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Abstract

The principle aim of the study was to determine the effect of end conditions on the load carrying capacity of
slender column. The secondary objective of the research was to compare the theoretical and actual critical
stress of the slender column. To achieve the goal of the study, total 64 numbers of slender column of different
materials and different cross sections were prepared for the test. The cross-sectional dimensions of square
bars considered for the tests were 6mmX6mm, SmmX5mm, 4mmX4mm and for circular bar the diameters
were 6mm,5mm and 4mm. The length of the columns were Im and 0.8 m. The support conditions considered
for the tests were both end fixed, one end fixed and other one is hinged, both ends hinged and one end fixed
other is free. The experimental results show that the actual load carrying capacity of the slender columns
were greater most of the time than the theoretical load carrying capacity. Results also show that the load
carrying capacity of the column linearly increases with the cross-sectional area for the same column length
and end condition. The critical load carrying capacity of both end fixed support condition found significantly
higher than the cantilever support condition for the same slender column. The difference between the actual
and theoretical load carrying capacity of the slender column inversely varies with the cross-sectional area
of the column. Critical load carrying capacity of the slender column made of mild steel specimen was found
two times or greater than the stainless-steel specimen and the load carrying capacity of the column linearly
increases with the cross-sectional area for the same column length and end condition.

Keywords: Critical Load, Euler Column, Support Conditions, Effective Length, Theoretical Load.

1.0 INTRODUCTION

To fulfill the demand of modern world or to make solutions for population density problems and lack of available land
for development, engineers are always on the pressure to construct the enormous number of tall buildings in various
parts of the world [1]. The columns supporting those huge structures are subjected to massive loading over it. Some
columns not only show lateral displacements but also are fixed at the foot while a load would be applied on the free
end. Several possible modes of failure should consider by engineers while designing those structures containing long
column [2]. Structure when subjected to any axial loads, any column would deform and may buckle under the variety
of loading conditions. When the member suddenly deflects laterally under axial compression, the bearing load is
defined as the critical load in the compression member. At some value of the compressive axial load, the member no
longer remains straight, but suddenly deflects laterally, bending like a beam. This lateral deflection caused by axial
compression is called buckling [3]. The initiation of instability in the loaded structure is known as critical buckling.

Stability denotes one of the main problems in solid mechanics, and to ensure the safety of structures against collapse
it must be controlled. An elastic column is said to be stable in classical stability analysis, if for any randomly small
displacement from its equilibrium position the column either returns to its original uninterrupted position or acquires
an adjoined stable position when left to itself [4]. In most of the real world engineering applications, stability analysis
of the compressed members is very important. There have been lots of researches related to the buckling behavior of
the axially compressed members [5] [6]. One of the fundamental forms of the instability of column structures is
buckling. Buckling is a phenomenon that occurs in structures, which are stiff in the loaded direction and slender in
another direction. The load at which buckling happens depends on the stiffness of a component, not upon the strength
of its materials. The loss of stability of a component is referred to as buckling and is usually independent of material
strength. This loss of stability usually occurs within the elastic range of the material [7]. Initially, equilibrium is stable
but when the load is increased there is a sudden increase in deflection in loading direction due to a displacement in
the slender direction [8]. The critical buckling load by closed mathematical formulae in case of simple beams with
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several support conditions at their ends was first determined by Euler in 1744 [9][10]. The solutions for the elastic
buckling analysis of columns under various loading, restraint and boundary conditions are well documented in the
literature. Unlike beams subjected to transverse loads and small axial forces, columns are quite sensitive to
imperfections [11]. Imperfections have been recognized for a long time and their effects on structural stability have
been well investigated. For long columns, overall (Euler) buckling is more likely to occur before any other instability
failure. For short columns, local buckling occurs first, leading either to large deflections and finally overall buckling,
or to material degradation due to large deflections (crippling). The local buckling critical load determined using a plate
analysis [12].

1.1 Euler Theory for Buckling of Columns
1.1.1 Buckling

Buckling is an instability phenomenon that causes failure on a structure and is accompanied by large deflections and
non-linear behavior. Buckling failure has been observed in long columns under axial loading where failure occurs for
axial stress much lower than the yield stress of the material. Euler, based upon this fact, concluded that this instability
was due to the geometry of the column (i.e. length 1 and bending stiffness El) and he solved the problem
mathematically. Many researchers followed the same procedure in order to solve more specific cases, where the
boundary conditions or eccentricities in application of the load are important [13]. Buckling failures are often sudden
and catastrophic, and engineers are ought to know how they can be prevented. Whenever the columns are applied to
a load, there are three modes of failure, either crushing or buckling or both. Generally, short columns fail due to
crushing and long columns due to buckling. The intermediates would usually fail due to both. Hence, we classify the
columns into short and long columns based on the parameter called as slenderness ratio. It is defined as the ratio of
effective length to the minimum radius of gyration. The effective length is defined as the length of the columns
between the lateral supports. The radius of gyration is the root of the ratio of Moment of Inertia to the cross-sectional
area

