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Curved Beams with Elastic Supports.
Transfer and Stiffness Matrices

Lazaro Gimena, Pedro Gonzaga, Faustino N. Gimena and Fernando Sarria

Abstract — Authors presented in last conferences, a new
numerical method (the Finite Transfer Method) to solve a linear
system of ordinary differential equations, how to apply general
boundary conditions in equation form, and determine in the
limit the exact analytical solution as well. The method was
applied to the problem of spatially curved beams. Here, the
computing of elastic support conditions in twisted beams is
carried out. This is a complicated problem since usual and
traditional models do not contemplate the whole system with all
the unknowns and all the functions. Several problems arise with
the treatment of boundary conditions. The systematic model
presented hereby, is complete and without holes, but is still
recent and challenging. It is necessary to solve those problems,
to have all data in an arranged structure that will be given in
this paper. Since analytical solution is the limit of the numerical
procedure proposed, exact expressions and derivations of
transfer and stiffness matrices come up. For the general case, a
system of twenty four algebraic equations is reached. A clear
analytical example is developed to show the practice. The
procedure given is general and suitable for educational
purposes.

Index Terms— Differential system, Curved Beam, Finite
Transfer Method (FTM), Transfer matrix, Stiffness matrix,
boundary equations, Frenet-Serret formulas, Exact Solution.

I. INTRODUCTION

The problem to solving a system of linear ordinary
differential equations (ODE) with boundary conditions can be
approached by using analytic or numerical strategies. Being
normally very difficult to obtain the exact analytical solution,
approximate procedures have been resorted to [1]. In last
decades, several numerical methods have arisen to solve these
boundary value problems; see for example, the Shooting
Method [2], Finite Differences [3], Finite Element Analysis
[4] and the Boundary Element [5] methods.

There exists much literature on modelling arbitrary curved
beam elements [6], [7]. Traditionally, the laws governing the
mechanical behavior of a curved warped beam (applying the

Manuscript received April 15", 2010.

L. Gimena is with the Public University of Navarra, Dpt of Engineering
Projects, Campus Arrosadia, Pamplona, Navarra, CP 31006, Spain
(@: 434 94816 9233; fax: ext. 9644; D<: lazaro.gimena@unavarra.es ).

P. Gonzaga is with the Public University of Navarra, Dpt of Engineering
Projects, Campus Arrosadia, Pamplona, Navarra, CP 31006, Spain
(P<: pedro.gonzaga@unavarra.es).

F. Gimena is with the Public University of Navarra, Dpt of Engineering
Projects, Campus Arrosadia, Pamplona, Navarra, CP 31006, Spain
(B4: faustino@unavarra.es).

F. Sarria is with the FSestructuras company, Executive Manager,
Plaza Mayor, 19-21 bajo, Sarriguren, Navarra, CP 31621, Spain
(P<: fsarria@fsestructuras.es).

ISBN: 978-988-18210-8-9
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Euler-Bernuolli and Timoshenko theories) are defined by
static equilibrium and kinematics [8], [9] or dynamic motion
equations [10]. Some authors present this definition by means
of compact energy equations [11], [12], [13]. These
interpretations have permitted to reach accurate results, for
some types of beams: for example, a circular arch element
loaded in plane [14], [15], [16], [17], [18] and loaded
perpendicular to its plane [19], parabolic and elliptical beams
loaded in plane [20], [21], [22] or a helix uniformly loaded
[23].

In this paper, the Finite Transfer Method (FTM) [24] is
followed and applied to a system of differential equations,
obtaining an incremental equation based on the transfer
matrix. Fourth order Runge-Kutta approximation is adopted.

Using the preceding finite expression, both extremes are
related, reaching a system of algebraic equations with
constant dimension p regardless of the number of intervals.

The establishment of the problem is completed when the p
elastic supports conditions-equations are incorporated. A
final algebraic system of 2p order is reached and solved. Once
values at the initial point are known, values at any point of the
domain can be obtained.

The authors apply the FTM on the arbitrary curved beam
model, by means of a unique system of twelve ordinary
differential equations with boundary conditions [25].

An example is given to show the procedure exposed.

II. GENERAL BEAM EQUATION: THE DIFFERENTIAL SYSTEM

A curved beam is generated by a plane cross section whose
centroid sweeps through all the points of an axis curve. The
vector radius r = r(s) expresses this curved line, where s (arc
length of the centroid line) is the independent variable.

