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Abstract

In this paper, an exact dynamic field transfer matrix for free vibration analysis of composite beam is
presented. The analysis of composite beams is carried out using a combination between the transfer matrix
and the analog beam methods (TMABM). A composite beam is composed of an upper slab and a lower
beam, connected at the interface by shear transmitting studs. The theory of analogue beam includes the
coupling between the bending and torsional modes of deformation, which is usually present in laminated
composite beams due to ply orientation. The application of this method is demonstrated by investigation of
the free vibration characteristics of a composite beam for which some comparative results are available.
The method developed in this paper can mainly be applied in the field of dynamic analysis of composite
bridges. Although, the method is complicated, it is more accurate and could prove to be a good tool for
design purposes.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

The basic idea of the analogue beam method is to replace the real beam with an analogue beam
where all the shear deformation is concentrated in a thin horizontal layer, called the shear layer.
When the correct stiffness is assigned to this layer it is possible to get the real beam, and its
analogue, to behave the same way in the overall sense, i.e., they have the identical deformation,
bending moment, and shear force.

The method of analysis is based on two-kinematical assumptions [1]. In the first one, each sub-
beam behaves as a simple Bernouli-Euler beam, i.e., the shear deformation within each beam is
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neglected. All shear deformation is therefore concentrated in the shear layer. In the second, the
vertical displacements of the sub-beams are the same, i.e.; the shear layer is transversely rigid.

Most of the studies on composite beams have concentrated on their strength rather than their
elastic behaviour [1-6]. Several authors have investigated the free vibration characteristics of
composite beams [3,5,6], but only a few have taken into account the effects of shear deformation.
Banerjee and Williams [4,5] have developed the dynamic stiffness matrix of composite beams in
order to investigate their free vibration characteristics. However, their work on the subject did not
account for the effects of shear deformation and rotatory inertia, which can be important for
composite beams because they are usually more sensitive to these effects than are their metallic
counterparts, due mainly to the low shear moduli of fibrous composites. In their subsequent work
they extended the dynamic stiffness method to include the effects of shear deformation. The
natural frequencies in this work were calculated using the algorithm of Wittrick and Williams [7].

Lee [8] used the energy method (Rayleigh-Ritz method) to develop his theory to calculate the
natural frequencies of thin orthotropic composite shells.

However, the objective of this paper is to investigate the free vibration characteristics of
composite beams using a combination of the analogue-beam theory and the transfer matrix
method. The analogue beam method is developed first and then used in conjunction with the
stiffness matrix to yield natural frequencies in free vibration.

2. The mathematical model

The model used in this analysis is a composite steel-concrete beam [2] which is composed of a
concrete slab and a steel beam, connected at their interface by a shear transmitting device such as
studs, as shown in Fig. 1.

The purpose of the shear studs is to transmit the horizontal shear force between the slab and the
beam. The shear interface is of course not completely rigid but has a force (Q)-displacement (9)
relationship of the type shown in Fig. 2. As the composite beam is loaded, some slip must take
place at the beam-slab interface. The composite beam therefore will no longer follow the Navier
hypothesis of beam theory, even though the slab and the beam separately can still be expected to

Shear Studs

Concrete Slab

Fig. 1. Composite beam cross-section.
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Fig. 2. Typical slip behavior of a shear stud.
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Fig. 3. Effect of shear on beam deflection.

do so. Shear deformation of the steel beam can be important for composite beams, but it is not
included in this analysis.

To illustrate this method further, the problem of the vibrating beam should be solved taking
into consideration the effect of shear deflection. Consider a beam of length (£), with the following
properties that are constant over the length: cross-sectional area (A4), second moment of area (/),
and mass per unit length (¢). The slope (dw/dx) of the centreline of the beam is affected by both
the bending moment and the shear force. The action of the bending moment rotates the face of the
cross-section through an angle (), and from there the shearing action turns the centreline to
adopt the slope (dw/dx), the angle of the face of the beam remaining unchanged (Fig. 3).
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Fig. 4. Global and local internal forces.