\

Fig. 1: Bending deformation[14]

P [fr] dem

Fig. 3: Crushing deformation and buckling deformation [14]
1.1.2 Assumptions that are considered for the Euler Theory

The following assumptions are made for the analysis.
i. The column is perfectly straight and the load is applied axially.
ii. The cross-section of the column is uniform. The column is perfectly elastic, homogeneous and isotropic
material.
iii. The length of the column is very large compared to the cross-section.
iv. The shortening of the column due to direct compression is neglected.
v. The column fails by buckling only.
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The maximum load that a column could withstand without any lateral displacement is called buckling load or Euler
buckling load or critical load.

1.1.3 Euler’s critical load

The Euler’s critical load formula can be used to determine the maximum axial force that a column can withstand
before it fails due to flexural buckling: [15]

m2El

For = Gz (1)
n?EIl

O-CT - (kL/T')z (2)

P, = Critical Force or Maximum force or buckling load or Euler buckling load or critical load
0., = Critical Stress

E = Modulus Of Elasticity

I = Area Moment Of Inertia

K = Effective Length Factor

L = Length Of Column

r = Slenderness Ratio.

This equation is also known as Euler’s buckling formula. From this equation, it is easy to see that the maximum force
will increase when the length of the column decreases and vice versa. By, for example, doubling the length of a given
column, it can now only carry one quarter of the original maximum force. The choice of support (pinned/fixed) is also
a very important factor as it directly affects the effective length of the column. The theoretical factor is based on the
deformation shape the column will develop during buckling. Standards often use a recommended design value for the
effective length factor, which for some supports is more conservative [14].

1.1.4 End support conditions

Previously, each column was assumed to have pinned ends in which the member ends were free to rotate (but not
translate) in any direction at their ends.[16]

e  When the column buckles, it will do so in one smooth curve.
e The length of this curve is referred to as the effective length.

In practice, a column may not be pinned at the ends.

e The column length free to buckle is greatly influenced by its end support conditions.

e The load-carrying capacity of a column is affected by the end support conditions.
- Restraining the ends of a column with a fixed support increases the load-carrying capacity of a column.
- Allowing translation as well as rotation (i.e. free end) at one end of a column generally reduces its load-carrying
capacity.

Column design formulas generally assume a condition in which both ends are pinned. When other conditions exist,
the load-carrying capacity is increased or decreased and the allowable compressive stress is increased or decreased. A
factor K is used as a multiplier for converting the actual column length to an effective buckling length based on end
conditions. The American Institute of Steel Construction (AISC) provides recommended effective length factors when
ideal conditions are approximated. The six cases are presented as follows.

Case A: Both ends are pinned
The structure is adequately braced against lateral forces (e.g. wind and earthquake forces).
Theoretical K-value: K =1.0
Effective length: L. = K =L
m2El

For = 032

(3a)

Case B: Both ends are fixed

The structure is adequately braced against lateral forces (e.g. wind and earthquake forces).
Theoretical K-value: K= 0.5
Effective length: L. =K;=0.5L
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Am?El

Por = (L)? (3b)
Case C: One end is pinned and one end is fixed
The structure is adequately braced against lateral forces (e.g. wind and earthquake forces).
Theoretical K-value: K = /2
Effective length: L. = v/2L
2m%El
For = =07 (3¢)
Case D: One end is free and one end is fixed
Lateral translation is possible and an eccentric column load is developed.
Theoretical K-value: K = 2.0
Effective length: Lc=2.0 L
m2El
cor = 2(1)2 (3d)
Case E: Both ends are fixed with some lateral translation
Theoretical K-value: K =1.0
Effective length: L.=1.0 L
m2El
PCT = (L)Z (36)
Case F: The base is pinned and the top is fixed with some lateral translation
Theoretical K-value: K =2.0
Effective length: L.=2.0L
m2El
Por = 4(1)? (39

2.0 RESULTS

Total 40 numbers of spiral column and 24 numbers of rectangular or square column of different dimensions were
tested for the study. The length of the columns were 1m and 0.8m. Cross sectional dimensions of the square columns
were 6 mm X 6mm, Smm x Smm and 4mm x 4mm. The diameter of the spiral columns considered for the test were
6mm, Smm and 4mm. Four different support conditions were considered for the study with Mild steel and stainless
steel specimens. The support conditions considered for the study were Both end hinged, One end fixed and other is
hinged, Both end fixed, One end fixed and other is free or cantilever.

