segmented Layout if you need to. This can also be controlled individually for members.
Segmented layout can be prominent for beams with negative and positive bending moments or beams
supporting point loads.

Stud Per Row

ProtaStructure can employ two rows of studs in composite design. The default value is “1”. Note that
the capacity will not be doubled with a double row stud distribution due to a reduction in
effectiveness. However, a double row stud layout may help reduce the number of studs required.

Clearance for Stud Placement at Frame Ends

Shear studs are laid out on the beams at a certain offset from the beam end. ProtaStructure will
automatically find the physical rigid zone on the beam and add the clearance value to find the exact
position to start stud layout.

Analysis Composite Degree

ProtaStructure assumes a default Analysis Composite Degree (Composite Action Ratio) of 50%.
Analysis Composite degree is used in transformed section calculation. If the individual members are
not assigned any Target Composite Degree on their design window, the default value will be used for
section calculation and shear stud design. You can change the default value but analysis and design
must be updated to reflect the changes.

Important Remark

If the members are assigned a Target Composite Degree different than the Analysis Composite
Degree, they will always use the value assigned to them. You can change the composite degree
assigned to members using the design window.

Allowable Composite Degree Tolerance Between Analysis and Design

Degree of composite action used in the analysis (Analysis Composite Degree) and the one used in the
design (Target Composite Degree) are different. Degree of composite action plays an important role in
the calculation of composite section properties and number of shear studs.

Suppose that you have performed the analysis with an Analysis Composite Degree (ACD) of 50%. In
the design phase, you changed one of the members' Target Composite Degree (TCD) to 60%. The
difference will be 20%, which is larger than the default tolerance value of 10%. This means the
composite section properties and analysis results calculated with 50% ACD are significantly
inconsistent with the design done to a 60% TCD.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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So, this setting controls how much variance you will allow between ACD and TCD.

Primary and Secondary Composite Frames

We wanted to provide flexibility when creating the composite slab model. The primary and secondary
frame layouts can be complicated to automate for all cases. Instead of trying to decide on the primary
and secondary frames automatically, we leave the choice to you.

Two new frame types are introduced with ProtaStructure 2024: Primary Composite Frames and
Secondary Composite Frames. They can be accessed through the Modelling > Frame ribbon menu.

Views  Hep

LE Purlin

¥ il = =0

Shearwal | Coumf Frame |Truss Space Steel | Composite Cladding

perations ] Brace

Steel Beam

@/ Primary Composite Beam

£2 secondary Composite Beam

% Girt Frame

Primary Composite Frames can be used to define the primary steel girders usually inserted between
columns, and usually support secondary composite frames. The profiled metal deck is usually parallel

to primary composite frames.

Secondary Composite Frames are usually simply supported beams supporting the composite slab. The
profiled metal deck is perpendicular to the secondary frames.

>
metal deck

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM"
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Important Remark

Although called “composite”, the primary composite frames may not always behave as composite. If
the metal deck does not sit on the primary frame (the topping concrete is flush with the flange), the
primary frame will be designed as a regular non-composite steel member. This behavior can be set
using the Composite Slab Properties Window > Slab Type option.

slab Type:

- =

Above The Flange Levelled Tao Primary Beam Flange

Material: £23
Mesh Material: 55000150 lQuos/106 ||

Deck Type: ALDECK 70/915
Slab Thickness: | 12 cm |

Composite Slab Above . .
Primary Beam Flange Composite Slab Leveled with
Primary Beam Flange

Topping
Concrete

Metal
Deck

Topping
Concrete

Metal
Deck

Secondary Beam Secondary Beam
Primary

Beam

Composite Slab Above the Flange Composite Slab Leveled with the flange.

Composite Slab Insertion

ProtaStructure 2024 introduces a new Composite Slab object accessible from the Modelling ribbon
tab. You can specify the parameters for the profiled metal deck, topping concrete, loading, and
effective beam widths. Once you finish the primary and secondary beam layout, you can insert the
composite slab that will cover the beam regions.