The resultant axial forces Ny and N; and the moments My and M in the sub-beams are
illustrated in Fig. 4. The total bending moment (M) can be decomposed into two components

M= M+ M, (1)
where M, can be identified as the bending moment in the beam from what can be called its “truss

action”, i.e., from the axial force in the sub-beams, while M, represents the combined bending
moment from the individual beam action of the sub-beams acting independently.

d
= &0, @
d*w
M= ~(ED, 5, @

where I; is the moment of inertia of the beam as a truss, /., the moment of inertia of the sub-beams
acting independently, E the elastic modulus and w the deflection. (E7), and (EI), represent the
bending rigidities for the truss component and for the beam component, respectively.

Eq. (1) can be rewritten as

dy d?w
dx “dx?
The shear force is somewhat more complicated. The horizontal shear force in the shear layer, ¢ per
unit length, can be expressed as

M = (ED), 5 — (EI) 4)

a=kh(v+ 5), ©



A.M. Ellakany et al. | Journal of Sound and Vibration 277 (2004) 765-781 769

where k is the shear stiffness of the shear layer and / is the distance between the centroids of the
sub-beams (the distance between the local z-axis).

The line force (g) acts at the interface between the sub-beams. Moment equilibrium of the two
sub-beams element yields

dM
Ou = i Y+ qCy, (6a)

dM
01 =4 = +4CL. (6b)

The total shear force is therefore
dM dM dM
0=Qu+0r=—"+—Lygh=—""1+qh, (7
dx dx dx

where M¢c = My + My, h = Cy + Cr and also as shown in Fig. 4 that 7 = hy — hy.
In a similar way to the total bending moment, the total shear force Q can also be thought of as
having two components such as

Q=0+ 0. (8)
From Egs. (3), (5) and (7) then,
dw
— -2 hatadl IO
0 = ki <w+dx> (e, 2 ©)
Then  can be expressed as
1 dMC dw
V= kh2Q'_%Z5 dy  dx’ (10)

Differentiation of Eq. (10) and substitution in Eq. (4) yield
(EI,dQ (EI),(EI),d*w Ejd%v

M = —= — 11
kh? dx kh>  dx* dx?’ (1D
where EI = (EI), + (EI),.
If a sinusoidal variation of w with circular frequency w, is assumed, then
w(x, ) = W(x)sin wt,
where W (x), is the amplitude of the sinusoidally varying vertical displacement.
The equilibrium considerations give the equations
d dm
9_ _ rw, M_, (12)
dx dx

where w is the circular frequency of the beam.
Taking the second derivative of Eq. (11) with respect to x and combining it with Eq. (12) gives
the equation
dw d*w a*w
- C - C CGWwW =0 13
dx¢ Ny 2 gz T ’ 13
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where
B kh*EI/? B w*ul B w?ukh?/®
'TEDJ(ED, T (ED, T (EDJED,
Since Eq. (13) is an ordinary differential equation with constant coefficients, its solution is of the
form
W= Ce™, (14)

where C is constant.
This solution, substituted in Eq. (13), leads to the characteristic equation in A:

W C =G +C=0. (15)
After extensive algebra, the roots of this equation are +/;, +4,, and + /3, where [3-5]:
2 =[=2r' cos(¢p/3) + C1/3]'/,
Jo = [=2r' cos[(¢ — 2m) /3] + C1/3]'/7,
3 = [-2r'3 cos[(¢ + 2m) /3] + C1/3]'2,

with
R PR g I o, 1 3
r= 729C +8 CC2+27CC +27C,
127G =9C1C, - 2C
¢ = cos 375 ,
2CE+3Cy)Y
and using the relations
et? = cosh 0+sinh 0, e’ = cos0+jsin 6.

The solution can be written in the form
_ X - . X - X
W = C, cos (/11 Z) + C, sin (Al 7) + C;3 cosh <)V2 Z>
+ Cysinh (/12 ;) + Cs cosh <z3 ;) + Gy sinh</13 ;)

Since the solution for all the variables is of the same form, it is better to start off most
conveniently with the solution of Q,

QO = A cos (/11 ;) + A, sin (11 ;) + A5 cosh (/12 ;)
+ Ay sinh (iz ;) + As cosh (13 ;) + Ag sinh (/13 ;) (16)
From Eq. (12) the deflection will be:
W = — o1 A; sinh (il ;) + a1 A5 cos (/11 ;) ~+ 0p A3 sinh (J,z ;)

+ op A4 cosh (/12 ;) + 0345 sinh ()V_; ;) + a3 Ag cosh (23 ;) , (17)
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where
Al A 3

