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CHAPTER IV

CONSTRUCLIGH AND TE3T

b, Construction

4 e m——

A half scale rcinforccd concrete modcl of the wroto-
type was constructed for testing. The form work of the model was
nade of 50t wood and licd with thin ply wood. Since the lincar
scale of the nodel waz half of the vrototype. The arca of stecl
in the nodel was 25 percents of the value calculated for the nro-
totype. However, the same percentase of reinforcement in the
model was meintaincd as in the original design for the prototype,.
The detailing of the reinforccrnent and dimension of the model was
shown in Fig. 100te 13 « The reinforcing bars uscd were plain
mild stcel bars and its yield strength was 2400 'kg/cmgm Closcd
loop stirrups were uscd and placcd in the radial dircction. A1l
these stirrups were spaced along the center line of the steps.
The upper and lower supports of the model were a 15 cm. rcinforced
concrete slab, vith thc wlar dimension 40 e¢n. X 100cm. . All the
longitudinal wecinforcement stecl at the upper and lower end of
the staircase were anchored into thc supports which were rein-
forced with closed loop stirrups of dianmetcr 12 mm, at spacing
6 cme . The lower suppors slab was cast into mild steel channcl
sections, which were welded with two stecl I-section and a steel

channels Yhese two steel I-scction were bolted rigidily to the
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laboratory floor., 'he. later stecel channcl were welded to the two
cteel coluwn as shown in Mg 19. The upper support slab was also

cast into the two steel channels. These two stcel channels were

=
<
1

waelded th the Tfour horizontal steel chaancls which were support
~cd on thc four vertical steel columms. The base of the columns
vwere bolted rigjidly to the loberatory floor. These four columngs
were laterally braced with two steel channels and a stecl angle
against sidesway.

The gonerotd/ /uscd in constructing the model had the
sronortion 1 ¢ 2.3 ¢ Y fétmennt ¢ sahd : aggregatc) by weight and
a wvatere- cenent ratio/of 046 4 Hatural river sand and crushed lime
stone of 1% inch maxipum Size were uscd with portland cenent type
L. The model was continvously cast in six batches. #ive specimen
of concrete cylind¢y were ubt:inudlfor crushing tesis and curced
by immerging in the water. The nodel was cured for 21 days by
covering with wet sackinge. The form work was also removed at 21
days after casting. The average compressive stress fronm tested

; , 2
specinens at 20 days wac 286 'kg/cme

L.2 lHeasurin; device

The vertical deflcctions and horizontal disnlace-
ments in the radial dircction were neasurcd by fifteen mechanical
dial gauges. An independent square stecl frame was built in the

inner cirecle of the helical stair. Steel angles were attached to



)

o

the inner square steel frame and projected outward for mounting
dial gauges. Eight aial gauges werc mounted on the projected steel
angle underside along the center line of the étaircase to neasurc
the vertical deflcections. The horizontal displacenents in the rad-
ial dircction were measurcd by scven dial gauges. The arrangement
of the dial gauges was shown in Fig 14,

Elecctrical strain gauges were attached at various
scctions vaderside of the staircase for strain measurcucent. The

location of the zauges wag shown in %ig 14,

L £

4e3 Testing

The helical stair was tosted under uniform load.
Prestreoscd stecl vircs with length 4C eme and 80 cm, tied toge-
ther , cach bundlé weighing approximately 10 kgs. were used as uni
~form load. Thc staircasc wag loadcd din scven cycles and loading
schedule wac shown in Table 124 At cach dincrcment of load, deflec
~tions and strains werce ficasurcd as shown in Table 13 and Table ik,
Yhen the load rcached 32350.6 kgs. which was over the anticipated
ultinate lead, all the mechuanical dial pauges werce reimoved. At a
load of 531% kgis., meny hair cracks were seen at the outer side of
the stair and distributed along its lengthe The final load of the

staircase was 7054,.6 kgs. However, the staircase did not collapse.



Table 11 Compressive test of concrete cylinders
Specimen Age Ultimate load Compressive stress

& No. (days) (Kgs) (kg/cm?)
1 28 4825 272
2 28 6900 390
3 28 k200 237
b 28 k100 231
5 28 5300 299
| Average 28 5065 - 286

)

53



54

o QS,(B)
% A, D)
1,(8)
Ay
({8
)
9 (D3)
-~
e |2
&y o
K
C3 C
ao.(g - o 18c” (3400 o M N
360 & 4 ”
G -
3 ()
5 (F,)
8 (]
F,l
B
3,(7)
4
JED

i, (15)

|——o.4 + 0.80 ————--I-— o.w——l

© | To 8 = Vertical deflection gauges
O- s T 15 = Horizonta! deflection gauges ( in radial direction )

o—o A_Jo F a= Strain gouges (at bottom surface of the stair )
& Ag To Fy= Strain gouges make o angle 48’ 1w the tangential

Remark :

Fig 14 :

fine of center line of steps

the number and letter in the brackets represent the defloctior
gouges ond strain gauges of stations coressponding to the angle
in the Eracket