2.1 Experimental Results of Spiral Columns
2.1.1 Experimental results of spiral columns made with mild steel specimens

All the results of 1 m length spiral column made with mild steel specimens are presented in Tables (1-3) and the
corresponding graphical presentation of the data are shown in Figures (4-9).

Table 1: Actual and theoretical stress of 6 mm dia. 1 m length spiral column made with Mild steel specimens

Dia. of the se(cftri%snsal Radius of Length of LfIff.th Critical ~ Actual Critical C];Iilgc(;);.il
End condition  column gyration the column g Le/r (mm) load (P) stress (P/A)

(mm) area (A) (1) (L) (mm) (Le) (N) (MPa) stress

(mm?) (mm) (MPa)

Both end fixed 6 28.274 1.5 1000 500 333.33 990.81 35.043 17.765
Oneend hinged ¢ 28.274 1.5 1000 707 47133 494.486 17.489 8.885

and other is fixec

Both end hinged 6 28.274 1.5 1000 1000 666.67  192.276 6.800 4.441
Cantilever 6 28.274 1.5 1000 2000 1333.33 54.936 1.943 1.110
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B Actual Critical Stress B Theoretical Critical Stress K= 1,200.0 990.81
& 40.0 — 10000

35.0 - 800.0
= s
"=.30.0 3 600.0 494.486
2250 S Z 4000
%200 g~ ' 192.276
£ 15.0 (5-1 200.0 . 54.936
'S 10.0 = 0.0 -
Zé 5.0 I I é Both end One end Both end Cantilever
O 0.0 . . < fixed hinged  hinged

333.33 471.33 666.67 1333.33 and other
is fixed
Fig. 4: 78 Vs Critical Stress in MPa Fig. 5: Support Conditions Vs Critical Load (P) in (N)

Diameter of the columns considered for the study were 6 mm, Smm and 4mm. Experimental results show that the load
carrying capacity of spiral column decreases with the increase in the ratio of the effective length to radius of gyration.
Load carrying capacity of column with both end fixed condition found significantly higher than the column having
cantilever end condition. Actual critical stresses obtained from the tests were always found higher than the critical
stresses obtained theoretically.

Table 2: Actual and theoretical stress of 5 mm dia. 1 m length spiral column with Mild steel specimens

Dia. of Cross Radius I:)efnt%teh Eff. Critical ér ?21;11
End the sectional of column Length Le/r load (P)  stress Theo. Critical
condition column  area(A) gyration (Le) (mm) stress (MPa)
mmy ) oo P mm) @ EA)
(mm) (MPa)

E}‘f& end 5 19.635 1.25 1000 500 400 496386 25.281 12.337

One end

hinged and 5 19.635 1.25 1000 707 565.6  349.236 17.786 6.170

other is fixed

Both end

hinged 5 19.635 1.25 1000 1000 800 123.606  6.295 3.084

Cantilever 5 19.635 1.25 1000 2000 1600 34335  1.749 0.771

B Actual Critical Stress o 600.0 296.386
< M Theoretical Critical Stress P 500.0
& & 349.236
= 30.0 = 4000 :
R= 250 s 300.0
T 00 = _ 2000 123.606
2 ' S Z 1000 34.335
2 15.0 E= 0.0 . —
175}
= 10.0 8 Bothend Oneend Bothend Cantilever
;% 5.0 I I 5 fixed hingedand hinged
3 0.0 [ | - 2 other is
400 565.6 800 1600 fixed

Fig. 6: LT" Vs Critical Stress in MPa. Fig. 7: Support Conditions Vs Critical Load (P) in (N)
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Table 3: Actual and theoretical stress of 4 mm dia. 1 m length spiral column with Mild steel specimens.

. Length Actual
Dia. of Crp S Radius of  ofthe Eff Critical ~ Critical ..
. the sectional . Length Le/r Theo. Critical
End condition gyration  column load (P)  stress
column area (A) (Le) (mm) stress (MPa)
oy () ™) O N (PA)
(mm) (MPa)
Both end fixed 4 12.566 1.0 1000 500 500 300.19  23.888 7.896
One end
hinged and 4 12.566 1.0 1000 707 707 143.23 11.398 3.949
other is fixed
Both end
. 4 12.566 1.0 1000 1000 1000 74.56 5.933 1.974
hinged
Cantilever 4 12.566 1.0 1000 2000 2000 19.62 1.561 0.493
M Actual Critical Stress ®m Theoretical Critical Stress = 350.0 300.19
E 30.0 é 300.0
= 50 o 250.0
pa 3 200.0 143.23
© 20.0 = 2 150.0
2 150 -2~ 100.0 74.56
= i= 50.0 19.62
2 100 = —
= = 0.0
;E 5.0 I I *;:; Both end One end Both end Cantilever
O 0.0 I H m_ < fixed hinged  hinged
500 707 1000 2000 and other
is fixed
Fig. 8: Te Vs Critical Stress in MPa. Fig. 9: Support Conditions Vs Critical Load (P) in (N)

All the results of 0.8 m length spiral column made with mild steel specimens are presented in Tables 4-6. and
corresponding graphical presentation of the data are shown in Figures 10-15. Diameter of the columns were same as
for 1m length spiral columns. Experimental results show that the load carrying capacity of spiral column also decreases
with the increase in the ratio of the effective length to radius of gyration. Load carrying capacity of column with both
end fixed condition found significantly higher than the column having cantilever end condition. Actual critical stresses
obtained from the tests also always found higher than the critical stresses obtained theoretically.