=, W=, G3= -
: gl 2 U2/ 3 Uw*/

The derivative of the deflection is given by

W = — aljl A cos(/ll ;) — OC1—;1A2 sin(/ll ;) + a2—;2A3 cosh(iz ;)
+ “2;”2 Ay sinh (12 ;) + “37% As cosh (13 ;) + “37%3 Ag sinh (/13 ;) (18)

Using Eq. (17) and substituting in Eq. (9), then ¥ can be expressed as

W = B, A cos <,11 ;) + B4 sin(/h ;) + BrA43 cosh(iz ;)

+ By Ay sinh (12 ;) + ByAs cosh (;@ ;) + B, Ag sinh (13 ;) (19)

where

g [ (1 EDAN A [ () EDASN
: kh? parl* pew*l?|’ 2 ki po*l* o
g [ (1 EDAY A
3 khZ uw2/4 ’uwzfz '

Finally, from Egs. (2) and (3) the expression for M; and M, will be

M; = —7y,4,sin (Zl ;) + y,43 cos ()»1 ;) + y,A3 sinh <22 ;)

+ 7,44 cosh (;Q ;) + 7345 sinh (13 ’—;) + 7345 cosh <,13 ;) (20)

M, =64, sin(il ;) — 0143 cos (xh ;) + 0243 sinh(iz ;)

X . X X
+ 0, A4 cosh (ig Z) + 03A5 sinh (/L3 ?> + 0346 cosh (/13 2), (21)
where
_ (ED),f /1 _ (EI),f272 _ (EI),f373
yl / > VZ f > '))3 f >
5 _EDA o (EDJS < (EDJS
b perl>’ o perl’ T porl

Egs. (17)—~(21) can be expressed in matrix form:



—oy sin M o3 cosh 4
: / ’ /
. A
7 > b3 smh<
x) 73 cosh </13x
. ;»3)( /13x
53 sinh (7) (53 cosh (7)

. AoXx Jox .
op sinh <%> o» cosh (%) o3 smh( 7
co

~

=

BN
%
=

A
01 sin <17x)

CLL

184-S9L ($00T) LLT uouviqig puv punog fo [puinof | v 12 fuvypjiq W'y
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Or in another form
z(x) = B(x)a.
At the point (x = 0), z(x) = z;,_, , and the matrix equation (22) becomes

r 7] 0 o 0 0% 0 o3 r 7]

W Ay
W %? 0 é27“30)“3;‘30 4>
A‘z B0 B 0 B0 jf ,
Mt 0 71 0 V2 0 73 A4
¢ 0 -5 0 & 0 &l
(2] |1 0o 1 o 1 ol

or
z;,_1 = B(0)a.

Therefore, solving for the column vector a, leads to

a=B"'0)z_,.
Substituting Eq. (24) into Eq. (22) yields

z(x) = B(x)B~'(0)z;_;.
At the point x = ¢, z(x) = z;, so that Eq. (25) becomes
z; = B()B '(0)z;) = Ugz;_1.

Hence the transfer matrix is

U; = B(/)B~1(0).
In this case the inversion of B(0) is found to be

0 ap a3 0 0 daie
ary 0 0 ary dArs 0
B(0) = 0 ap a3z 0 0 azx
agr 0 0 ass ass O

0 dasy ds3 0 0 ase

agy 0 0 aes ass O

773

(22)

(23)

(24)

(25)

(26)

(27)

(28)
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At the point x = / the matrix B(/) can be written as

—o sin Ay
i]OCl .

————CO0S 41
{

B(/)= | Bicosi
—7 sin 4

51 sin /11

CoS A1

o] COS A

110(1 .
————sin 44

/

fysin 4,

Y1 COS 4

—01 coS A4y

sin /11

oy sinh A,

/

p, cosh 4,

7, sinh 4,

0, sinh 4,
cosh 4,

o» cosh 1,

f, sinh 4,

7, cosh Ay

0, cosh 4,
sinh 4,

o3 sinh A3

o3 cosh A3 ]

A A A /
2% cosh A, %‘(2 sinh 4, %“3 cosh 43 % sinh A3

5 cosh 43 f5 sinh /3

5 sinh A3 3 cosh 43

03 sinh A3 03 cosh A3
cosh /3 sinh A3

The final matrix operation B(/)B~!(0) then produce the transfer matrix, so that

or

w
W/

4
M,
M,

0

Th

T,
T

Tis
T»s

T3 T
Ty Toy
T3z Ti
Tyz Ty
Ts3 Ts4
Tes Tea
Z,=FZ7,,.

w
W/

U
M,
M,

0

The coefficients of the field transfer matrix “F” are illustrated in Appendix A.

