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Abstract: The paper presents the methodic for analytical determining of stress-strain state of a beam partially
supported on elastic foundation at sudden damage of foundation structure (partial failure). Bending equation for
a beam is written using dimensional parameter and solved with the initial parameters method. Such approach al-
lows to obtain dimensional analytical solution to static and dynamic problems for universal boundary conditions
of a beam since it always leads to equations’ system of second order. Using numerical analysis for various values
of generalized stiffness parameter of a system “beam — foundation™, we established affecting of the length of
failure foundation part to stress-strain state of the beam for two supporting variants: partial supporting and sup-
porting by two ends with foundation failure in the middle part of the beam.
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Aunnoranus: [IpuBegeHa METOAWKA AHATMTHYECKOrO OMPEACNCHHS YCHIHH HAMPSKEHHO Ae()OPMHPOBAHHOTO
COCTOsIHM OANKK 4ACTHHHO OTEPTOH HA YPYroe OCHOBAHHE MPH BHE3AMHOM AC()CKTEC OCHOBAHMA — HYACTHYHOIO
c¢ paspyiuicHus. YpaBHeHue u3ruba Oanku 3amucaHel B O€3pa3sMEpPHBIX KOOPAMHATAX M PELICHBI METOIOB
HAYaJbHBIX MAPAMETPOB 3TO MO3BOJCT MONY4YaTh OC3pa3MEPHBIC AHAMUTHUCCKUE PEIICHUSI CTATHYCCKHX M IH-
HAMMYECKHX 3371a4 YHHBEPCAIbHBIMH MO OTHOMICHHIO K YCIOBHAM 3aKpEIUICHUA OankH, MOCKOABbKY BCETAA MpPH-
BOJUT K CHCTEME YPAaBHEHHMIi BTOPOro mopsaka. YMCICHHBIM aHANH3aM U1 PA3MYHBIX 3HAYCHHIH mapaMeTpa
000011ICHHOH KECTKOCTH CHCTEMBI «0a/IKa-0CHOBAHHE)» YCTAHOBIICHO BIIMSHHE JIHHHBI YTPAYEHHOH 4acTH oc-
HOBAHHA HA HAMpPsXKEHHO Ac()OPMHPOBAHHOE COCTOAHME OANKM MPH ABYX BAPHAHTAX OMUPAHUA HA YIPYToe oc-
HOBAHHE. YAaCTHYHOE OMHWPAHHC U OMHPAHHME MO ABYXOMOPHOH CXEME C pa3pyLICHHEM OCHOBAHM:A B CPEAHEH 4a-
CTH mpoJjeTa.

KinoueBsle ¢j10Ba: cuctema «0anka-oCHOBAHUEY», ABAPHITHOE BO3ACHCTBHE, BHE3AMHbIH AC(DEKT OCHOBAHMU,
YCHIIHSI, TICPEMCIICHHS

1. INTRODUCTION geometric and (or) mechanical characteristics of

this beam and (or) foundation along it length is
Traditional approach for solving the problem of representation of a system “beam — foundation”
static and dynamic flexure of a beam supported as series of rod sections supported on elastic
on elastic foundation with discrete changes of foundation in the boundaries of which proper-
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ties of the beam and foundation change it values
continuously or constant [1-6]. At the same
time, it leads to solving of Cauchy problem for
system of ordinary differential equations with
variables parameters. Besides boundary condi-
tions, solving of these equations requires accept-
ing continuity conditions for coefficients in the
discontinuity points of the first order (conjunc-
tion of sections). For many sections, such ap-
proach is laborious since it leads to a large
number N of equations for determining of inte-
gration constants ( N =4n, where n is sections’

number). In this case, the initial parameters’
method (IPM) becomes effective [7-10]. The
method allows to obtain dimension less analyti-
cal solutions to static and dynamic problems.
These solutions are universal for different types
of boundary conditions and number of sections
since it always leads to equations’ system of
second order. It is conveniently to apply the
[PM procedure in addition with state vectors for
an arbitrary cross section of a beam and matrix-
es of initial cross section affecting to arbitrary
cross section [6, 8,9, 11-14].

