(3 PROTASIIENTS
(2 PROTASE'
(2 PROTAWIEIE
(2 PROTAEIY

ProtaStructure Design Guide
RC Staircase Module

Version 1.0 March 2025

Please contact us for your training and technical support queries

asiasupport@protasoftware.com

globalsupport@protasoftware.com

Publisher

@ PROTA SOF TWARE


mailto:asiasupport@protasoftware.com
mailto:globalsupport@protasoftware.com

‘B PROTA SOF TWARE Page -2

Limitation of
Responsibilities

Intellectual
Property

Trademarks

Prota shall not be held responsible for any losses caused by
documentation, software, or usage errors.

In addition to Prota License Agreement Terms, it is the responsibility of
the user.

e to check results generated by documentation and software,

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,

ProtaStructure is a registered trademark of Prota Software Inc, and all
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.

ProtaStructure®, ProtaDetails®, ProtaSteel® ve ProtaBIM® are registered
trademarks of Prota Software Inc. Prota logo is a trademark of Prota
Software Inc.



IB PROTA SOF TWARE Page - 3

Table of Contents

TAD1E OF CONTENTS. ¢ ettt ettt et b et e ettt et et 3
NeW RC StairCase MOGUIE ... ..ii ettt et et et e et e e nnaeeaneeas 4
SEAINCASE INTEITACE ..ottt ettt ettt et e st 5
INSEIt BY SEIECTING ANBA ..iiiiiiiiiii ittt et e et e e et e e e ettt e e e st e e e e snaaeeeesnaseeas 5
Insert Using TWO DIagONal POINTS ....ciiiiiiiiiiiiiii ettt et e e 6
[NSEIT USING N POINTS . ..tttitiiiiiiiiititietttete ettt e s e s e bbb e bbb s bbbt sssstssnsnnnnes 6
LI CASE TY PO it 7
U= ={ ol S TS UUPSUUUURRRPRUPR 8
SErAIGNT Wt LANAING c.vvee e 10
Y -] o 1Te I =1 o= Y S O O O O O P ST PO O TP PR UPPPPPION 11
U-SRaped STAIrCASE ... e 12
U-Shaped Staircase With TWO LandiNgS ......cccvvviiiiiiiiiiiiee et 14
Staircase Editor VIEW OPtiONS . ....uuii ittt et e et e e e e e e e eare e e 15
SHOW ANAIVEIC 1. 15
SROW REIAIS ..ottt et et et e e a e 15
SOW AXIS ..ttt ettt ettt ettt b ettt e Rt n ettt et et nnes 16
SHOW REFEIENCE DIaWING .. .veii e e e 16
Updating the Staircases After INSEItION ......oovvii i 17
Further Editing the Loads 0N the STaIrCaSE ......iiiiiiii e 18
Finite Element Model Of STAINCASES ....ociviiiiiie ettt et e et eeneae e e 19
Including the Slabs in BUilding MOl ........ooiiiiiiiiiii e 21
DESIEN OF STAINCASES ...t 23
TRANK YOU e ittt ettt ettt et ettt 24



lg PROTA SOF TWARE

Page -4

New RC Staircase Module

We are thrilled to present our new RC stairs module, a result of our dedicated efforts. This innovative
module allows you to interactively model RC stairs, seamlessly integrate them into the building model
using a library of frequently used stair types.
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Staircase Interface

To insert a staircase click on Staircase command on the Modeling > RC Members ribbon tab.

Analysis Design Drawings & Reports Display

Ua?gﬂg:

Column  Wall Beam Slab Ribbed Staircase  Slab Strip
v =lab v

RC Members

You can select one of three alternative insertion methods for inserting a staircase.

.+, Insert by Selecting Area
1. Insert by Selecting Area o
x.
2. Insert Using Two Diagonal Points ",  Insert Using Two Diagonal Points
.
3. Insert Using N Points _—
¢ Insert Using M Points
b

In each insertion method, ProtaStructure will expect you to specify the area that the staircase will be
inserted.

Insert By Selecting Area

In this method, you can pick an area enclosed by beams/shearwalls or axes.
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Insert Using Two Diagonal Points

In this method, you can show the two diagonal points of a rectangular area.

Grid Intersection
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Insert Using N Points

This Method allows you to specify more complex areas rather than rectangular ones. You may also use
this method to specify rectangular areas where the other two methods are not applicable. The points
will be numbered on the screen as you pick them. Pick the first point again to finish the command.
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The staircase editor will be loaded. Neighboring members and the enclosed area will be shown on the
editor.

