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STAIRS CONSIST OF STEPS ARRANGED IN A SERIES FOR
THE PURPOSE OF GIVING ACCESS TO DIFFERENT
FLOORS OF BUILDING.SINCE STAIR IS OFTEN THE ONLY
MEANS OF COMMUNICATION BETWEEN THE
VARIOUS FLOORS OF BUILDING,THE LOCATION
REQUIRES GOOD AND CAREFUL CONSIDERATION.
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TREAD:-THE UPPER HORIZONTAL :
PORTION OF STEP OVER WHICH FOOT Headroom
IS PLACED DURING ASCENDING AND
DESCENDING A STAIRWAY.

A '
| | Riser

RISER:-THE VERTICAL MEMBER OF
STEP.IT IS USED TO SUPPORT AND
CONNECT SUCCESSIVE TREADS.

HEADROOM:-THE VERTICAL HEIGHT
BETWEEN THE TREAD OF ONE FLIGHT
AND CEILING OF OVERHEAD
CONSTRUCTION.IT SHOULD BE
SUFFICIENT SO AS NOT TO CAUSE ANY
DIFFICULTY TO PERSON USING THE
STAIRS.
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Vinders

noie

only one sét o

per starcase

windess is alowed

winders

STRINGERS:-THESE ARE THE SLOPING
MEMBERS OF THE STAIR,USED TO
SUPPORT THE END OF STEPS

WINDERS:-THESE ARE THE STEPS USED
FOR CHANGING THE DIRECTION OF
STAIRS .THESE ARE USUALLY
TRIANGULAR IN PLAN.

FLIGHT:-THIS CONSIST OF SERIES OF

STEPS PROVIDED BETWEEN LANDINGS

RUN OR GOING:-TOTAL LENGTH OF

STAIRS IN HORIZONTAL PLAIN
INCLUDING LENGTH OF LANDINGS



BALUSTERS
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LANDING:-THIS IS THE HORIZONTAL

PLATFORM PROVIDED AT THE HEAD u
OF SERIES OF STEPS .IT IS USED AS A

RESTING PLACE DURING USE OF

STAIRS .IT FACILITATES CHANGE OF

DIRECTION OF FLIGHT

HAND RAIL:-IT IS AN INCLINED RAIL
PROVIDED AT CONVINIENT HEIGHT
OVER STEPS .IT SERVES AS GUARD
RAIL AND PROVIDE ASSISTANCE TO
USER OF STAIRS .

BALUSTERS:-IT IS INDIVIDUAL
VERTICAL MEMBER MADE OF
TIMBER,METAL OR MASONARY FIXED
BETWEEN STRING AND HAND RAIL
TO GIVE SUPPORT TO HAND RAIL.

HAND RAIL
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A
NOSING:-IT IS THE PROJECTING PART OF
TREAD BEYOND THE FACE OF RISER.IT IS
USUALLY ROUNDED TO GIVE PLEASING
EFFECT TO TREAD AND MAKE STAIRCASE
CONVINIENT AND EASY TO USE.

LINE OF NOSING:-THIS IS THE STRAIGHT
LINE TOUCHING THE NOSING OF VARIOUS
STEPS AND PARALLEL TO SLOPE OF LINE.

PITCH OR SLOPE:-VERTICAL ANGLE MADE
BY LINE OF NOSING WITH HORIZONTAL

LINE OF NOSING

NOSING


JORDANO
Typewriter

JORDANO
Typewriter
Join us on telegram:-@etconp

https://t.me/ETCONp

INARESROIRESTANERS ES

STRAIGHT STAIRS:-

v'ALL STEPS LEAD IN ONE DIRECTION
v'THIS MAY BE CONTINUOUS WITH TWO
FLIGHTS WITH AN INTERMIDIATE LANDING
v' ADOPTED WHEN STAIRCASE IS NARROW
AND LONG
v'PROVIDED MOSTLY IN PORCH,ENTRANCE
ETC

