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Abstract

This paper has investigated experimentally the ohioduckling behavior of AISI 303 stainless stedlirAinized
and as received long columns. These column«~dip aluminized and as received, are tested undeardic buckling
22 specimens, without aluminizing (type 1), and sg&cimens, with h-dip aluminizing at different aluminizin
conditions of dipping temperature and dipping tiftype 2), are tested under dynamic compressionirgaahd unde
dynamic combined loading (ogpression and bending) by using a rotating buckiegj machine. The experimen
results are compared with Perry Robertson inteadtirmula that used for long colum Greenhill formula is used
get a mathematical model that descripts the buglilehavior of the specimens of type (1) undynamic compression
loading. The experimental results obtained show an advaotmgénfluence of he-dip aluminizing treatment o
dynamic buckling behavior of AISI 303 stainlessesteng columnsThe improvemenbased on the average value
critical buckling stress, are as follow: (64.8 %y fong columns type (2), compared with columnsetyf), unde
dynamic compression loading, arsb(6 %) for long columns type (2compared with columns type ( under dynamic
combined loading, and (33.3 %) for long columnsety®) compared witPerry Robertsounritical buckling stres

Keywords Dynamic buckling, hot-dip Aluminizing, long columns, AlSl 303 stainless steel.

1. Introduction

Structural members subjected to a
compressive loads may fail in a manner
depends upon their geometrical properties re
than material properties [1]. It comm
experience, for example, that a long sler
structural member will suddenly bow w large
lateral displacements when subjected to an
compression load [1, 2]. Long slender meml
subjected to an axial compressive force are ¢
columns, and the lateral deflection that occu
called buckling [3]. The buckling behavior ¢
steel columns consider one of the import

phenomenon that had been studying and ane
from a long timeFor combined axial and bendi
loads, European standard (Eurocode 3 ENV -
1-4), American standard (SEI/ASCE-02), and
Australian/ New Zealand stand (AS/NZE 4673
are suggested to use the guidance develope
carbon steel to determine the resistance
stainless steel members4]. A series of
experimentally tests are carried on cold forr
austenitic stainless steel square, rectangular
circular hollow section members to examine

buckling behavior of columns and beams ur
effect of gradually increased single and combi
loads (compression, bending, and compre:-

bending) with two types of ends conditions -
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ends and fixed-ends [5]. The buckling of solid and
hollow CK35 and CK45 alloy steel columns under
combined dynamic loading has been studied
experimentally and the obtained results showed
that the failure resistance of the columns depends
on the type of cross-section and initial deflection
of column [6]. The nitride case hardening (liquid
nitriding) surface treatment is used to enhance the
buckling resistance of square columns with
different length, material (CK45, CK67, CK101),
and constant cross section (200) mm subjected
to the effect of single and combined dynamic
loads. The results of the study showed
experimentally that the resistance and the number
of cycles to failure were increased by using this
method [7]. The surface treatment by shot peening
is used to enhance the buckling resistance of a
series of (CK35) steel column with solid circular
cross-section under single and combined dynamic
loads by increasing the yield and ultimate strength
of columns material [8]. Because of the many
practical applications of stainless steel colunms i
constructions of the buildings, ships, bridges,
airplanes, spaceships, etc., there were many of
studies and researches to improve the buckling
resistance of columns by using of number of
methods, for example:

* Improvement of the mechanical properties of
the columns material by using new special
metal alloys, or by using of composite
materials.

* Improvement of columns section design by
using of the modern design methods that
increases of the columns resistance to the
buckling.

» Using of the surface treatments methods such
as: shot-peening and heat treatment.