1,400.0 1222.326

o=}
M Actual Critical Stress ™ Theoretical Critical Stress - 1,200.0
g 500 —§ 1,000.0 790.685
= 400 g 800.0
8 — ~ 600.0
© 300 82 4000 309.996
% 20.0 5 200.0 l 88.29
£ = 0.0 -
10.0 3 .

Tm)s I I 5 Both end One end Both end Cantilever
£ 00 i < fixed  hinged  hinged
O 266.67 377.07 533.33 1066.67 and other

is fixed

L
Fig. 10: Te Vs Critical Stress in MPa. Fig. 11: Support Conditions Vs Critical Load (P) in (N)
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Table 4: Actual and theoretical stress of 6 mm dia. 0.8 m length spiral column with mild steel specimens.

Cross EfT. Actual
End Dia. of the sectional Radu.ls of Length of Length Le/r Critical  Critical Theo. Critical
.. column gyration the column load (P)  stress
condition area (A) (Le)  (mm) stress (MPa)
mm) Y © 0 Om G N (PIA)
(MPa)
Bcf)&leznd 6 28.2743 1.5 800 400 266.67 122233  43.2309 27.758
One end
hinged and 6 282743 15 800 5656  377.07  790.685  27.9648 13.883
other is
fixed
Both end
. 6 28.2743 1.5 800 800 53333 309.996  10.9639 6.940
hinged
Cantilever 6 28.2743 1.5 800 1600 1066.67 88.29 3.12262 1.735

Table 5: Actual and theoretical stress of 5 mm dia. 0.8 m length spiral column with mild steel specimens.

. Length Actual
Dia. of the CTOS Radius - pype  EfT Critical ~ Critical y
End sectional of Length  Le/r Theo. Critical
. column . column load (P)  stress
condition area (A) gyration (Le) (mm) stress (MPa)
(mm) (MPa)
B(;.ltileznd 5 19.63495 1.25 800 400 320 731.886  37.2746 19.277
One end
hlgﬁfe‘i ?;’d 5 19.63495 1.5 800  565.6 45248  535.626  27.2792 9.641
fixed
Both end
hinged 5 19.63495 1.25 800 800 640 202.086  10.2922 4.819
Cantilever 5 19.63495 1.25 800 1600 1280 49.05 2.4981 1.205

800.0 731.886

B Actual Critical Stress B Theoretical Critical Stress g 7000 535.626

- — 600.0 .
= 400 & 5000

e
= 35.0 8 400.0
S 30.0 i . 300.0 202.086
= 250 8 & 2000
£ 150 © 0.0 .
S 10.0 I I § Both end One end Both end Cantilever
= 5.0 2 fixed hinged  hinged
= < ixe inge inge
© 0.0 . = and other
452.48 1280 is fixed

L/r

L
Fig. 12: Te Vs Critical Stress in MPa. Fig. 13: Support Conditions Vs Critical Load (P) in (N)
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Table 6: Actual and theoretical stress of 4 mm dia. 0.8 m length spiral column with mild steel specimens.

Dia. of Cross Radius Length Eff. .. Aqtgal
. of the Critical Critical Theo.
End the sectional of column Length Le/r load (P) stress Critical
condition column area (A) gyration (Le) (mm)
(mm) (mm?) (r) (L) (mm) N) (P/A) stress (MPa)
(mm) (MPa)
B(;.E::dnd 4 12.56637 1 800 400 400 437.526  34.8172 12.337
One end
hlgtglfe‘l *i‘:d 4 12.56637 1 800 565.6  565.6  300.186  23.888 6.170
fixed
Bﬁ’iﬁ‘gzgd 4 12.56637 1 800 800 800  113.796  9.0556 3.084
Cantilever 4 12.56637 1 800 1600 1600 29.43 2.34196 0.771
D‘:‘. Actual Critical Stress M Theoretical Critical Stress _ 2288 437526
40.0 Z 429
= = 400.0
R= 35.0 pul 350.0 300.186
o & 300.0
= 30.0 = 250.0
17 25.0 € 200.0
£ 0o S 1500 113.796
~ : S 100.0 29.43
8 150 -5 500 l :
T 100 5 00 -
o ’ = Bothend Oneend Bothend Cantilever
5.0 I = é fixed hinged and hinged
0.0 o < other is
400 565.6 800 1600 fixed
Le/r

L
Fig. 14: Te Vs Critical Stress in MPa. Fig. 15: Support Conditions Vs Critical Load (P) in (N)

2.1.2 Experimental results of spiral columns with stainless steel specimens

Experimental results of 1 m length spiral column made with stainless steel specimens are presented in Tables 7-8.
The corresponding graphical representation of the data are shown in Figures 16-19. Diameter of the columns were
Smm and 4mm.

