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CHAPTER EIGHT: STAIR AND ITS GEOMETRY
Definition

A stair is a convenient means of access between the floors of a building. It is constructed to provide ready, easy, comfortable and safe ascent/descent with series of steps that are neither laborious nor difficult to climb within an enclosure called stairwell (staircase). 

Stairs may be made from timber, bricks, stone, metal and plain and reinforced cement concrete. Finishing of marble, tiles, plaster, etc. are also provided.

Stair Terminology

1. Flight: Flight is an uninterrupted series of steps between floors or between floor and landings, or between landing and landing.

2. Landing: Flat platform at the head of a series of steps.
3. Stairwell: The space in which stair/landing are housed.

4. Tread: it is the upper surface of a step on which the foot is placed during ascent/descends.

5. Riser: The vertical member between two successive treads.

6. Steps: The steps of a stair are made from a series of horizontal treads with risers in between.

7. Rise: It is the distance measured vertically from the surface of one tread to the surface of other.

8. Going: distance measured horizontally from the face of one riser to the face of the next riser.

9. Nosing: The exposed edge of a tread, usually projecting with a square, rounded or splayed edge. An imaginary line connecting all the nosing points parallel to the slope of stair is called line of nosing.
10. Handrail: rail of metal/wood on the side of a stair fixed at about waist high parallel to the slope of stair.

11. Newel: A post forming the junction of flights of stair. They are at the top/bottom of a stair to support handrails.

12. Stringers: Inclined member in wooden stairs acting as wooden beams to support the steps.

13. Baluster: Vertical member to support the handrail and placed between steps and handrails.

14. Pitch: the inclination of stair can be defined as either by the rise and going of the steps or as a pitch of a stair, which is the angle of stair with the horizontal. The dimensions of the rise/going of steps determine whether stair is steep (practically imposible to climb) or shallow (too laborious/exhausting to climb).

15. Headroom/Clearance: It is the clear vertical distance between the tread of the step and soffit of the stair above. For people and for moving goods/furniture, the minimum headroom of 2.1m (measured vertically) is recommended between line of nosing/soffit of stair, with minimum clearance of 1.5m measured at right angle to the nosing line.

16. Winder: Radiating steps for changing direction of a stair.

Requirements of a good stair
Any well planned stair should meet the following criteria for easy, quick and safe ascent/descent.

1. Location: It should be located so as to get sufficient light and ventilation with easy access from all the rooms.
2. Stair width: Varies with situation however should follow the standard recommended dimensions according to the building types.

3. Length of flight: A flight should have not lesser than three risers and not more than 16 risers.

4. Pitch of stair: Stairs are pitched from 15 degrees to 55 degrees; however recommended angle is between 25 to 40 degrees. Pitch of long should be flattened by using landings.

5. Headroom: Minimum Clearance from tread to the soffit of stair above (true vertical measurement) is 2.1m.
6. Materials: Should be fire resisting as far as possible.

7. Baluster: Open well staqirs should have it to avoid accidents.

8. Landing: Width of the landing should not be lass than with of the stair flight at any case.
9. Winders: Should be avoided as far as possible, if not, should be kept at lower end of flight. These are not suitable for public buildings.
10. Step Proportions: The rise/going of each step in one flight and in flights and landing between floors should be equal. Any variations may spoil rhythm. The rise/going are proportioned so as to ensure comfortable access.
Types of Staircase

Straight Flight
· Floor to floor
· With /  without landing

· Simple

· Economical /  cheapest

· Traditional

· Used where space is limited

Quarter Turn

· Rises to landing between floors

· Turns through 90 degree

· Economic /  compact

· Winders for economy / space saving

Dog-legged / Half turn
· Rises to landing between floors
· Turns through 180 degree

· Rises parallel to the lower flight

· Landing half space / half turn

· Common, advantageous in planning with its dog-legged shape

· Ends roughly where we start

· Used in most buildings

Open well / Open newel

· similar to dog-legged but with larger space in between flights

· also can be three quarter turn with no. of flights

· used in public buildings

Geometrical

Circular / Spiral

· economical / less use of floor space

Elliptical

· extravagant

· used in prestigious buildings

Bifurcated

· extravagant

· used in prestigious buildings

Dimensions for stairs

	Stair
	Rise (mm)
	Going (mm)
	Pitch (in degree)
	Unobstructed width (mm)

	
	Min.
	Opt.
	Max.
	Min.
	Opt.
	Max.
	Opt.
	Max.
	Min.
	Reduced min. where stair has limited use

	Private stair
	100
	175
	190
	225
	250
	300
	35
	40
	800
	600

	
	220 absolute max.
	