Surface coating is an efficient and economical
way to obtain the desirable material properties by
altering physical, chemical, or electrical
characteristics of a material. Surface modification
by coatings has become an essential step to
improve the surface properties such as, resistance
to wear, corrosion and oxidation [9, 10].The
influence of surface coating treatment on the
surface properties and some of the mechanical
properties was investigated by many researchers.
A new pack cementation process technigque was
used to enhance the hot corrosion and oxidation
resistance of stainless steel AISI 316L by using
two different kinds of coating, the first one was
Si-modified aluminide coating and the second was
the Ce-deped silicon modified aluminide coating
[11]. Hot dip aluminizes samples with (1-6 wt %)
silicon concentration of aluminizing melt and

2

samples aluminized in pure aluminum were tested
by using a 3-point bend device in order to
compare the relative ductility and formability of
the aluminized steel and to determine the
influence of silicon concentration and coating
thickness on these properties [12]. There are many
fields of practical applications that needs to oke
steel columns meet between the strength and
resistance of the external environment conditions
(corrosion, wear, and high temperature oxidation).
From this point of design, the designer used
numbers of procedures to maintain the above
requirements. The surface coating by using
aluminum (aluminizing process) was one of the
popular methods to develop protection layer for
substrate material from environment conditions.
This paper examine the effect of hot-dip
aluminizing process (HDA) on dynamic buckling
of long columns subjected to compression and
compression-bending loads, of stainless steel
(AISI 303) material by series of circular cross-
section columns, of different slenderness ratio,
with and without HDA surface treatment at
different dipping temperature$,) and dipping
times ¢yp).

2. Theory

2.1. Perry Robertson Interaction

Formula

It is important to evaluate the compressive
buckling strength of real columms,, in the
presence of initial mechanical and geometrical
imperfections, a Perry Robertson interaction
formula [4, 13, 14, and 15] is adopted as follow:

Ocr = X Oy .. (1)
and P,.=AXo. .. (2)
where:
1
= —— o5 <1 - (3)
¢ +[p? - (1)?]

in which:
p=05(1+a(l-2,)+@)?) .. (4)
= Ae [0y
1=—. = ..(5)

Where the value of the imperfection factaer) (
and the limiting non-dimensional slenderness ratio
are defined in Table (1). The value of the effextiv
slenderness ratiolf) is calculated by using the
relation [3]:

Ae=—== (6)
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The value of slenderness ratio above which
column’s type is long is obtained using the
following relation [16]:

Ae =2 = £ 7

c=Ae =T o - (7
and by substituted the value of &, from Table
(2), and the value of K=0.7 (for fixed-pinned
ends) in Eq. (7), we find that the value of critica

slenderness ratio js. = 86.5.

Table 1,
Values of imperfection factor and limiting
slenderness ratio for flexural, torsional and
torsional- flexural buckling [14].
Buckling mode Type of member a 2,
Flexural Cold formed open 0.49 0.40
sections 0.49 0.40
Hollow sections 0.49 0.20
(welded and 0.78 0.20
seamless)
Welded open
sections (major
axis)
Welded open
sections (minor
axis)
Torsional and All members 0.34 0.20

torsional-flexural

2.2. Spatial Buckling Under Torque and
Axial Force

Spatial buckling of twisted and compressed shafts
is important for the design of rotors of turbines,
generators, and other rotating machinery. Spatial
buckling may also be important for frames. Recently
design of latticed struts that can be collapsed for
transport by means of torsion became of interest fo
construction of an orbiting space station [17].

Consider a geometrically perfect beam or shaft
supported on two spherical hinges, loaded by axial
force P and torqu{;, which is assumed to keep its
direction during buckling; see Fig. (3-10), where the
axial vector of torque is represented by a doubieva
According to Greenhill (1883), the relation betweélea

buckling load P and torqu¥; is given by [17].

P M \?
ot (Mé’r) -1 . (8)
where
2E1 EI
Py =" M =k == . (9)

PY is the critical load for buckling without torque
(Euler formula), andM?. is the critical torque for
buckling without axial force. Equation (8) is pledtin
Fig. (1). By using effective length.{) instead of (L),

Eq. (8) can be used to determine the theoretical
buckling load P) for other form of ends support.
From Eqgs. (8) and (9), one can be write

P =
M.\ 2
(1 - (w5) )* po .. (10)
and
— Mt*Le . (11)

mELs(1——5-)1/2
PCT

In this work, k consider as a function of buckling
parameters in order to fit the experimental resuith
a mathematical model.