This paper presents the first part of investigation
of dynamic interaction of a continuous footing
with foundation under it. The continuous foot-
ing is simulated as an elastic flexible Bernoulli-
Euler beam of finite length and elastic founda-
tion under it. Despite a large number of litera-
ture to problems linked with rod systems sup-
ported on different types of foundation, there is
not advanced analysis of the case, when statical-
ly loaded system during operation loss it foun-
dation or its part. In according to Structural Me-
chanics, constructively nonlinear system ap-
pears un this case. This process causes appear-
ing of additional dynamic forces in the system.
While not all accidental impacts are classified
and reactions of structural elements are not in-
vestigated enough. Since, the present study is
actual, theoretically interesting and practically
significant.

The first part of the problem for constructing
and investigating of the mathematic models of
dynamic transmitting processes into loaded
beam at sudden foundation damage (partial fail-
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ure) is analysis of stress-strain state of loaded
beam at quasi-static failure of the supporting
foundation part. The case of entire foundation
failure is not considered because it deletes the
subject of investigation.

Solutions to static problems are used further to
formulate initial conditions for dynamic prob-
lems and for comparison of stress-strain state
before and after appearing of a damage.

2. MATHEMATIC MODEL

2.1. Cantilever beam partially supported on
Winkler foundation.

Beam of / length, of cross section area 4 and
axial inertia moment /, made of material of
pdensity and with elasticity modulus £ supports
partially on elastic Winkler foundation of &
stiffness (Figure 1.1).
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Figure 2.1. Calculational model for a beam
partially supported on elastic foundation.

The length of the first section is /1. Let us as-
sume that beam’s ends with coordinates X =0

and X =/ are free. The beam is loaded along the
span with evenly distributed load g. It is formu-
lated the problem for determining of deflections
and bending moments in dependence to length
of the supported section. Beam is considered as
a composite one after foundation failure and
consists of two homogeneous sections supported
on a step foundation of partially constant stiff-

ness: k, =k and k, =0. We construct solution
to this problem separately for each section using
local coordinates x;, v,z (i=1,2): x;is longi-
tudinal axis, y;and z; is main central inertia axis

of the cross section. When we chose the origin
point at initial cross section of each section, the
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continuity condition for solution to this problem
means that state of the end cross section of pre-
vious section is the initial for the next one. Let
us introduce dimensionless coordinates and pa-
rameters

&=~ w =, (=12)

— deflection of the beam;

T—

1

n

V=

— relative length of the supported part of the
beam;

— external load;

-
_ K
4E]

— generalized stiffness parameter of a system
“beam — foundation”.

Consider the successive bending of each sec-
tion.

2.2. Bending of the first section 0 <&, <v.
Solution to bending equation

d*w
de;

L+dow, =7, (2.1)

expressed through the initial parameters of this
section

Wi =W, (0), w;u = W: (0),“’."[; = Wf(0)= Wf':m = w:'(O)

takes the form [6, 12, 13]

W (&1): %(l i K4(a‘r;| ))+ W10K4(u‘r;| )+
+ W:UK'{ (aél )+ wl”ﬂKZ (ail )+ w;:]K] (ail )"

where K,.(ouil) is Krylov function [7, 14]:

sin a§,chaf, —cos ag shaf, ,
1 40’ Ko =K,

r r ]' r
K, =K; K, =K{K =——K,

State of an arbitrary cross section of the first

segment of the beam can be expressed by matrix
equation

T+ q qu (EJI ):

where W, (él)z {w1 (ﬁ.) W.'(i.) Wuﬂ(ﬁl) w]”(ﬁl)}}

is state vector for an arbitrary cross section & of

w, =V (&, 7, 2.2)

the first section; W, = {w Wi, Wi, w} - vec-

tor of initial parameters of the ﬁrst section;

