73

CHAPTER V

il i i s i 2

PI5CULLIGN AND CONCLUSION

51 Discussion ox the test result

from thce lecad-deflection curves as shown in Fig 25 to
Fig 70, it i scen that the losd- . cction curves were still
straight line cventhough live load was over the anticipated ulti-
mate live load (2520 k5se) » This indicate that the model still
behaved clasticall:” up to this stage of loading. The vertical de-
flection profile clong the ceater line of sten were also shown in
Mg 33, The naximue vertical doflection occurred at mid point of

e

center linc of step and reduced to zero at both the upper and low
-er support. The wertical deflections at live load 99%4.3 kg. which
was sliphtly larger than the working load (900 kg.) were then plot
~ted to commarc with the experimental deflections. It is found
that the analytical vertical deflections werce greater than the
experinental deflections. However, the deflection shape from the
analysis conformed to that from the cxperiment,.

The horizontal displacements in the radial direction
which were mcasurcd at the outer side of the staircasc showed that
there were an inward movenent at the upper half and outward move-
ment at the lower half of the staircasc. In Fig 31 the horizontal

displacements measured at mid point of center line of step showed

fluctuvated valucs ot cach increment of load. ilowever, the angle
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horizontal displaccnent curve in IMig 32 showed that it should be
no uovement at this location.

The illustration of the load deflcction curves in
Pip 3k to #ig 36 showed that the measured strain were orratic at
small load. It is believed that discircpancics resulted mainly from
the difficalty in measuring accurately the small changes in strain
that rcesulted from an increment of load. Therefore, the measurcd
strains at the bepinins-stage o loading were disregarded and at
large load the neasered gtrains were comparcd to the analytical

ig. found that the mecasuvrced strains

o

strains as shown in ¥Fable¢r154 1
were srceater  than Abe/ anadyitical sirains.

At a livy load %31% kkge, nany hair cracks were sccn
and uniformly distribuled along thce length of the helical stair.
Since the helicalistadr—was—tasered=m0o that its resisting capacity
at cach scction clesely agrced to the variation of the internal
| 5

forces. Hence, the c¢raclks werce found to occur at the sane tine,

If dcad load of the model was included with live load, the load
factor obtaincd at this stage of loading was 1.58 time the anti-
cirated ultimatce load which was equal 5000 kg (1.4 Dele + 1.7
L.L.) . Yhen the load was further increcascd to ?05k.6 kg., the
cracks only spreaded wider and no critical craclis occurred on the

-

staircasce. “he model did not collapse cventhourh the load was

[

larsze. The load factor obtained at this final stage of loading
was 1.9 tinme the anticipated ultimate load. In Fig 22, the cracks

at the top face of the stair ocurred in diagonal direction and



joined the diajcnal craclis at the outer side of the stair. At the
outer sidc, the cracks were widencod visibly at the top face and
oropagated dewnward to or close to the location near the bhottom
face as shown in Pig 21. At this bottom face, cracks were not scen.
It is scen from the vattern of cracks that fuilure of the struct-
ure in this marner should be caused by combinced torsion and nega-
tive bending moment which torsiorn was dominant. In this test,
tosional cracled occurcd on whole the staircasc and found synmc.-
trically about mid peint 0f center line of stewn. At mid noint of
center linc of step, f£WAtfeXdvertiecal crack was found at the
joint of thc thread #And idser(as shown in Fip 20, The crack indi.
cated that negative Fending wefncnt was dominant at this location
cince the crack siartediat=the—tt) focec. 1t is found that the typc
of failurc of the aledel-ocurred-corresponding to the analytical
internal forces whieh were dominant 'at any sections. From these
reasons it is indicated that the behavior of the helical stair was
closcly ajreed to the analytical assumptions. However, the load

h. Phis may resulted fron
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facter obtained from this
the Tfollowing factors -
1e actuval conpressive stress was higher than that used in
the design,
2. vresisting capacity at any sections vere incrcased since
the capacity reduction factors were applied in the design in order
to conform the ACI Code of practice,

the effect of the step of the stairs.

L
.



76

5.2 Conclusion

The following conclusions may be drawn from this
study

1« irom the experiment of a 720 degrees helical stair fixed
at both onds, it shows that an analysis of helicoidal girder is
satisfactory and give a conservative resulte.

2. The helicoidal girder can be analyscd as a structure
vhich is statically indgtcoruinate to the sixth degree or using
the nrinciple of symmetry. DBoth nmethods of analysis yield the same
results and can be annlied to the helical stair with any central
angle.

3. DBending noments, torsion and cghear forces can be sepa=-
rately designcd.the samc way ag in straight beam.

L, Analytical deflcctions ave greater than the actual deilec
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