Fig. 1. Beam or shaft subjected to axial force
and constant-direction torque [17].

3. Experimental Work

3.1. Material Used and Buckling Test
Machine

AISI 303 stainless steel as long columns of
circular cross-section, @=8 mm, of different
slenderness ratiod), with and without hot-dip
aluminizing were tested by using rotating column
buckling test machine capable to apply
compression and compression-bending dynamic
loads, with column ends support of fixed- pinned
and rotating speed of 17 and 34 r.p.m. in this
research it was used low speed (17 r.p.m) in all
dynamic buckling experiments. The photograph
of the rotating buckling test machine is shown in
Fig. (2). More details of buckling test machine,
used in this research, were found in Ref. [6]. The
detail of the chemical composition of stainless
steel; tested and standardized in State Company
for Inspection and Engineering Rehabilitation
(SIER)/ Baghdad by a certificate No. 1043/2013
at room temperature (28) and relative humidity
(60%), is shown in Table (2). Also, the significant
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mechanical properties, tested in Cer
Organization for Standardization and Qua
Control (C.0.S.Q.C.) / Baghdad, are given
Table (3). Whilethe experiments of hot d
aluminizing AISI 303 stainless ste«ods are
carried out , by using a seafbnstruction system ¢
hot- dip aluminizing, Fig. (3)in State Compan
for Electrical Industries/Baghdad/ Unit of casti
A high purity aluminum (99 %) w: used for
dipping bath, and the process variables v
dipping temperature and dipping ti.

Jjaw holding
arm

| a specimen bead of
(column) compression part of
hydraunlic
compression jack

‘which is in contact
| with pinned end of
| column during

buekling test

Fig. 2. The photograph of the rotating buckling test
machine used in the present researc

Table 2,
Chemical compositions (wt. %) of AISI 303 stainles
steel.

Alloy C Si Mn P Cr Ni
Used 0.114 0.5 1.14 0.0 18.20 8.19
material® 39 2

Standard Upto Up Up Up 1719 8-
(ASM) 0.15 to to to 10
[18] 1.0 20 02

a: Source: State Company for Inspection .
Engineering Rehabilitation (SIER)/Baghc

Table 3,

Experimental mechanical properties of AISI 303
stainless steel used in present wo

(Average of three specimen:

A:;,Ig:,i Ouit oy * E Elong.** opl
st st (MPa)  (MPa) (GPa) % (MPa)

880 673 204.: 41.4 269.2

* Proof stress at 0.2% of ste
** |n gauge lengthL, = 25 mm.

Temperature m

control

\
il

Heaters

\ Chemical
:Iaamng\ihsﬂ @’ JSt.SLc—olumns‘
0
% ON d OH | % 9 | AIu:lrlxtum
:g o) axll N en 0 T~ Crucible

Fig. 3. Schematic diagram and photograph of the
HDA system.

3.2.Specimens Types

There are two types of buckling specim
used in this work, these two types
Type (1)as received specimens (t-aluminized):
columns  with  circular  cro-sectionD =
8mm, I= 201.1mm*r =2mm, and
different length. Table (4) gives the geometr
dimensions and buckling parameters of tf
specimens.
Type (2) aluminized specimes: hot-dip
aluminized columns with circular cre-section.
These specimens have a constant length L:
mm, but at different h-~dip conditions from
dipping temperature (700, 740, 780, 820,
860°C) and different dipping time (1, 2, 3, 4, a
5 minutes).Table (5) gives the parameters of-
dip and buckling of these specime



Ahmed Naif Al-Khazraji Al-Khwarizmi Engineering Journal, Vol. 12\o. 1, P.P. 1- 14 (2016)

