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Task 5 — Staircase

In Task 5, reinforced concrete staircase will be designed into the structure from

Task 1.
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Task 5 — Assignment

Task 5: Reinforced concrete staircase

Design a staircase for the structure from Task 1. Staircase will be supported by the reinforced concrete core. Adjust the
span of the core if necessary (the distance between axes D and E need not to be equal to R).

Please work out:

Design of dimensions of a reinforced concrete staircase (including details of flight-landing connections)
Design of staircase reinforcement.
Sketch of staircase reinforcement.

Structural drawing of a part of the structure from Task | with the designed staircase in 1:23 scale.
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Task 5 — Assignment goals

Our goal will be to:

1) Design the geometry of the staircase.
2) Calculate loads and bending moments.
3) Design the reinforcement.

4) Sketch a drawing of the reinforcement.
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Conceptual design
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Conceptual design

In general, there are usually many possibilities how to design the
staircase. This presentation describes just one possible approach for our
particular structure.
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Geometry
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Geometry

The specific geometry of the staircase is up to you. However, the design
must be done according to staircase design rules:

* dimensions of a step must satisfy: bgrer, = 630 — 2Ry,

* maximal number of steps in one flight: 16,

* minimal width of the flight: 1100 mm,

* minimal width of the landing: 1100 mm,

* minimal the gap between the flights: 200 mm,

* minimal perpendicular clearance: 750 + 1500 - cosa,

* minimal head clearance: 1500 4+ 750/cosa.

Follow the example on my webpage.
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https://people.fsv.cvut.cz/~holanjak/vyuka/CM01/support/hw10/HW10_geometry.pdf

Geometry

Design the staircase and draw a scheme of the staircase.

If needed, you can adjust the dimensions of the supporting walls
according to your staircase geometry.
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Geometry of flight-landing connection

Geometry of flight-landing is already given by the designed geometry! We
have to adhere to the designed geometry when drawing the connection.

HOW TO CONSTRUCT THE DETAILS OF FLIGHT-LANDING CONNECTIONS p30

i

il
230 {150

DRAW THE SLOPE OF THE FLIGHT DRAW DEPTHS OF LANDING AND FLOOR STRUCTURE DRAW THE FIRST STEP (CLADDING LEVEL) SHIFT BY 1/2

See the guide for connection drawing.
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https://people.fsv.cvut.cz/~holanjak/vyuka/CM01/support/hw10/HW10_detail.pdf

Geometry of flight-landing connection

Why do we draw the flight-landing connection?

To find the exact thickness of the flight for our given thickness of landing
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Supports

After the geometry of the staircase is designed, we must determine how
the staircase will be supported.

The staircase will be connected with the supporting members by special
elements to prevent transfer of impact sound to the rest of the building.
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IS| unit

The ISI units are used for the connection between flight and transversal
landing.
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Trapez boxes

The trapez boxes are used for the connection between landing and wall.
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Loads

Following loads are acting on the landing:
* self-weight of the slab: go = hgqp - 25,
* self-weight of floor structure: use grjpor = 1 kN /m?,

* live load: use qfp0r = 3.5 KN/m?.

Following loads are acting on the flight:
* self-weight of the slab: go x = hgiap verticat - 25,

* self-weight of the steps: g; = (hstep,vertical/Z) - 25,
* self-weight of the cladding of the steps: use grjp0r = 0.5 kN /m?
* live load: use qfjp0r = 3.5 KN/m?.

Follow the example on my webpage.
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https://people.fsv.cvut.cz/~holanjak/vyuka/CM01/support/hw10/HW10_load.pdf

Loads
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FOITowing Toads are acting on the T}
* self-weight of the slab: gy, = hg

* self-weight of the steps: g; = (hS
* self-weight of the cladding of the
* live load: use qfpor = 3.5 kKN/m?

Follow the example on my webpage€
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https://people.fsv.cvut.cz/~holanjak/vyuka/CM01/support/hw10/HW10_load.pdf

Loads

Finally, convert all area loads to linear loads!
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Structural scheme
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Structural scheme

The supporting elements that we selected do not transfer bending moments,
and therefore, they act as pinned supports. Also, they do transfer horizontal
forces!
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Internal forces
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Internal forces

The structure is statically indeterminate — we should use a FEM program or
slope deflection method to calculate real bending moments.

However, we can make a conservative (safe) estimation:

L)
f.l
12
\

Mgy =

Horizontal length of the staircase
(landing+flight)

Design load of stair flight or landing (use
the higher value) [kN/m]
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End of HW10
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Start of HW11

8 betond4life



8 betond4life

Design of reinforcement
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Design of reinforcement

Use the estimated design bending moment for both upper and Iower main
reinforcement. g
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Design of reinforcement

Use the estimated design bending moment for both upper and lower main

%

reinforcement.
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Design of reinforcement

Use the estimated design bending moment for both upper and lower main
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Design of reinforcement

Staircase is a one-way slab — design of reinforcement is the same as for any
other one-way RC structural member (see HW3 and HWS):

Agreqg = -
Asprov =
X = ..
Z = ...

M’I‘d —_— i

Don‘t forget to also check the detailing rules!
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Design of reinforcement

For planar members (such as slabs), we usually calculate the moment and
reinforcement per 1 m, but in the case of staircase (both landing and flight) we
use the real width —i.e., we design it like a flat beam:

Mgy [KNm] —n X o — As [mm2] — Mg,
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Sketch of reinforcement
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Sketch of reinforcement

Sketch the reinforcement of both flights.

Main reinforcement:
e draw the shapes in red colour.
* write the number and diameter of bars according to design.

Secondary reinforcement:
e draw the shapes in black colour,

* consists of:
" edge reinforcement,
" transverse reinforcement,
" secondary reinforcement of the upper surface,

" end stirrups.
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Primary reinforcement
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Secondary reinforcement

Edge reinforcement:

Transverse reinforcement:

as,tr 2 O'25as,main
s, <min(3h; 400 mm)
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Secondary reinforcement

In the places where no main reinforcement was designed (e.g., upper
reinforcement in the flight), secondary reinforcement must be designed using

detailing rules (same rules as for tranSyersal reinforcement):

as,tr = 0'25as,main
S, < min(3h; 400 mm)
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Secondary reinforcement

At the end of each reinforced concrete members, end stirrups must be used.
End stirrups are designed according to the manufa turer of the sound
insulation elements (usually 2 X @8). "’

230
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Sketch of reinforcement

Corresponding
bending moments

4
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https://people.fsv.cvut.cz/~holanjak/vyuka/CM01/support/hw10/HW10_drawing.pdf

thank you for your attention
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Recognitions

Recognitions

| thank Assoc. Prof. Petr Bily for his original seminar presentation and other supporting
materials from which this presentation was created.
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