Please follow the instructions below to insert a composite slab:

1. Click the “Composite Slab” object on the Modelling ribbon tab.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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t Modeling Loading Review Analysis Design Drawings & Reports BIM Display Views Help
g ; T o i
- -) Girde A ﬁ@ m _ LT Puriin
fun s 19 ] f
o 29 P v o z 7 B @ &= | ..
rthogonal Polyline Column  Wall Beam Slab  Ribbed Slab Strip Shearwall Column  Frame Truss  Space Steel Composite  |Cladding
: Generator [ Rectangle - Slab Operations ~ - Truss = Dome Slab | Brace
s Draw RC Members Steel Member:

2. ProtaStructure provides two methods for insertion: Pick Diagonal Points or Pick N Consecutive
Points.

3. Pick the consecutive points surrounding the composite slab area in the modeling

environment. Alternatively, you can pick cross diagonal corner points.

i 0 ¢ |0 B

4. The Composite Slab Property window will open. ProtaStructure will automatically recognize
Primary Composite and Secondary Composite Beams underneath the composite slab and
calculate effective widths and loads automatically. Other types of frames will not be
recognized and excluded. On this window, you can specify parameters such as shear stud
type, metal deck type, topping concrete thickness, dead loads, live loads, effective widths, etc.

5 Composite Slab.

Siab Type:

=

Above The Flange Levelled To Primary Beam Flange

Material: C25
Mesh Materil: S5000150 Q106/106
Deck Type: ALDECK 70/915
Siab Thickness: 2am

Slab Angle: 00|

Self weight: 03tm2
Dead Load: 0.0 tm2| (B
Imp. Load: 0.0tm2] [Br|
Imp. Lozd (Construction Stage): 0.0tjm2
RoofLoad: 0.0 t/m2
Snow Load: 0.0 t/m2
Rain Load: 0.0 t/m2

4 Primary Frames  Left Effective Width Right Effective Wi... Section A
=3 6375 6375 TPE3E0

=Y 575 am

Fa 8373 am 000em  IPE30

F318 000 o373am IPEIED

F328 63.75am s3sean  IPE3S0

347 s3.73em 93.73em  IPEISD

4 SecondaryFra... Left Effective Width Right Effective Wi... Section
Fa01 3188 3188 IPE180

Fa02 3188 m 3188m  IPEISO
Fa03 3188 m 3188 m

F304 3188 am 31.88am  IPE16D
Fa2 3188

Fa13 3188 m

188 am

Vidths

v o« |[X o
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5. Self-weight of the composite slab is calculated automatically using the concrete and metal
deck type. You must specify dead loads, imposed loads, and imposed loads in the construction
stage using the fields provided. You can assign additional loads on the composite slab using
ProtaStructure’s Interactive Load Editor.

6. Click OK to finish insertion.

Loads on Composite Slab and Composite Beams

The analysis automatically calculates and considers the self-weight of topping concrete, metal deck,
and primary and secondary beams. In addition, you can assign additional dead loads (such as
finishing), imposed loads, and imposed loads in the construction stage (manufacturing loads).
Additional line loads, area loads, or uniformly distributed area loads can be assigned using
ProtaStructure’s built-in interactive load editor. Additional loads applied through the editor are
considered only in the final-stage analysis and design.

Self-Weight of Composite Slab

Material: S25 55000150
. . . k : ALDECK 70/915
The self-weight shown on the window is the sum of the peck Tvpe
) ) Slab Thickness: 12em
metal deck and topping concrete weights. 2b Angle: =
The weight of metal decks is automatically fetched from Self weight: 0.3 tfm2
the deck library. The self-weight of the composite slab ERadload 0.0 tm2 | |Efy
(including topping concrete) is considered in the final Imp. Load: 0.0 timz | [Eh
. Imp. Load (Construction Stage): 0.0 tfm2
stage analysis.
Roof Load: 0.0 tjm2
Snow Load: 0.0 tfm2
Self-Weight of Primary and Secondary Frames Rain Load: 0.0 tfm2

The self-weight of primary and secondary composite
frames is automatically considered in the analysis, like the regular steel members.

Self-Weight of Concrete

The weight of concrete (without metal deck) is automatically applied as an imposed load during the

construction stage analysis. You don’t have to do anything for this. The values are fetched from the
model.