3.3. Failure Criterion of Buckling (0ep(mm) = (L x1%) +6,) [18, 7, and 8.
Because of the rotating effect on the reading of
When the maximum deflection of the column  the column deflection using a dial gauge, a laser
reaches the critical value of deflectiaf,( of the cell circuit tool has been fabricated, with whistle
column length, then the load measured (by sound, fixed on electronic vernier (with reading
pressure gauge) is the critical buckling load ef th accuracy of 0.01 mm), Fig. (4), to make the
column. In the present work, the value of the reading of critical deflectiond(,.) more strictness.
critical deflection of the column is taken as

Table 4,
Geometrical dimensions and buckling parameters ofpgcimens type (1).

. - Ae
No. Symbol fmm) fﬁwm) ?r;m) ?lfr:m) (%) I-roé%ein(;f ong(?Iumn
1 la 260 182 0.7/2 2.95 91 compression Long
2b 260 182 0.78/2 3 91 combined
2 2a 280 196 0.75/2  3.18 98 compression
2b 280 196 0.9/2 3.25 98 combined
3 3a 300 210 0.76/2  3.38 105 compression
3b 300 210 0.85/2  3.43 105 combined
4 4da 320 224 0.76/2  3.58 112 compression
4b 320 224 0.69/2 3.55 112 combined
5 5a 340 238 1.48/2 4.14 119 compression
5b 340 238 0.94/2  3.87 119 combined
6 6a 360 252 0.18/2  3.69 126 compression
6b 360 252 1.35/2  4.275 126 combined
7 6a 380 266 1.43/2 4.52 133 compression
4b 380 266 1.5/2 4.55 133 combined
8 5a 400 280 1.26/2  4.63 140 compression
5b 400 280 1.38/2 4.69 140 combined
9 6a 420 294 1.45/2  4.93 147 compression
6b 420 294 1.4/2 4.9 147 combined
10 7a 440 308 1.58/2 5.19 154 compression
7b 440 308 2.0/2 5.4 154 combined
11 8a 460 322 0.6/2 4.9 161 compression
8b 460 322 2.1/2 5.65 161 combined
"L, =KL

_ O,(mm) = (L*1%) + 8,
Compression load= axial compression load +torsion.
Combined load= (axial compression + bendingl @ mid span)-+torsion

A= fai =86.5, if 1, > 1. = long column
pl
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Table 5,
Geometrical dimensions and buckling parameters ofpgcimens type (2).

symbol  No. ?8 (:rfi?\) (r:m) (mL;n) (ran) ((:ri;n) e Igﬁjem%f Type of loading
Al 1 700 1 440 308 1.85/2 5.3 154 Long Compression
2 700 2 1.9/2 5.4
3 700 3 1.1/2 5
4 700 4 2.1/2 5.5
5 700 5 1.4/2 5.1
Bl 6 740 1 440 308 1.95/2 5.4 154 Long Compression
7 740 2 2.52/2 5.7
8 740 3 0.18/2 4.5
9 740 4 0.76/2 4.8
10 740 5 1.5/2 5.2
C1 11 780 1 440 308 1.5/2 5.3 154 Long Compression
12 780 2 1.92/2 5.4
13 780 3 1.45/2 5
14 780 4 1.7/2 5.3
15 780 5 2.15/2 55
D1 16 820 1 440 308 2.5/2 5.7 154 Long Compression
17 820 2 1/2 4.9
18 820 3 1/2 4.9
19 820 4 1.7/2 5.3
20 820 5 1.8/2 5.3
El 21 860 1 440 308 1.1/2 5 154 Long Compression
22 860 2 2.3/2 5.6
23 860 3 1.45/2 5
24 860 4 0.6/2 4.7
25 860 5 2.7/2 5.8
A2 26 700 1 440 308 2.12/2 5.3 154 Long Combined
27 700 2 0.45/2 5.4
28 700 3 1.25/2 5
29 700 4 1.9/2 55
30 700 5 1.8/2 5.1
B2 31 740 1 440 308 1.6/2 5.4 154 Long Combined
32 740 2 2.27/2 5.7
33 740 3 0.6/2 4.5
34 740 4 1.1/2 4.8
35 740 5 1.75/2 5.2
c2 36 780 1 440 308 1.9/2 5.3 154 Long Combined
37 780 2 1.8/2 5.4
38 780 3 1.95/2 5
39 780 4 1.95/2 5.3
40 780 5 1.78/2 5.5
D2 41 820 1 440 308 2.9/2 5.7 154 Long Combined
42 820 2 2.15/2 4.9
43 820 3 1.4/2 4.9
44 820 4 1.23/2 5.3