K4(Ol§]) K3(a§l) Kz(aél) K](afl)
V.(xfu): _4‘74!{' (afl) Ki(af') K—‘(aé) (a‘g’,) — matrix of initial parameters of
e —4a K:(a’é’l) —4a Kl(a'é:l) K4(a§,) (afl)

- 4a4K3(a'§1) = 4Q4K2(a§|)

—46(7(,(&51) K(afl)

the first section affecting to state of section & of this section;

1- K4((1<";1
4a*

7.6)-{

146

7
) K,(a&) K,(a) Klof, )} — vector of forces for the first section.
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2.3. Bending of the second section
0<E, <1-v.

Flexure of this section can be expressed by
equation

d*w,

e

2.3)

general solution to which in the form of the ini-
tial parameters’ method should be written as [6]

_é‘: ' L4 E L éz
wz(‘gz): L +Ww,, + wzuéz T Wy =+ Wy 6“
or in the matrix form
wz(&sz): Vz(&sz )on +ar7_?q’ (2.4)

W, (‘Y;z): {Wz (éz) W, (‘Y;z) w;(éz) W;”(ﬁz )}7

— state vector of an arbitrary cross section &, of
the second section;

T
Wy = {Wzo Why Wiy H”;”O}

— vector of initial parameters for the second sec-
tion;

{ 2 3

L. £ &

(&) P 5

7, g
oe =|0 1 & -

G e 1 g

o 0 0 1

— matrix of initial parameters for second section
affecting to state of a cross section &,of this

segment;
— -
-5 2 2 e
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— force vector for the second segment.

2.4. Conjunction condition for segments.
Conjunction condition of segments can be ex-
pressed in matrix form as equality of vectors

w,(v)=,(0), 2.5)
From equation (2.2) for & = v it follows
W, (v) =V (V)pT/lU +q qu (v), (2.6)

and from equation (2.4) for & =0 we obtain

W, (0) = H?o

(2.7)

since the matrix 7,(0) is singular, and vector
7,,(0)=0. Substituting (2.6) and (2.7) into

(2.5), we obtain expression of initial parameters
for the second segment through initial parame-
ters of the first segment

Wao =V, 00 +7 7, (v).
Then from equation (2.4), it follows

Wz(gz ) = Vzl(ézz;v)”_/m +

+ 77, &)+ 7,(&) (28)

— affecting matrix of initial parameters for the
first segment to state of an arbitrary cross sec-
tion &, of the second segment;

I7v21q = Vz (éz )qu (V)

— vector of additional loads for the second seg-
ment.
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Thus, state of both segments of the beam is ex-
pressed through initial parameters of the first
segment. Two parameters are known in advance
from condition for the left end of the beam
(& =0). The next two unknown parameters can

be determined from conditions at the right end
of the beam for

p

mE) [1 & 2 2] k)
MG |y | g 8] teKilad)
W’_’(S’:z) o2 _40-'4K2(a‘§1) -
&) 000 S ek (ed) -
0O 0 O 1
_( 2 3
2 &
1 62 7 6
_ A
+7|10 1 & 3
09 1 &
0 0 O 1

In order to further construction, it is need to take
in account restraints at the ends of the beam.
Then boundary conditions take the form In or-
der to further construction, it is need to take in
account restraints at the ends of the beam. Then
boundary conditions take the form

(2.10)

From the first two conditions (2.10), it follows

r » o
“):O_WID_O'

From the second group of conditions (2.10) us-

ing equation (2.9), we obtain parameters w,

and wj,, as solutions to the system of algebraic

equations
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& =1-v.
2.5. Determination of unknown initial
parameters.
Let us write matrix equation (2.8) in the extend-
ed form

K;(a"f]) Kz(a'é:l) K1(‘Z§1) Wo
Klag)  Klag)  K(ag)|w|,
4K, (a&) K, (afl) K (&) || who