RC Staircase - 0 x

%@%““%%@Eﬂﬂ B v X

Saight  Straight  L-Shape LU-Shape U-Shapewith —Show Analytic ShowRebars Show Axis ShowReference ShowDefal  ZoomExtents 0K  Cancel
with Landing 2 Landings Drawing Drawing (Test)

Rl ceometry | fifl Load

K101

FEo| ki

K102

2550 [ [Ki0d

Staircase Types

The new staircase module currently supports the following stair types. We will introduce more types in
the future. Also, a Do-It-Yourself staircase editor is also among our plans.

Straight

Straight with Landing
L-Shape

U-Shape

U-Shape with 2 Landings

- O B ZE ==

Straight Straight L-5hape U-Shape |I-Shape with
with Landing 2 Landings

vk W e
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Straight

This type is used to connect two existing levels with a single stair flight.

S4 (50/30)
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To insert a straight staircase,
1. Specify the enclosed area on the screen. This is explained in detail in insertion methods.

2. Inthe staircase editor, snap to the points where you want to insert the stair. The obivous snap
points are the corners of the pink guide rectangle.
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Note:

You can snap to end points and intersections of members shown in the staircase editor. The pink guide
rectangle is provided for convenience, which also shows the initially picked enclosed area.

3. Pick three points on the screen. The staircase preview will be simultaneously shown on the
screen as you pick the points.

4. After you pick the last point, the staircase is placed on the specified area and the ‘Properties’
dialog will be activated on the left of the screen as shown below.

a.

b.

Note:

Z-Offset is used to adjust the lower end of the staircase with an offset value.

Lock to Storey Height makes the staircase height to automatically adjust to the storey
height. Uncheck this option if you want to enter different values.

Riser Count is the number of stairs.
Tread Width is the total with of the stair flight.

Length of Flight: Normally the flight length is automatically calculated using the picked
points. However, you can enter different values in this field.

Waist Thickness is the thickness of the flight under the risers.

Alignment options are used to insert the member to the left, middle or right of the
designated area.

Reverse Direction can be used to change the climbing direction of the staircase

Dead Load is the value of additional dead loads on the staircase. This can be selected
from the additional dead loads library or entered manually. This load is a uniform area
load that is applied automatically on the entire staircase.

Live Load is the value of imposed load on the staircase. This can also be picked from
the imposed load library or entered manually. This load is a uniform area load that is
applied automatically on the entire staircase.

‘+++
ﬁ Geometry ] Load

Z-Offset 0.0 cm

w*| Lock to Storey Height

Floor Height
Riser Count 9
Tread Width 100.0 cm
Length of Flight 150.0 cm ﬁ Geometry ﬁ Load
Waist Thickness 12.0 cm
Alignment Dead Load: 0.000 tjmz2 | |
Left Middle Right Live Load: 0.000 tfm2 E

Reverse Direction

Self weight of the staircase is automatically calculated and applied on the staircase and can be
reviewed using the load editor.
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Straight with Landing

As the name implies, this type is similar to straight staircases, but with an additional landing. The
insertion and loading procedure is exactly the same as straight types. There are additional fields that
governs the landing and the second flight.

&
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L-Shaped Staircase
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This type is similar to straight staircases with landing. Insertion procedure and the governing
parameters are the same with straight staircases with landing.
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U-Shaped Staircase
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This is one of the most frequently used types. . Insertion procedure and the governing parameters are

similar with other types.
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In addition to the common parameters, this stair type has additional parameters:

Landing Depth: Length (depth) of the landing. When this parameter is edited, flight lengths are

i Geametry | Pl Load

Z-Offset

Lack to Sterey Height
Floor Height 380.0 cm
Take Half Height for Landing

Landing Height

1. Riser Count

2, Riser Count
Landing Depth

Tread Width

1. Flight Length
Landing Width

2. Fiight Length

Waist Thickness
Landing Thickness

Alignment

| Inside | | Outside |

D Reverse Direction

automatically adjusted to fit into the designated area.

Landing Width: The width of the landing. This parameter also changes the entire width of the
staircase. Initially this is automatically calculated using the designated area boundaries.

Landing Thickness: Thickness of the landing plate.

Page - 13

Alignment: You can specify whether the staircase will be placed inside the designated area or around
it. Below you can see the ‘Inside’ and ‘Outside’ options.
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U-Shaped Staircase with Two Landings

These staircases consist of two parallel flights of stairs connected by two landings, creating a 180° turn.
U-shaped staircases are necessary in spaces where:

e Limited Linear Space: They fit well into architectural plans that require efficient use of floor
space.

e Safety Concerns: The intermediate landings provide resting points, reducing fatigue and the risk
of falls.

e Directional Change: They are ideal for buildings where stairs need to change direction, such as
multi-story homes or commercial space

Insertion procedure and parameters are similar to other types of staircases. So, they are not explained
here to avoid repetition.

