
Analysis, detailing and construction of a free-standing
staircase

P. Karunakar Rao

The paper comprehensively gives”information  regarding analysis, detailing and construction of a
free-standing staircase in a public building.

Fig 1 A view of the completed staircase

Published literature on the subject, so far has dealt
mainly with the analysis of the free-standing staircase.
No details of practical importance have been written
about, particularly the design and detailing of the top
landing in a multiflight  staircase which is subjected to
severe torsional stresses, apart from the normal flexural
stresses. Similarly, the detailing of the foundation of
the bottom 5ght  creates a headache for the designer in
practice. The author, himself been in such a predica-
ment presents to other workers in the field his views on
the subject.

Analysis
A free-standing staircase is a complicated structure.
Though complete analysis is possible using numericaJ
techniques likes finite difference or &rite element
methods, such methods of analysis are beyond the scope
of the majority of design offices, since the stairs, consti-
tute but a small item in the overall components of the
building, both physically and Cnancially. Yet, a well
designed staircase as an architectural feature has a
unique charm about it compared to any other part of
the building Figs 1 and 2 and 3.

Detailing
Principles of detailing of reinforcemnt  : The deflec-
tion studies for different loading conditions, ,viz.  when
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only the lower flight is loaded, when only the landing
is loaded and when all the.portions  of the staircase are
loaded, as given by Chandrasekhara and Srinivasan,
Fig  4*.  This gives a very good practical insight
into the desirable detailing of the reinforcement. Most
of the experimental studies has led to the desirability of
strengthening the midlanding -as  a beam element across
the junction of the flights and the landing, as such
studies have revealed that the stresses along the junction
are non-linear and occur in high concentrations at the
c o m e r s .

: Based on the test results on a half&ixe.concrete  model,
Sreenivasa Iyer and Manohamn  have\. suggested that
nominal torsional reinforcements should be given in
the form of closed hoops for half the width of the mid-
Janding, and that the cantilever reinforcements in the
landing can be advantageously carried into the flights*.

Venkateswarlu et al. have drawn the following con-
&sions  from their investigation on torsional behaviour
of reinforced concrete beams, which have a’ bearing on
the detailing of reinforcement in the subject structure s.
Their tests have indicated that

(i) the pt-emcc  or absence of any amount of
stirrup reinforcement ‘is of no consequence
to the torsional strength or duct%@  if the top
steel is not provided
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Elevation of staircase

Fig 2 Elevation of Staircase
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Fig 3 Plan of staircase
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(ii) the presence of the bottom longitudinal
reinforcement will not add to the torsional
strength of a plain concrete beam in the
absence of the top longitudinal steel

(iii) the provision of the top longitudinal steel
alone without bottom longitudinal steel is not
useful, as the bottom longitudinal steel is

required to take flexure in addition to torsion

(iv) the torsional reinforcement must consist of
closely spaced stirrups and longitudinal bars

(v) the ductility of the beams  without top steel

is so small, that adequate warning is: not
available before failure.

Hence, from the above it can be seen that a torsion
member has to have top and bottom reinforcement and
closed stirrups, which enhances the torsional capacity of
the members. Accordingly the reinforcement which was
detailed in the staircase, is given in detail in the
Appendix and shown in Figs 5 to 8.

Construction

The construction of this staircase did not call for
any special expertise, save for the necessity of rigid
quality control during concreting and ensuring that the
reinforcement is kept in its proper place. However,
the following points are stressed for the guidance of
site engineerrs

(i) entire staircase above construction joint shown
at the beginning of the flight. at ground level,
upto,  and including the landing and landing
beams on three sides, shall be concreted in
one operation

(ii)  all concrete is of M20 grade except  the con-
crete in foundation, which is of Ml5  grade

(iii) props and shuttering shall not be removed
before 28 days

(iv)  while concreting the flights above first floor
level, the flights in ground floor, shall be pro-
perly supported. if they are to be used for
supporting the top flights

(b) (Cl

Fig 4 Deflections ‘in the, staircase when (a) only the lower f,light is loaded (6) only the landing is loaded (c)  all the

parts of the staircase are loaded
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Fig 5 Reinforcement in first flight of stairs

Fig 6 Remforcement in mid-landing

Fig 7 Reinforcement of top landing

(v) stripping of formwork  shall start from the’
free edge of mid-landing and proceed towards
both supports

(vi) ,at all stagee of construction, the staircase shall
be treated as a cantilever as a whole

(vii) necessary pockets for tixing balusters, et&.  shall
be preformed during concreting and no
pockets should be left fbr after the concreting..