The reference coordinate system used here to represent the
intervening known and unknown functions of the problem is
the Frenet frame P,,,. Its unit vectors tangent t, normal n and
binormal b are: t=Dr; n=D’r/|D’r|; b=t[n; where D=d/ds is
the derivative with respect to the parameter s. (Please refer to.
[26] for another approach expressed in the global Cartesian
coordinate system).

The natural equations of the centroid line are expressed by
the flexion curvature ¥ and the torsion curvature .

X(s)=VD’r[D’r;
7(s) = Dr O(D*r ’r)/(D*r *r);
The Frenet-Serret formulas are [27].

t 0 X o]t
Din|=-x 0 r ||n

b 0 -r 0||b

(1
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Assuming the habitual principles and hypotheses
(Euler-Bernoulli and Timoshenko classical beam theories)
and considering the stresses associated with the normal
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point s of the beam element, named effect at the section,

T
Q(S):{_qx’ ~q,, ~qy, ~m,, —m,,—m,, 6,,6,,6,,4,4, Ab}
is the applied load, and

. . . [0 x 0 0 0 0 0000 00
cros.s—sectlon (g, 1,, 1), the gf:ometrlc characterlstlcs of the X0 7 0 0 0 0000 00
section are: area A(s), shearing coefficients a,(s), a(s), 0 - 0 0 0 0 0000 00
Qpi(s), ay(s), and moments of inertia I,(s), 1,(s), 1p(s), 1s(s). 00 0 0 X 0 0000 00
Longitudinal E(s) and transversal G(s) elasticity moduli give g _01 (1) _é( _OT 8 g 8 8 8 g g
the elastic properties of the material. Applying equilibrium 1
and kinematics laws to an infinitesimal element of the curve, 000 GI 0 0 0 x00 00
the system of differential equations governing the structural 0 o 0 I, I, 070 00
behaviour a spatially curved beam can be obtained [25] (see [T(S)]: E[Inlb —Ijb} E[Inlb —I,be xor
Equation at the bottom below page). I, I

. 0 0 0 ® T 0-700 00

The first six rows of the system (Eq. 2) represent the E[1,1,-1, | E[1,1,~1}, |
equ¥1¥br%um equgtlons. The functions involved in the 1 0 0 0 0 0000 y0
equilibrium equation are: EA
Internal forces V=Nt+V n+V, b, given by: 0 G—L% 0 0 0 0 01-xyoO0r
V:.[AUdAt+IAT”dAn+.|.AdeAb %% 0 0 0 0 -100 -70
Internal moments M =7t +M,n+M, b, given by: is the Derivative Infinitesimal Transfer Matrix.
M= | (z,n-1,p)ddt+[ obdan~[ ondab,and
A A A
III. EXACT ANALYTICAL SOLUTION
Load force q, =¢t+gn+gqb
t n b . . . .
The exact analytical solution is given by [28]:
Load moment q, =m,t+mn+mb
The last six rows of the system (Eq. 2) represent the [ lI[T(S)]dS J‘S [ [res)Jas
. . . =e"" + &

kinematics equations. e(s)=e e(Sl) 5 q(s)e ds | (4)
Rotations =4 t+6 n+6,b
Displacements u =ut+vn+wb Or in compact form:
Load rotation q, =@, t+@,n+06,b e(s) =|:T(SI,S)j|e(SI)+q(SI,S) (%)

Load displacement q, =At+4 n+4b

The differential system can also be expressed in the
vector-matrix form as follows:

[ oo

is the Transfer matrix

Where, [T(sl,s)} =e

from a general point s to the initial I.

de(s) s s
220 - [T(s)} e(s)+q(s) (3) [ [T(s)]ds . g [ (T())ds
ds q(SI,S) =e 1 I q(s)e °1 ds 1s the load
_ T Sl
Where e(s)—{N, Vo Vo T, M, My, 6,6, 8, u, v, W} transmitted from initial I to a general point s.

is the state vector e(s) of internal forces and deflections at a

DN= xV, +q, =0
XN+ DV, - 17, +q, =0
v, + DV, +4, =0
DT - XM, +m, =0
- I/b +/YT+ DMn - TMb +mn:0
V. + ™, + DM, +m, =0
T
-— +D8 - X6 -0 =0
Glt t X n t
2
- Mnl}; - _ M/,]nbz +XHZ+D9,1_T91, _Onzo ( )
E[Irllb_lnb:l E[[n[b_lnb:l
M I M, 1
- n”nb > —_ b n . + Ten +D8b _@/, :0
E|:1n1b_lnb:| E|:1n1b_lnb:|
N
_v Du-yv -4,=0
EA v v X !

