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ANALYSIS OF BEHAVIOUR IN THE SINGLE-STOREY BUILDING FRAME
STRUCTURE WITH CRACKS SUBJECTED TO RANDOM LOADS

Duong The Hung
University of Technology — TNU

ABSTRACT

The paper presents the calculation and behavioral analysis of a single-storey building frame
structure with cracks under random loads. The frame structure is assumed to have a crack with a
determined depth and a given position. The problem of the paper is to analyze the oscillator of a
system of one-degree freedom subject to white noise excitation by using analytical method and
Monte Carlo simulation. The results obtained in this paper are the second order moments of
horizontal displacements and velocities of the one-storey frame structure. In order to feel the
behavior in the structure, this paper has conducted thorough considerations to clarify the effect of
crack depth, crack position, viscous damping coefficient and white noise intensity to the quantities
considered.
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PHAN TICH UNG XU KET CAU KHUNG NHA MQT TANG CO VET NUT
DUOI TAC DUNG CUA TAI TRONG NGAU NHIEN

Duwong Thé Hung
Truong Dai hoc Ky thudt Cong nghiép — PH Thai Nguyén

TOM TAT
Bai béo trinh bay cach tinh toan va phan tich tmg xur ctia két cdu khung nha mot ting co vét nit
chiu tai trong ngau nhién. Két cu khung duoc gia thiét ton tai vét nirt co d6 sau xac dinh tai vi tri
cho trude. Noi dung bai bao 1a phan tich dao dong ctia hé mot bac tu do chiu kich dong on tr'fmg
bang phuong phép giai tich va tinh toan mé phong theo phwong phap Monte Carlo. Cac két qua
nhan duoc trong bai bao nay 1a mé men bac hai ctia chuyén vi ngang va van toc ctia két cdu khung
nha mot ting. Dé cam nhan duoc Gmg xir trong két cdu, bai bao da tién hanh khao sat 1am rd anh
hudng cta d sau vét ntt, vi tri vét ntt, hé sb can va cuong do on tréng dén cac dai luvong dugc
xem Xét.
Tir khéa: khung mot tang; vét mit; ngau nhién; monte carlo; gidi tich.
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INTRODUCTION

In the process of using houses and structures it
is easy to see that they are often changed due
to the occurrence of defects such as leaks,
corrosiveness, cracks... When studying the
behavior of such structures, it usually focuses
on two issues. Firstly, studying the behavior of
structures under the acting of random loads.
Problems of oscillation research under acting
of random loads are very interesting not only
in computational theory, but also in a model
closer than in reality that shown in [3], [4], [7].
Secondly, the frame structures themself are no
longer the same as the original ones. The
behavioral analysis of structures with defects
(such as cracks) is one of the many issues of
concern [2], [5], [6], [9].

The studying problem in this paper is that the
continuation in the previous paper [1] studied
the behavior of structures according to the
determined model. The problem here is a
combination of two research issues - the
structure is subject to the random loads and the
existence of cracks. The crack is assumed to
have a defined depth at a given position, and is
converted into an elastic spring of equivalent
stiffness [2], [7]. This paper has conducted
random oscillation analysis of a single-degree
freedom system in which two methods to be
used are analytical [3], [8] and Monte Carlo
simulation [3], [4]. And so, the results obtained
are the second order moments of horizontal
displacements and velocities of the one-storey
frame structure. Then, this paper has
conducted thorough consideration to clarify the
effect of crack depth, crack position, viscous
damping coefficient and white noise intensity
to the quantities considered.

The contents of this article consist of 6
sections: Introduction; Monte Carlo simulation
method of random vibration research; Model
of a one-storey building frame structure and
problems to solve; Results of solution by
analytical methods; Results of Monte Carlo
simulation; Conclusion.

MONTE CARLO SIMULATION METHOD
OF RANDOM VIBRATION RESEARCH
[3], [4]

Let’s us considering a random process f(t)
with autospectral density function S(w). The
second order moment is o2, and we have:

o2 :IS(a))da) (1)
Discrete the autospectral density function as

shown in Figure 1. Now, we can represent
artificial random process f(t) as the sum of

trigonometric ~ functions  with  different
frequencies:
N
f(t) =2 A cos(a, +4,) 2)
k=1
A =4St (@)Aw @)
o, =(k—%jAa); o, =NAw (4)

where w, is the largest frequency of the
spectral domain, S’is the oneside spectral
SY=2S, Aw is the
frequency division interval, ¢ is the random
phase, taking a random value between 1 and
2n. For each set of random values of ¢, we
get a sample of random functions. However,
dividing the spectral domain into regions with
equal frequency ranges is usually not optimal.
Here we will choose how to divide the
spectral domain into intervals so that the area
of each rectangle (see Figure 1) is equal.
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Figure 1. Oneside spectral density function [4]
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And so the frequencies ax can be formulate
when they are satisfied the condition

o K
J.Sf(a))da)zﬁj.slo(a))da) (5)

Additional, the amplitudes A (the square root
of the rectangular area) will be constant and
calculated according to the formula:

1%
A = N!Sl (w)dw (6)

We will use Eq.(5), (6) and samples of
random functions following Eq.(2) in order to

simulate a random process that is
implemented by Monte Carlo method below.

