CHAPTER I

INTRODUCTION

1¢1 General statement of the problem

In the past two decades, a number of reinforced con

crete helical stair fixed at both cnde has becen constructed al-

Y,

though their design and construction were not casy. However, owing
to the acsthetic appearaince and structural advantage, this attrac-
tive structurc has begouwy/popular amon; structural cngincers and
architects. Theorctical amalysis and.cxperincental research works
wvere also made and publiched at that time. Nowadays, much is nown
about the hclical stair. Newverthelesc, it is foumd that all the
early helical stairs were constructed with the central angle li-
mited to 360 degraess When the eentral angle of the helical atair
is greater than 3680 degrees, the structural behavior of this
staircase beccomes doubtful. I'o test records concerning this large
angle helical gtairs arc available ot present. It is thercfore

g

advantageous to investigate the structural behavior of this stair-

Ca5C,

1.2 Litcraturc rovicw

.
In 190G, the first reinforced concrete helical stair

wvas constructed in England. It was analysed as an onen coiled
helical spring and was designed primarily as a torsion mcmber, How

~cver this type of staircase was not populare.



Bergnan (1956) suggested an approximate analysis by
aspuning that the helical stair fixed at both ends was represcnt-
ed to 2 horizontal bow girder. The bending moments, torsional mo-
ment and shearing stresscs were calculated as in a curve beam

loaded normal to its plane. This method failed to take intc conei

~deraticn the hencficial structural bchavior of a helical heam

which was mnuch stronger than a bow girder,

Holnes (1957) publishcd a paper dealing with the
theory of helical stair and prescnted equation for the computation
of tho two mid span r¢dindants for the usual design case of the
uniformly loaded girdeér. In his analysis the helical stair was
simnlified as a helical beam. He assumed that the center of gravi
-ty of the load licd on” the center linc of the steps which was

assumed to be the longitudinal clastie axis of the beam.

Young and Scordelis (1950) have performed ‘an experi-
ment on the moéol of a helical girder, fixed at the ends, subten-
ding a horizontal angle of 180 degrees, and.having a slope of 30
degrees. Four pgirders, cach having o different uniform rectangular
cross-—scction, werc made of plexiglass. The experiment using the
large displacencnt mcthod of the model analysis, was conducted
with the aid of the apparatus designed by Gerstle (1955). The influ
~cnce line for rcactions resulting from concentrated loads acting
along the center line of the girder have becen plotted to compare
with an analytical solution. Their cxperincental results gave very

good ajrcenent with the theorctisal valucse



Scordelis (1960) has presented the tabulated values
for the redundants at mid ~pan of o unit uniformly loaded heliw-
coidal girder fixcd at its ends,., His analysis werce based on the
sanre assumption as Holmeg! nethod. However, in the discussion of
Scordelis (1960 b) following his paper, he has devcloped an addi
~tional solution by including the eccentricity of the load with
respect to the ceater linc of the girder. Tabulated values for
the redundant at mid span of a unit uwniiorm torque per lineal

foot oif horizontal projection have also been published.

Vorgan (1960) used the samec basic assumvtions as
Scordelis analysing the helical stair. He also considered the
affect of the cccentyicity of load with respect to the center
lifle of the

tevs. However, the method of finding the values of

£

)]

the cccentricity of load were differcnt. Zoth Scordelis and

Morgan's method yiclded nearly the same resultse.

Suphachai Trirojna (1962) has performed the ex-
periment to investigate the structural behavior of a 80~degree
helical stair 'fixed at both cnds. Two half scale models wer~
constructed to test under uniform load. The load factor at
callapse load of the first and second model were 4,5 and 3.6

respectively.

Saksit Niyomvit (1963) used Scordelis and Morgan
method to analyse a 180-cdegree fixed ended helical stair. The
coitbined equations for uniform load and concentrated load at

the central nran were also given in his



work. Two half scale models werc conatructed and then tested.
The first model was first tested for a concentrated load and

then for uniform load vntil the staircase failed. The second

model was tested for vniform load only. The load factor at
collapse load obtained from the two models werce 7.5 and 9.0

respectively.

Sakda santathadavorn (1964) cxtended the work done
by suphachai and baksit. In his work, a 360-degrée fixed ended
helical stair was analysed by the method of Morgan. An cxperi-
ment was performed by an actual loading test on a full scale
helical stair up to 25 percent over the design load. He con-
cluded that the design of = 360 degree helical stair by Morgan's

method was satisfactory.

1.3 Furpose and JSeone of investigation

The purnoge of this thesis is te investigate, hoth
theorctically and experimentally, the structural behavier of
a helical stair fixed at both ends with central angle mere
than 360 degrecs.

In thisc work, the analytical determination of the
internal forces and vertical deflections of the helical stair
are develoned and a nrototype of helical stair with centr&l
angle 720 degrees is calculateds A half scale reinforced con-
crete model is constructed for testing. The vertical, horizon. -
~tal disvlacement and strain are measured at each increment

of load. The model should he tested to failure load.
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