(1-K () f—4 29)
4q° &
K, a’v) + 6—
Kyaw) | | &
\ Ks(a'v) 2
& /]

m’) + (1 - V)Ka (m’))wlo +
(K, (av)+ (1= v)K, (o)), =

—

+

K}(a'v)wm +K2(av)w:u =
g
| 4a*

(K, (av)+1-v)

From where we obtain

(1-vy

(1)K e) +
Kl K@Ky ()

Kz(ocv

)

q
= =
4a°

Wo

;1) Y k)
Kzz (av)_ Kl (av)Ks (av)

10 —

4a”
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In accordance with matrix equation (2.2), de-
flections w;(£ ) and bending moments w{(&) in
an arbitrary section & of the first segment are
determined by functions

wl(él): K4(a§[ )wlo & K}(a& )wl'n %

a 2.11
+ 445}4 (1_ K4(a§l))’ ( )
o

W (gl ) = —4684(1(2 (agl )wm +

212
+ K@t W)+ 7K, (L) @12

Deflections  w,(£,) and bending moments
wi(&,) in an arbitrary cross section &, w,(&,) of

the second segment are determined by functions
from matrix equation (2.8)

wz( 2): Co+CE+GE +
+G& + &,
wi(&,)=2C, + 6C,£ +12C,£2,

(2.13)

(2.14)

where

Co= K4(av)w10 & K_,(O.’V)Wio g %‘4(1 = K4(av));
C = _4‘74[{1 (m)ww +K, (av)w;o +g K, (a'v),
C, = 2a K, (av)w,, — 2a* K, (av)w], +

+%K2(av);
C1=—§G4K3(av)wm——a K,(m-' o+
+%K3(a'v),

q
C,==.
Y24

2.6. Numerical results.

Using Maple we carried out calculation of di-
mension less deflections w(£) and bending
moments w'(¢&) for a beam, partially supported
on elastic foundation and loaded with evenly
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distributed load g =1. Calculations are per-

formed for different values of generalized stiff-
ness parameter ¢ of a system “beam — founda-
tion” in order to determine influence of damage
value (length of failure part of foundation) to
stress-strain state of the beam at increasing such
damage from one of end cross sections of this
beam. Figures 2.2-2.6 and Table 2.1 present
such calculation results.

e

rod cross section

wun =0, e=fil== y=0.6 v=0.8

\/:so.-..-»oo.—-mns::.

= R S I O PR =

rod cross section

e y=0.4 efif= v=0.6 ==ge=v=0.8

=

/
-

0=3.976
0,05

-0,05 +

-0,1

rod cross section

3 0 = =~ 0 0 — = 0 o

—py=0.4 == y=0.6 =—s—v=0.8

Figure 2.2. Diagrams for comparison
deflections of the beam at length decreasing
of supported part of the beam.
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Figure 2.3. Diagrams for comparison
of deflections at constant damage sizes.

Figure 2.2 shows diagrams for comparison de-
flections of the beam when supported part of the
beam decreases for values v=0,8;0,6; 0,4 (or,
respectively, damage length increases for values
1-v=0,2;0,4;0,6) for three values of a pa-
rameter of generalized stiffness of a system
“beam - foundation”: a =1,275;2,236; 3,976.
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Figure 2.4. Diagrams of bending moments
Jor different combinations
of stiffness variants o .

Figure 2.3 shows comparison of diagrams of
deflections at constant values of damage length
1-v=0,2;04; 0,6 for different generalized

stiffness of a system “beam — foundation™:
a=1,275;2,236;3,976. Let us note that in ac-
cordance with Winkler model, a free beam en-
tirely supported on foundation (v =1) and load-
ed with evenly distributed load 7, moves in

parallel itself without flexure for value %{f :

International Journal for Computational Civil and Structural Engineering
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v=04

m 0 - [ T T T r-.:—%q
o % .|
\3 456 g® 91011
)
m -0,1 Y /ﬂ
n 0.2 :
rod cross section
t
—=—0=1,257 ==0=2,236 —&—q=3,976
\\
rj'/’.
F ol
$=0=1257 e=fim=q=2236 ==l==0=3976