3. Transfer matrix scheme

(29)

(30)

(1)

The actual beam is divided into N elements, as shown in Fig. 5, the field matrix F for each
element is determined as a function of @3, by using Eq. (31). The relation between the state vector
Zy at support N and the state vector Zy at support O, using transfer matrix method is

Zy =TZy,

pSssees

Fig. 5. Schematic diagram of the actual beam.

(32)
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where

|
T = Hi:N—lFi

which is called over-all transfer matrix. The coefficients of this matrix (77 to Tgg) all
being function of the circular frequencies w,. Expanding Eq. (32) gives six equations, by
applying the boundary conditions to these equations the frequency determinant can be easily
obtained [9].

3.1. Boundary conditions for analog beam

For the case of simply supported beam, the moments and displacements at both ends are zero,
or in view of Eq. (1) by

M=M+M.=0 (33)
and
W =0. (34)
This can be realized in two different ways [1], either by making the individual moment in each
sub-beam zero, i.e.:
M, =M., =0. (35)
Or, by making the total moment M equal to zero, i.e:
M, = —M.. (36)
The first case, Eq. (35), is called a simple support without shear restraint, Fig. 6(a). This type of

support would occur in a simply supported beam without any special restraint at the end. The
boundary conditions for this case are:

W=0, M=0 M =0.

V7

i

@ o P

Fig. 6. (a) No shear restraints. (b) Shear restraints.
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The second case, Eq. (35), is called simple supported with restraint, Fig. 6(b). The boundary
conditions for this case are:

I
W=0 y=-W, M,:<I—‘>MC.
t

4. Application of the model

The above method can now be used to compute the natural frequencies of a simple supported
beam with uniformly distributed mass. It is convenient to introduce the following non-
dimensional parameters,

El, ¢ Ll _ Oty
EI’

= = 5 &= 5
1 kh2/? wcL

where n represents the relative importance of bending stiffness EI, of the slab and beam
acting independently and the bending stiffness FEI;, caused by the truss action. For
typical composite beam # varies from about 0.2 to 1.4 [2]. ¢ represents the relative importance
of the truss bending stiffness EI, and shear stiffness k of the shear layer. A very large variation
in ¢ is possible. ¢ equal to zero corresponds to complete interaction (completely rigid shear
studs k= o), and & equal to infinity corresponds to zero interaction (no shear studs
k =0). While ¢ represents the relative importance of the natural frequencies calculated by
transfer matrix method (wry) and the natural frequencies calculated by the classical
method (wcyr).

By applying simple supported boundary conditions at each end of the classical beam, the
classical natural frequencies can be expressed as [9,10]

v — (g)zﬁ. &7

From the above equation wcy varies between wcrmax and wcermin due to the value of EI, where
Wcrmax corresponds to complete interaction between the beam and slab (EI = EI, + EI.) and
wcrmin corresponds to zero interaction (EI = El,).

It is very important to note that, in the classical beam it is not possible to distinguish between
boundary condition with and without shear restraints.

For comparison, natural frequencies can be calculated by applying the TMABM and Eq. (37)
using the data listed below:

Bending stiffness for the beam component (EI), = 4 x 10° mt?;

Length of the beam (/) = 10 m;

Mass per unit length =1000 kg/m;

Distance between centroids of the sub-beams=0.3 m.

The first four natural frequencies of the beam have been calculated for the case of no shear
restraints (k = 0) and # = 1 and are listed in Table 1. The natural frequencies calculated using
TMABM agreed completely with those obtained using Eq. (37).



A.M. Ellakany et al. | Journal of Sound and Vibration 277 (2004) 765-781 777

Table 1
Comparison of natural frequencies calculated using TMABM and Refs. [9,10]. For case of no shear restraints (k = 0)
Frequancy Natural frequency (Hz)
TMABM Refs. [9,10]

o) 6.24 6.24
wy 24.96 24.96
w3 56.18 56.17
Wy 99.52 99.87
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0.30
0.1 1 10 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 1E+10

Shear Stiffness, k

Fig. 7. Variation of normalized natural frequency with shear stiffness (k) for mode 1, wi, [~ ¢— h=02, —@—
h=06,—+—h=10,—%k—h=14].