From the above, it can be seen that the forms and
props get tied up for, about a month but that is more

MAY 1983

Fig 8 Reinforcement 4n  entire staircase
3 :

than compensated by the final vis& attraction of such
a staircase.
conatructioncoats  ,.
The quoted cost for the construction of this staircase,
at 1980 prices prevailing at Visakhapatnam, came to

1: 13  r 3 reinforced concrete  exclusive
of formwork Rs  500/ms

1: 2 : 4 reibforced  concreb  ex&tsive
of formwork Rs  350/ma

hivmgt deformed bars in rein-
‘* Rs  3.8O/kg

shuttering for foundation ,Rs  12/m2
shuttering for flights and landing R s  20/mz

The cement and torsteel were issued by the depart-
ment at Rs  520  TKW tonne and at Rs 3005 per tonne,
txxpctively. The quantity of Ml5 concrete was 6.6ms
which went into the foundation, while of M20 concrete
which was used in the body of one staircase, i.e. connect-
ing ground floor to first floor, was 6.60m3.  The total
torsteel used was, nearly 1.80 tonnes, nearly half of
which went into the top landing beam-cum-slab, which
was conservatively designed along with the footing.
There is certainly scope for affecting economy in the
usage of reinforcement. At the quoted rates of the con-
tractor, the structural portion of the staircase cost about
Rs  13,000. Another ‘view of the completed structure
is shown in Fig 9.

Fig 9 Another view of the completed tieircaa@
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f, 16  stirrups

a t  1OOmm  0.~.

at top  and bottom

11 ?12 at 125mm 0-c.

Fig 10 Cross-section of top landing beam and slab
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APPENDIX

Detailed oaladations
The analysis of a free-hanging staircase is primarily based on the
premise that the stairs are symmetrically loaded with ends fixed, and
with the midlanding portion treated as a proppedcantilever, giving
a line support in ‘symbiotiostate’  to upper and lower flights.

The physical dimensions of the staircase in question are

tread 300mm
riser 15Omn.i

width of stairs 15OOmm

width of midlanding 1500mm

length of midlanding 3500mm

horizontal length of going of stairs 33OOmm.

waist slab thickness 2Ofhnm
landing slabs 250mm
total dead load of flight with the above
dimensions 3544kg.

live load on flight 3.3x1.5x500kgs/m1
-2475 kgs.

Therefore, total load of the flight =6019kgs.

Considering the support offered by mid-landing as a propped canti-
lever, the reaction at the free end

= Q  x 6019kgs
= 2257kg

Total weight of midlanding
Total live load on landing

= 2992kg
1.5x3.5x5OOkgjm~

= 2625kg
Therefore, total loads of midlanding = 5617kg

Load  of landing per flight = 5617 = 2809kg
2

Reaction from the flight - 2257kg

Therefore, total reaction from upper flight
causing a bending moment on the landing, about
the longitudinal axis of the staircase, due to
eccentricity of loads = 2809 + 2257 = 5066kg

Therefore, bending moment (hogging) on the
landing = 5066xlm

= 5066kg-m
Using MZJ  grade of concrete tith  o  st  = 23ON/mm*
for a balanced section, the moment of resistance is 8.98&f*

Therefore, 898W=5066kg-m

providing 250-mm  thick slab, area of reinforcement

Since the midlanding slab, under uniform loading of the entire
staircase, suffers bi-axial bending in the X-Y plane, it is necessary
to provide top reinforcement in the slab, parallel to X-axis. For
this purpose the midlanding shall be assumed as cantilevering out
from the line of flights.

Total loads on landing per metre width = ?$ = 1605kgs

Moment = 1605 x $5 = 1204kg-m.

1204x100Area of reinforcement = 2300 x o.9 x 22,5

= 2.59cnP  per metre.

Thus 8-mm  diameter torsteel at 150~mm  centres, is provided giving
an area of 3.35cnP  per metre width of mid-landing slab, Fig 11.

Detaifing  of reinforcement in flights: The negative moments at
supports due to vertical loads, causing flexural  moments, till be

the algebraic sum of moments 7 ,treated  asa  propped cantilever

1 1 i. 1 2
at  l25mm ox.

6 fi  12 at top and bottom
in the  landing slab
with 4 8 stirrups
at 150 mm ox.

150mm 0s.

t
1.50m- - - - - - - - - - &

Fig 11 Cross-section of midlanding  beam  and  slab
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Fig 12 Tranaveme  section of flight  slab

plus the carry over moment from the centilevured  midhnding.

M”  = - 1663kg-m

The abow moment Will  b6  compounded withtorsional moment6
arising from nn6ymmctrical  live Toad cond.ition6  on the  flights.
The  torsional stresses  will be maximum in any one’of  lhe  flights,
when the other flight is fully loaded with live load.