The final-stage analysis and design will consider the concrete weight a permanent dead load (together
with the self-weight of the metal deck).

Construction Stage: Weight of concrete is an imposed load (without metal deck weight)

Final (Composite) Stage: Weight of Concrete is a permanent load (with metal deck weight)

Imposed Loads

You are expected to enter the imposed loads on the Composite Slab Properties window. The value you
enter here will be used in the final stage analysis and design. There is a dedicated field for imposed
loads for construction stage.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Construction Stage: Imposed loads you have entered are not used.

Final (Composite) Stage: Imposed loads you have entered are used.

Imposed Loads (Construction Stage)

Temporary imposed loads must be considered in the construction stage analysis and design. These
include construction loads and machinery and are different from the final imposed loads. The value
you enter here will only be used in the construction stage analysis and design.

Construction Stage: Imposed Construction loads you have entered are used.

Final (Composite) Stage: Imposed Construction loads you have entered are NOT USED.

Tributary Area for Load Distribution

ProtaStructure will distribute loads automatically on primary and secondary beams. The tributary
width is half the perpendicular distance to the adjacent beam on both sides. (s1/2 + s2/2)

- r44v -I1reiov =l
s2
A
4 Y% Fa41-1PE160 152{3 }
@ = i ==
L/8 |
! s1/2
\
s1
F442 - IPE160 v
@ LS
I T >
‘ L
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Section Properties Considered in Analysis and Design

Construction Stage

As its name implies, the construction stage analysis considers the state before the concrete hardens.
Since the composite action on the beams has not yet occurred, the hot-rolled profile sections are used
in the construction stage analysis and design. The loads on the members are described above.

Final Stage

In the final stage, the concrete hardening has taken place, and primary and secondary beams are now
exhibiting a composite behavior with the help of the installed shear studs. ProtaStructure
automatically calculates the composite section (transformed section) properties and uses them in the
final (composite) stage analysis and design.

Effective Width Calculation for Composite Behaviour

The effective widths of primary and secondary frames are calculated automatically and visually
highlighted on the Composite Slab Properties window. By default, the effective width at one side of
the beam is calculated as L/8, L being the beam length. This value is limited by half of the
perpendicular distance to the adjacent beam. In the figure below, the effective width is:

. 2L 51 sy
Wesr = min (?,?+?)

You can override the automatically calculated effective width values on the provided table. The
effective widths are used in the final stage analysis and design.

A

Secondary Beam Composite Section
(Section A-A)

Primary Beam Composite Section

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Construction Stage Analysis

ProtaStructure will perform a construction stage analysis under vertical loads if composite slabs are
detected on a particular floor.

If a floor level contains composite slabs, that floor will be isolated from the building, and a Finite-
Element Floor Analysis will be automatically performed before the building analysis.

Loads on the primary and secondary beams will be distributed automatically, as explained before. The
composite slab itself will not be meshed. Hot-rolled profile section properties will be used for primary
and secondary beams.

Finite Element Floor Analysis is automatically performed for the construction stage of the composite slabs.

Final Stage Analysis

The global building analysis is performed after the construction stage analyses are completed for each
floor with composite slabs. Transformed section properties are used, and final dead and imposed
loads are used in the analysis. The concrete weight is now considered a permanent load.

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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Composite Beam Design

Batch Design of Composite Beams

To check the design of primary and secondary beams:

1. Click the “Composite Beams” button on Ribbon > Design tab.

Design Drawings & Reports BIM Display Views Help

= Tr = gy L HB<==I I Xkl o& b &

(R

ab Analysis Ribbed Slab | Pad Footings  Pile Caps Column Beams Slabs Ribbed | Columns Frames Braces Purlins Girts Trusses Space Domes | Composite || CFRP Batch | Formwork
snd Design Analysis Punching Ched Slabs Trusses Beams Design Design
ced Concrete Deflection/Crack Check Steel

2. The batch design window will open. Design result summaries will be tabulated on this window.
Frames are automatically categorized with respect to their parent slab and type, but you can
change the default groping to suit your needs. To change the grouping (categorization), drag
the column headers to the empty area above the table.

3. On this window, you can check the design of all primary and secondary composite frames, or
double-click to interactively design any of them.