B Geometry | Pl Load

Z-Offset 0.0mm

| Lock to Storey Height W‘L\Iu:uixm,lru,l‘pa 5185.7
L I I

Floor Height

/| Take One Third Height for Landing
1. Landing Height

2. Landing Height

P4 |23 [22 21 |20 |19 (18

1. Riser Count 8 4

1200.0
1200.0

2. Riser Count 8

3. Riser Count 8

12850
Tread Width 1200.0mm =
1, Flight Length 2500.0mm 15 2
2. Flight Length 2000.0mm| | § 14 =
&
3. Flight Length 2500.0mm =
ntend §52 @
Waist Thickness 120.0 mm

12| @
Landing Thickness 120.0mm b
11 P
Alignment o
10| =
Left Midde Right ®

12060

Reverse Direction

1200.0
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Staircase Editor View Options

In order to increase productivity in the staricase editor, we have developed useful view tools.

Show Analytic  Show Rebars  Show Axis  Show Reference
Drawing

Show Analytic

You can toggle between the physical model view and pseudo-analytical view to see how the analysis
lines and plates are connected.

Warning:
This is not a detailed analysis model. The actual analysis model and the FE mesh is created during
building analysis.

e

Show Rebars

The new staircase module is based on ProtaStructure’s 3D
rebar technology. You can see how rebars are laid-out in 3D
by toggling “Show Rebars” option.

Warning:
This feature is still under development and may not respond
as expected in all cases.
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Show Axis

You can use this option to turn on/off the display of axis system defined in ProtaStructure. Displaying
the axis system will help you to keep proper orientation and reference to the building model while fine-
tuning the staircase parameters.
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Show Reference Drawing

If an architectural reference drawing is active in the current storey, then it can also be displayed on
staircase editor. This will help you accurately model the staircase as designated in the architectural
drawing. You can snap to the end points and intersections on the architectural drawings.
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Updating the Staircases After Insertion

You can update the staircase parameters after you insert them.

el e

Select a staircase in the model

Right Click and pick “Properties” command.
The staircase editor will be launched.
Change the parameters and click OK. The selected staircase will be updated according to the
new parameters.

i 1=da atal
2581568

9B 3

Filter Selection
Show Selected Only
Hide Selected

Restore Previous Selection {Ctrl+])

Measure (Ctrl+R)

Properties

Select and Load Properties

Delete

Generate Members to Other Storeys
Edit Loads

Page - 17
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Further Editing the Loads on the Staircase

As explained before, the new staircase module automatically calculates the self-weight of the staircase.
Additionally, you can also define ‘Additional Dead Loads’ and ‘Live Loads’ via two designated fields on
the staircase editor.

‘+++ ﬁ
g Geometry ] Load B
] T
Cead Load: 0,317 tfm2 0.232 - Room
Live Load: 0.350 tfm2 0.318 - Terrace/Balcony
0.484 - Lowered Slab
]

The predefined Self-Weight and Additional Dead Load is automatically considered in the ‘G’ or ‘D’ load
case, whereas, the Live Load will be automatically assigned to ‘Q’ or ‘L’ load case.

You can define as many user-defined vertical and lateral load cases as possible in ProtaStructure, thanks
to the flexible load case and combination system. You can define uniform area loads on staircases and
assign them to any load case you want, including lateral load cases. To achieve this:

1. Select the staircase on the screen and pick Right Click > Edit Loads. This will launch the load
editor for the selected staircase.

2. Alternatively, navigate to Ribbon > Loading and click “Load Editor: Storey X” button. This will
launch the load editor for the active storey.

3. Define loads as usual. Usage of load editor is out of this document’s scope.

Note:
Only Temperature Loads and Uniform Area Loads can be assigned to staircases.

Load Types View Options

P om x 8@ & v X

Therma Full Uniform  Delete Report  Zoom Extents QK Cancel
Load Area Load Loads

Surfacel...
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Finite Element Model of Staircases

ProtaStructure will always model the staircases with FE Shell elements. And, they will be an integral part
of the building analysis model. The staircases will be meshed compatibly with adjacent members such
as slabs, sherwalls, beams, columns and other.