For this condition, the reaction 6t the midlanding due to live
load on one flight is

3.3 x 1.5 x 500 x 3.----_ _ _ _ _ _8 -1. I.5 x 1.75 x 590 =224lkg

Lcverarmwithrapcottoonmlincof~~~~+~ =lm

Thetefore,  for totxional moment, T,,  = 2241 x l-2241 kg-m

According to clause  40.4 of Is: 4X-1918,  reinf~ment  for torsion
when required,  shall consist of IongiMinal  and transvetxc
reinforcement.  Thns

T” ( )1 -t’;
Ml  = 1.7 _

( )1 + s!!!
1.5

= 2241 1.7 4.1494kg-m

Therefore, h&l  = Mm  + Ml

- 1663 + 1494 = 3157kg-m

8.9866~  - 3157 kg4

8.98 x 1.5 x P = 3157

d = 15.3cm

But 6ctual  thicknerr  of slab provided in 2OOmm.

Area of 6td

3157 x loo
==ziooX0.9X  17

Thu6  1 I. 12-mm  diameter torst6el  provided at top in th6  git 6krb,
gives  an area of 12.43cmf  which IS O.K.

Thenlaximum positive moment in the slab

=& x 6019 x 3.4-1439  kg-m.

Aft  = 1494kg-m  (as above)

l’huefm  positive Md  = 1439 I- 1494
= 2933kg-m

since  positive moment also  i6  more or less equal to the  negative
moment, same reinfolumen t. namely, eleven  12-mm  torsteel  is
provided at bottom in the  flight slab, F&r  l2and 13.

Aiecording  t o  clause  40.4.3  o f  Ts:456-19711 t r a n s v e r s e
reinforcement

Mxar  Vr  atthefkdcnd

= 6019 - 2257 - 3762kg

&  - 2241x100x25
145x15(0.87x415x10.19)

3762x25
+ 2.5x15(0.87x415x10.19)

= 1.38an’

Thus S-mmtorstcel  f&g@  stirrup8  providedat  25&m
centres,  gives an area of 2.012cma,  which is OK.

Datdling  of rei+rcement  in rap t%m&g:  The  top lading is sub-
jected to tfue  reaction6 from the flights cmamting/dmimting  at
it, cm&g  ikmrd momenta and also torsional moments dure  to
the eccentric loading of the flights.

The  reactIons  from the flights spread  over a 1
YE?

of 1.5m
is3762kgeach.‘Ihecharspanofthelandingslabis ; thewidtll
of tL slab  is 1.7m; assumed thickness of the slab  is 0.25m

Fiid  end moments, due to the reactions  of 3762kg. at the ends
of the top landing slab are 5307 and 3781-kg-m.  respectively.

11 1112  6t  12Smm  0. c.

Doubt0 links t S 6t 2SOmm 0.c  -

@  g stirrups at
1SOmm  0.c.

Fll  13 Cwaectbn  of upper  flight
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,34116 at 75mm ox. kSfi16at  75mm o.c.--.-..-
I(

\

\ 11 q 12 at 260mm O.C.  in the pedestal
at top bant down)

3.50m .__-
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Fig 14 Details of foundation for lower flight

Loads  on .the  landing slab

Dead load = 0.25 x 2400 = 6OOkg/m*

Finishes, 40mm thick = $$kg/m’
7OOkg/m*

Live load 5OOkg/ma
- mkg/rn*

F E M  =  F

Therefore, negative moment at support
= 5307 + 3600

MS = g907kg-m

Negative moment developed . at the supports of the
flights = 1663kg-m  per flight. This  moment acts as a torque on
the landing slab.

1 6 6 3  1+0*)i .
= \ I

1.7

= 1122kg-m.
Therefore, Met  = Mu  + Mt = 8907 + 1122

.
= 10029kg-m.

8.98bds = 10029kg-m.
Therefore,8.98x1.7xdP  = 10029
Therefore, d = 25.63cm.

Hence, it is required to provide 2.50~mm thick.  slab overall since
doubly reinforced slab can take care of the extra moment of
resistance to be developed.

10029 x 100
As  = 2300 x 0.88.X 22

= 22.52cm’

With 220-mm  effective depth, moment of resistance of the slab

is = 8.98 x 1.7 x 22*  = 7388kg-m.

For balance moment = 10029 7- 7388 = 2641 kg-m

With allowable compressive stress 19OOkg/cnP
Leverarm  = 19cm

ASC=1900  2641
xx 100 19 = 7. 32cmB

Ast = 7388
x 100

=2300 x o.88 x 22 16.59cm*

T$ree;,  total reinforcement = 16.59 + 7.32 = 23.91cm’,
.

Foundation design: The design of foundation is to be principally
based on statical considerations. The reactions from the upper
flight, midlanding and from the bottom flight, which  constitute
the unbalanced loads, will have to be resisted by the inertial mass
of the foundation block.

The detailing of reinforcement in the foundation is shown in
Figs 14 and g5.  The foundation consists of a rectangular slab,
2.5m x 3.5m x 0.55m thick with a central pedestal of
1.5m x 0.6&u x 0.45m in height. The dead weight of the footing
is 11.522t.

(Continued on page 123)
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Fig 15 Cross-section ‘of bndation  and lo& flight
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