4. Click Check All button to perform the check design of all members on the table.
Important Remark

ProtaStructure will check the design of the composite frames and mark the member with a red cross
symbol (X) specifying the failure reason if the design is unsuccessful. It is up to you to revise your
model and take necessary precautions to satisfy the successful design criteria (such as changing
section sizes/profiles, increasing concrete thickness, reducing clear lengths of members, changing
structural layout, changing material quality, etc.).

ProtaStructure designs only the number of shear studs and their layouts.

Composite Beam Design

v T ,

X =]
I X Tk | @ verkalforprne = X
Ched:  check | [} Remove allprintmarks Summary | Close
Selected Al Report
Parent Slab &

Type &

Composit= Degree ( %)

Member Label | Frame GroupLsbel | Storey | Section/h(am) Uanalysis f1aroet) Stud Layout Type Stud Layout TotalStuds | Print Design Status
4 Parent Slab: 351 -
4 Type: Primary Composite Beam
F306 3 PE360 / 18.0 50/50 Segmented [4,111,6,111,4] 236 v pass
F316 3 PE360 / 18.0 50 /50 Segmented [5,80,5] 90 v Pass v
F327 3 IPE360 [ 18.0 5050 Segmented [7,112,61 125 Fail X_(Composite Stage)
4 Type: Secondary Composite Beam
F337 - 3 HE200A [ 18.0 5050 Segmented [4126,4] 134 v Pass /
F317 3 HE180A [ 18.0 50/50 Segmented [4,66,4] 74 v Pass /
F321 ETH 3 PE200 / 18.0 50/50 Segmented [es] 68 v Pass /
F345 3uL 3 PE200 / 18.0 50/50 Segmented [s8] 68 v pass
F357 3uL 3 PE200 / 18.0 50 /50 Segmented [s8] 68 v Pass v
F314 u3 3 PE200 / 18.0 50 /50 Segmented [s8] 68 v Pass v
F315 3 3 PE200 [ 18.0 5050 Segmented [68] 68 ] Pass /
F320 u3 3 PE200 / 18.0 5050 Segmented [68] 68 v Pass
F359 u3 3 PE200 / 18.0 5050 Segmented [68] 68 v Pass /
F360 u3 3 PE200 / 18.0 5050 Segmented [68] 68 Fail % (Construction Stage)

4 Parent Slab: 351 353
4 Type: Primary Composite Beam
F328 3 TPE360 / 18.0 50/ 50 Segmented [5,148,5] 158 Fail X (Composite Stage)
4 Parent Slab: 353
4 Type: Primary Composite Beam
F329 3 TPE360 / 18.0 50/ 50 Segmented [7,118,7] 132 Fail X (Composite Stage)
F318 3 TPE360 / 18.0 50/ 50 Segmented [4,117,7,118,4] 250 ~ Pass /

Total number of members: 112

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’



Page - 16

S PRoTA

Interactive Design of a Composite Beam

1. Double-click one of the rows or click Check Selected to open the interactive design window.

Composite Beam Design (F317)

Iz v X

=
hoA

Check Change ShowDiagrams Detsied | OK  Cancel
Design  Section Report
Design Summary | Design Report | Parameters Local 2
,0 [— | —
No  Check Stage Check Type Utilization Ratio Design Status
1 Composite Design Resistance of Shear Connectors Pass /
2 Composite Degree of Shear Comection - Pass
3 Composite Shear Bucking 0.0 Pass v Local 3
4 Composite Vertical Shear 0.06 Pass
5 Composite Resistance To Bending 0.03 Pass
3 Composite Stud Distribution - Pass v
8 Composite Longitudinal Shear Resistance 0.37 Pass t
B Composite Serviceabilty 0.05 Pass /
10 Composite Detaiing Checks - Pass Specify Design Load Combination
125 v
Stud Layout Type ® snge
Double
Staggered

Stud Layout

Target Composite Degree [/ 50.0%

Specify Stud No / Spacing 114

2. On the Interactive Design window, you can review the details of the checks. Utilization ratio
for each construction stage and composite stage check will be given.

