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According to one embodiment, a detection device is pro-
vided in a structure. The structure is constituted of: a first
member; a second member provided on an opposite side of
the first member; and a welded portion that is provided along
an end of the second member facing the first member and
fixes the first member and the second member. The detection
device include: a plurality of acoustic emission sensors that
are disposed so as to be separated from each other in a
direction in which the welded portion extends and are
configured to detect an elastic wave transmitted to the
second member, each acoustic emission sensor being
attached to the second member; and an outputter that outputs
information, obtained from outputs of the plurality of the
acoustic emission sensors, to an outside.
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DETECTION DEVICE, DETECTION
SYSTEM, AND DETECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese Pat-
ent Application No. 2015-222376 filed on Nov. 12,2015, the
contents of which are incorporated herein by reference in
their entirety.

FIELD

[0002] Embodiments described herein relate generally to a
detection device, a detection system, and a detection
method.

BACKGROUND

[0003] It has been known that a fatigue crack occurs in a
welded portion of a structure such as, for example, a bridge,
in association with use of the structure for a long period of
time.

[0004] Here, various detection methods of detecting a
deterioration of a structure have been proposed so far.
However, various restrictions are imposed on these detection
methods with respect to the installation height, state of the
structure, and there may be a case where a crack occurring
in the structure cannot be simply detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a cross-sectional view showing a bridge
structure of one embodiment.

[0006] FIG. 2 is a cross-sectional perspective view show-
ing a steel plate deck of the embodiment.

[0007] FIG. 3 is a cross-sectional perspective view when
the steel plate deck of the embodiment is seen from a
different angle.

[0008] FIGS. 4A and 4B are cross-sectional perspective
views showing a welded portion and the periphery of the
welded portion of the steel plate deck of the embodiment.
[0009] FIG. 5 is a block diagram showing a system
configuration of a detection system of the embodiment.
[0010] FIGS. 6A to 6C are diagrams showing an arrange-
ment example of AE sensors of the embodiment.

[0011] FIG. 7 is a diagram showing an example of detec-
tion results of the detection system of the embodiment.
[0012] FIG. 8 is a side view conceptually showing a
method of orientating a crack position of the embodiment.
[0013] FIG. 9 is a graph showing a crack progress limit
curve of the embodiment.

[0014] FIG. 10 is a diagram showing a relationship
between the size of a crack of the embodiment and the
variation of an orientation position.

[0015] FIGS. 11A and 11B are diagrams showing a rela-
tionship between an installation parameter 6 of the embodi-
ment and the variation of the orientation position.

[0016] FIG. 12 is a block diagram showing a system
configuration of a signal processor of the embodiment.
[0017] FIG. 13 is a diagram showing parameters relating
to the characteristics of an elastic wave of the embodiment.
[0018] FIG. 14 is a block diagram showing a system
configuration of a deterioration detector of the embodiment.
[0019] FIG. 15 is a flow diagram showing an example of
a flow of a detection method of the embodiment.
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DETAILED DESCRIPTION

[0020] According to one embodiment, a detection device
is provided in a structure. The structure is constituted of: a
first member that supports a traveling surface along which a
vehicle travels from downward; a second member provided
on an opposite side of the traveling surface with respect to
the first member; and a welded portion that is provided along
an end of the second member facing the first member and
fixes the first member and the second member. The detection
device include: a plurality of acoustic emission sensors that
are disposed so as to be separated from each other in a
direction in which the welded portion extends and are
configured to detect an elastic wave transmitted to the
second member, each acoustic emission sensor being
attached to the second member; and an outputter that outputs
information, obtained from outputs of the plurality of the
acoustic emission sensors, to an outside.

[0021] Hereinafter, a detection device, a detection system,
and a detection method of an embodiment will be described
with reference to the accompanying drawings. Moreover, in
the following description, the configurations having the
same or similar functions will be assigned by the same
reference numerals. Redundant descriptions may be omitted.
[0022] One embodiment will be described with reference
to FIGS. 1 to 15.

[0023] A detection system 1, a detection device 2, and a
detection method of the embodiment are used to detect the
state of a structure. Particularly, the wording “state of a
structure” referred to in the embodiments is used in a broad
meaning inclusive of the state of deterioration, the state of
a crack, or the like. That is, the wording “detecting the state
of a structure” referred to in the embodiments means detect-
ing at least one of the presence or absence of deterioration,
the degree of the deterioration, the presence or absence of a
crack, the position of the crack, the degree of the crack, and
the like. Herein, first, an example of a structure to which the
detection system 1, the detection device 2, and the detection
method of the embodiment are applied will be described.
[0024] FIG. 1 is a cross-sectional view showing an
example of a bridge structure 10.