Table 7: Actual and theoretical stress of 5 mm dia. 1m length spiral column with stainless steel specimens.

Actual

Length

Dia. of Cross Radius Eff. . L. Theo.
. of the Critical Critical "
End the sectional of Length Le/r Critical
o . column load (P)  stress
condition column  area (A) gyration (Le) (mm) stress
(mm)  (mmd) ) (L) (mm) ™) (P/A) (MPa)
(mm) (MPa)
B%t)}:eznd 5 19.635 1.25 1000 500 400 241.33 12.291 12.337
One end
hinged and 5 19.635 1.25 1000 707 565.6  113.80 5.796 6.170
other is
fixed
Blf.th end 5 19.635 1.25 1000 1000 800 54.94 2.798 3.084
inged
Cantilever 5 19.635 1.25 1000 2000 1600 19.62 0.999 0.771




Md. Ferdous Wahid
Evaluation of the Effect of End Conditions on the Load Carrying 77
Capacity of Long Column

M Actual Critical Stress B Theoretical Critical Stress __ 300 24133
& £ 250 :
s 150 ® 200
i= =
= — 150 113.80
o 10.0 S
2 £ 100 54.94
n = .
= © 50 19.62
= f—
@ 5.0 ° 0 . -
s k3]
2 lI - < Both end Oneend Bothend Cantilever
= 00 - fi ; ;
S ixed hinged hinged
400.0 565.6 800.0 1600.0 and other
Le/r is fixed
. L, .. . . o o .
Fig. 16: - Vs Critical Stress in MPa. Fig. 17: Support Conditions Vs Critical Load (P) in (N)

Table 8: Actual and theoretical stress of 4 mm dia. 1m length spiral column with stainless steel specimens.

Dia. . Length Actual
of the Crp s Radius of the EAf. Critical ~ Critical ..
.\ sectional of Length  Le/r Theo. Critical
End condition  colum . column load (P) stress
area (A)  gyration (Le) (mm) stress (MPa)
R S O o N (PIA)
(mm) (mm) (MPa)
Bothend fixed 4 12.566 1 1000 500 500 84366  6.714 7.896
One end
hinged and 4 12.566 1 1000 707 707 54.936 4.372 3.949
other is fixed
Both end
. 4 12.566 1 1000 1000 1000 45.126 3.591 1.974
hinged
Cantilever 4 12.566 1 1000 2000 2000 7.3575 0.585 0.493

Experimental results show that the load carrying capacity of spiral column decreases with the increase in the ratio of
the effective length to radius of gyration. Load carrying capacity of column with both end fixed condition found
significantly higher than the column having cantilever end condition. Actual critical stresses obtained from the tests
were always found higher than the critical stresses obtained theoretically except the column with both end fixed
condition.

W Actual Critical Stress m Theoretical Critical Stress = gg
ch 8.0 ° 70
= g 60
£ 6.0 =< 20
pas S 40
L 2 30
A 4.0 o 20
o < 10
= S o ]
—_— Q
s 2.0 I < Bothend Oneend Bothend Cantilever
b= fixed hingedand hinged
$—
O 0.0 = other is

500 707 1000 2000 fixed
Le/r
Fig. 18: Te Vs Critical Stress in MPa. Fig. 19: Support Conditions Vs Critical Load (P) in (N)

All the results of 0.8 m length spiral column made with stainless steel specimens are presented in Table 9-10 and
corresponding graphical representation of the data are shown in Fig. 20-23.
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M Actual Critical Stress B Theoretical Critical Stress £ 450
< o~ 400
£20.0 = 350
§ ?g 300
= | 250
5150 = =200
= S =150
@ = 100
8100 © 50
w © 0
— 35
s 5.0 I B
g I I <
S 0.0 -

320.00 452.48 640.00 1280.00

Le/r

L
Fig. 20: Te Vs Critical Stress in MPa.

388.476

ISSN 2518-3125

182.466

83.366

78

24.525

Both end Oneend Bothend Cantilever

fixed

hinged
and other

is fixed o
Support Conditions

hinged

Fig. 21: Support Conditions Vs Critical Load (P) in (N)

Table 9: Actual and theoretical stress of 5 mm dia. 0.8 m length spiral column with stainless steel specimens.