3. There is also a detailed report on the design window. You can see the design details on this
report with equations and code references. Informative messages, warnings and errors are
listed on the Notifications panel. You can double-click on a notification to quickly navigate to
the relevant section of the report.

Composite Beam Design ( F348 )
Iz ! v X
v e
Check Change Show Diagrams Detailled OK  Cancel
Design  Section Report
Design Summary | DesignReport | Parameters Local 2
~
Notifications | — ——
Finl Shear Area A= Mar(Au, Aga) = 00018 m2
Notifications | Headings Shear Capaciy Vamem Amarfy (V) )= 25321 618
@ Sher (ejor) : Design s ~ Utiization Rato Vs | Ve =008< 10 v
Successful
@ Sendng Major): Desion s 3.3 Design Resistance of Shear Connectors Local 3
@ shear BuckingDesign is successful Definition Parameter Clause.
P T——— ousbe S S Fom O gseans
‘artial Factor W= ]
0 Shear Connector StrengthDesign Eqe (620 — ——
is Suceessful Rato of Nominal Height o Shank Diameterof Headed Sud  hue/ o= 20540 = a=10 T
620m
— : Speafy Design Load Combination
(i ] ":V;u"fc"g‘zjﬁ’]f” ConnectionDesign Resstance of Headed Stud Pass= 08 Min(Fu | Fumsd) (7 / 4)F yu= 1181 Eql6.18)2
X v
Concrel Crushing Fesisance Bad? (1 En )2/ v=20%1 Eal6197 e
(@ Avaieble Moment CapacityDesign
is Successful Redudtion Factor For Ribs Pemendicular to the Supporing ke =07 /(112 (b et) Min(s, ho icuase) (ioien - 1) £1.0 Eq6 237 Stud Layout Type ® Single
@ Lonatudnal shear oL Garaedl] =Lt ¢ o
ResistanceDesign is Successful Reduction Factor For Ribs Pemendicular tothe Supportng  Ksge= 071(01)12 (Bomg) (Wil Pcsionesd) / Pomge - 5 | 6232
@ Serviceabity Chec, Live Load Beam {Right Flange ) 10=085 9 Staggered
DeflectorDesign s Successful Final Reducion Factor k= Min{kys ks ) =085 E(FEL) Stud Layout
@ Servicesbiity Chedk, Total Load Design Resisince of Headed Stad Pre= ks (Minf Paze , Prea ) = 1004t 66423
DeflectionDesign is Successful
Serviceability Check, Vibration y
L] CheckDesign is Successt 3.4 Degree of Shear Connection Target Composite Degree [/ 50.0%
Gveral Depth of the Composite
O Defintion Parameter Clase Speaty Stud No /spacng ] [126
(@ Thickness of Concrete above the Target Composiie Degree frege =03
top of the Ribs of the Minimam Degree of Shear Cannection fme=Max[1 - 355/ (075 - 003L.),041=04 Eq612)1
SheetingDesign is Successful Maximum Possible Comy 3 Left Cor
pressive Force in ncreie B _
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Segmented Stud Layout

ProtaStructure can detect different segments on the beam where there is an inflection point or point
load. The change in the moment diagram is usually evident in primary composite beams, which may
be moment-connected to columns and supporting other secondary composite beams.

The total number of shear studs is distributed between the inflection point and the maximum moment
location. A nominal stud spacing is used in negative moment regions.

Uniform Stud Layout

If you don’t want to use a segmented layout, you can switch to a “Uniform Stud Layout”. In this case,
the number of studs will be placed evenly on the beam using the minimum calculated spacing.

Changing the Target Degree of Composite Action

If you want to optimize your design, or if the design is unsuccessful, the first thing you can try is
increasing (or decreasing) the Target Composite Degree (TCD).

Interface Slip

Strain Profil
A rain Profile

cC
c)

Non-composite, fully-composite, and partially composite behavior. (Figure taken from conference paper, “A Technique for
Strengthening Existing Continuous Non-Composite Steel Girder Bridges Using Post-Installed Shear Connectors and Inelastic
Moment Redistribution”, Azad et.al, https://www.researchgate.net/publication/330144211)
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Important Remark:

A larger Target Composite Degree approaches the section a fully composite behavior. A fully
composite beam contains adequate shear connectors to develop the full plastic flexural capacity of
the composite section. The deformation of the shear connectors in a fully composite beam is small,
and the amount of slip is negligible under service loads.