[0025] The bridge structure 10 is an example of a “struc-
ture” to which the detection system 1, the detection device
2, and the detection method of the embodiment are applied.
Particularly, the term “bridge” referred to in the embodi-
ments is not limited to a structure provided on a river, a
valley or the like, and widely covers various structures (for
example, elevated bridges of an expressway) and the like
which are provided further upward than the ground surface.
In addition, the structure to which the detection system 1, the
detection device 2, and the detection method of the embodi-
ment can be applied is not limited to a bridge, and may
preferably be a structure in which an elastic wave is gener-
ated in association with the generation or progress of a
crack. That is, the detection system 1, the detection device
2, and the detection method of the embodiment may be
applied to, for example, a structure which has nothing to do
with a road.

[0026] As shown in FIG. 1, the bridge structure 10
includes a main girder 11 and a steel plate deck 12.
[0027] The main girder 11 is provided on the ground
surface, and stands up in a substantially vertical direction.
[0028] The steel plate deck 12 is provided on the main
girder 11, and forms a traveling surface TS along which a
vehicle V travels. The steel plate deck 12 is supported by the
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main girder 11 from downward, and is disposed at a position
higher than the ground surface.

[0029] FIG. 2 is a cross-sectional perspective view show-
ing the steel plate deck 12.

[0030] Asshown in FIG. 2, the steel plate deck 12 includes
a deck plate 21, a pavement 22, trough ribs (longitudinal
ribs) 23, and a lateral rib 24 (see FIG. 3).

[0031] The deck plate 21 extends below the traveling
surface TS along which the vehicle V travels, and supports
the traveling surface TS from downward. The deck plate 21
is an example of a “first member”. For example, the deck
plate 21 is a metallic plate member extending substantially
in parallel to the traveling surface TS.

[0032] The pavement (pavement member) 22 is provided
on the upper surface of the deck plate 21. The pavement 22
is formed of, for example, asphalt or the like. The upper
surface of the pavement 22 forms the traveling surface TS
along which the vehicle V travels. Particularly, the wording
“(the first member) supports the traveling surface from
downward” referred to in the embodiments includes, for
example, the meaning that the first member supports a
member (for example, pavement 22) having the traveling
surface TS formed thereon from downward.

[0033] FIG. 3 is a cross-sectional perspective view when
the steel plate deck 12 is seen from obliquely downward.
[0034] As shown in FIG. 3, the trough rib 23 is provided
below the deck plate 21.

[0035] That is, the trough rib 23 is provided on the
opposite side of the traveling surface TS with respect to the
deck plate 21. The trough rib 23 is an example of a “second
member”. The trough rib 23 is a reinforcement member for
reinforcing the deck plate 21. For example, the trough rib 23
is a metallic rib (U rib) having a U-shaped cross-sectional
shape. The trough rib 23 is attached to the lower surface of
the deck plate 21, and extends along a bridge-axial direction
BD. Particularly, the “bridge-axial direction™ refers to a
direction in which the bridge structure 10 extends, and, for
example, a direction along the traveling direction of the
vehicle V traveling on the bridge structure 10.

[0036] Specifically, the trough rib 23 includes upright
standing portions 26A and 26B, and a horizontal portion 27.

[0037] Each of a pair of upright standing portions 26 A and
26B is a plate along a direction intersecting the traveling
surface TS, and extends in a direction away from the
traveling surface TS. For example, the pair of upright
standing portions 26A and 26B is inclined with respect to
each other so that an interval between the upright standing
portions 26A and 26B becomes gradually smaller with
increasing distance from the traveling surface TS. For
example, each thickness (plate thickness) of the upright
standing portions 26 A and 26B is smaller than the thickness
(plate thickness) of the deck plate 21. In addition, each
thickness (plate thickness) of the upright standing portions
26A and 26B is substantially constant, for example, in the
bridge-axial direction BD. The horizontal portion 27 is a
plate which is substantially parallel to the traveling surface
TS. The horizontal portion 27 is provided between the lower
ends of the pair of upright standing portions 26 A and 26B,
and connects the lower ends of the upright standing portions
26A and 26B.