DOG-LEGGED STAIRS:-

v'CONSIST OF TWO STRAIGHT FLIGHTS
RUNNING IN OPPOSITE DIRECTIONS
v'THERE IS NO SPACE BETWEEN THE
FLIGHTS IN PLAN

v LANDING IS PROVIDED AT LEVEL WHICH
DIRECTION OF FLIGHT CHANGES



QUARTER TURN NEWEL:-

v'A STAIR TURNING THROUGH 90° WITH THE
HELP OF LEVEL LANDING

v'USED IN SHOPS AND PUBLIC BUILDINGS

OPEN NEWEL STAIRS:-

v'POPULARLY KNOWN AS OPEN WELL
STAIRS

v'A WELL OR OPENING IS LEFT
BETWEEN FORWARD AND
BACKWARD FLIGHT

v'THE OPENING IS GENERALLY USED
FOR INSTALLATION OF LIFT

v'A SHORT FLIGHT MAY OR MAY NOT
PROVIDED IN THESE STAIRS




GEOMETRICAL STAIRS :-
v'THESE STAIRS MAY HAVE ANY \, \ /
/

GEOMETRICAL SHAPE AND THEY REQUIRE NO NG O\
NEWEL POST ~_ \._ \
v'THIS TYPE OF STAIR IS SIMILAR TO OPEN SRR
NEWEL STAIR EXCEPT THE WELL FORMED Wﬁ Y
BETWEEN FORWARD AND BACKWARD FLIGHT ]
IS CURVED |
v'CHANGE OF DIRECTION IN SUCH STAIRS IS ——
ACHIEVED BY WINDERS AND NOT BY

LANDINGS
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TLLEZ—= CIRCULAR STAIRS:-

~  V'ALL THE STEPS ARE RADIATE FROM A
NEWI POST OR WELL HOLE

v'ALL THE STEPS ARE WINDERS

v'THIS IS PROVIDED WHERE SPACE IS
LIMITED AND TRAFFIC IS CASUAL
v'MOSTLY LOCATED AT REAR OF
BUILDING
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1)STAIRS SPANNING IN LONGITUDINAL DIRECTION:-

supports, -FBI-

v’ INCLINED STAIR FLIGHT TOGEATHER WITH ’?W‘S'.L?;
LANDING ARE SUPPORTED ON WALL & ] -

BEAMS

Effective span __.__..._..ai,

5
/]

v
s

v'IN FIG (a) THE EFFECTIVE SPAN IS
CONSIDERED BETWEEN THE CENTRE TO
CENTRE OF SUPPORTS

+ SN {

nding 4 Going {Landing 4
{a} Simply Supported Slaircase

Span (m} | .
G+X+Y
G+X4+)
G+ Y+1
Ge 1+

v'IN FIG (b) OF TRANSVERSE SPANNING OF
LANDINGS SPAN IS TAKEN AS SSHOWN IN FIG

. Wall or
7727 /boam

Golng /hﬁhﬂ?

| -

v'IN CASE OF OPEN WELL STAIRS WHERE i e o
SPAN PARTLY CROSS AT RIGHT ANGLES THE e o= |
LOAD ON COMMEN AREA MAY DISTRIBUTED e S

: TN
A= XX} 6 g Y- Y=+ ot

AS ONE HALF IN EACH DIRECTION IN FIG (C) (b} Transverse Spanning of Landings

Hin 17 1 Cialnanra Ctlaht (lnnadtndinal onann inu)
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2)STAIR SLAB SPANNING IN THE TRANSVERSE DIRECTION:-

v'FOLLOWING ARE THE MOST COMMON Wi v w7
EXAMPLES OF SLAB SPANNING IN /B D
TRANSVERSE DIRECTION AS SHOWN IN A
FIGURE

- Width of flight —_t y
v'IN THESE SLABS WIDTH OF FLIGHT BEING B 1o
SMALL(1-1.5M) s