	42 absolute max.
	

	Semi-public stair (factories, offices, shops, schools, etc.)
	100
	165
	190
	250
	275
	350
	31
	38
	1000
	800

	Public stair (cinema, theatre, stadium, hospitals, etc.
	100
	150
	180
	280
	300
	350
	27
	33
	1000
	-

	
	Hospitals 1200


Fixing the going and the rise of a step
To set out a stair it is necessary to select a suitable rise and adjust the rise to the floor to floor height so that the rise of each step is same through out.
In general the following rules are used as a guide.

1. 2R (Rise) + G (Going) = 600 (in mm)

2. R x G = 400 – 450 approx. (in sq. cm.)

3. Adopt standard size of going and rise as 300 and 140 respectively and for each 25mm reduced from going add 12 – 13 mm to riser.

Stair Design 
Design a staircase for a residential building where space provided is 2.25m x 5m and floor to floor height is 3.3m.

Solution:

	1. Assume type of stair
	Dog-legged

	2. Assume height of riser
	150mm

	3. No. of riser
	3300/150=22

	4. No. of tread (R-1)=22-1=21, 

but as for dog-legged stair, no. of landing is 1, hence total no. of tread =21-1


	20

	5. Width of tread, using 2R + T =600
	300mm

	6. Assume stair width
	1000mm

	7. Also, assume landing at mid-level, hence no. of tread is each flight = 10
	

	8. Max. space required for 10 nos. of risers
	10*300=3000mm

	9. Space left between two flights
	2250-2000=250mm

	10. Space left after reducing width of landing and horizontal length of flight
	5000-3000-1000=1000mm


TIMBER STAIRS
· light in weight
· easy to construct

· have poor resistance to fire

· used only for small residential buildings

· unsuitable for high-rise residential buildings and public and commercial buildings

· timber used for construction should be free from fungal decay and insect attack and should be well treated before use

Stringers:

· the main element to support timber treads and risers in timber stairs

· 30-50mm thk. and 250-400mm deep in size

· supported on trimming joist

· apart form stringers, it is normal practice to provide one bearer (carriage) for up to 900mm wide stairs, additional one for every 40cm increase in width
· three types of stringers:

· cut stringer

· housed or closed stringer

· rough stringer
Cut stringer:
· its upper surface having carriage accurately cut to receive the treads and risers
· improve very much the appearance of a stair
· lower edge is kept parallel to the pitch of the stair
· because of cuts, it becomes weak
Housed or closed stringer:

· its top and bottom edge parallel to the pitch of stair
· groove on its inside to receive treads and risers

· the treads and risers are glued, nailed and wedged to stringers

· grooves are tapered and wedges driven below treads and risers forming tight joints on the upper surface

· to add rigidity, blocks are glued between stringers and the tread and also between treads and the risers

Rough stringer:

· these are rough intermediate bearer provided for wider steps
· has rough brackets under the tread

Steps:
· thickness of tread should not be less than 32mm and riser not less than 25mm

· joints - tongue and groove joints, rebated joints

· nosing projected not more than riser thickness

· use of Scotia mould below nosing to improve appearance of steps

· use of square, splayed or round nosing is possible

STEEL STAIRS
· made up of mild steel (MS) or cast iron

· used in very exceptional / rare cases as emergency stairs

· also used as fire escape stairs / back stairs

· looks not good, makes lot of noise when used

· requires regular maintenance in the form of painting to protect from corrosion

· mostly spiral stairs

· both steel tubes and angles are used

CONCRETE STAIRS
Reinforced concrete stairs are designed as slabs and requires structural analysis of load, support and span conditions.
For concrete stairs:

· form of stair and individual treads and risers may vary as desired

· cantilevered designs are possible

· extensive form work and weight of construction is an important considerations

· pre-cast stair elements are available

· used where fire proof construction is required

· the width, rise, going, headroom and the arrangement of the flights of steps all are same as in timber stairs

Simple reinforced concrete steps with suitable form work arrangement is based on the following basic requirements:

· concrete mix usually M15 (1:2:4) / 20mm aggregate

· minimum “cover” to reinforcement 15mm or bar diameter or greater value for 1 hour fire resistance