. . Length Actual
. Dia.of ~ Cross — Radius e = Eff Critical ~ Critical Theo.
nd the sectional of Length Le/r -
condition column area (A) ation column (Le) (mm) load (P) stress Critical
enm) () gyr(r) L) () N) (P/A)  stress (MPa)
(mm) (MPa)
B‘tilt)}(‘eznd 5 19.635 1.25 800 400  320.00 388.476 19.785 19.277
One end
h“olﬁfe‘i ?:d 5 19.635 1.25 800  565.6 45248 182.466  9.293 9.641
fixed
Blfiﬁ‘gzgd 19.635 1.25 800 800  640.00 83366  4.246 4819
Cantilever 5 19.635 1.25 800 1600 1280.00 24.525  1.249 1.205

Table 10: Actual and theoretical stress of 4 mm dia. 0.8 m length spiral column with stainless steel

specimens.
. Actual
Dia. of Crp s Radius of Length Eff. Critical ~ Critical Tl.“?o‘
. the sectional . of the Length Le/r Critical
End condition gyration load (P) stress
column area (A) (1) column (Le) (mm) N) (P/A) stress
(mm) (mm?) (L) (mm)  (mm) (MPa) (MPa)
Both end 4 12.566 1 800 400 400 143226 11398  12.337
fixed
One end
hinged and 4 12.566 1 800 565.6  565.6 94.176 7.494 6.170
other is fixed
Bqth end 12.566 1 800 800 800 45.126 3.591 3.084
hinged
Cantilever 4 12.566 1 800 1600 1600 8.3385 0.664 0.771
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W Actual Critical Stress M Theoretical Critical Stress .S 160 143.226
A~ 140

] 29
& 14.0 —
S g 120 94.176
‘= 120 g 100
S 100 —~ 80
= 8 Z 60 45.126
(0] —
5 60 S I 8.3385
—8 4.0 s 0 [
f‘;_’ 2.0 II ég) Bothend Oneend Bothend Cantilever
@) 0.0 - . fixed hingedand hinged

400 5656 800 1600 O]Eher s

IXe
Le/r Support Conéjltions
Fig. 22: TE Vs Critical Stress in MPa. Fig. 23: Support Conditions Vs Critical Load (P) in (N)

Diameter of the columns were Smm and 4mm. Experimental results show that the load carrying capacity of spiral
column also decreases with the increase in the ratio of the effective length to radius of gyration. Load carrying capacity
of column with both end fixed condition found significantly higher than the column having cantilever end condition.
Actual critical stresses obtained from the tests also always found higher than the critical stresses obtained theoretically.

2.1 Experimental results of tide columns
2.1.1 Experimental results of tide columns made with mild steel specimens

All the results of 1 m length tide column made with mild steel specimens are presented in Table 11-13 and the
corresponding graphical representation of the data are shown in Figures 24-29. Cross sectional dimensions of the
columns were 6mm X 6mm, Smm X 5mm and 4mm X 4mm. Experimental results show that the load carrying capacity
of spiral column decreases with the increase in the ratio of the effective length to radius of gyration. Load carrying
capacity of column with both end fixed condition found significantly higher than the column having cantilever end
condition. Actual critical stresses obtained from the tests were always found higher than the critical stresses obtained
theoretically.

10000 928.026

=
M Actual Critical Stress M Theoretical Critical Stress Py 800.0
m .
§ 30.0 “5 600.0 516.006
= 25.0 s 400.0
£ 500 i . 202.086
a ' :é 0.0 -—
fé 10.0 8 Both end One end Both end Cantilever
[%]
= 5.0 l l g fixed hinged  hinged
2 0.0 .= 2 and other
5 288.68 408.19 577.35 1,154.70 is fixed
Le/r Support Conditions

L
Fig. 24: 78 Vs Critical Stress in MPa. Fig. 25: Support Conditions Vs Critical Load (P) in (N)
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Table 11: Actual and theoretical stress of 6 mm X 6 mm and 1.0 m length square column made with mild
steel specimens.

