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INFLUENCE OF SAMPLING INTERVAL ON
DEFLECTION-INFLUENCE-LINE-BASED
DAMAGE DETECTION IN BEAMS

Dr Ivana Stimac Grandié*
Faculty of Civil Engineering, University of Rijeka, Rijeka, Croatia

In this paper, the influence of sampling interval on reliability of damage detection and damage local-
ization based on comparison of deflection influence lines and their derives (slope and curvature) for
intact and damaged state is investigated. The numerical analysis is conducted on a simply supported
beam with one damaged section for different sampling interval and different position of sampling

points to damaged section.
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INTRODUCTION

As it is known, non-destructive techniques for
damage detection (existence, localization and
estimation of damage) are frequently used in the
past few decades. Both, methods established
on changes in dynamic, as well as in static
responses between two states of structure are
developed. Also, some researchers combine
these two methods. Static methods were used
less than dynamic ones but main advantage
of static methods over dynamics that there is
no need for dynamic characteristic of structure
(mass and damping). Hence, the static methods
need less complicated calculation algorithms.

One of the static method is based on compari-
son of deflection influence lines or their derives
(slope and curvature of deflection influence
lines) for non-damaged and damaged structure.
This method can be successfully used for dam-
age localization [01].

Generally, the influence line graph presents the
variation of a function (such as deflection) at a
specific point on a structure caused by a unit or
any non-unit load load placed at any point along
the structure. The position of discrete values
of deflection influence line are determined by

DESCRIPTION OF DAMAGE DETECTION
METHOD

In general, structural damage cause changes
of the structural response in comparison to the
response of non-damaged structure. Structural
damage may be defined as any deviation of
material or geometric property of the structure
(i.e. deviation of structural stiffness).

Let us assume that there is two sets of data
collected on structure in different time. By
comparing this two sets of data it is possible to
get information about changes in response of
the structure. If this two data sets are similar,
there is no changes in the structural stiffness.

If the structure is damaged, the deflec-
tion influence line of non-damaged struc-
ture 7,(x)=w(x) is different form the deflection
influence line of damaged structure 7, (x)=w(x).
Also, the slope and curvature of deflection influ-
ence lines for these two states will be different
too. The slope of deflection influence line for non-
damaged and damaged structure is presented
by equations (1a and 1b), and the curvature of
deflection influence line for non-damaged and
damaged structure is presented by equations
(2a and 2b):

different load positions where each load B

position represent one sampling point. It is aw(x) dw(x)

difficult to expect a large number of sampling  #(*) = P ¢(x) = dx (1a), (10)
points during on-sllte tes.tlng therefore |t' is () — du?[x}
necessary to determine the influence of sampling  p(x)=——=—: p(x)= - (2a), (2b)
interval to reliability of damage detection and dx ’
damage localization.
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Subtracting the deflection influence lines or their
slope or curvature gives the information about
damage:
[. R(x)=w(x)—w(x) the maximum difference
in the deflection influence lines point at the
location of the damage [02-06];

. R.(x) = ¢(x)—#(x) the location of the dam-
age is represented by vertical jump in the
difference in the slope of the deflection
influence lines [02-05];

lI.R,, (x) = p(x) - p(x)the location of the damage
is represented vertical peak in the difference
in the curvature of the deflection influence
lines [02-05, 07].

NUMERICAL ANALYSIS

The analysis has been carried out for simply
supported beam. The span length of the beam
is L=25 m. The cross section area of the beam is
A=0.8567m?, the moment of inertia is 1=0.14 m*
and Young’'s modulus is E=3.5-107 kN/m2. The
applied force is F=100 kN. The numerical mod-
el has 100 beam finite elements and 101 finite
element nodes (numbered from 0 to 100). The
length of each finite element is Ax=0,25 m.

The displacement influence lines have been
computed for point in the middle of the span for
both the non-damaged and the damaged beam.
The damage has been simulated by reducing
the bending stiffness of 29th and 30th finite ele-
ments by 20%. The damage is situated between
7 and 7,5 m from left support (Figure 1).

4—damaged

The slope and the curvature of the displacement
influence lines have been calculated using finite
difference method according to equations (3a.
3b 4a and 4b):

~_ (3a),(3b)
dw)  w,—-w dw | W —wa
(_ d ] o 2ax [E}  2Ax
(4a), (4b)
dw)  ow, =2w+w, d*w _;‘-_1—2-;‘-+;m
[_ dx* ] - Ax? | [ dx* ]J - Ax’

The four sets of deflection influence lines for non-
damaged and damaged beam were calculated.
In the first set the sampling interval is d_=0,25 m;
in the second set is d =0,75 m; in the third set is
ds=1,25; in the fourth is ds=2,5 m.

On Figures 2-4, there are shown the differences
in the deflection influence lines, the differences
in the slope of the deflection influence lines and
the differences in the curvature of the deflection
influence lines for different sampling intervals
ds. As it can be seen, the damage detection is
successful regardless of sampling interval. The
differences in the deflection influence lines in all
analysed cases point at the position of 7,5 m as
potential point of damage (Figure 2). A potential
damage section can be estimated by using the
difference in the slope/curvature of the deflec-
tion influence lines; in cases where simulated
damaged section is narrower than the sampling
interval (Figures 3 and 4) the detected damaged
section is wider than it is simulated.
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Figure 1: Position of the damaged section
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Figure 2: The difference in the deflection influence lines for different sampling interval d_

Journal of Applied Engineering Science 12(2014)1, 278



[N

Dr Ivana Stimac Grandié-Influence of sampling interval on deflection-influence-line-based
damage detection in beams

e |

[ damaged section

| ]
25 5 S 10 5 15 175 20 225 25[m]
2x107° T | | l I I |
_5 — i — Pt
1x10 L= L ~ = ©
— 0
=
S -5
S 1x10
s d=25m
- 2x10
1 | 1 | ] 1 |
10 125 15 17,5 20 225 25|m]

_3x107°
0

|
2,5 5 7.5

Figure 3: The difference in the slope of the deflection influence lines for different sampling interval d_
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Figure 4: The difference in the curvature of the deflection influence lines for different sampling
interval d
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CONCLUSION

In the paper, the influence of sampling inter-
val on deflection influence line based damage
detection method in beams is investigated.
Conducted numerical analysis shows applicabil-
ity of this method even when small number of
sampling point is used.

On-site testing can be carried out using rela-
tively small number of sampling point to detect
and roughly locate the damage. Afterwards,
the potential damaged location can be tested
again with smaller sampling interval or by using
other non-destructive technique (such as ultra-
sound) to determine the damage location more
accurately.
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