(b) Slab Cantilevered From a Central Beam

v' MINIMUM THICKNESS OF 75 TO 80 MM

] [ Width of flight {span=L ..
SHOULD BE PROVIDED o %:/L,j.:mmm;
‘-’.L-l ’
v'MINIMUM PERCENTAGE N |
REINFORCEMENT TO RESIST MAX BENDING .
MOMENT SHOULD BE PROVIDED (¢) Slab Contitevered From Wall or Beam

* Fig. 12,8 Stalrcase Siabs Spanning bn the Transverse Direction
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v'LANDING
THE WIDTH OF THE LANDING SHOULD NOT BE LESS THAN THE WIDTH
OF STAIRS

v'WIDTH OF STAIRS

RESIDENTIAL:-0.8 TO1 M
PUBLIC:-1.8TO2 M

v TREAD
RESIDENTIAL:-220-250 MM
PUBLIC:- 250-300MM
NOT LESS THAN 200MM IN ANY CASE
v' RISER
RESIDENTIAL:-150-180 MM
PUBLIC:- 120-150MM
NOT MORE THAN 200MM IN ANY CASE
v'PITCH

SHOULD NOT BE MORE THAN 38°
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v'HEAD ROOM CLEARENCE /\
SHOULD NOT BE LESS THAN 2.1M ﬁé’%}a

v'LENGTH OF FLIGHT
NO OF STEPS SHOULD BE MINIMUM 3 AND MAXIMUM 12
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1) GEOMETRICAL DESIGN:-

ASSUME SUITABLE TREAD AND RISER
NO OF RISER= (F/F HEIGHT)/ RISE
NO OF RISERS IN ONE FLIGHT=0.5%(NO OF RISERS)
NO OF TREAD = (NO OF RISERS —1)
GOING DISTANCE= (NO OF TREAD) x (TREAD WIDTH)

WIDTH OF LANDING = WIDTH OF STAIR



2) STRUCTURAL DESIGN:-

2.1) EFFECTIVE SPAN CALCULATION:-
EFFECTIVE SPAN CALCULATION=C/C DISTANCE BETWEEN SUPPORTS

IF NOT GIVEN WIDTH OF SUPPORT CAN BE TAKEN IN BETWEEN 200 TO 300 MM

2.2)TRIAL DEPTH OF WAIST SLAB:-

ACCORDING TO IS 456:2000 ARTICLE 23.2.1 BY CALCULATING RATIO OF SPAN TO
EFFECTIVE DEPTH AND AFTER THAT RATIO IS MULTIPLYING BY THE
MODIFICATION FACTOR

v =~

: : . . for Beams and Slabs.
‘ « Soan-Effective depth Ratlos
able 7.1 Baslc (p(:lause 23.2.1 of 1S: 456-2000)

- - . Flnnz;;d Soctons
gacl‘angu'.'\t SBCBO“{’ P
Type of Suppodt | T o, Mltiply Values kor
R Canthaver 20 reclangular goclions by
Simply supponed | 2 lactor K (Reler Fig. 7.4)
i Connuous .

o« .. 01



1
L Fe~250 Lild steel bars
3 \
-§ ~ N:é:’f_‘ 120
g T ) ——1451
— Fe=415 HYSD 14— 240
S 08 -z bars : 290
= Fe-500 HYSD bars
: es in steel at service locds
3 - Note: fs Is stress in Ay e+
. Ac required
152058 fy z‘-;,’;%:m]
N D% oLa T, S U S T A 7.8

Percentoge tenslon relnforcement
Fie. 7.2 Madification Factor for Tenslon Relnforcement (I5:456- 2000)

MODIFICATION FACTOR CAN BE CALCULATED BY ASSUMING % OF
TENSION REINFORCEMENT



ALTERNATE METHOD:-

1) THE THICKNESS OF WAIST SLAB(t) NORMAL TO SLOPE CAN BE ASSUMED AS
(L/20) FOR SIMPLY SUPPORTED SLAB (L/25) FOR CONTINUOUS SLAB WHEN
WAIST SLAB SPANNING IN LONGITUDINAL DIRECTION

