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SUMMARY
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A conventional structure during bearing loads usually has cross-sectional areasoften changed, not
always constant because of defectiveness or corrosiveness...Moreover, in the process of working,
the loads acting on structures themselves change. Therefore, this paper offers solutions of a truss
mentioned the change of cross-sectional areas and loads are modeled as two types of random
variables. From this model, we have proposed solutions to receive the exactly probabilistic
characteristics of displacements and analyzed the effects of random parameters to expectations and

variances of these displacements.
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INTRODUCTION

Models in simulating real structures always
play the impotant roles because models reflect
the processes of their working. Random
pattern is one of the models conformed to the
most realistic structures. This paper will use a
random model to calculate a truss subjected to
stochastic loads.

In reality, while parameters in each structure
always consist of uncertain variables. Some
authors [1,3,4,5] in their research go towards
consider that at least exist one variable to be
random. During bearing loads cross-sectional
bar areas of a structure often changed, not
always deteministic constant because of
defectiveness or corrosiveness...Moreover, in
the process of working, the loads acting on
structures themselves change. In this paper,
we consider the cross-section areas and loads
are random variables that take on positive
values, and are representable as follows
[1,3,4]

S =S5°(1+¢a), Q=Q° (1+83,H) (1)

Where S and Q are the same as in eq(9) after.
In many research results [1,3,4,5] they often
consider some random variables. However,
there are nothing to find out how much the
behaviors of structures depend on these
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random variables, especially the difference in
geometry and materials during using them.
Then this paper will calculate and discuss the
influence of random variables are cross-
sectional areas and loads to the results of
displacements.

RESULTS FOR A TWO -BAR TRUSS WITH
STOCHASTIC CROSS -SECTIONAL AREA

Consider a simple example of a two-bar truss
structure as shown in Fig.1. Both bars have
the same length L and Young’s moduli E, and
cross-sectional area S; and S,, respectively.
Assume that S; and S, are independent
random variables with mean S° and
coefficient of variation ry,rp; Q is a random
variable with mean Q° and coefficient of
variation rz. We also assume Sy, S, and Q are
independent each other.

Fig.1. A two-bar structure with stochastic cross-
sectional area

The global finite element equilibrium
equation for the structure is written as

§+S, -S+S, (U -
[ S -
S, [V 0

2L[-8,+5,
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Where U = [U, V] is the nodal displacement
vector and F = [-Q. 0]" is the nodal force
vector. Solutions for the mean and variance of
the displacements for this two-bar truss
structure can be solved by computing the
inverse of the stiffness matrix. The global

L )
UZ—EQ(CNLCz)! 5)

L
\ :—EQ(—C1+C2)

The means of the displacements are obtained
by applying the rule of two independent
variables [2]

stiffness matrix can be explicitly inverted to be U= _% 0. (51 N (72); ©
_ L|C+C, -C+C
K 1=—{ o o 2} @  V=-23(FC+T)
2E|-C,+C, C,+C, 2E T\ 7
where C,=1/S, and C,=1/S, (4) where expressing bar above denote the means

of the considering objects.
The wvariances and covariances of the
displacements are

So we can be obtained the results of
displacements

var[U ] =var[—§Q}var[C1 +C, |+
+(M [C1+C2])2 var[—%Q}+[M [—%Q]Tvar[cl+cz]

L
var[V ] =var[—EQ}var[—Cl +C, |+

(7)

+(M[-C,+C,]) var[—iQ}+[M [-%QDZ var[—C, +C, ]
cov[U,V]=0

here M[.] denote the mean of a variable.We can re-write the variances are following
LY —\? —\2
var[U ] = (—Ej {var[Q].var[Cl +C, |+ ([C1 +C, ]) var[Q]+ (Q) var[C, +C, ]}
var[V ] = (—LT {var[Q] var[-C, +C, |+ ([—C +C ])2 var[Q]+ (6)2 var[-C, +C ]}
2E : 1 2 1 2 1 2 !
(8)
Q=Q’(1+&p) ©

where we consider that S; and S, are random variables with mean S° and coefficient of variation