Disclaimer and Warning:

The analysis of staircases together with the building is a controversial topic. Staircases may provide a
lateral bracing effect since they connect two storey levels. Because of this, some engineers do not prefer
to include them in the building analysis model. In addition to this, staircases tend to crack and collapse
during earthquake and may fail to provide stiffness, which is another factor why you may want to design
the lateral load resisting system without staircases in order to capture the most critical scenario.

If you do not want to include the staircases in the building analysis model, DO NOT model them. You
can still continue using the staircase module in ProtaDetails for individual design and detailing.

Physical and FE Model of U-shaped Staircase is shown above. Note that the staircase is connected to
landing beam and the slab in front of the shearwall.

You can see the same staircase automatically connected to the subbasement beam at the foundation
level.
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Physical and FE Model of an L-Shaped and Straight staircase is shown below. Supporting slabs,
shearwalls, stair landings and stair flights are meshed compatibly. ProtaStructure will assign supports to
the ends of the staircase at foundation level if they are not connected to a subbasement beam,
subbasement slab or subbasement wall.

The following images show a U-shaped staircase with two landings placed inside a corewall.
ProtaStructure will identify the supports and mesh the staircase compatibly with the shearwalls.

rrrrrr

Warning:

Even though the staircase is connected to a shearwall at the sides, the real life as-built rebar
anchorages may not satisfy a fixed/continuous support conditions because of insufficient anchorage
length. You may expect the staircase flights to behave pin supported or not supported at all at the
shearwall face. In those cases, you can model the staircase so that it does not touch the wall. You can
leave a small gap between the staircase and the shearwall. ProtaStructure will assume a monolithic
continuous connection if the staircase and shearwall is in contact with each other.

Don’t forget that this is a modeling tool that is developed for your convenience. It is up to you to
decide or reflect the real-life behaviour on your model.
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Including the Slabs in Building Model

ProtaStructure has an option to mesh the storeys in the building analysis. This feature is useful especially
when you want to decompose the loads directly during the building analysis or when you want to use a
flexible diaphragm. This option is accessible through Building Analysis > Model Options > Slab Model.

Finite Elements Mesh

| Indude Slabs in Building Model Storeys to be Meshed
! Indude Quad Elements in Floor Mesh I

V| 1(+3.00m) A
2 (+6.00 m)
3 (+9.00 m)

Use Decomposed Slab Loads in Meshed Storeys v
v
v 4(+12.00 m)
v
v

Indude Columns Sections in FE Model

Shell Element Size 5(+15.00m)

Min: 500 mm Max: 6 (+18.00 m)

, A , V| 7 (+21.00 m)
Entering shell sizes smaller than 500 mm may increase the model s — v

LA OO

L -
time considerably. In order to optimize the mesh size and density ‘Max' size not less than
1.5 times the 'Min' size is recommended.

Warning:

Regardless of the option, ProtaStructure will always mesh the staircases in the building analysis model.
So, you may find yourself in a situation where the slabs are not meshed and staircases are meshed if
you do not include the slabs in the building analysis.

In this case, ProtaStructure will do its best to support the staircases, but it is recommended to include
the slabs in the building analysis for a more realistic model.

However, there may be cases where staircases are supported by beams and shearwalls. In this case, you
don’t need to mesh the slabs. You should be careful and examine the automatically created analytical
model to see if anyting is disconnected or unsupported.

To illustrate this, the slabs are not included in the building analysis, in the following images The
staircases are meshed and since ProtaStructure can not find any slab meshes to connect the stair flight,
a support is assigned to the staircase to prevent loss of loads. However, this is not a desired model and
it is better to mesh the slabs in the building analysis. There is a subbasement beam at the foundation
level so, there is no problem connecting the stair flight.
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An alternative model is created with a U-shaped staircase with unequal flight lengths.The lower flight
is connected to a subbasement slab and upper flight is connected to the shearwall. We will not include

the slabs in the building analysis.
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25/50

25/50 |

Plan and 3D view of the model

Analytical model of the building. Slabs are not meshed with the building. Staircase is connected to the shearwall at the top and
subbasement wall at the bottom.
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Design of Staircases

As mentioned in the previous chapters, the staircases are modelled with FE shell elements as a part of
the building during building analysis.

ProtaStructure will automatically create slab strips inside the staircase and collect the most critical
results for each stair component to be used in the design. The image below show the schematic
representation of the automated slab strips for the staircases.
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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

(2 PROTASEIENT
(3 PROTAE
(22 PROTAWEEIE
(3 PROTAELY


mailto:globalsupport@protasoftware.com
mailto:asiasupport@protasoftware.com

