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Abstract: The graphic solutions in the stability equation solving at the straight beam with two embedded / free ends, with two prismatic coaxial regions and loaded with two compressive forces are investigated.

Thus for to establish the critical through derivation buckling load value is defined and is used the “conventional” slenderness coefficient; at the same time are analyzed the constrained conditions so validity in Euler's relation using is preserves.
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1. Introduction

The static stability problem by axial centric compression of the straight beam with constant or variable cross section regarded the theme of many theoretical and experimental studies. 

The solving of this, by view point of the machine tools and industrial buildings applications, didn't find a final determination.

2. The propped beam with two coaxial regions and two compressive forces

In this paper is investigated the straight beam with one fixed and another free ends (the propped beam) with two coaxial prismatic regions, which are loaded with two certain compressive forces P1 and P2, so in Fig.1.
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Figure 1: Straight beam with two coaxial regions:
a) initial state 






b) deformed state
For this case it writes the stability equation, known from the technical literature [1, 3, 4, 5, 7]:
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with coefficients:
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which are expected constants, while l1 and I1 or l2 and I2 are length (l1 = (l) and the superior axial inertia moment (I1 = A1
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l2 = (1 – α)l


























(3)

and the axial inertia moment
I2 = βI1 = A2
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(4)

of the inferior region beam. Between the two constant forces applied at beam, P1 and P2, there is the relation:

P2 = (P1


     






















     

(5)

Concomitantly between the two coefficients, from equation (1) is possible to write relations:

k2 = ζk1, where is noted
ζ = 
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Introducing the dimensionless value

“u” = k1l



























(7)
the stability equation (1) becomes:
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3. The stability equation solving by various PARAMETERS (, ( and (
For the certain particular values of the geometrical (α and β) and the loading (η) parameters, from equation (8) it retains the smallest positive solution “u” and then by the substitution of this value into the relations (2), (5) and (7) results the values of the critical load buckling through derivation :
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(9)
For to have the certainty determination of the minimum positive solution and for the reduction of testing (when doesn't use the numerical computation methods) in the paper, Fig.2, Fig.3, are shows:
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Figure 2: Graphical solving of the stability equation for beam with ( = 2, 
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Figure 3: Graphical solving of the stability equation for beam with ( = 4
the graphical resolution of the stability equation for an usual values of α, β and η parameters, Fig.4, and Fig.5.
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Figure 4: Graphical solving of the stability equation for beam with ( = 6
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Figure 5: Graphical solving of the stability equation for beam with ( = 10
4. The constrained conditions in Euler's relation using

The stability equation determines the real solutions only if k1 and k2 preserves constant values at the reaching of the critical buckling value, Pcr; with another words, the normal stresses (in two regions of the beam) must don't surpass the material proportionality limit, σp , which usually it takes equal with the elasticity limit, σel. So it imposes conditions:
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(10)

The first from the previous conditions may be written as:
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in which the quantity λ1 =
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, equal with the beam buckling length – the radius of inertia ratio is denominated the “conventional” slenderness coefficient for the superior region beam, respectively λ01 is the slenderness coefficient which lower delimits the elastic domain of this region.

Adequate, the second constrained conditions becomes:
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where the quantity
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represents the “conventional” slenderness coefficient of the lower region beam.

5. Particular cases
a) For α = 0, the beam has constant cross section, the both forces are applied at the superior end, from the relation (8) results:
tgζu = (, with the solution

u =
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which substituted in the relations (11) and (12) recovers at the known analytical [1, 3, 5] expression:
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b) For α = 1, the stability equation becomes:

tgα = (, with the solution, u =
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is equal with (, the well known value from technical [2, 4, 6, 7] literature.

c) For the case η = 0, the beam has two regions, but it is loaded only with the force P1, thus the relation (8) may be write:
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in this last particular case, if it admits that A2 ( A1, only the constraint condition (11) is enough to be performed [1, 4, 5] as the validity Euler's equation to be maintain.

Conclusions

In this paper for different constructive and loading versions (cases) of the propped compressed beams, the graphical representations, it gets the general solution for the Euler's equation and its validity.

At the calculations performance about the critical buckling load, the fulfillment of the constrained conditions (11) and (12) is compulsory.

The ignorance of these conditions may constitute one of the frequent discrepancies causes between the theoretical values about the “ideal” beam and experimental values, so what it announces into many technical papers or books [1, 2, 4, 7].
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