Pian of strcin and defléction measuring stations



Fig 15 : TFormwork and support

Fig 16 : Typical Measuring Devices
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Hodel under Jload
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Arrangement of steel

Fig 18 :

reinforcement in model

staircase
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Fig 20 : view of the flexural cracks at

mid point of center line of the

step of the stairs

i



Fig 21

Fig 22

.
-

View of torsional cracks at

the outer side of the stairs

View of the torsional cracks

at the top face of the stairs
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Table 12 : Loading Schedule
Cycle of loading
Step
1 2 3 i 5 6 7
1 Q7 9.2 18,7 19.0 182 95.6
2 8.6 8.7 8.1 19.2 15,0 19.7 95.6
3 e 2.9 i 1547 19.2 95.6
L 8.0 9.1 9.8 19.8 18.9 18.5 95.6
5 8.8 9.7 18.0 18.9 1843 95.6
6 Ce? Q.6 2.5 20.3 18.9 19.2 95.6
7 8.9 9.2 18.7 18.5 18.6 95.6
6 6.9 9.0 10.6 18 .4 19.4 18.6 95.6
9 8.2 17,9 167 18.2 18.6 95.6
10 9.6 9.6 9.7 184 18,7 194 95.6
11 S 7 9.5 20.0 181 18.5 95.6
12 9.0 8¢9 18.9 16.3 18.8 19.9 95.6
135 95 8.5 18.2 18.7 11.2 95.6
14 8.6 1040 18.5 20.4 18.3 18.6 95.6
15 S.3% 10,0 16.9 19.5 19.2 95.6
16 9.3 2.5 L7 19.7 17.9 19.1 95.6
17 5.8 20.8 18.4 19.3 18.8 95.6
19 9.5 8.7 9.1 18.8 19.0 212 95.6
19 10.0 8.9 15.5 18.5 18.1 Q5.6
20 9.6 9.6 172 18.8 18.7 18.9 95.6
21 10,0 | 9.3 18.9 18.7 18.7 95.6
22 9.5 9.5 8.7 19,7 20.4 18.2 95.6
23 10.0 T7=5 18.0 17.6 19.2 95.6
24 9.0 9.1 S5 19.8 18.2 18.7 95.6
25 9.0 10,0 18.2 18.% 17.9 95.6
26 C.6 9.1 20.5 18.7 174 16.4 95.6
27 8.6 9.6 18.0 19.1 15.2 95.6
28 9.2 9.3 8.8 193 18,0 19.6 95.6
29 9.1 171 18.2 19.2 19.1 95.6
20 8.8 8.8 9.5 16.6 1642 19.0 95.6
31 Ge5 9.5 19.0 181 1067 95.6
32 9.4 8.8 Ce2 17.0 18.7 19,2 95.6
33 8.9 8.9 1757 18.7 184 95.6
34 9.3 9.1 8.7 18.4 18.4 19.5 95.6
35 7.8 9.0 18.5 18.8 12.6 95.6
36 8.9 9.6 6.0 18.2 29300 20.2 95.6
37 8.8 9.2 18.9 17.8 18.9 95.6
78 6.5 9.4 9.3 16.9 19.3 20.3 95.6
39 9.2 9.5 17.9 19.0 18.7 95.6
! Lo 9.0 10.0 9.5 1849 177 20.1 95.6
Weight(Kgs) 181.0] 368.4 kil 9f 7k0.2] 748.6 747.5| 3824.0
l.Tbtal wt 181.0 5&9.&5f 994 . 3] 1734.5 2483.1] 3230.6 7054.6;
(Kzg) . it i iz, N

Remark :

Tatal working load 900 Kgs

i e e smme— e w0
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Table 13 : Vertical deflection and horizontal displacement
in radial direction
. Di;i Gauge Total load (Kgs)

Number 181.0 | 549.4 | 99h.3 | 173445 | 2483.1 | 3230.6
1 0 245 76 15.2 28,0 4o.6 56.0
2 0 5e8 18.2 4o.5 7045 100.5 145.0
3 10,5 26.5 1 55.8 96.1 141,0 191.0
- ~ b 0 4.7 39.0 | 78.0 | 124,0 175.0 220,0
Nf 5 0 3.5 5342 68.0 | 115.3 165,0 197.0
Eﬂ 6 0 8.0 225 49.5 8545 125.2 172.0
;; ? 0 147 6.0 17+7 32,0 48,0 64.0
ff 8 0 1.0 35 75 14,6 20.5 25.5
| :E 9 -1.2 340 -5.0 | =11.0 -18,0 -2k, 0
% 10 0 “5.1 ~1440 ~19.8 | -35.6 -45,0 -56,2
- a 11. 0 “3.8 -Gk -23.4 | -38.6 ~56.0 ~-63.5
12 als 5.0 255 0.5 -2.5 ~4.0
13 0 2.0 6.9 16.5 28.5 43.0 56.0
14 5.0 849 12:7 | 182 30.3 42,0
15 0 12 25 5.0 745 10,2 16,5