MODEL OF A ONE-STOREY BUILDING
FRAME WITH CRACKS AND PROBLEMS
TO SOLVE

In the document [1] we have a single-storey
building frame is modeled as shown in Figure
2a. The floor has mass m. The frame has the
height H. The floor is considered to have an
infinite stiffness, and two columns have the
bending stiffness are El;, El,, respectively.
The damping force has a viscous coefficient
of c.

bh?E _ 2a
Ker = 2 2 3 4\’ “h (7)
367 (0.5033-0.902241-+ 3.41244% ~3.1844° +5.7934"
P m U P m Up
o~ A AN / — ﬂ X
a_ b_
k fs=ku, T fs= k2u1
e [ En o _ 18,
2 / 17 H? (4-1204+120%48) 2 HP
K H
/ P,

b)

Figure 2. Model of single-storey building frame with a crack in the column

The crack (at the position aH (0<o<1)) is modeled as a elastic spring with the equivalent
stiffness k. If the column has cross-sectional area to be rectangular bxh and a is the depth of the
crack, then k., is shown in Eq.(7) [2]. Unlike in the paper [1], here we assume that the frame is to
be subjected to the environmental random loads P;=F(t), and obtained the equation of motion in
the system of single degree of freedom as

mu, +cu, +
12EI, (1+8)
H® (4-12a+124° + (8)
12El,
+ H3

where B = (k,H)/El,. After changing variable x=u, the Eq.(8) will be rewritten as following:
X+ 28X+ apx = f (t) 9

where
12El, (1+8) .
1| H® (a- 2
ot =L (4-12a +120° + B) (10)
m 12El,
+
H3
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Suppose that with assumption the oscillator in
the equation (9) is subjected to white noise
excitation, and the spectral density function of
f(t) is So. Then, from Egs.(5) and (6) received

k 2S,m,
=—a,; =, [— 12
@, N w,; A N 12)

Conducting a survey on the effect of changing
the depth of crack a, its position «, receiving
the changing results of the variables ay and ¢
as shown in the figures from 3 to 6. In the
figures we have assigned their values in the
range a=[0.01,0.08]m and a=/0.1,0.9].

8 D.07
008"

Figure 3. Values of ay when changing
a=[0.01,0.08] and 0=[0.1,0.9]

Figure 4. Values of £'when changing
a=[0.01,0.08] and a=/0.1,0.9]
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Figure 5. Values of ey when changing a=[0.1,0.9]
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Figure 6. Values of { when changing a=[0.1,0.9]

The goal of us is that to solve Eq.(9) by using
the analytical method and by Monte Carlo
simulation method. The results here are
values of the second order moments of
displacements and their velocities will be
implemented as below.

RESULTS OF SOLUTION BY USING
ANALYTICAL METHOD

Eq. (9) is written in the form of differential
equation of first order [3,8]:

z=Az+Gf (1) (13)

ZZM;A{ 0o 1 }G:H(m
X - —2¢w, 1

Considering the response case is white noise
process when considering the system in a
steady state (assuming time calculation >=
300s), we have the equation to determine the
second order moments of Lyapunov steady
state responses as follows [3], [8]:

AR+RA" +GVG'™ =0 (15)

where R is the second order moment of the
response, determined by the matrix formula:

R R
R — |:Rll R12 :| (16)
21 22

and V is the steady state white noise intensity
of the random process, calculated by the
correlation function

R, =V&(t) (17)

We have relationship between the spectral
density function and correlation function

_ 1 ° iwt
S, _Zie R, dt (18)
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When S¢=S, and from Eg.(17) we can
substitute them into Eq.(18) will get
Vv

Cox

Let’s solve Eq. (15) to get the second order

moments of displacements R;; and their
velocities Ry, as follow

Ri,

S, (19)

7S, ‘R _ 7S,
20w} * 2w,

This is the analytical result, and this result is
compared with Monte Carlo simulation
results below.

From Eq.(20), by changing the crack depth,
crack position, viscous damping coefficient
and spectral density intensity, we could
implement to plot the relationship between
the variables and the second order
displacements and velocities as shown in
figures from 7 to 13. In Figure 7, values of
R1; change rapidly when the position of crack
is at o>= 0.7 and the crack depth a>=0.05m.
In Figure 8, we see that Ry, is in a plane,
meaning that its value is constant, regardless
of the depth and position.