== =1,257 e=fffemg=2236

wbe =3 976
/
Figure 2.5. Diagrams of bending moments
for different combinations
of damage sizes (l - v) '

Diagrams’ character for all variants of system
stiffness & and damage sizes Vv is similar: max-
imum deflections increase with increasing
length of cantilever part for constant system
stiffness, and it decreases for large values of
stiffness for constant length of cantilever.
Figures 2.4 and 2.5 presents diagrams of bend-
ing moments for different combinations of stiff-
ness o and damage values 1—v.

Volume 15, Issue 2, 2019

The maximum moment for all cases arises in the
supported part of the beam and moves to the left
end of the beam at damage increasing. Value of
maximum moment for all stiffness variants o
significantly depends on the damage value

=W

nax nux nmax
1-v=0,4

(Figure 2.4) and does not depend on system
stiffness « for constant length of damaged part

(1-v) (Figure 2.5).

Table 2.1 presents values of maximum deflections
and bending moments for considered stiffness var-
1ants of a system “beam — foundation” and sizes of
supported part of the beam v.

Let us present an example of a system “beam —
foundation”, the generalized stiffness of which
takes the value o =3976. It is reinforced con-
crete beam of /= 6.7 m length with rectangular
cross section and sizes A=0.25 m (width),
h=0.18 m (height), 4=0.045 m? is area of
cross section. Inertia moment of cross section is
I1=1,215-107 m*. Elasticity modulus for beam
material is £ = 3.05-10’° N/m’. Foundation ma-
terial 1s gravel with modulus 4; =75 MPa/m.
Module of subgrade reaction
k=kib=1_87510°Pa. Then parameter is
a =3,976. Increasing (decreasing) of th is pa-
rameter can be linked with increasing (decreas-
ing) of foundation stiffness k; (for constant
flexural stiffness of a beam), whether decreasing
(increasing) of flexural stiffness £/ of a beam
(for constant foundation stiffness).

3. Partially supported beam
with two supporting segments.

3.1. Formulation and solution to the

problem.

Here we formulate similar problem for the
beam, foundation and load as it was above. The
difference is that the internal part of the beam
does not support on foundation (Figure 3.1). We
consider the beam as a composite structure.
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Table 2.1. Maximum deflections and bending moments.

Parameter Deflections Bending moments
v 1 0.8 0.6 0,4 1 0,8 0,6 0.4
a
1257 0.1 0.197 | 00961 479 0 0,039 0,102 0.19
2.236 0,01 0,031 0,11 0512 0 0,038 0,101 0,19
3.976 0,001 | 0,0057 | 00236 | 0,084 0 0,032 0,095 0,19

This one consists of three homogenous seg-
ments supported on step foundation with partial-

ly constant stiffness: k, =k, =k, k, =0.

Y VVVVVVVVVVVYYI

———————————————————— —.
/*{f] I8 2, <IN/

y\f‘ =

Figure 3.1. Calculation scheme of partially
supported beam with two supporting
segments.

Let us introduce dimensionless variables and
parameters

é.a‘ :ﬁ; w; :%(f‘ =L12,3),y = ,;_15 V2 :L

—
~—

Deflection for the first segment (0<& <v,)
and the third segment (0 < & <v,) are described

by solution (2.2) to equation (2.1), and state of
cross sections & and &, is described by matrix

equation respectively:

W1(51) = Vl(gl )H_/:n +§V1q( |):
w_‘%(ﬁ%) . Vl(é )mn +q qu (5\ ):

(3.1)

(3.2)

and for the second segment (0< &, <1-v, —v,)
it 1s described by solution (2.4) to equation
(2.3). State of a cross section &, of the second

segment

o +aV,,(&) (3.3)
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Using conjunction conditions for segments: first
and second

And second with third
Wg(l =V Vz) = W’%(Ol

We express initial parameters of the second and
third segments through the initial parameters of
the first segment

Wy =V (W W, +3 ¥, (), (3.4)

and

o = V(=9 =, V(3 VT +
7oV o)+ 7 v —w)] G

Substituting (3.4) and (3.5) to formulas (3.2)
and (3.3) respectively, we obtain expression for
state vector of all segments through the initial
parameters of the first segment (two parameters
are known: wj, =wj;=0).