6
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45 820 5 1.57/2 5.3
E2 46 860 1 440 308 0.9/2 5 154 Long Combined
a7 860 2 1.55/2 5.6
48 860 3 2.6/2 5
49 860 4 2.2/2 4.7
50 860 5 2.25/2 5.8

* §(mm) = (L *1%) + 6,

laser cell is fixed on electronic
vernier to control the position
of laser ray

[ specimen
| (column)

laser ray are
initially
tangential to
surface of
column

electronic circuit of
laser cell

[ dial gauge

/ magnetic N
\_ base
Rt

.

laser ray are tangential

with column surface

-l

laser sell
¢lectronic
circuite

Fig. 4. System used to control the deflection of columns ding buckling test.

4. Resultsand Discussion

Table (6) shows thexperimental results
dynamic buckling test of 303 AISI colun
specimens without aluminizing (type In Table
(6) it can be observed that The critical buckl
stress ¢,-) decreased with increasing in effect
slenderness ratio Af) for both dynamic
compression load (compressitorsionload) and
dynamic combined load (compress-bending-
torsionload). Also it can be seen that the benc
load @y, ) is greater than the critical buckli
stress for all slenderness ratio, but isso
decreased with increasedipn In order to make
comparison between the experimental results
theoretical results, Eq. (1) is used to calculbt
theoretical critical buckling stress for t
specimens of type (1). The results of Eq. (1)
Eq. (2) are shown in Table (7). From Table
and Table (7), it can be observed that
experimental critical stressrf,) is, in general
lower than the value of theoretical critical str
(o) from Perry Robertson interaction formu
The diffeence between the experimentally :
theoretically results (Perry Robertson criti
buckling stress) is duo to: initial imperfection
columns, the accuracy of construction of t
machinethe alignment of loads, and the details
support condition whit are not perfect e

assumed in theoretical considerat Greenhill
formula (Eq. 8 is used to fit the experimen
results of thespecimen’ type (1) to find a
mathematical model that describes the buck
behavior of these specimens. Tal8) shows the
values of k function that used to determine
fitted model, Fig. (5)The fitted model was in tr
form of k = 1/(3.48777 + 3.40067.,/P3) and
the values of the predicated buckling load (P)
given in Table (9). Théitted model gives a goc
correlation between the experimental values
theoretical values for slenderness ratio-154)
with maximum error of 5.757 . Table (10)
shows the experimentally results of dyna
buckling test of specimens type (2) (-dip
aluminized long columns) with conste
slenderness ratio oft, = 154 and different hot-
dip conditions (dipping temperature and dipg
time). From Table (20 it can be detected th
there is enhancement in buckling resistanci
long aluminized columnsunder both dynamic
compression load (compression and torsion)
combined load (compression, bending,
torsion), but the results are approximately
same. Whatever, it appear that the alumini
conditions at dipping time ofty,=3 min) and
dipping temperature of Typ=820C) gives a
maximum enhancement of dynamic buckl
resistance for the specimens of type (2). In o
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to show the improvement of dynamic buckling
resistance of aluminized columns (type 2)
compared with non-aluminized columns (type 1),
Fig.(6) is plotted by using the experimental result
of Table (6) for specimens type (1), and Table
(10) for specimens type (2), whereas Table (7)
gives the theoretical results from Perry Robertson
interaction formula. The improvement, based on
the average value of critical buckling stress,ss a
follow: (64.8 %) for long columns type (2),
compared with columns type (1), under dynamic
compression loading, and (56.6 %) for long
columns type (2), compared with columns type
(1), under dynamic combined loading, and (38.3
%) for long columns type (2) compared with
Perry Robertson critical buckling stress. These
enhancement ratios of buckling resistance are
calculated by compared the values of critical
buckling stress illustrated in Fig. (7). It sholdd

