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Abstract

This paper investigates the dynamic behavior of buckling on AISI 304 stainless steel and AISI 304
corroded and as received were tested under dynamic compression buckling condition columns. Maximum
reduction in buckling load was (28%) and (19.6%) for long and intermediate soil corroded columns
respectively as compared with as received condition. Perry-Robertson equation was used to compare with
the experimental results of buckling load.

Copyright © 2019 International Energy and Environment Foundation - All rights reserved.

Keywords: Soil; Buckling; Corrosion; Critical loads; Perry-Robertson equation.

1. Introduction

Material failures due to buckling are controlled by intrinsic factors, such as material property and extrinsic,
such as environment and loading condition. For a given material, it is well known that corrosive media can
accelerate buckling failure. It is noted that most of the corrosion is not a uniform corrosion but there is a
random corrosion confined in a corner or central area which it is to be more critical [1].

Slater et al [1] investigated the corrosion of ship plates in which corrosion has reduced their thickness
leading to accelerated failure buckling. They conclude that the corrosion plate have a significant effect on
the buckling strength. Dolinsky [2] who first dealt with the strength of pipes subjected to continuous
corrosion during working and stated that the main factor affect the strength of materials is the corrosion
rate or corrosion speed. Paik [3] and Paik ef a/ [4] investigated the ultimate tensile strength characteristics
of plate elements with pit corrosion wastage under axial compressive. Paik et a/ [5] analyzed nonlinear
finite element (ANSY'S) package for steel plates under axial compressive and shear loads with varying the
degree of pit corrosion intensity and plate geometric properties. It has been noticed that the smallest cross-
sectional area is the dominant parameter to represent the ultimate strength reduction characteristics due to
pitting corrosion. The ultimate strength of corroded plate with shear loads is governed by the degree of pit
corrosion intensity.

Hussein [6] investigated the effect of rest period on buckling properties of (304 stainless steel) which used
in drilling machine shaft and they concluded that the rest periods play an important factor for raising the
critical buckling loads and thus increasing the factor of safety. There are not many works being reported
on corrosion-buckling of stainless steel. Column fails by buckling when the axial compressive load exceeds
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some critical load [7]. The choice of which method to use depends on the value of slenderness ratio (S.R)
or column constant (C.). These factors can be defined as:
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SR _%_Tmin (1)
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where; A: area of cross section (mm?), 7,,;,: Radius of gyration (mm), L: the length of the column (mm),
L: Effect length of columns (mm), Iy,;,,: Moment of inertia (mm*), g, yield stress (MPa), E: modules of
elasticity of materials used (MPa).

L. = KL “4)

where K: is constant dependant on the endurance fixity.
The purpose of this study is to investigate the buckling corrosion interaction behavior of columns made
from (304 stainless steel) with a small diameter to column length.

2. Perry-Robertson equation

A component subject to compression is known as a strut if it is relatively long and prone to ‘buckling’. A
strut fails when a critical load called the ‘buckling’ or ‘crippling’ load causes sudden bending. The
resistance to buckling is determined by the ‘flexural rigidity” El or EArmin?, where rmin is the least radius of
gyration and E is modules of elasticity of materials used. The important criterion is the ‘slenderness ratio’
Le/tmin, Where L is the effective length of the strut. The Euler theory is the simplest to use but the much
more involved Perry-Robertson formula is regarded as the most reliable. This formula gives fairly correct
results for all the types of columns ranging from short to long columns [8].

2
Load P=A [Uy+(772+1)ae — \/(ay+(r]2+1)de) — 00, ()
where
Le \2
n=03(:2) (6)
where L, = actual length of pinned end strut.
"Y(L_e)z
o= Euler buckling stress = 0, [1 — M—QE @)

where o, = Yield stress in compression.

3. Experimental investigation

The samples used were AISI 304 stainless steel columns of 6mm diameter circular cross section area with
different lengths (150 and 300) mm. Using rotating columns buckling test machine the samples were tested
in two different conditions. First all test were run for new columns and studied the buckling resistance.
Then the columns were subjected to corrosive media by burying it in the soil for 30 days to investigate the
influence of corrosion on buckling resistance.
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3.1 Chemical properties
This research starts firstly by analysis the chemical composition of the 304 stainless steel alloy composition
and the results are compared with American standard ASTM A240, which are listed in Table 1.

Table 1. Chemical composition of 304 stainless steel (Wt%).

304 Stainless steel C% Mn% P% S% Si% Cr% Ni% N%

Standard ASTM 0.08 2 0.045 0.030  0.75 18-20 8-12 0.10

A240 [9] Max. Max. Max. Max. Max. Max.