4.1. Case of no shear restraints at both ends

Figs. 7-9 represent the normalized natural frequencies (w,w;,®3;) for the case of no shear
restraints at both ends of the beam. The frequencies are normalized with respect to the maximum
natural frequency obtained by using Eq. (37).

Different values of “#‘° have been considered to represent the relative importance of bending
stiffness. From the results represented in these figures, it is clear that for sections with complete
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Fig. 8. Variation of normalized natural frequency with Shear stiffness (k) for mode 2, w;, [—®— 7 =02, —@—
h=06,—+—h=10,—Kk—h=14].

interaction between the beam and the slab (k > 107 N/m?), the behaviour of the composite beam is
identical to that of the equivalent classical beam. However, when sliding occurs (k< 10° N/m?),
the composite beam presented a lower natural frequency than that obtained by the equivalent
classical beam.

5. Conclusions

Explicit expressions for field transfer matrix of a uniform elastic composite beam have been
derived. A combined transfer matrix-analog beam method (TMABM) is presented and applied to
a simple supported beam with uniformly distributed mass to investigate the natural frequencies.
The method can be applied to both cases of the no shear restraint and with shear restraint at both
ends. The results obtained from the present method were verified with that of the classical method
and a good agreement was achieved. Also, the effect of changing the values of significant
parameters 7 and K on the natural frequencies of the elastic composite beams has been studied.
The results obtained from this study indicate that the natural frequency strongly depends on these
values and that it is very important to consider these variables especially for the case when
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Fig. 9. Variation of normalized natural frequency with Shear stiffness (k) for mode 3, w3, [—®— h=0.2, —@—
h=06,—+—h=10,—%—h=14].

studying the bridges and structures that are exposed to dynamic loading. Although, the method is
more complicated, it is more accurate and could prove to be a good tool for design purposes. The
developed model can be applied to calculate the natural frequencies of multi-span composite
bridges with various intermediate conditions beside the effects of the intermediate conditions such
as rigid supports.

Appendix A. The coefficient of the field transfer matrix “F”

T11 = ax o1 €os Ay + ason cosh Ay + ag o3 cosh A3,
T1» = —app0 sin Ay + azyon sinh A, + aspos sinh s,
T13 = —ayz0q sin Ay + azzon sinh Ay + asyoz sinh s,
T14 = axa0t1 COS Ay + agq0n cosh Ay + agaotz cosh As,
T15 = axso €Os Ay + aason cosh Ay + agsoiz cosh As,

Ti6 = —aje0 SIN A1 + azeon sinh A + asgoz sinh A3,
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1> = —ay ;“1% sin Ay + ag; % sinh A, + ag % sinhAjz,
T = —ap }Ll—;l cosl + asp % cosh A, + asy % cosh A3
T3 = —am3 }Ll%cos A+ as %cosh A + as3 %%cosh 33,
Ths = —any ;Ll% sin A; + ayq % sinh A; + agq % sinh A3,

Ao . Jaoy . 2303 .
T>s = —ans %“1 sin Ay + aus %«2 sinh A, + ags %«3 sinh A3,

Ao Aot A30
T = —alé%cos A+ aw%cosh Ao+ a56%cosh A3,

T31 = a1 By sin A1 + a1 B, sinh 4y + ag; 5 sinh 43,
T3y = apf; cos Ay + asyf, cosh A, + asyf3 cosh 43,
Ts3 = aj3f, cos A1 + azzf, cosh Ay + as3 33 cosh 23,
T34 = anf; sin A; + aaaf, sinh 1y + aeafi; sinh 23,
T35 = apsPy sin Ay + aasf, sinh Ay + agsf; sinh 43,
T3¢ = ajef; cos A + asef, cosh Ay + aseff; cosh 43,