We can express random variables as following [3,4]
S, =5"(1+&a), S,=S"(1+&a,),

r, r,; Q is a random variable with mean Q° and coefficient of variation rs; €,£5,63- IS
deterministic constant, 0<g;,e,<<1, 0 <g;<<1;

We assume ay, o, is a random variable posses a uniformly distributed density function in the
interval [-1,1] and B is a random variable posses a triangular distributed density function in the
interval [-1,1], since the probability density f(a) and f(B) of «, B, respectively equals

f(al):{l/z, |al|Sl’ f(%):{1/2, |, | <1 f(ﬂ):{(1—|/3|), 18<1,

: (10)
0, else, 0, else, 0, else,

We have the means, variances of the Q and S, S,
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Q= ij(ﬂ)dﬂ=Q M[Q*]= ij(ﬂ)dﬂ s )+(Q°)Z 11
. . (Q&) var[Q] ¢,

Var[Q]—M[Q :|—(M [Q]) = 5 ; r3_W_£ (12)
= jslf (@), =S°,  M[S,]=S° (13)

var[s,]=M[s7]-(M[s,]) :@; " :—V,:’Aa[g]l] =% (15)

var[Sz]zM[Sﬁ]—(M[sz])z—(Sogz) R had S B (16)

T3 "TTs] B

We compute the mean and variance of C, as following

1
C M[Cl] J-; (al)dalziolnl-i_gl’ M[Cf]: 12 12 (17)
S+ ea) 28%, 1-g (s°) 1-=
2
1 1 1 1+¢
var[c]=M[c2]-(M[c]) = | =2 18
[1] [1] ( [1]) (So){lgf (251 151)] (18)
Analogously, we also are obtained the mean and variance of C,
1
—~ 1 1 l+¢
C,=M|[C,|=|———f(,)dr, =——1n 2 19
? [C.] J;SO(1+320¢2) (@)da, 258%, 1l-g, )
2
1 1 1, 1+
var[C,]= - = — In-" %2 (20)
(SO) 1-¢, \2¢, 1l-g,

Because S; and S, are independent therefore C,; and C, are also independent, so that we are
obtained the means and variances of (C, + C,), (-C, + C,) as following

C,+C,=M[C,]+M[C,]= 1[1|n1+€1+i|n1+€2] (21)

2S° l1-g 6 1-¢,
CiC =M[- Lt (_ipira, gire (22)
C,+C, =M| (31]+M[C2]_28 [ p In1781+gzln1782]
var[C,+C,]=var[-C, +C,]| =var[C,]+var[C,] =
2 2 (23)
1 1 1 1, 1+¢g 1, 1+e,
= 5 >+ >—| =—In — In
(50) 1-g 1-¢g; 28, 1l-—g 2, 1l—sg,

Substituting egns (11),(12) and egns (21),(22),(23) into egns (6),(8) yield the means and
variances of displacements U,V
LQ . - LQ°

U=-— : V=—
E 25° % E 25°

Y (24)
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LQ° Y LQ° Y
var(U |=| - ;o ovar|Vi|=| - 25
where ¢, 1 llnlﬂgl+iln1+g2 C B 1 —iln“g1 ilnleg2 (26)
2l 1-¢ & 1-¢ 2 & l-g ¢ 1l-¢,
(&) 1 1 1, 1+g) (1, 1+e )
AV | st ——=—|5—In 41 In="%2
6 1-¢g 1-& |26 1l-g 2¢, l-g,
w=1 - : (27)
+(53) L A
6 |2\l 1-g ¢ 1l-g
(Y 1 1 1 (1 1+e) (1, 1+s)
241 s+ ———| —I Ta In i +
6 1-¢7 1-g (26 1l-¢g 2¢, 1l-g,
w=1 - 2 (28)
+(53) U 1, 1+a 1, 145 )|
6 |2 ¢ 1-g & 1l-¢,
Noting that if €1,€2 £3—0 then lim ¢y=2, lim ¢=0, lim ¢y=0 and lim ¢y=0 (29)
And then we yield coefficients of variations of U and V
cov(U)= “Vi;[u] = “Z’ . cov(V)= sz\a7r[\/] = \ZT (30)

Discussions of displacement results

From eqns (24),(26) shown explicitly that the mean values of U,V did not consist of &, so that

they only denpend on ¢, &, but not on ;.