A beam is defined as “partially-composite” when the flexural strength of the beam is governed by the
strength of the shear connectors. Key difference between partially and fully composite design is the
slip, which is significant under service loads in a partially- composite beam.

A larger Target Composite Degree (Composite Action Ratio) results in increased shear studs and
moment capacity. Transformed moment of inertia will also increase, so it will help reduce vertical
deflections and vibrations in the composite stage (after concrete hardens). However, the TCD used in
the design should not be too different than the one used in the analysis.

By default, ProtaStructure uses a 50% Composite Degree in the analysis. ProtaStructure will issue a
warning if the composite degree you have entered is different than the analysis value by more than a
tolerance. In that case, analysis results will be invalidated, and analysis must be repeated with the new
TCD assigned to the member.

To change the target composite degree:

1. Make sure the “Target Composite Degree” option is checked on the interactive design
window.

2. Enter the new target ratio you want to use in the design.

3. The design will be updated based on the new value you have entered. Number of shear studs

will be recalculated accordingly.

4. When you close the design window by clicking OK button, the new composite degree value
will be saved for this members and used in the subsequent analysis and designs.

_"_H'r[ - E
|
Target Composite Degree |« 50.0%

Spedfy Stud Mo [ Spadng

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



S PRoTA page 19

Changing Shear Stud Layout

If you want to optimize the design, you can change the stud layout instead of directly changing the
Target Composite Degree. Stud layout will have an indirect effect on the target composite degree.

1. Make sure the “Specify Stud No/Spacing” option is checked on the interactive design window.
2. Enter the Number of Studs and Spacing.

3. The design will be updated based on the new value you have entered. Target Composite
Degree will be recalculated accordingly.

Changing the Structural System

If you don’t want to change the Target Composite Degree in the design, you must revisit your
structural system and loads to achieve a successful design.

1. You can try increasing the profile size or topping concrete. You can change the profile size on
the design window.

2. Alternatively, you can change the primary or composite beam sections on the model.
3. You can change the topping concrete thickness using the Composite Slab Properties window.

4. Sometimes, you may need to change the default stud type, because the design may have
failed because of detailing checks (like stud height being too large).

5. You can revisit your structural layout and loads to reach an optimized design.
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Recommended Workflow for Composite Beam Design

Review the libraries:
- Metal Deck Types
- Shear Stud Types

y

Review the settings for:
- Default Metal Deck
- Default Shear Stud

- Initial Analysis Composite Degree (ACD) c 8 -
! omposite Beam Effective

- Tolerance between Analysis and Target . TR
Composite Degree (TCD) \Widths and Load Distribution are

- J _--"1 calculated automatically as you
- |
e ! model the structure.

A 4 -7

Model or edit the building using T
Primary Composite Beams, e
Secondary Composite Beams
and Composite Slabs

Construction Stage Analysis is automatically
done with FE Floor Analysis for each
composite floor using non-composite
member properties and loads.

\ 4
( ) Building Analysis is done using the Final
\ J and loads.
- 4 N Section Properties, Member End Fixities and

Frame Loads are different for construction
and final stages and calculated automatically
by ProtaStructure.

Perform Composite Beam Batch
Design and review individual

1
1
1
1
1
1
1
1
|
Perform Building Analysis ~ f-------- i Composite Stage section properties, fixities :
1
1
1
1
1
1
|
1
member design results. :

v '

Do you need to
change the model?

YES

! :
i Degree of Composite Action i
1 affects the composite section |
//i properties used in the analysis. i
! |
i :
: |

NO
4 /,' So, any significant change
./ 'requires analysis to be repeated.
Do you need to change NO /
Composite Degree? S e '
| ves

v v

Change default ACD Change TCD in the | }/

in the settings design window /!
(Affects members (Affects individual
using default ACD). member).
Accept the design if
NO YES members PASS

Change within
L tolerance?
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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 and our responsive technical support team are available to help
you get the most out of Prota’s technology solutions.

The Prota Team
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