noted that the effect of rotating of the column
(torsional loading) during the applied of
compression load and/or compression-bending
loads was appear clearly first by a Spatial (non-
planar) shape of column deformation until
buckling is occur and second by reduced the value
of the critical buckling load. The lateral loading
(bending load) on rotating columns leads to a fast
increasing in the lateral deflection of the column
under combined loading conditions and a
signification reduction in axial compressive load
and as a result decrease the buckling resistance of
the columns compared with the case without
lateral loading . It experimentally noted that the
effect of the lateral loading on the buckling
resistance was much greater than the effect of the
twisting or torsional loading for the same
slenderness ratios.

Table 6,
Experimental results of dynamic buckling test of clumn specimen type (1).
| Oex Fpen. Open.
No. Symbol Ny (Mpa) ) (Mpa)
1 la 7422.0126 147.6563
1b 4523.893 90 306 247.312
2a 6785.8401 135
2 2b 4241.15 84.375 285.6 248.58
3 3a 6008.296 119.5313
3b 3887.721 77.3438 265.2 247.312
4 4a 5301.4376 105.4688
4b 3534.292 70.3125 244.8 243.507
ba 4948.0084 98.4375
> 5b 3322.234 66.0938 224.4 237.166
5 6a 4665.2651 92.8125
6b 3180.863 63.2813 204 228.288
7 7a 4241.1501 84.375
7b 3039.491 60.4688 183.6 216.874
8a 3887.7209 77.34375
8 8b 2827.433 56.25 163.2 202.923
9 9a 3534.2917 70.3125
9b 2686.062 53.4375 142.8 186.435
10 10a 3180.8626 63.28125
10b 2474.004 49.2188 122.4 167.411
1lla 2827.4334 56.25
1 11b 2120.575 42.1875 81.6 116.68
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Table 7,
Theoretical values of critical load and critical stess using Perry Robertson interaction formula forspecimen
type (1).
No. L (mm) L, (mm) ,19(%) Z\C/S ( Iljlrzczra)
1 260 182 91 9764.33 194.2552
2 280 196 98 8602.489 171.1411
3 300 210 105 7625.835 151.7112
4 320 224 112 6800.153 135.2848
5 340 238 119 6097.662 121.3091
6 360 252 126 5496.088 109.3412
7 380 266 133 4977.642 99.02704
8 400 280 140 4528.094 90.08358
9 420 294 147 4136.02 82.28352
10 440 308 154 3792.199 75.44341
11 460 322 161 3489.142356 69.41429
Table 8,
Theoretical values of Greenhill formula for specima type (1).
L L Py P, 0 M
No- om)  (mm) (%) ) ) Pesp/Per— (N.mm) K
1 260 182 91 7422.012644 12233.2698 0.606707182 9528 0.471332517
2 280 196 98 6785.840132 10548.07447 0.643325012 09523 0.533008048
3 300 210 105 6008.29595 9188.544868 0.65388982 9528 0.579730475
4 320 224 112 5301.437603 8075.869513 0.65645409409523 0.620682717
5 340 238 119 4948.00843 7153.711403 0.691670121 09523 0.696118496
6 360 252 126 4665.265091 6380.933936 0.731125747209523 0.789296097
7 380 266 133 4241.150083 5726.932397 0.74056227%09523 0.848162555
8 400 280 140 3887.720909 5168.556489 0.75218698309523 0.913503038
9 420 294 147 3534.291735 4688.033096 0.75389649809523 0.962503809
10 440 308 154 3180.862562 4271.534288 0.744665113209523 0.989941795
11 460 322 161 2827.433388 3908.171258 0.72346711609523 0.994481029