Cross sectional _ o - - ‘§ & Theo.
size of the WS E/ b f 2 E®E s _‘_é & E= Critical
End column in (mm) 3 § <% BE g g § E, g e == O g stressin
condition . O8sf BE w3E ~ o © & gé = 2~ MPa
Width  Lhick- 28~ 28 2243 A 27 2%
! ness ® 8 4 ° M~ © < 3
lf?l)(()g(lj end 6 6 36 1.7320 1000 500 288.675 928.026 25.7785 23.687
One end
chligz?her 6 6 36 17320 1000 707  408.187 516.006 143335  11.847
is fixed
Ei‘r)ltgheznd 6 6 36 17320 1000 1000 57735  202.086  5.6135  5.922
Cantilever 6 6 36 17320 1000 2000 11547  58.86 1.635 1.480
Table 12: Actual and theoretical stress of 5 mm X 5 mm and 1.0 m length square column made with mild
steel specimens.
Cross sectional size X. . Length Actua Theo.
End of the column in sectional Ra(t)l;us of the Lfrff.th Lo/ in Critical Critical Critical
condition (mm) area (A) ation column (Le)gin (mm) loadin  stress in stress in
. . in YT (L) in (N)(P)  MPa MPa
Width  Thickness (mm?) (r) (mm) (mm) P/A
g}f;g end 5 5 25 1.44338 1000 500 34641 476766 19.0706  16.449
One end
giﬁgf?s"md 5 5 25 1.44338 1000 707 489.82  251.136 10.0454  8.227
fixed
Both end
hinged 5 5 25 1.44338 1000 1000 692.82 103.986  4.15944 4.112
Cantilever 5 5 25 14434 1000 2000 13856 34335 13734  1.028
M Actual Critical Stress = 600.0
.8 476.766
25.0 ~ 500.0
< =9
& =~  400.0
20.0 g
= £ 3000 251.136
© 15.0 g z 2000 103.986 4 sas
n = T100.0 .
»v  10.0 =
|5 S 00 N —
2z 5.0 Tg Both end One end Both end Cantilever
S II S fixed hinged  hinged
S 0.0 - < and other
346.41 489.82 692.82 1385.64 is fixed
Le/r Support Conditions

L
Fig. 26: 79 Vs Critical Stress in MPa.

Fig. 27: Support Conditions Vs Critical Load (P) in (N)
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Table 13: Actual and theoretical stress of 4 mm X 4 mm and 1.0 m length square column made with mild

steel specimens.

.Cross sectional X Radius Length Eff Critical Ac't.ual Th@o.
size of the column  sectional of the . Critical critical
End . of Length Le/r in load .
. in (mm) area . column . . stress stress in
condition . gyration . (Le) in (mm) in (N) .
Width Thickness MM (ry @i () ~ nMPa MPa
(mm?) (mm) P/A
g}‘(’;}é end 4 4 16 1.1547 1000 500 433.01  182.466  11.4041 10.528
One end
hinged and 4 4 16 1.1547 1000 707 61228 143226 8.95163 5.265
other is
fixed
Both end
. 4 4 16 1.1547 1000 1000 866.03 45126  2.82038 2.632
hinged
Cantilever 4 4 16 1.1547 1000 2000 1732.1 14.715 0.9197 0.658
B Actual Critical Stress B Theoretical Critical Stress = 2000 182.466
R=| 180.0
L 120 = 1600 143.226
= .
S 100 g 1200
= 80 S 800
@ . - ,2 60.0 45.126
Z 6.0 S< 38'8 . 14.715
g 40 S 0.0 -
= Tg Both end One end Both end Cantilever
;f_.:) 2.0 II I3} fixed hinged  hinged
S 0.0 Hm < and other
433.01 612.28 866.03 1732.05 © f"“fd_
Le/r Support Conditions

L
Fig. 28: 78 Vs Critical Stress in MPa.

Fig. 29: Support Conditions Vs Critical Load (P) in (N)

Experimental results of 0.8 m length tide column made with stainless steel specimens are presented in Table 14-16
and the corresponding graphical representation of the data are shown in Figures 30-35.

M Actual Critical Stress M Theoretical Critical Stress

40.0

35.0
30.0
Le/r

25.0
20.0
15.0
10.0
5.0
0.0

Critical stress (o) in MPa

L
Fig. 30: 78 Vs Critical Stress in MPa.

1,400.0

1,200.0
£ 1,000.0
800.0
600.0
400.0

—
£.200.0

0.0

1183.086
319.806

I 810.306

Bothend Oneend Bothend Cantilever
fixed hinged and hinged
other is
fixed
Support Conditions

88.29
|

Actual Critical Load (P)

Fig. 31: Support Conditions Vs Critical Load (P) in (N)
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Table 14: Actual and theoretical stress of 6 mm X 6 mm and 0.8 m length square column made with mild