_an n_anb b _Hb +XU+DV_TW_A"=O

Gzil/ Gé
_abn n_ab b + Hn +TV+DW_Ab:0

GA GA

Equation 2. Differential System for Spatially Curved Beams.
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IV. EXACT ANALYTICAL TRANSFER MATRIX

Previous solution particularized for both extremes I and 11
of the curved beam, gives the next relation:

s =e e+ M aw e M o
or in compact form:
e(sy) = [T]e(sl) tq (7
where, .
(] o [0] [o]
1] = |:TM“ ] |:TM“ ] [o] is the Exact Analytical
1] [12] [T% ]

[ ][] [ ] [ ]|
Transfer Matrix, and q ={quT, quTaqe,_nraq“]v"T}T the

load transfer vector transferred.

V. NUMERICAL SOLUTION. FINITE TRANSFER METHOD RK4
The approximation of the differential system (Eq. 2) is

given by:

de(s) 0 4e(s;) _ e(s;41) —€(s;) _ k, +2k, +2k; +k,
dt As As 6
being,

k, =[T]&s,) +q,

Ky =[ Ty J[805) +k; A5/2] + quays
3 = [Ty [+, As/2] +qpuys

ky =T ][E(s) +K3As]+ 4y

Assuming that approximated functions are:
e(s;y) De(s;y) > e(s;) Oe(s;)
Thus, the Finite Transfer Equation of four order is:

&(s) = [[0+][T]+4[ T | +[1]]s/6+

([T Ta ] [T T #[ T 11| 8576+
([ [Tea T #[ T T [1]] 4512

# L] T ] [1]45% /245 +
+
*
«rr

+1] i+1/2
Qi1 T4y +‘1i)AS/6 +
1| Qo2 + [ i+l/2:|qi+l/2 +[T}+1/2](Ii)432/6 +

2
+1][ z+1/2:|qz+1/2 [ z+1/2] %)A53/12+
[ +1][ z+1/2:| q; 4s /24 =
= [TRK4(S1‘)] €(s;) +qpy4(s;)

Finally the general numerical solution is written:

=i =il k=i
e(s;4y) = {l_l [TRK4(S/')]:|§(S1)+Z[ I_l [TRK4(sk)]:|qRK4(sj) =

j=0 =0 k=j+1

[T
+\[T

= I:TRK4 (51811 )]é(sl) +Qrica (5155541

with e(sy) Dé(sy) -
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VI. NUMERICAL TRANSFER MATRIX

Establishing » intervals, both end points I and II of the
curved line can be related:

j=n-1 j—n 1 (8)
é(sn):|: I_l [TRK4(S‘/)J}5(51)+ { |_| [’I‘Rm(?/()]}hzm(g )
j=0 770 | k=j+1
In compact form,

e(sy) = [TRK4] €(sp) * qriq

Where [TRK 4] is the RK-4™ order-Numerical Transfer Matrix

and qg,, the load transfer vector.

The Numerical Solution converges to the Analytical as was
demonstrated [28]:

e(sy) Le(sy) [TRK4] D[T] and gy, Lq -

VII. STIFFNESS MATRIX

The former terms of the above equation (Eq. 6) o (Eq. 8) are
subsequently arrayed [29], yielding:

IOl N R O OROR R T
[ ][ 0000 || g, | | L] [0 o] [0] |\ g | |q,, |
[TOHJ [TO"J [ol[o] || Vu o| ol [Te..] [o] -] Uy ' 9o,
] [ ot M (e I <00 O] L8],

The stiffness matrix is determined, with this simple operation:

Ly, [ o WO e ol ol G
| e Joim| || 0 o o
v, | [Te,,] [T""J[O] 0 [o] [T“"] o] -[1]

Mo o] e Jtolton | (L% ][ ]-00 ol

Expressed in a compact form it can be written as follows:
=[K]5+q, (11)