* For motor power of 0.5 KW and N=17 r.p.m

Plot of Firced hiodel

b= L3 48777 + 340087 PexpPord)

L L
LT (1)

L
L1
PexpPcrd

Fig. 5. Function k predicated using Greenhill formua results.
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Table 9,

Theoretical results of fitted model k = 1/(-3.48777 + 3.40067/Q/P3.)).

P

No. (nfm) (mL;q) k (Nl?/[r:(:rm) (fitted( Ir\;l)odel) IE;;‘;’ Error%
1 260 182 0.472287209 334774.58237441.032476 7422.012644  0.296
2 280 196 0.556076439 366012.6571 7091.215227 6785.840132 4.500
3 300 210 0.583802725 358644.7718 6052.238726 6008.29595 0.731
4 320 224 0.590809751 340265.0296 5013.515634 5301.437603 -5431
5 340 238 0.699870006 379365.7378 4971.40402 4948.00843 0.472
6 360 252 0.859468903 439994.5612 4933.861242 4665.265091 5,757
7 380 266 0.905599535 439210.0157 4423.530637 4241.150083 4.300
8 400 280 0.967798059 445907.1091 4027.305436 3887.720909  3.590
9 420 294 0.977496457 428929.1311 3569.315935 3534.291735 0.990
10 440 308 0.926835156 388212.4536 3027.175305 3180.862562  -4.831
11 460 322 0.824573802 330362.9546 2336.029801 2827.433388 -17.3798
Table 10,
Experimental results of dynamic buckling test of ctumn specimen type (2).
symbol  No. I()I";;‘)” ( ;I;’;Z) symbol  No. IE;;‘;’ ( 1;‘;;"; ) (FI;;’) ( Iv(;;ea)
Al 1 5655 112.5 A2 26 3534.292 70.3125 163.2 357.1437
2 6362 126.5625 27 3534.292 70.3125 204 446.4297
3 5655 112.5 28 3534.292 70.3125 183.6 401.7867
4 4948  98.4375 29 4241.15 84.375 163.2 357.1437
5 4948  98.4375 30 4241.15 84.375 204 446.4297
Bl 6 4948  98.4375 B2 31 3534.292 70.3125 204 446.4297
7 4241 84.375 32 3534.292 70.3125 183.6 401.7867
8 4948  98.4375 33 4241.15 84.375 183.6 401.7867
9 5655 1125 34 4241.15 84.375 204 446.4297
10 5655 1125 35 3534.292 70.3125 163.2 357.1437
C1 11 4948  98.4375 Cc2 36 4241.15 84.375 204 446.4297
12 5301 105.4684 37 3534.292 70.3125 183.6 401.7867
13 5655 1125 38 4241.15 84.375 183.6 401.7867
14 5301 105.4684 39 2827.433 56.25 163.2 357.1437
15 4948  98.4375 40 2827.433 56.25 204 446.4297
D1 16 5655 1125 D2 41  4241.15 84.375 183.6 401.7867
17 7069  140.625 42  4241.15 84.375 204 446.4297
18 4948  98.4375 43 4948.008 98.4375 183.6 401.7867
19 4948  98.4375 44  4241.15 84.375 204 446.4297
20 5301 105.4688 45 4241.15 84.375 204 446.4297
El 21 5655 112.5 E2 46 4241.15 84.375 204 446.4297
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22 4948  98.4375 47