· waist slab thickness – 100 – 250mm (depending on stair type)

· mild steel or torsteel reinforcement used
· continuous handrail of 840 – 915mm height above pitch line required on both sides of stair required if stair width is greater than 1060mm

Advantages of concrete stairs:

· have requisite fire resisting qualities

· durable, strong and pleasing in appearance

· can be designed for greater widths and spans

· easily cleaned

· maintenance almost nil

· favorable choice in framed structures

Cast in-situ concrete stairs
Single straight flight stairs
· flight behaves as simply supported slabs spanning from landing to landing

· effective span or total horizontal going is taken from landing edge beam to next landing edge beam

· no landing edge beam increases overall span

Inclined stair with half space landing

· reduction in effective span / economic reinforcement
· landings span onto load bearing walls or beams

· flights span from landing to landing

· the point of intersection of the soffits to the flights are detailed as:

· intersection or change in one line

· gives better underside visual appearance

· riser lines of first and last steps in consecutive flights are offset in plan

· intersection or change in out of line

· riser lines of first and last steps in consecutive flights are in line in plan

· as per reinforcement pattern, tension laps are required at top and bottom of each flight
String beam stair
· alternative to inclined stair with half space landing

· string or edge beam spans from landing to landing resulting in:

· thinner waist slab dimension
· overall saving in concrete volume

· but extra form work required

· string beams can be either up stand or down stand / can be on both sides in free standing stair

Cranked slab stair
· used as very special feature since half space landing has no support and designed as cantilever slabs
· higher amount of reinforcement may create problem in placing and compacting of concrete

· also called continuous stair or scissor stair or jack knife stair

Cantilever stair
· also called spine wall stair

· has a vertical wall from which the flights and half space landings cantilevered

· reinforcement is placed at top of flight and upper surface of landing (to counteract induced negative Bending Moment)
· spine wall provides some fire resistance between flights and used as external / fire escape stair

· plan arrangement can be both single straight flight and two equal flights with an intermediate half space landing

Spiral stair
· used in foyers of prestigious buildings
· expensive to construct (seven times the cost of normal stair)

· formed around a central large diameter circular column like the cantilevered stair

· possible to design open spiral stair with elliptical core

· reinforcement placed to both faces of slab in the form of radial bars bent as per slab curve, distribution bars across the width of flight (as usual)

Pre-cast concrete stairs

These have following advantages:
· better quality control of finished product

· saving in site space (no space required for formwork storage or fabrication)

· staircase shaft utilized as a space for hoisting or lifting matrials during construction

· can be usually positioned and fixed by semi-skilled labors

· when using pre-cast components, the stair must be repetitive in sufficient quantity to justify use and for economic proposition
Straight flight stair
· can have simple bearing
· leaving projecting reinforcement in pre-cast flights can be easily grouted into lots in landings to give structural continuity

· extra reinforcement apart from nominal bottom reinforcement to strengthen the bearing rebate / nib

· bearing location for flights is rebate cast in the in-situ floor slab or landing leaving a tolerance gap of 8 – 12mm and filled with compressible material (flexible joint)
Cranked slab stair

· usually formed as an open well stair
· bearing for pre-cast landings to the in-situ floor / structural frame
· infill between two adjacent flights of in-situ concrete with structural ciontinuity provided by reinforcement projections from landing edge

Pre-cast open rise stair

· economic and attractive
· consists of central spine beam in the form of a cut string supporting double cantilever treads (timber or pre-cast concrete)

· foot of the lowest spine beam is located and grouted into a performed pocket cast in the floor
· the support at landing and floor levels is simple bearing in the slab edge housing

· cantilever treads are held by anchor bolts in sockets in the spine beam
· bolt heads are recessed below the tread surface and finished with matching finish

· supports for balusters and handrail located in the holes formed in the tread and secured with nuts / washers

Spiral stair
· construction based on historic stone stairs

· usually open riser with a RCC core / concrete filled steel tube core

· holes at extreme end of tread are made to receive balustrades and fixed to tread immediately below

· hollow spacer or distance piece kept between two treads
Finishes
Suitable floor finishing is required for both cast in-situ and pre-cast concrete stairs.

· thickness of finish generally less than given in floors

· plain concrete finish stairs need anti-slip surface
· trowelling in upper surfaces of the tread with carborundum dust, casting in rubber or fixing a special nosing cover like aluminum alloy, non-slip metals, etc.
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