[0038] The trough rib 23 is formed in a U-shape by the
upright standing portions 26A and 26B and the horizontal
portion 27 being connected to each other.
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[0039] On the other hand, the lateral rib 24 is a metallic
plate member along a direction (for example, substantially
orthogonal to) intersecting the bridge-axial direction BD.
The lateral rib 24 includes a cutout 24a through which the
trough rib 23 is passed.

[0040] For example, the lateral rib 24 is fixed to the lower
surface of the deck plate 21 and the lateral sides of the
upright standing portions 26 A and 26B of the trough rib 23.

[0041] Next, a welded portion 28 provided in the steel
plate deck 12 will be described.

[0042] Asshownin FIG. 3, the steel plate deck 12 includes
the welded portion 28 between the deck plate 21 and the
trough rib 23. Specifically, each of the upright standing
portions 26A and 26B of the trough rib 23 includes an end
(upper end) 26¢ facing the deck plate 21. The welded portion
28 is provided along the end 26e of the upright standing
portions 26A and 26B of the trough rib 23. The welded
portion 28 extends in the bridge-axial direction BD along a
direction in which the trough rib 23 extends. The welded
portion 28 fixes (joins) the lower surface of the deck plate 21
to the end 26¢ of the upright standing portions 26 A and 26B
of the trough rib 23. FIGS. 4A and 4B show the welded
portion 28 and the periphery of the welded portion 28 of the
steel plate deck 12. For convenience of description, hatching
performed on cross-section portions is omitted in FIGS. 4A
and 4B.

[0043] As shown in FIGS. 4A and 4B, the end 26e¢ of the
upright standing portions 26A and 26B of the trough rib 23
includes an inclined portion (inclined surface or root sur-
face) 26i. On the end 26¢ of the upright standing portions
26A and 26B, the inclined portion 26 is provided outside the
pair of upright standing portions 26 A and 26B. The inclined
portion 26 is inclined in a direction away from the lower
surface of the deck plate 21 with the progress of the outside
of the pair of upright standing portions 26A and 26B. For
this reason, a gap into which the welded portion 28 gains
entrance is formed between the lower surface of the deck
plate 21 and the inclined portion 26/ of the upright standing
portions 26A and 26B. At least a portion of the welded
portion 28 is provided between the lower surface of the deck
plate 21 and the inclined portion 26/ of the upright standing
portions 26A and 26B.

[0044] Here, there is the possibility of a fatigue crack C
(hereinafter, simply referred to as the crack C) occurring in
the welded portion 28 in association with the use of the
bridge structure 10 for a long period of time. There are two
general patterns in this crack C. As shown in FIG. 4A, the
crack C of a first pattern is a crack (bead penetration crack)
progressing from a root (root portion) 28a of the welded
portion 28 toward a welding bead. On the other hand, as
shown in FIG. 4B, the crack C of a second pattern is a crack
(deck plate penetration crack) progressing from the root 28a
of'the welded portion 28 to the deck plate 21. Here, the upper
surface of the deck plate 21 is covered by the pavement 22.
For this reason, it is particularly difficult to visually confirm
the crack C progressing to the deck plate 21.

[0045] Next, the detection system 1 of the embodiment
will be described.

[0046] FIG. 5 is a block diagram showing a system
configuration of the detection system 1 of the embodiment.

[0047] As shown in FIG. 5, the detection system (deterio-
ration detection system or deterioration diagnosis system) 1
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includes a detection device 2, an information collection
device 3, and an information processing device 4.

[0048] First, the detection device 2 will be described.
[0049] The detection device 2 is an acoustic emission
(AE)-type detection device, provided in the bridge structure
10, which detects an elastic wave occurring in the bridge
structure 10.

[0050] Particularly, AE refers to a phenomenon in which
an elastic wave is generated inside a material in association
with the generation of a fatigue crack in the material or the
progress of the fatigue crack. The AE-type detection device
detects, for example, an elastic wave generated in associa-
tion with the generation of a fatigue crack in a structure or
the progress of the fatigue crack, using a high-sensitive
sensor, and detects the state of the structure based on the
detected elastic wave.

[0051] Specifically, the detection device 2 of the embodi-
ment includes a first AE sensor group 31 (first acoustic
emission group), a second AE sensor group 32 (second
acoustic emission group), a bandpass filter (BPF) 33, an
analog-digital converter (ADC) 34, a signal processor 35,
and a wireless transmitter 36.