steel specimens.
Cross sectional size Theo.
of the column in X Radius Length Eff. Critical ACtual critical
sectional of the . Critical *
End (mm) of Length  Le/r in load stress in
.\ area . column . . stress
condition . gyration . (Le) in (mm) in (N) . MPa
Width  Thickn. (A) in (r) (L) in (mm) (P) in MPa
! 1CKNCESS  (m? ) ( mm) P/A
E)(:sts}cll end 6 6 36 1.73205 800 400 230.94 1183.09  32.8635 37.011
One end
hinged and 6 6 36 1.73205 800 565.6  326.549  810.306 225085 18511
other is
fixed
E.mh end 6 6 36 1.73205 800 800  461.88  319.806  8.8835  9.253
inged
. 6 6 36 1.73205 800 1600 923.76 88.29 2.4525 2313
Cantilever
Table 15: Actual and theoretical stress of 5 mm X 5 mm and 0.8 m length square column made with mild
steel specimens.
Cross sectional X. . Length .. Actual Theo.
End size of the sectional Rad}us of the LEff' h Lok Cfltlzal Critical ~critical
nd column in (mm) area ot column  -n&t erm. . loa stress stress in
condition ———————— . gyration . (Le) in (mm) in (N) . MPa
Width Thickness D0 Ty @i ey py M
(mm?) ( mm) P/A
E}‘(’;ﬁ end 5 5 25 14434 800 400 27713 633726 25349 25702
One end
hinged and 5 5 25 14434 800  565.6 391.86 417.906 16.7162  12.855
other is
fixed
Both end
hi 5 5 25 1.4434 800 800 55426 162.846 6.51384 6.426
inged
Cantilever 5 5 25 14434 800 1600  1108.5  44.145 17658 1.606
M Actual Critical Stress M Theoretical Critical Stress E 700.0 ~633.726
< 300 & 600.0
S 20 9 500.0 417.906
Q
2w =
o < 7.300.
%, 150 2 52000 162.846
@ = .
£ 100 O 1000 l 44.145
3 so =
:L:) II - < Bothend Oneend Bothend Cantilever
3 0.0 fixed hinged  hinged
277.13 391.86 554.26 1108.51 and other
is fixed

L
Fig. 32: TB Vs Critical Stress in MPa.

Fig. 33: Support Conditions Vs Critical Load (P) in (N)

Cross sectional dimensions of the columns were 6mm X 6mm, Smm X Smm and 4mm X 4mm. Experimental results
show that the load carrying capacity of spiral column decreases with the increase in the ratio of the effective length to
radius of gyration. Load carrying capacity of column with both end fixed condition found significantly higher than
the column having cantilever end condition. Actual critical stresses obtained from the tests were always found higher
than the critical stresses obtained theoretically.
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M Actual Critical Stress M Theoretical Critical Stress 400.0 339.426

A
= g 3000 202.086
© 3 i
< 20.0 - o 200.0
£ £15.0 s§&
=g 2 T 1000 74.556
7S == 19.62
:‘é 5.0 I 5 Both end One end Both end Cantilever
“ 0.0 Il - <E) fixed hinged  hinged
346.41 489.82 692.82 1385.64 and other
is fixed
Fig. 34: Te Vs Critical Stress in MPa. Fig. 35: Support Conditions Vs Critical Load (P) in (N)

Table 16: Actual and theoretical stress of 4 mm X 4 mm and 0.8 m length square column made with mild
steel specimens.

Cross sectional X Radius M g Critical ~ AAotual Theo.
size of the column  sectional of the . Critical ..
End in (mm) arca f column Length  Le/r in load stress critical
condition Wit Thickn (A)in gy{a;tl)on (L) in ((L;:l)nllI; (mm) 111( l()I)\I) in MPa st;e/:[spsaln
! 1CKNGSS  (mm?) ( mm) P/A
12;);15 end 4 4 16 1.1547 800 400 34641  339.426 212141 16.449
One end
hinged and 4 4 16 11547 800 5656  489.82 202086 12.6304 8227
other is
fixed
Both end 4 4 16 1.1547 800 800  692.82 74556  4.65975 4.112
hinged
. 4 4 16 1.1547 800 1600 13856  19.62  1.2263 1.028
Cantilever
3.0 CONCLUSIONS

The main objective of the study was to evaluate the effect of end conditions on the load carrying capacity of slender
column. To determine the critical load carrying capacity both theoretical and experimental investigation was
performed. Based on the results obtained from the analytical and experimental investigation of the present study on
slender column the following specific conclusions can be made.

a. The experimental results show that the actual load carrying capacity of the slender columns were higher
most of the time than the theoretical load carrying capacity.

b. The difference between the actual and theoretical load carrying capacity of the slender column was always
higher for both ends fixed, and one end fixed and other one hinged support conditions. Values of actual
and theoretical critical load found quite similar for both ends hinged and cantilever support condition.

c. The actual critical load found approximately 2 times of the theoretical critical load for both ends fixed,
and one end fixed and other one hinged support conditions.

d. Ciritical load carrying capacity of the slender column made of mild steel specimen was found two times
or higher than the stainless-steel specimen.

e. Results also show that the load carrying capacity of the column linearly increases with the cross-sectional
area for the same column length and end condition.

f.  The critical load carrying capacity of both end fixed support condition found significantly higher than the
cantilever support condition for the same length slender column.

g. The difference between the actual and theoretical load carrying capacity of the slender column inversely
varies with the cross-sectional area of the column.
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