Being,
f and & vectors of reactions and displacements unknowns at
both ends,

[xu] [ [xu] [x2]
ESHIEAILSAIE
(K, ][] [k ] (K% ]
IESHILERIESALEN

ax {qsmr’ql\;mr’qg“r’qm" } the equivalent load vector.

qvl,]]
1 + qu.u
u| | 9o,
t q“l 1

S o =

D

the stiffness matrix and
[K]=

Note, that in general, the isolated beam has not been yet
supported, so there are twenty four unknowns, twelve of
forces and moments and other twelve in rotations and
displacements:

1 (K¢ [a
[o] [o] M_ 0

It is very interesting to write the whole algebraic system
with all the intervening unknowns in a single vector as this
form, because it will be better to implement the elastic
conditions, as it is shown later.

(12)
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VIII. ELASTIC SUPPORT EQUATIONS TO ASSEMBLE

A. Initial support

Equilibrium and compatibility relations applied in forces
and displacements at the elastic initial support extreme of the
beam, yields:

-[[0-ay J)(vi +Q,) =] Ky [ ](u, - A,)

where,

(13)

a?v O 0
" 1S tlle matrix ()1 tlle d l
(l“' = 0 a‘: 0 lsp acemel’lts
0 0 0’4"

Vi
factors of restraints at the elastic support in the initial extreme,
Q, :{QI" o', Q;}T is the punctual forces loads applied and

A, :{ AL AL /|;7}T is the imposed (if applied) punctual

displacements at the initial point.
If the support has a rigidity that restrains the longitudinal
displacement K it can be determined its factor by the next

expression:
1
wo=_ K (14)
' Ky Ky

Rest of a factors can be obtained in the same manner.
For the rotation the elastic support relation at the initial
point, it can be written as:

~[[0-[ak, ](m, +1,) =[S, (el (6, -0,)
being,

(15)

6
a; 0 0
is the matrix of the rotation factors
[al ]=| 0 af o0 X
0 0 af;;]

of restraints at the elastic support in the initial extreme,
n I:{nzl7 ', b'}T is the punctual moment actions
exertedand O, :{011, o', Oz}T is the imposed (if applied)
punctual displacements at the initial point.

B. Final support

In a similar way, extreme elastic conditions can be derivate
for the final end of the spatially curved beam. First, on forces
and displacements:

|:[I] _[a$,: :|:|(VII _QII) =[1] [Kl\l/','. :H:ay,', :|(u11 _AII) (16)
where,
ar* 0 0
[uu" J _ 0" a0 is the matrix of the displacements
Vu - Vo
0 0 anr

Vhl]
factors of restraints at the elastic support in the final extreme,
Q, :{Ql”’ o", QZ:'}T is the punctual forces loads applied

and AH:{/Ifl, A AZI)I}T is the imposed (if applied)

punctual displacements at the final point.
Secondly, with respect the rotations, it is obtained:

[(0-[a T](™,, -11,) =[] K3 Jat ](0, -0,) (7)
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gzll
h O’T“ 0 0 . h . f h .
ere 1S the matrix of the rotation
WS o =] 0 agn 0 )
0 0 aj

factors of restraints at the elastic support in the final extreme,
n H:{ s, o, n b"}T is the punctual forces loads applied
and Q, :{O "ol o Z‘}T is the imposed (if applied)

punctual rotations at the final point.

If we joint previous equations (Eq. 13), (Eq. 15), (Eq. 16)
and (Eq. 17) in a single matrix equation, we reach the
following expression of elastic stiffness conditions:

[[1]-[a]] (f-Q)=[a](3-A)

Where,
[at,] [0l [o] [0]

[o] = (0] [ah,] [0] [0] |is the restraints support
lo] [o] [aV,] [0]
o] [o] [o] [eX]

matrix, Q :{Q1T7n 1,Q, N HT}T is the complete vector of

(18)

forces and moments A ={A,”,0,",A,’,

OHT} " and is the
punctual loads of rotations and displacements in both ends.

Former equation Eq.18, can be written as:

o] [0 ][r] 0

[]-{oIl -al || 5 | | [-Tal]Q-TalA
As we comment in section VII where the stiffness matrix
was develop and demonstrated in a particular approach, it is
important to write the whole algebraic system with all the
intervening unknowns in a single vector, because it will be
solved at a single step without adding other sophisticated and
artificial procedure. This method, as it can be rapidly gotten,
is general, easier and flexible to implement the elastic

conditions and present several advantages from other used.