[0052] FIGS. 6A to 6C show an arrangement example of
the first and second AE sensor groups 31 and 32. Particu-
larly, FIG. 6A shows a plan view showing the steel plate
deck 12. FIG. 6B shows a side view showing the steel plate
deck 12. FIG. 6C shows a cross-sectional view showing the
steel plate deck 12.

[0053] First, the first AE sensor group 31 will be
described.
[0054] As shown in FIGS. 6A to 6C, the first AE sensor

group 31 includes a plurality of AE sensors 41 (acoustic
emission sensors). Particularly, the first AE sensor group 31
shown by solid lines in FIGS. 6A to 6C is, for example, a
sensor group that detects the crack C of the welded portion
28 provided in one upright standing portion 26A of the
trough rib 23. Particularly, a sensor group that detects the
crack C of the welded portion 28 provided in the other
upright standing portion 26B of the trough rib 23 will be
described later. In addition, FIGS. 6A to 6C representatively
show two AE sensors 41 included in the first AE sensor
group 31. Particularly, the first AE sensor group 31 may
include, for example, three or more AE sensors 41 disposed
at a predetermined interval in the bridge-axial direction BD.
[0055] Here, the AE sensor 41 according to the embodi-
ment will be described.

[0056] The AE sensor 41 includes a piezoelectric element,
detects an elastic wave (AE wave) transmitted from a
generation portion of the crack C, and converts the elastic
wave into a voltage signal (AE signal) to output the con-
verted elastic wave. The AE signal is detected as an indi-
cation before the fracture of a material occurs. Therefore, the
occurrence frequency and signal intensity of the AE signal
are useful as an index indicating the soundness of a material.
For example, the AE sensor 41 includes a piezoelectric
element having sensitivity in a range of 10 kHz to 1 MHz.
Particularly, the AE sensor 41 may be any of a resonance
type having a resonance peak within the above frequency
range, a broadband type having resonance suppressed
therein, and the like. In addition, the AE sensor 41 may be
a pre-amplifier type having a pre-amplifier built-in, or may
be other than this. The detection element itself of the AE
sensor 41 may be any of a voltage output type, a resistance
change type, and a capacitance type, or may be other than
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these. Particularly, regarding AE sensors 42 included in the
second AE sensor group 32 described later, the configuration
and function of the sensor are also the same as those of the
AE sensor 41 of the first AE sensor group 31.

[0057] As shown in FIGS. 6A to 6C, each of the plurality
of the AE sensors 41 included in the first AE sensor group
31 is attached to the trough rib 23. Specifically, each AE
sensor 41 is attached to the lateral side of the upright
standing portion 26A of the trough rib 23, and is in contact
with the upright standing portion 26A. Therefore, each AE
sensor 41 detects an elastic wave transmitted from the crack
C to the upright standing portion 26A of the trough rib 23.
[0058] The plurality of the AE sensors 41 is disposed so as
to be separated from each other in the bridge-axial direction
BD. That is, the plurality of the AE sensors 41 is disposed
s0 as to be separated from each other in a direction in which
the welded portion 28 extends. Particularly, as shown in
FIG. 6B, the plurality of the AE sensors 41 is disposed, for
example, at the same height. Particularly, as shown in FIG.
8 described later, the plurality of the AE sensors 41 may be
disposed at heights different from each other. In addition, a
place to which the AE sensor 41 is attached is not limited to
the upright standing portion 26A of the trough rib 23. For
example, the AE sensor 41 may be attached to the horizontal
portion 27 of the trough rib 23.

[0059] In addition, the detection device 2 may include a
plurality of AE sensors 43 that detects the crack C of the
welded portion 28 provided in the other upright standing
portion 26B of the trough rib 23. As shown by a dashed-two
dotted line in FIG. 6C, this AE sensor 43 is attached to, for
example, the lateral side of the upright standing portion 26B
of the trough rib 23.

[0060] Next, the second AE sensor group 32 will be
described.
[0061] As shown in FIGS. 6A to 6C, the second AE sensor

group 32 includes a plurality of AE sensors 42. FIGS. 6A to
6C representatively show four AE sensors 42 included in the
second AE sensor group 32. Particularly, the second AE
sensor group 32 may include, for example, more AE sensors
42 disposed at a predetermined interval in the bridge-axial
direction BD.