(a) Self Welght of Sloping Slab

2) IN CASE OF TREAD-RISER STAIRS SPANNING LONGITUDINALLY THE
THICKNESS OF RISER & TREAD SLAB KEPT SAME WITH VALUES OF (SPAN/25)
FOR SIMPLY SUPPORTED AND (SPAN/30) FOR CONTINUOQOUS STAIRCASES

(MINIMUM THICKNESS OF 80 MM SHOULD BE PROVIDED)



3) LOAD CALCULATION:-

CALCULATIONS SHOULD BE MADE BY CONSIDERING WIDTH OF
SLAB EQUAL TO 1 METRE

3.1) SELF WEIGHT OF SLAB = 25 x D x V(R2+T2)/T (KN-M)
3.2)WT OF STEPS = 25 x 0.5 x R (KN-M)
3.3)WT OF FLOOR FINISH=1x 1 (KN-M) (ASSUME)

3.4)LIVE LOAD = 3 KN/M? (RESIDENTIAL BUILDING)
= 4-5 KN/M? (PUBLIC BUILDING)

3.5) NET LOAD(W) =W; +W, +W3+W,

3.6)FACTORED LOAD = W’=1.5 xW



4) CALCULATION OF DESIGN MOMENTS:-

FIND MAX BENDING EITHER BY DRAWING SHEAR FORCE AND BENDING
MOMENT DIAGRAM OR BY CONSIDERING IT EQUALS TO (0.125W’ x L?)

5)CHECK FOR EFFECTIVE DEPTH:-

d = V(M/(Ruxb)) < d provided

6)CHECK FOR REINFORCEMENT:-

6.1)CALCULATE MAIN STEEL(Ast)
Ast =0.5Fck/Fy x (1 — V(1 — (4.6M/Fckbd?))bd
Ast > Ast minimum
FOR Fe 250 Ast min = 0.12 % of GROSS AREA
FOR Fe 415 Ast min = 0.15 % of GROSS AREA

6.2) PROVIDE SUITABLE DISTRIBUTION STEEL=Ast min



7) CHECK FOR SHEAR:-

7.1)CALCULATE MAX DESIGN SHEAR FORCE:-
Vud = 0.5 x W'L
7.2)CALCULATE SHEAR RESISTED BY CONCRETE:-
Vuc = k x tc x bxd
Vud < Vuc

VALUES OF “tc” AND “k” CAN BE OBTAINED BY THE FOLLOWING TABLES

Oveeall dopih :‘;000:' T T |
v I
"I of gla (mm) | more | 279 och | 205 | 200 | 175 | 1500

| o33 .

- ﬁ Y 115 | 120 | 1.6 {30
l_ k| 100 ] 105 110 : o




Tabde 6.14 Desipgn Shear Strength of Concrete (T, N/mun’)
{Table-19 of 1S: 456-2000)

- A~

Tio A : Contrels Grado
i T 15 | w20 | w25 | MGB0 [ M35 | #A-40and above
T P (2) (3 (4) ) (6) (7}
ik BB , 028 | ozs | 029 029 | 0.29 0.30
=T S | 035 | o038 | 036 | 037 | 037 0.28
050 048 | o048 | 049 | 080 [ 050 051
A | | 084 | 086 | 057 | 059 | 059 0.60
100 i osp | 062 | o084 068 | 067 0.68
~ Ty o i o064 | o067 | o070 | o071 | 073 074
T | o0s8 0.72 0.74 0,76 0.78 0.79
- TETT " om | o5 | ore | os0 | o082 0.84
=R o7 | o070 | osz | oa+ | 088 0.68
o S%E | 071 | 081 | 085 | 088 | 080 0.92
= AR | 0.7 oe2 | os8s | 091 0.93 0.95
TS | o071 | o082 | 090 | 094 | 088 0.29
Sg;';‘,‘}’ﬁme | 071 0.82 0.82 0.96 0.63 1,01
o~ The term A, is the arca of longitudinal tension reinforcement
which continues at least one effective depth beyond the section
peing considered except at support where the full area of tension
reinforcement may be used provided the detailing conforms to
Clanses 26.2.2 and 26.2.3