(19)

IX. FULL SYSTEM OF EQUATIONS OF THE MODEL

Stiffness equation (Eq. 11) contains twelve algebraic
equations, which relates reactions and displacements in both
ends of the beam. The other twelve equations necessaries to
solve the problem are given by the elastic condition of the
support in Eq. 18. As we mentioned formerly, now we can
directly sum the expressions derived (Eq. 12) and (Eq. 19) to
obtain the most general system, complete with twenty four
equations, which are written down here:

JLE e L T O P
(1] -Tal] o] Lﬁ} (1 -lo][Q-{alA
The algebraic system can be solved directly by obtaining

the inverse of the this matrix, given the vector of reactions and
displacements straightforward by:

fi_ _[_I_]__ ___[!(_] A _ 1)
[6} ([0 -Tel] ~[ol | |[[-{al]Q-Ta]A
In spite of the singularity of stiffness matrix, thus with no

inverse, if the structure is stable, always a solution is provided
because of the compatibility determinate system.

(20)
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X. EXAMPLE

A. Bending in a beam. General solution.

For simplicity, the example to be considered here is the
particular of a bar under bending effect, but it is suitable to
show the procedure to solve the whole problem exposed
formerly.

Let’s consider a straight beam with uniform force load and
elastic support as show in next figure:

LILLLLLLLLLLL ]

|
K0,

1 L |
!

Figure 1. Bending with elastic support conditions.

The differential system in this case will be a particular case
of the general equation (Eq.2) given:

dv.
Z + :0
T q.
dM
-V, +—= +m, =0
dx y
M dé
-——X + 2 -0 =0
EI, dx ’
0, +@—AZ =0
dx

Integrating with only force load applied, it is obtained:

V.(x) =V, —qx
2
M, (x)= V,x +M, _%
0.(x) = Vy——ra, 5 40 e
“2EI, EI 6EI,
3 2
w(x) ==V, i -M,, i =0, xtw, + =
6EI, = °2EI, 24EI,
In matricial form we get,
- [ —qL
10 00 -~
v, L 1 ooy, —%
2
M, = L L 10 M, +| gL
6, 2E1, E, o 6EI
w 3 2 W,
L _621 _221 L ak
L y v . 24E1,

which is the expression in transference as mentioned in Eq.
6 if analytically or Eq. 8 if numerically.

Reordering reactions and displacements to each member as
was shown in Eq. 9, yields:
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10 10] _qu

L 1 01 /F-r,] [0o000]w —%

2 —_

L i 00 MyO — 0000 eyo + qL3
ZEIV EIV VzL 01 0-1 wy 6 EI‘

r M, 1-L-10 |6, .
6EI 2EI / 9L
Lo 25 24EI,

i | 12EI, 6EI, 12EI, 6EI, | r ]
1000-—=2 —r v _qL
L L I ro| ) 2
| 6EI, 4EI, 6EI, 2EI, || Vo g
0100 —* ——2 ——2r -2 2| s
UL L JZ L 20 12
00103 12EI,  6EI, 12EI, 6EI || V., 4L
b r r ro||\ M, || 2
! = 2
| 6EI, 2EI, GEI, 4EI I
0001 2 —== 200 TR W 02
L L L | L_|| 8, 12
0000 0 0 0 0 W, 0
00000 0 0 0 0 o 0
| L
00001 0 0 0 0 0
0000, 0 0 0 0 | 0 ]

conditions:
0 0 0 040 0 0 0, g
00 0 0 o 0 0 o | "I
0 0 0 00 0 0 0 |
O 0 000 0 0 0 oy, | o
a0 00 a0 00 |t Eg
0 1-al 0o 0 1o -ay o o [ 4, o
0 0 I-a 0 3 0 0 - 0 || w | |0

00 0 1=amio o o -an |l G ] L0

After inverting the former matrix and multiplying, we put

all the unknowns in a single vector as said in Eq. 12:

It is easy then, to write the general elastic supports

The two above algebraic systems can be directly summed

and yields the system eight by eight, to be solved:

| 12EI, 6EI, 12EI, 6EI, | o
1 0 0 0 —— L qL
Lr L L L s
| 6EI, 4EI, 6EI, 2EI || _y T Z
0 1 0 P - -t =2 T qL
PL L I Loy o
VI2EI,  6EI, 12EI, 6EI, .
0 0 1 0 | —r-—r-—-—2 7 qL
DL r L r ey
! MvL 2
| 6EI, 2EI, GEI, 4EI, = )
0 0 0 1= ==y _qL
— 3 a
e st L L L\, 12
I-ap 0 0 0 {-ap 0 0 0 0 o
) | 0 W
0 1-ay 0 01 0 -ay 0 0 P 0
| vL
0 0 1-a» 0 | 0 0 -a 0 | - 0
g ! g
O | O 0
| 0 0 0 l-apti 0 0 0 -ap | L7
The solution is written directly as:
r | 12E1, 6EI, 12EI, 6EI, ' _
1 0 0 (I — = . . qL
} r L L L _7
M-y | 6EI,  AEI, 6EI 2EI, N
<0 0 1 0 e 2 I Y o
iy A L r L
»0 i 12
VI2EI,  6EI, 12EI, 6EI,
Vi 0 0 1 0 | —2 —2-—2-— qL
P )7 r L Y
M, | 2
= | GEI, 2EI, GEI, 4EI, )
W 0 0 0 12 -2 -2 | gL
P I L L L L 12
0 I-ay 0 0 b-ap 0 0 0 5"
Wi . o | a
0, 0 l-a; 0 0 | -ay 0 0 0
- 0 0 1-a» 0 | 0 -a 0 0
g ! g
o o0 o 1-ai o o o -ai |l

Note that all possible elastic supports can be considered in
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this manner. Also, if complete restraints are imposed, as for
example, fixed-fixed, is as simple as substituting the actual

values of the factors @’s, and get the next expression:
.

1000!_12151}_ 6EI, 12EI, 6EI, [ gL]
~ ~ : L3 L2 L3 L2 2
) otoo 8EL _AEL, 6EI, 2EI | | gL
M, L L L 12
I
V., 0010) 12131), _6E21J,_121:;1},_6E21y _qL
yL | L L L L 2
- ! i
W, ooy OFL _2EI, 6EI, 4EL, | | gL’
O | |_oop L Lo L Lo 12
W 00000 -1 0 0 0 0
L |
0 00000 0 -1 0 0 0
LA i
00001 0 o -1 0 0
10000] 0 0 0 -1 | L 0 |

It results that, the inverse matrix is the same, so reactions
and displacements unknowns are directly obtained:

| 12E1, 6EI, 12EI, 6EI, [[ qL| [ qL]
1000-——+~ 7 3) 7 5 5
L L )5 I 2 2
V. | 6EI, 4EI, G6EI, 2EI | g’ g2
Y 0100 —2 ——=2 ——» ) 42 at
40 L L I L 12 12
v, 00103 12E1, 6EI, 12EI, GEI || gL | | _qL
M, A r r I 2 2
= ‘ 2 | = 2
W, 0001l SEL _2EL, _GEL, 4EL || gL qr
6, N 7 A 7 D P2 B B
w 0000, -1 0 0 0 0 0
L |
6, 0000 0 -1 0 0 0 0
N : ooooi 0 0 -1 0 0 0
10000] © 0 0 -1 JL © 0 |

Other type of combinations of different support can easily
be implemented and the system solved in the same way.

XI. CONCLUSIONS

It is presented the general system of differential equations
that governs the behaviour of a spatially curved beam (Eq.2).
This system can be solved either by an analytical or numerical
method. Authors presented in last conferences, a new
numerical method, the Finite Transfer Method (FTM) to solve
a linear system of ordinary differential equations, how to
apply general boundary conditions in equation form, and
determine in the limit the exact analytical solution as well.
The Finite Transfer Method exposed seems to be the most
suitable to reach the desire result. The Transfer Matrix (exact
or numerical) is directly reached. Rearranging it in a new
expression, Stiffness Matrix expression is derived
consequently. Since analytical solution is the limit of the
numerical procedure proposed, exact expressions and
derivations of transfer and stiffness matrices come up.

It is important to note that the algebraic system is extended
to twenty four equations to let space for next equations of
support. That permits the generality of the statement of the
problem. This treatment of the problem is new and intriguing.

Establishing the elastic conditions has been a complicated
classical problem since usual and traditional models do not
contemplate the whole system with all the unknowns and all
the functions.
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An analytical example of a particular case of a straight
beam is developed to show the practice. The procedure given
is general and suitable for educational purposes.
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