[0062] As shown in FIGS. 6A to 6C, each of the plurality
of'the AE sensors 42 included in the second AE sensor group
32 is attached to the deck plate 21. Specifically, each AE
sensor 42 is attached to the lower surface of the deck plate
21, and is in contact with the deck plate 21. Therefore, each
AE sensor 42 detects an elastic wave transmitted from the
crack C to the deck plate 21.

[0063] The plurality of the AE sensors 42 are disposed so
as to be separated from each other in the bridge-axial
direction BD, and in a direction (for example, substantially
orthogonal to) intersecting the bridge-axial direction BD.
That is, some AE sensors 42 included in the second AE
sensor group 32 are disposed so as to be separated from each
other in a direction in which the welded portion 28 extends.
In addition, some AE sensors 42 included in the second AE
sensor group 32 are disposed separately on both sides of the
trough rib 23 in a direction (for example, substantially
orthogonal to) intersecting the bridge-axial direction BD.
Hereinafter, the direction (for example, substantially
orthogonal to) intersecting the bridge-axial direction BD is
simply referred to as a “width direction”.

[0064] Here, for convenience of description, in the AE
sensors 41 and 42 shown in FIGS. 6A to 6C, two AE sensors
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41 included in the first AE sensor group 31 are referred to as
a first AE sensor 41A and a second AE sensor 41B, respec-
tively. In addition, four AE sensors 42 included in the second
AE sensor group 32 are referred to as a third AE sensor 42A,
a fourth AE sensor 42B, a fifth AE sensor 42C, and a sixth
AE sensor 42D, respectively.

[0065] FIG. 7 shows an example of actual detection results
of the detection system 1. That is, FIG. 7 is a diagram in
which signals detected by the AE sensors 41 and 42 included
in the first and second AE sensor groups 31 and 32 in the
arrangement example of FIGS. 6A to 6C are analyzed, and
the detection results of the AE occurrence frequency are
displayed. Particularly, (a) of FIG. 7 shows the detection
results of the AE occurrence frequency based on the second
AE sensor group 32 (AE sensors 42 attached to the deck
plate 21). In (a) of FIG. 7, as a color in the drawing becomes
darker, a higher AE occurrence frequency is shown. On the
other hand, (b) of FIG. 7 shows the detection results of the
AE occurrence frequency based on the first AE sensor group
31 (AE sensors 41 attached to the trough rib 23). In (b) of
FIG. 7, as a bar graph in the drawing becomes higher, a
higher AE occurrence frequency is shown.

[0066] As described above, when the crack C is generated
in the welded portion 28, an elastic wave is generated. This
elastic wave propagates from the crack C to the deck plate
21 and the trough rib 23. Here, noise may be applied to the
bridge structure 10 from the vehicle V traveling along the
traveling surface TS. In addition, directions in which the
elastic wave propagates more intensively may be different
from each other due to a difference in the progress direction
of the crack C, the penetration state of welding, or the like.
[0067] Here, it has been found by the inventors’ research
that even an elastic wave which is not capable of being
detected in the AE sensors 42 attached to the deck plate 21
can be detected by installing the AE sensors 41 in the trough
rib 23. That is, as shown in FIG. 7, it can be understood that
even in a plurality of places in which an elastic wave is not
detected in the AE sensors 42 attached to the deck plate 21,
an elastic wave associated with the crack C can be detected
by the AE sensors 41 attached to the trough rib 23. That is,
it has been found that the installation of the trough rib 23 in
the AE sensor 41 increases the accuracy of detection of the
crack C.

[0068] Next, a method of orientating a position of the
crack C will be described.

[0069] In the embodiment, the position of the crack C is
orientated using the detection results of two AE sensors 41A
and 41B next to each other included in the first AE sensor
group 31. Particularly, the term “orientating” referred to in
the embodiments means, for example, obtaining (calculat-
ing, or specifying) the position or the like of a target based
on the detection results of the sensors.

[0070] FIG. 8 is a side view conceptually showing a
method of orientating a position of the crack C.