From eqns(25),(27),(28) it is clearly seen that the quantities ¢u,dv,@u,ev affect the mean and
variance values of U,V. Hence, we can consider the values of ¢y,dv,ou,@v Will be enough to
evaluate the amplitudes of U.V. By assigning the value of g, that is changed from 0.01 to 0.6, &,
changed from 0.01 to 0.3 and &3 changed from 0 to 0.3 obtained the value of ¢y,dv,ushown in

Fig. 2,3.4.
du
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Fig. 2. The results of ¢, are changing depended on
values of g
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Fig. 3. The results of ¢, are changing depended on

values of &
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Fig. 4. The results of ¢ are changing depended on values of &,&,&

Table 1
Type of steel 14 135 ¢13 $125 | ¢11.2 ¢11
Cross-sectional area (mm2) | 153.9 143.1 132.7 122.7 98.5 95.0
€ 0.30
r 0.175
Table 2
Type of steel 14 $13.8 | ¢136 | ¢134 | ¢13.2 | ¢13.0
Cross-sectional area (mm2) | 153.9 149.6 145.3 141.0 136.8 132.7
c 0.09
r 0.051

Let’s consider on Fig.4 that the values of ¢y
depend on different between g1,&, and g3 with
16 cases of changing. If g and &, are less
different (in cases of g;~¢,) then the values of
¢y have small amplitudes when we compare
with cases of g and &, to be equivalent.
Consequently, that the responsible values
depend on the difference ofthe other elements
are enormous. In other words, during the
process of working, if two bars in the truss
have been corroded differently then
displacements in the structures will be
increasing.

In order to determine the values of ¢; and ¢,
we can know that for long time two bars have
been corroded, in Table 1 there are the

discrete statistical values of cross-sectional
area of left bar (S;) and in Table 2 are of the
right bar (S;). We will calculate £,;,=0.30 and
£,2=0.09. From this two tables to reveal that if
a cross-sectional area is changed more and
more largely we will have coefficients of
variations r (i.e &) to be larger.

CONCLUSIONS

This paper has calculated and received the
results of the means and variances of
displacements in equations (24),(25) — those
are new results of proposal solutions. These
exact results are combined by two types of
random variables. This is extremely important
significance because the calculation model is
closer to a real structural model. In special
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cases (according to eq (29)), if e1=g,=€5=0 we
could get again the results of deterministic
solutions.

The means of displacements in egns (24) did
not depend on the part of random loads,
therefore during calculation we could ignore
this part. However, the variances depend on
both random loads and random materials
(cross-sectional areas). The range of variation
depends on the values of r — the coefficient of
variation (i.e €) assigned larger or smaller.

Following above reviews, during the time, in
a conventional structurethe size and levels
about geometry or materials usually have
changed. From which engineers must
consider precisely to choose solutions during
their designing, examination and reliability
evaluation.
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KET QUA TINH TOAN PAC TRUNG XAC SUAT CUA CHUYEN VI TRONG

HE GIAN CO THAM SO NGAU NHIEN

Duwong Thé Hung"', Tran Viét Thz“'lngz, Tran Vin Son

3

YTviwong Pai hoc K3 thudt Cong nghiép — DH Théi Nguyén

2Triwong Cao ding kinh té kj thugt — PH Thai Nguyén

3Tvuong Cao ding co dién luyén kim Thai Nguyén

Mot két cu trong qua trinh chiu luc, dién tich tiét dién thanh thuong thay d6i, khong phai luc nao
cling 12 hing sb vi theo thoi gian tiét dién thay ddi do khuyét tat hodc dn mon...Hon nita, trong qué
trinh chiu lyc, ban than tai trong cling thay ddi. Vi vay, bai bado dua ra mo hinh tinh toan hé gian ké
dén su thay dbi cua dién tich tiét dién va tai trong duge mé hinh hoéa 13 hai bién ngdu nhién. Tir mé
hinh d6, d nhan dugc két qua tinh toan chinh xac dic trung xac sut cta chuyén vi va phan tich
anh huéng cua tham sé ngu nhién dén ky vong va phuong sai ctia chuyén vi.

Tw khoéa: ngau nhién, chuyén vi, dam, loi giai
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