Wz( 2) ( 2)V(V1)W_flo+
RIANAOIALS I
w(&) =Y, ()( AN
+ gl (e, (- q) L)+ (3.7)
+¥(&) “q( -v,)+7, h;(gw)l
Further, using matrix representation of state

vectors for three segments (3.1), (3.6), (3.7),
boundary conditions

International Journal for Computational Civil and Structural Engineering
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W (0): w,"(()): 0 the second condition pair (3.8), system of equa-
w!(v,)=wl(v,)=0 (3-8) tions for determining initial parameters w,, and

And extended form of the equation (3.7) (simi- Wo:
lar to equation (2.9)), we obtain, satisfying to

—4a* (K, (v, \Z, + Y, +U,)+ K, (av,XZ, + Y, +U,))+ K (v, XZ, + Y, + U, )+
+K (v, 2, +Y, +U,)+ K, (av,)=0

—4a' (K (av, X2, + Y, +U, )+ K, (v, XZ, + Y, + U, )+ K (v, NZ, + Y, + U, ) + @)
+K4( 3)(24 +7, +U4)+ K3( 2):0
Further, we determine deflection for segments
w (&)= K, (ag w, + Ky (g +q#{f‘f‘) (3.10)
(&)= [K‘, (crv,)—4a4[§lK, )+ 55 e+ 2K )J]w{, ;
£ J
+[Ks(avl)+§2K4(m’|)_4‘14[§2_£K1(m1)+% 2(“"1)]]“’3 + (3.11)
@{ Pl g e S ) k)
(&)=K (a§1)7 +K,(at,)Z, + K,(at,)Z, + K,(a&,)Z, +
K( Y+ K (0, + K (@)Y, + K (a,)Y, + 3.12)
R K+ Kt + K o, + KB | |
o:
where U, = (1-v,-v,) U, = (1-v,—v,) ;
24 - 6
71 = “"‘m(K-l(m’] )—4().’4((]_11(]((21-" )+UJK:(W1)+U2K3(m’| )))+ (1 et " l)'2 )2 .
+u-'[O(K_;(m',)+U4K4(o:v,)—4&"(U3Kl(av,)+U:Kz(mﬁ])} U= 2 V=l
Z,= —40"-1“’30(](1 (avl )+ U,K, (avl )+ U3K3(CW| ))+
4 3.2. Numerical results.

T w;ﬁ(](j, (av)—4a' (UK (v )+ UK, (o, ))): Using Maple, we provide calculations of dimen-
Z, =—4a' (w,(K, (o, )+ U,K4(an, )+ sion less deflections w(£) and bending moments
+w,(K (o, )+ U K, (av))) w'(&) for beam supported on elastic foundation

and loaded with evenly distributed static load
Z,=-4a (W|0K3( )+W;0K3(m ))

g =1 for different combinations of mechanical
and geometric characteristic of a system “beam

Y = L(fwlhy K (av)+ UK, (ov)+ UK, (av,)  — foundation”. At the same time, the middle part
4o does not support on foundation in contrast with

Y, =K (o )+ U Ky (v, )+ UK; (v, ) mentioned above case. For all cases end soft he

Y, = K, (ow )+ UK, (om, ) beam are free and value of evenly distributed
TR dimensionless load is g =1. Figures 3.2 — 3.8

Y, =K,(om ) present calculation results as relative diagrams.
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deflection o=7,07 v,=v,=0,

rod cross section

2 QO = =~ 0 0O — = 0 o

deflection a=7,07 v;=v,=0,4

rod cross section

QO =~ 0O 0O — - G o

n

Figure 3.2. Beam deflection for system stiffness value a =7,07.
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Figure 3.3. Deflections of the beam for system stiffness value a =3,976.
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Figure 3.4. Comparison of deflections by attribute of damage length A.