Experimental 0.03 1.82 0.015 0.027  0.61 18 9.8 0.07
3.2 Buckling specimens

Buckling specimens (columns) were designed to use different slenderness ratio (S.R) to distinguish
between intermediate and long columns (150 and 300mm) respectively. The dimensions of the specimens
used were detailed in Figure 1 and the main buckling specimen’s parameters were illustrated in Table 2.
After cutting operation of suitable length completed all the specimens were polished using different wet
silicon carbide papers (260 to 1200 um) for surface fine finishing.

150 mm

s e

Intermediate columns " Lo.r;g columns
Figure 1. Buckling column specimens of AISI 304 stainless steel.

Table 2. Buckling 304 stainless steel specimen’s parameters.

No. Lr(mm) Ler(mm) D(@mm) A (mm?) I(mmd) S.R Type of column
300 210 6 28.27 63.6 140 Long
150 105 6 28.27 63.6 70 Intermediate

N —

3.3 Electrical laser alarm system

The project security and safety assured that the Laser-ray must go through long distance without scattering
effect and should be almost invisible except the radiation and incident points have to be visible [10]. Then
an invisible boundary of a sensitive area was drawn and validated. There are two parts of the system
transmitter (first part) built with a laser radiator, a pair of dry cell batteries, an on-off switch and a stand to
hold on digital electronic caliper. The receiver has a focusing Light Depending Resistor (LDR) sensor to
sense the laser continuously also was hold with a stand and it connected with the main driver circuit. The
circuit has two parts consisting of discontinuity filters of ray and other is alarm circuit. When anybody
crossover the invisible ray the main circuit senses the discontinuity by sensor and turn on the alarm circuit.
If the alarm circuit is on it will still ringing but there are durations of ringing depends on reset timer. The
laser alarm system has built with low cost and high performance. The power consumption of the system is
very low. The schematic diagram of electrical laser alarm system in described as in Figure 2 and Table 3
shows the component list of circuit diagram. While the actual system coupled with the buckling test rig is
shown in Figure 3.
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Figure 2. Circuit diagram of laser security system alarm.
Table 3. Laser alarm circuit diagram component.
Symbol Component Rating
SPK speaker 5 watt, 8Q
C1 Capacitor 100nF
C2 Capacitor 100pF
R1 Resistor 47K Q
R2 Resistor 470 Q
R3 Resistor 47 Q
i i G Digital Electronic
D‘g;:l‘:"_g:;:, fauge LASER radiation Calipor
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Figure 3. Actual electrical laser alarm system coupled with buckling test rig machine.
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Buckling of a column is the change of its equilibrium state at a critical compressive axial load applied. If
a column has high bending stiffness, its buckling resistance is high. Failure column was described as elastic
instability and the value of E of the materials is a key property [7].

Figure 4 shows the buckling test-rig machine. The rig consists of the following systems:

o Torsion systems.

o Compression system.

The torsion system consists of an electrical motor of (0.5kw), which operates at two different speeds, high
speed (34 r.p.m) and low speed (17 r.p.m). When the motor starts, it gives motion in two different
directions, clockwise and counterclockwise. Acyclic counter (indicating total number) is fixed on the
control plate front. The recording digits are (99999.9) which refer to the number of cycles during test.
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Figure 4. The test rig for dynamic buckling rests with the control panel.

The compression system includes a manual hydraulic pump with a maximum pressure up to (315 bar). A
screwed shaft is used to transfer the pressure from the hydraulic pump to the jaw which supports the
specimen. A digital dial gauge indicator is used to measure the specimen deflection. In the present study,
under compression load control buckling failure is defined when the lateral deflection (total deflection)
reach to (1%) of column length. Gradually increase the load and observe the behavior of the column until
it begins to bend noticeably in the middle. This level of laterally bend is approximately 1% of the total
length of column [3, 6].

4. Experimental results and discussion

4.1 Mechanical properties test

The tensile tests are done in the University of Technology — material engineering department. The results
shown in Table 4 represent the tensile and mechanical properties of 304 stainless steel column.

Table 4. Tensile and mechanical properties test results of 304 column.

304 Stainless steel ou oy E G u %

(Mpa) (Mpa) (Gpa) (Gpa) poi. ratio Elongation
Standard ASTM 621 290 193-200 74-77 0.3 55
A370[9]
Experimental 628 311 200 75 0.3 51
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4.2 Buckling test results

The specimen was fixed horizontally and the initial deflection can be measured by digital dial gauge. Laser
radiation is located in perpendicular position on the specimen and raising a level of laser radiation by
moving digital electronic caliper to the initial deflection plus 1% of an actual length of the specimen. After
complete adjustment of a specimen, the electrical motor was rotated at (17 r.p.m) and a compression load
was increment by a hydraulic pump. The deflection of the specimen is recorded to the computer via dial
gauge. When the deflection reached 1% of specimen length, the laser radiation will cut off and the alarm
sound work. Then the test is completed, the machine shut down and the number of cycles and pressure
value were recorded.