T41 = a1y cos A1 + aa1y, cosh Ay + ag1y; cosh A3,
T4 = —ajay; sin A1 + azy, sinh Ay + asyys sinh A3,
T43 = —ay3y; sin 4| + asz3y, sinh Ay + as3y; sinh Az,
Tys = anay; cOs A1 + das), cosh Ay + aeay; cosh A3,
T4s = apsy; cos A1 + aasy, cosh Ay + agsy; cosh Az,
Ty6 = —aiey; Sin A1 + azey, sinh Ay + asey; sinh A3,

Ts51 = —az101 cOS A1 + a410, cosh A, + ag 03 cosh A3,
Ts, = a1201 sin Ay + azpd; sinh A, + as»d3 sinh 43,
Ts3 = a1301 Sin A1 + az30, sinh A, + as303 sinh /s,
Ts4 = —ap401 COS A1 + 440, cosh Ay + ag403 cosh /3,
Ts5 = —ay501 COS A1 + a450; cosh A, + ags503 cosh A3,
Ts6 = a1601 SIN A1 + azgd; sinh Ay + ased; sinh A3,

Te1 = ax; Sin Ay + a4y sinh Ay + ag; sinh A3, Ty = aj2 cos A1 + azp cosh Ay + aspy cosh A3,
Te3 = ay3cos A1 + azz cosh Ay + as3 cosh A3, Tes = anq Sin A| + agq sinh Ao + agq sinh A3,

Tes5 = ars Sin Ay + ays sinh Ay + ags sinh A3, Ty = a1 COS A1 + azg cosh Ay + asg cosh A3,
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where the following abbreviations have been introduced:

ap = (3 — P)/A1, a3 = (Jaoa — 2303)/LA1,  are = (3035 — Aaoaf3) /LA,
ay = (9203 — y302) /A2, ars = (0203 — 03000) /A2, ars = (—o3), + a2y3)/As,
ap = (1 — B3)/A, a3 = (o + L) /LA, aze = (=433 — Ao f3) /LAy

asy = (=103 — 9301) /A2, asa = (0103 + 03001)/Aa,  ass = (—ouys + 037,) /A,
asy = (B — P1)/A1,  as3 = (—looa — Lyon) /LA, ase = (L1 fy + Ao fpy) /LAy,
agr = (9102 +1201)/A2,  aes = (=100 — d201)/ Az, ass = (1), — a2y1)/As.

and

A= %(7»2062 — J303) + %(/11061 + A303) + %(—/12062 — Aioy),

Ay = a1(—7302 + 7203) + 02(—y301 — 7103) + a3(y102 + y,201).

References

[11 A. Gjelsvik, Analog-beam method for determining shear-lag effects, Journal of Engineering Mechanics 117 (7)
(1991) 1575-1595.

[2] R. Betti, Gjelsvik, Elastic composite beams, Computers & Structures 59(3) (1996) 437-451.

[3] L.S. Teoh, C.C. Huang, The vibration of beams of fibre reinforced material, Journal of Sound and Vibration 143
(1990) 403-519.

[4] J.R. Banerjee, F.W. Williams, Free vibration of composite beams— an exact method using symbolic computation,
Journal of Aircraft 32 (1995) 636-642.

[5] J.R. Banerjee, F.W. Williams, Exact dynamic stiffness matrix for composite Timoshenko beams with applications,
Journal of Sound and Vibration 194 (1996) 573-585.

[6] R.B. Abarcar, P.F. Cunif, The vibration of cantilever beams of fiber reinforced material, Journal of Composite
Materials 6 (1972) 504-517.

[71 W.H. Wittrick, F.W. Williams, A general algorithm for computing natural frequencies of elastic structures,
Quarterly Journal of Mechanics and Applied Mathematics 24 (1971) 263-284.

[8] D.G. Lee, Calculation of natural frequencies of vibration of thin orthotropic composite shells by energy method,
Journal of Composite Materials 22 (1988) 1102-1114.

[9]1 G.L. Warburton, The Dynamical Behavior of Structure, Pergmon Press, Oxford, 1976.

[10] C. Pestel, A. Leckie, Matrix Methods in Elastomechanics, McGraw Hill, New York, 1963.



	A combined transfer matrix and analogue beam method for free vibration analysis of composite beams
	Introduction
	The mathematical model
	Transfer matrix scheme
	Boundary conditions for analog beam

	Application of the model
	Case of no shear restraints at both ends

	Conclusions
	The coefficient of the field transfer matrix ’’F’’
	References