(20)

Figure 7. Values of Ry; when changing
a=[0.01,0.08] and a=[0.1,0.9]

Figure 8. Values of Ry, when changing
a=[0.01,0.08] and 0=[0.1,0.9]

In Figure 9, with the fixed value of crack
depth a=0.08m, values of Ry; depends on the

crack position which almost reaches the
minimum at the middle of the column and
reaches the max at the top and bottom
positions.

b
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Figure 9. Values of Ry; when changing
a=[0.1,0.9]

In Figure 10 shows values of Ry when
changing crack depth and intensity of spectral
density. The values of Ry; vary greatly and
linearly according to S. In terms of absolute
values, values of Ry; change according to the
intensity of the spectral density is quitely
large noise. It is also shown in Figure 11 that
values of Ry; change according to crack
position and S, spectral density intensity.

Figure 10. Values of Ry; when changing
a=[0.01,0.08] and Sy=[1,5]

Figure 11. Values of Ry; when changing
a=[0.1,0.9] and Sy=[1,5]
Figures 12 and 13 show the second-order
moments of displacements and velocities
change when the viscous damping coefficient
and the intensity of the spectral density vary.
Comparing the variation of Ry; and Ry, the
change in the wvalue of viscous damping
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coefficient and the intensity of the spectral
density is the greatest influence on their
value, meaning that they make the noise being
largest. Since then, the concern to reduce
noise (making R;; and R, smaller) must
increase the viscous damping coefficient.

Figure 12. Values of Ry; when changing
¢=[0.2,0.6] and So=[1,5]

Figure 13. Values of Ry, when changing
¢=[0.2,0.6] and So=[1,5]

RESULTS OF SOLUTION BY USING
MONTE CARLO SIMULATION

Monte Carlo simulation is performed to get
results in the time about 300s, then the
response of the system is considered to be
steady state. The results in the paper were run
with the number of samples being 400. With
this number of samples enough for values of
R1; to converge to analytical results than Ry,.
If the number of samples >800, the values of
R,, can be considered convergence.

In Figure 14 shows the value of Ry when
changing crack depth and comparing between
calculation of analytical theory and Monte
Carlo simulation. From the results obtained,
the Monte Carlo simulation was found to have
a deviation from the theory of about 10%.

Figure 15 shows the value of R11 when
changing the crack position. Notice that the
Ry; value according to Monte Carlo
simulation is close to the analytical value,
with a value of about 5%.

In Figure 16, the case of white noise intensity
So changes, getting the result Ry, is calculated
according to analytical and Monte Carlo when
the number of samples equals 400 asymptotic
very close together (error <0.5%).

On Figure 17 is the value of R, when
changing the white noise intensity So=[2.5.5],
found the value calculated by Monte Carlo
simulation with the number of 400 samples
with a difference of about 13%. With Monte
Carlo calculation, it is found that when
changing according to S,, the degree of
convergence results quickly when the value of
So is large.

21 1 1 L L
1.04 1.05 1.06 1.07 1.08 1.09 11 111 1.12

Figure 14. Values of Ry; when changing
a=[0.01,0.08]

Figure 15. Values of Ry; when changing
a=[0.1,0.9]
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Figure 16. Values of Ry; when changing
So=[2,5.5]

Figure 17. Values of Ry, when changing
SO=[2,5.5]
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Figures 18 and 19 show values of Ry; and Ry,
when changing viscous damping coefficient c.
With this result, it is shown that with the
number of samples equal to 400, the difference
in Monte Carlo calculation with analytical
calculation is reliable (about 10% error).

After many times running Monte Carlo
simulation, it is found that Monte Carlo
simulation will converge as quickly as S
(calculated in relative value as % compared to
analytical calculation). The explanation for
this is because the dependence of Ry; and Ry,
is largest to S,. The second rapid result
convergence after S, is calculated for the
viscous damping coefficient c.
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Figure 18. Values of Ry; when changing

¢=[0.25,0.6]
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Figure 19. Values of R,, when changing
¢=[0.25,0.6]

CONCLUSION

The paper has analyzed and calculated a one-
storey frame structure subjected to random
loads of white noise by analytical method and
simulated by Monte Carlo method. Results
obtained are the second order moments of
horizontal displacements and their velocities.
Compare the results between the two
calculation methods shown when Monte Carlo
simulation with the number of samples equal
to 400 receiving close results with a difference

of about 10%. Especially when calculating to
get Ry; changing according to white noise
intensity Sy, the difference is very small.
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