P R



8) PROVISION OF DEVELOPMENT LENGTH:-

Ld req = (0.87 x Fy x ©)/4 x T

WHERE ® = DIAMETRE OF BAR PROVIDED
T = DESIGN BOND STRESS

9) CHECK FOR DEFLECTION:-

CALCULATE ACTUAL % OF REINFORCEMENT

L/d provided < L/d max

10) SUMMARY AND DETAILING




12.4.1 Design one of the flights of stairs of a school building spanning
between landing beams to suit the following data.

a) Data

Type of staircase:- Waist slab type
Number of steps in flight =12
5 Tread T = 300 mm -
Riser R = 160 mm
Width of landing beams = 400 mm
Materials: M-20 Concrete and Fe-415 HYSD bars



b) Effective span

Effecidve span = L = {(12 x 300) + 400} = 4000 mnm

= [ span) [4000)
Thickness of waist slab (m )—( 50 200 mn

¢) Loads

Dead load of slab (on slope) = w, = (0.2 x 1 x 25) =5 kN/m
Dead load of slab on horizontal span is expressed as,

_ =(3;JR2 +r=] =[sJ16o* +3oo_2‘] ——

T 300

Dead load of one step = (0.5 x 0.16 <X 0.3 %X 25) = 0.6 kN/m
Load of steps/mn length = [0.6 x (1000/300)] = 2 kN/m
‘Finishes = 0.6 kN/m

- Total dead load = (5.66 + 2+ 0.6) = 8.26 kN/m

Live load (liable of over crowding) = 5 kiN/m

.. Total service load = 13.26 kN/m
~. Total Ultimate load = w_ = (1.5 X 13.26) = 19.89 kN/m

d) Bending Moments |

Maximum B.M at Centre of span is given by
M, =0.125 w,.L* = (0.125 x 19.89 x 4%) = 39,78 kiN.m

e) Check for depth of waist slab

M, 329.78 x< 10°
~\ / I e =12
4=\ 038 £ 1B x 20K IT 1

Assuming a clecar cover of 20 mm and'using 12 mm diameter bars,
Effective depth = d = [200 — 20 — 6] = 174 mm
Hence, the effective depth provided is greater than the required depth.




f) Reinforcements

Reinforcements are computed using the relation,

Ay
M,=0.87J,A“d[l--b‘-‘7;]

Where f, = 415 Nfmm’
= 20 N/mm® and M, = (39.78 x 10°) N.mm

174 mm
b = 1000 mm

Or by using Table-2 of SP: 16, read out the percentage reinforcement cor-

responding to
Ml _ 39.18Xl0‘ _
[bd’] '[ w’::m’]' o

’ 100A
=040'=]| - -

\
A, = (O.thlgox 173] = 696 ram?

Provide 12mm diameter bars at 160mm centres (A, = 707 mm®) as main
reinforcement. |
Distribution reinforcement = (0.0012 x 10° x 200) =240 mm¥/m

Provide 8 mm diameter bars at 200 mm centres (A, = 251 mm®)
e - rr wante tu tha . cbotrnaes n:o"' ;< th“,“ =ﬂ n;” ‘, ﬂ

Ja
d




The details of reintorcements in LIC SLAIICASC JHBHL 10 SHUWI I Hig. 4 as

Walst slob
{t=200mm)

£ 12-160 ¢/c {main)
8-200 ¢/¢ (distribution)

Londing beam
ok

Fig. 129 Reinforcement in stalrcase Flight
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v'REINFORCED CONCRETE DESIGN- N.KRISHNA

RAJU,R.N.PRANESH
v'DESIGN OF REINFORCED CONCRETE STRUCUTRES-

S.RAMAMRUTHAM

v'CIVIL ENGINEERING DRAWING- GURCHARAN SINGH,SUBHASH

CHANDER
Fc?einforced . Civil
oncrete | JINFORCED
Design  gom CONCRETE Engineering
150: 455-2000 FREE STRUCTURES Drawing
Princpes and Pracicr B .
N. Krishoa Ra < -‘

AN Praresh
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