4241.15

84.375 183.6 401.7867

23 4948  98.4375 48

4241.15

84.375 204 446.4297

24 4241 84.375 49

3534.292

70.3125 163.2 357.1437

25 4241 84.375 50

2827.433

56.25 204 446.4297

250

—4— Perry Robertson formula
Expe. Critical stress (comp.+tors.)
Expe. Critical stress (combined load)|
X Type 1(comp.+tors.)
® Type 2 (comp.+tors.)
O Type 1(combined load)
X Type 2 (combined load)

200

Crtical Stress Mpa

°
F
o

50

0

80 90 100 110 120 130 140 150 160 170

Effective slenderness ratio 4,

Fig. 6. Critical stress-slenderness ratio relation for
stainless steel 303 AISI columns under dynam
compression and combined loads compared wil
theoretical results (Perry Robertsonformula).

120 104344 B Type(l) critical buckling
) stress (comp.+torsion )

u Type(2) critical buckling

% 771 75443 load (comp.+tors. )

@ Type(1) critical buckling
load (combined load)

Type(2) critical buckling
load (combined load)

100

H Peery-Robertson formula

Effective slenderness ratio ie=154

Fig. 7. Critical buckling stress for the specimens o
type (1) and type (2) at the same effecti
slenderness ratio.

5. Conclusions

1. The experimental values of the criti
buckling loads and/or stresses for -
aluminized long column:
(Ae > A 4.(91 to 161)), are less than tt
theoretical values predicated by Pe
Robertson interaction formula , and t
differences in results is duo to effect of inif
imperfection of columnsthe accuracy c

11

construction of test machir the alignment of
loads, and the details of support condit
Using of hot- dip aluminizing surfac
treatment has make double benefit one of t
is to develop protection layer for substr:
material from environment conditions and
other is the improvement of dynamic kling
resistance of long aluminized columns ur
dynamic compression loading and un
dynamic combined loadir

. The improvement in the dynamic buckili

resistance werg4.8 %) for long columns tyg
(2), compared with columns type (1), un
dynamic corpression loading only, an6.6
%) for long columns type (2compared with
columns type (1)under dynamic combine
loading, and (33.3 %) for long columns ty
(2) compared with Perry Robertson criti
buckling stress.

. The optimum hotip aluminizing cnditions,

that givea maximum enhancement of dynat
buckling resistance for the specimens of t
(2), are: dipping time oftyp=3 min) and
dipping temperature 0Typ=820CC).

torsional loading during the applied ¢
compression load and/or compres-bending
loads was appear clearly first by a Spe
(nonplanar) shape of column deformat
until buckling is occur and second by redu
the value of the critical buckling loz

. The lateral loading (bending load) on rotat

columns leads to a fast incring in the lateral
deflection of the column under combir
loading conditions and a significati
reduction in axial compressive load (criti
buckling load).
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Notation

Thp Dipping °C
temperature

tup Dipping time S

(second)

Per, Pexp  Theoretical and N
experimental (newton)
critical buckling
load

A The cross-sectional mm?
area of the column

E Modulus of GPa
elasticity

K Effective length dimensio
factor(depends on nless
column ends
support)

L, L. Unsupported and mm
effective length of
the column

r Smallest radius of mm
gyration of the
column

I Moment of inertia  mm*

of the column cross
sectional area

PS. critical load for N
buckling without
torque (Euler

formula)

M, Applied torque N.mm

MQ. critical torque for N.mm
buckling without
axial force

Fy Bending load N

Greek letters

Ocr) Oy 1heOreticaland MPa
experimental
critical buckling
stress

X The reduction dimension
factor accounting less
for buckling

oy the yield strength MPa

a The imperfection dimension
factor defined in  less
table (3-1).

jo’z The limitingand  dimension
non-dimensional less

slenderness ratio

12

AerAc

Ouit» Upl

501 SCT

Effectiveand dimension
critical slenderness less

ratio

Ultimate and
proportional limit
of column’s
material

Initial and critical
deflection of the
column

Bending stress

MPa

mm

MPa
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