( Negative for outward horizontal in radial direction )
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Table 14: Strain measurement at station A to F
etk Total 1load (Kgs)
GtaEicn 0 181.0 5494 1 994.3 | 1734.5 | 2483.1 | 3230.6
A1 0 19 246 340 ko2 4,0 L,2
A2 0 140 362 L0 ke5 5.8 6.8
A3 0 2.0 37 b,5 6.8 6.8 9.0
Al 0 Oe2 2.3 540 7.0 8e1 1148
B 0 £ - - = - &
B2 0 240 6okt 1340 15.6 1947 22,0
B3 0 247 73 413 13.9 15.8 18.6
B4 0 o - - i = @
‘ C1 0 =340 =10 3.5 12.0 22.5 3040
'?3 c2 0 QIEEED | «1.0 9.0 | 15.0 26,0
¢ | C3 0 242 o) 4,0 10.3 12,0 2k,0
310 0 =3.0 | 0.5 | =2.0 440 8.0 16.0
_a D2 0 -2.0 ~1.0 1.0 5.0 7:5 12.0
g D3 0 4a5 =3,0 -2.0 3.0 3.0 4.0
21 o4 o) =143 2.0 =340 6.0 .2 19.4
51 0 247 0.5 1.5 -2.5 4.8 9.5
E2 0 “240 =2,0 -2.0 15 3,0 ° 2.5
E3 0 2,0 =36 ~342 0.8 -2e3 140
o 0 -3.0 =145 =140 2.0 veb 20.0
1 0 =3k -2,8 —2.k 748 9.6 1259
F2 0 240 -2.5 =2,0 20 843 10.3
F3 0 Fal | <049 3.0 Ba2l | 998 i
Fl 0 2ok -1.9 -046 6.1 14,0 15.4
|
Remark : Positive for compression and negative for tension
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Load 10 X 1€ xg.

0

{ Gauge

)

P 178 1 1 | 1

0 20 30 40 5 60 70
Verfical  deflection 10 X 10> mm.

Fig 23: Verfical defiection curve
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Fig 24: Varfical dsflection curve
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Fig 25: Verticel deflection curve
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load 1.0 ¥ l& Kg.
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80 100 30

Vaertical dcficetion O ¥ 10 mm.

Fig 26 : Vertical deflection curve

({ Gouge 6 )
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Fig 27 : \Vertical deflection curve
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Vertical doflection 1.0 X 102 A,
Fig 28 @ Vertical deflection curve *

( Gouge 5 )
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1
0 50 100 180 _2200
Vertical deflection 1.0 X 10 m.m.

Fig 29 : Vertical deflection curve
{ Gauge 4)

250
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1 ! 1 |

1
5 10 ] 20 25 2 30
Vortical deflection 1.0 X 10 m.m.

Fig 30 : Vertical defilection
(Gauge 8)
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Fig 3!: Horizontal displacement in the radial direction

(As meosure ot the outer side of stairs )

3I

99



10 X I0 mm.

Horizontel deflection

40L At 3230.6 #gs.
B8O
w % -
T0 | ] 1 | | |
0 20 180 270 360 480 540 630 720
Bottom support Horizontal Angle , Degreses Top scupport

Fig 32 : Horizontal
the oufer

Deflection in the radial
side of stair

direction along
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200~ At 3230.8 Kg. (Expwhmf!)
€
E
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: 50 At 994.3 K¢
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wﬂ
0 1 1 1 1 1 1
0 90 180 270 360 480 540 &30 720
Bottom of Stulrcase Horizontal Anmgle , Degrees Top of Stoircase

Fig 33 : Vertical deflection profile along the center line of step
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Fig 34 : Sirain ot station A ond B
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70 30 L5 0 8 o )
10 X 10° Stroln 10X 10°

Fig 35 : Strain at station C and D
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Fig 36 : Strain at siation
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Table 15 : Comparative strain at live load 3230.6Kgs
; R s ; ' : Lk
SEpata Sbabion Strain from dlrecf ﬁnalytlca} strain
measurement 1.0X10 1.0 X 10
|

Central angle | A1 L,2 ~3.9
120 degrces A2 6.8 -0.9

A3 9.0 2.0

Al 1148 8ol
Central angle | B1 - 7.k
240 degrecs B2 2240 8.h

B3 18.6 9.3

Bh - 13.9
Central angle | €1 3040 1641
360 degrees c2 26 .4 18.1

C3 2k, 0 1841
Central angle | D1 16,0 9.3
LBO degrecs D2 12.0 8.3

D3 L,o 7ol

Dl 19.4 13.9
Central angle | E1 9.5 2ol
600 degrees 12 2¢5 =0.9

E% 1,0 -39

B4 20,0 9.0
Central angle | F1 124 6.6
690 degrees F2 1043 L,2

I3 111 1.8

T 151 10,1

*  Strain caused by live load only
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