Table 5 illustrated experimental results of the critical buckling loads for 12 columns tested under
compression loading without corrosion (as received material). Intermediate columns are defined by the
minimum slenderness ratio, and for 304 stainless steel, the value was equal to S.R=70. For larger than 90
the column may change to become long column. It is clear that failure stress value as a result of applied
buckling load decrease whenever slenderness ratio increases.

Table 5. Experimental results of 304 stainless steel without corrosion.

Long columns Intermediate columns
Ltotal L eff Sin Pcr N Ltotal L eff Sin Pcr N
(mm) (mm) (mm) (N) cycle (mm) (mm) (mm) (N) cycle
300 210 0.5 2500 18 150 105 0.6 3100 44
300 210 0.6 2650 22 150 105 0.8 3000 38
300 210 0.5 2700 26 150 105 1.1 2890 36
300 210 0.7 2675 20 150 105 0.7 3215 45
300 210 0.65 2780 27 150 105 0.85 3080 51
300 210 0.55 2690 29 150 105 0.9 3020 56

It can be seen from the Table 5 that the intermediate columns have more resistance to buckling load than
long columns. This is clear from the loads values and the number of high cycles compared to long columns.
Table 6 shows the experimental results of corroded columns buried in the soil for 30 days.

Table 6. Experimental results of 304 stainless steel with corrosion.

Long columns Intermediate columns
Ltota] L eff Sin Pcr N Ltotal L eff Sin Pcr N
(mm) (mm) (mm) (N) cycle (mm) (mm) (mm) (N) cycle
300 210 0.8 1980 16 150 105 0.7 2600 32
300 210 0.9 2000 20 150 105 1.0 2450 30
300 210 1.1 1850 19 150 105 0.9 2320 29
300 210 1.2 1790 17 150 105 0.8 2480 35
300 210 1.3 2010 15 150 105 0.75 2510 38
300 210 0.85 1880 18 150 105 0.92 2340 37

Corrosion in metal structures seems most important degradation mechanism in determining the remaining
life of these structures. Deterioration of a steel structure due to corrosion can change its stiffness and
behavior. The difference in the results that have been obtained from the buckling tests of columns before
and after the burial process was a reduction of the load carrying capacity as shown in table (6), and
consequently a reduction of the structural reliability. The reason for the decline in the strength may come
back to several possibilities: Corrosion causes irregularity in diameter of the column which leads to the
occurrence of the stress concentration areas lead to a decrease in the column resistance to withstand the
stresses applied to it. As well as the column specimen suffers from low cycle fatigue resulted from cyclic
load lead to reduction in strength and its life as in Table 6. The reduction, based on the average value of
critical buckling load, is as (28%) and (19,6%) for long and intermediate corroded columns respectively,
compared with as received material columns.
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Theoretical buckling load resulted from Perry-Robertson Equation were illustrated in Table 7. Comparing
these results with the experimental critical buckling load results (average of six readings) for each column
length. The difference between real (experimental) results and theoretical results of Perry-Robertson comes
back to the accuracy of buckling machine construction, initial alignment of column specimen.

Where S.F is a safety of factor according to Perry-Roberston theory.

Table 7. Theoretical and experimental buckling load values.

Long columns Intermediate columns
L eff. Pcr. Pcr. SF L eff. Pcr. Pcr. SF
(mm) (N)exp. (N)Perry-Robertson (mm) (N)exp. (N)Perry-Roberson
In case of not corroded new columns
210 2666 5517 2.06 105 3051 7659 2.51
In case of corroded columns
210 1918 5517 2.87 105 2450 7659 3.1

5. Conclusions

In this paper, the Followings are the major conclusions of the present investigation can be drawn:

1. Intermediate columns are higher in buckling load and number of cycles to failure than long columns.

2. According to Perry-Robertson theory the factor of safety should be more than 2.5 for uncorroded
columns and more than 3 for corroded columns.

3. Maximum columns length reduction because of buckling load in both long and intermediate was (28
%) and (19.6%) respectively compared with as received condition.

4. Critical buckling load using Perry-Robertson formula in both columns length gives a higher value than
experimental results.

5. No. of cycles to reach the critical laterial deflection in long columns was higher for intermediate
columns compared to long columns for both cases corroded and not corroded.

Abbreviations list

Symbol Diffinition Unit
Oy Yield stress MPa
Cu Ultimate stress MPa
Ler Effective column length mm
Lt Total column length mm
pm Micron meter
D Diameter of column mm
E Modulus of elasticity GPa
G Modulus of rigidity Gpa
AISI American Iron & Steel Institute
Oin Initial column deflection mm
Oer. Critical deflection mm
Pe Critical buckling load N
N Number of machine cycle Cycle
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