Figures 3.2-3.4 show diagrams of beam deflec-
tions for symmetric location of supported sec-
tion of equal length (v, =v,) and different values

of free segment length simulating damage

154

A=1-v,—v, for two values of generalized stiff-
ness of a system “beam - foundation™:
a=7,07; 3976. Figure 3.2 shows diagrams of

deflection for system stiffhess valueor = 7,07.
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Figure 3.5. Comparison of deflections by attribute of generalized stiffness.

Let us note that relatively to parameter o of
generalized stiffness of a system “beam — foun-
dation” its value a =7,07 corresponds, for ex-

ample, to reinforced concrete beam with length
of /=6,7m, rectangular cross section with
sides: width » = 0.25 m, height # = 0.18 m, iner-
tia moment of a cross section is /=1,215-10
‘m*, Yung modulus is £ = 3.05-10'°N/m?. The
beam supports on ballast layer of crushed stones
with modulus 41 = 7.5 MPa/m. Module of sub-
grade reaction is k=kib =1,875-10° Pa. At the

same time
A4
a :41/ kI =707 .
4FE]

Increasing (decreasing) of parameter « value
for given length of the beam may be reached,
for example, at increasing (decreasing) of foun-
dation stiffness & (for constant beam stiffness
EI), whether with decreasing (increasing) of
flexural stiffness of a beam FEI (for constant
foundation stiffness k). Figure 3.3 presents de-
flections of the beam for system stiffness value
a=3976.

In order to compare, Figure 3.4 presents dia-
grams of deflections in relation with damage

length A for different values of system stiffness
a

In order to compare, Figure 3.5 presents dia-
grams of deflection for attribute of generalized
system stiffness for different values of damage
length A.

Volume 15, Issue 2, 2019

Figure 3.6 shows diagram of beam deflections
for system with high generalized stiffness
a =9,236 for damages section length A=0,4.
Figure 3.7 presents comparison of diagrams of
bending moments by attribute of damaged section
length for generalized stiffness o = 2,236.

Figure 3.8 shows diagrams of deflections and
bending moments for the case of non-symmetric
sections’ location and non-equal length of it.

s "\
. 9,236
: 45\ —»
1
[~}
: \ /
fl) &W
" ——
o J

Figure 3.6. Diagram of beam deflection
for high generalized stiffness a =9,236.

4 N
a=2,236

o

m

e
T ==v=0.4 =l=v=0.3 J
Figure 3.7. Diagrams of bending moments

for a¢=2236.
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Figure 3.8. Diagrams of deflections and bending moments for o =3,976,v, =0,2
and v, =0,6 (A=02).

Numerical analysis shows that character and
values of deflections and bending moments for
symmetrically supported beams significantly
depend on damage value A=1-v,—v, and gen-
eralized stiffness of system “beam foundation”.
For all values of stiffness from considered range
2,236<a<7,07 and damage sizes 02<A<006,
deflection functions are convex (diagrams of
deflections are plotted in tension zones). For
high values of generalized stiffness « > 7,07 and
large damages A>0,6, inflections appear and
deflection changes it direction. Values of maxi-
mum deflections increase for all stiffness values
(Figures 3.3, 3.4). For supported segments of
different length (Figure 3.8), moments change it
sign (diagram in Figure 3.8,b is plotted in ten-
sion zones).

CONCLUSIONS

Suggested mathematic deformation model for
beam partially supported on elastic foundation
1s constructed using the initial parameters’
method and allows to obtain dimensionless ana-
lytical solution to quasi-static universal prob-
lems for different variant of boundary condi-
tions at sudden appearing of foundation damage
(partial foundation failure).
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