[0071] As shown in FIG. 8, in the embodiment, the
generation source position of an elastic wave (position of the
crack C) is orientated based on a time difference between
times at which two AE sensors 41A and 41B detect an elastic
wave, the propagation velocity of the elastic wave in the
trough rib 23, and the position of the welded portion 28.
[0072] Specifically, the curve of a broken line shown in
FIG. 8 is a hyperbolic curve 51 using two AE sensors 41A
and 41B as focuses. That is, in each point located on the line
of the hyperbolic curve 51, a difference between distances

May 18, 2017

from the two AE sensors 41A and 41B with respect to the
hyperbolic curve 51 is constant. In other words, when the
propagation velocity of the elastic wave in the trough rib 23
is set to v, and a time difference (t;-t,) between a time (t,)
at which the first AE sensor 41A detects the elastic wave and
a time (t,) at which the second AE sensor 41B detects the
elastic wave is set to At, the hyperbolic curve 51 is a line
linking points at which vxAt become constant. Particularly,
the wording “time at which a sensor detects an elastic wave”
referred to in the embodiments may be replaced by the
wording “time at which an elastic wave reaches a sensor”.
[0073] Here, the crack C can be presumed to occur in the
welded portion 28. In addition, the welded portion 28 is
linearly provided along the end 26e of the trough rib 23.
Therefore, as shown in FIG. 8, regarding a point of inter-
section (intersection portion) 52 between the hyperbolic
curve 51 and the welded portion 28, only one point is
determined. The point of intersection 52 at which the
hyperbolic curve 51 and the welded portion 28 intersect each
other can be orientated as the generation source position of
an elastic wave (position of the crack C). Therefore, even
when the AE sensor 41 is provided in a place away from the
welded portion 28, the position of the crack C can be
accurately orientated.

[0074] Here, when the volume elastic modulus of a mate-
rial is set to ¥ (Pa), and the density thereof is set to p,
(kg/m>), the propagation velocity v of an elastic wave
propagating through the material can be represented by the
following expression.

(Expression 1)

K ®

[0075] In addition, in the case of a three-dimensional
object, when the shear elastic modulus thereof'is set to G, the
following expression can be represented.

(Expression 2)

) @

[0076] This means that the propagation velocity v of an
elastic wave propagating through a material is determined
by a physical value intrinsic to the material. Therefore, it is
possible to calculate the propagation velocity v of an elastic
wave in advance with respect to a material, and to prepare
a look-up table. That is, in a case where the propagation
velocity v is selected in the calculation of the position
orientation of the crack C, it is possible to appropriately
select a propagation velocity depending on a material by
referring to the look-up table.

[0077] Next, a relationship between the position of the AE
sensor 41 and the accuracy of detection of the crack C will
be described.

[0078] Here, the size of the crack C to be detected in the
embodiment is, for example, 3 mm at a minimum. Such a
numerical value of 3 mm can be obtained from a crack
progress limit curve. That is, when a crack shape parameter
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is set to a [mm], a stress range is set to Ao [MPa], a threshold
stress intensity factor range is set to AK,, [MPa/m®°], a
correction factor determined depending on a material is set
to F, a relationship between the progress of the crack and
stress can be represented by the following crack progress
limit curve.

(Expression 3)

AK,=F-Ao~/na (3)

[0079] FIG. 9 shows a crack progress limit curve based on
Expression (3).

[0080] As shown in FIG. 9, when a relationship between
the size of the crack C and stress is under the curve, the crack
C does not progress. Here, a maximum stress range assumed
in the lower surface of the deck plate 21 is 30 MPa.
Therefore, the crack C having a size of less than 3 mm can
be presumed not to progress. In other words, when the crack
C having a size of 3 mm or greater can be detected, it is
possible to detect the status of deterioration of the bridge
structure 10 with a good degree of accuracy.

[0081] Here, a relationship between the size of the crack
C and the variation of an orientation position will be
described.

[0082] FIG. 10 shows a relationship between the size of
the crack C and the variation of the orientation position
(orientation error) of the generation source of an elastic
wave. Particularly, (a) of FIG. 10 shows an example of the
crack C having a size of 3 mm. In addition, (b) of FIG. 10
shows the distribution of variations of the orientation posi-
tion of the generation source of an elastic wave.

[0083] As shown in (a) of FIG. 10, in a case where the
crack C is large to a certain extent, elastic waves generated
from the crack C are generated on both ends el and e2 of the
crack C. Here, assuming that the variation of the orientation
position of the generation source of the elastic wave is larger
than 3 mm, the orientation position varies in a range
including both ends el and e2 of the crack C, and thus it may
be difficult to make a determination of the crack C having a
size of 3 mm or greater, or the crack C having a size of less
than 3 mm. On the other hand, in a case where the variation
of the orientation position of the generation source of the
elastic wave is smaller than 3 mm, it is possible to distinc-
tively detect an elastic wave emitted from one end el of the
crack C and an elastic wave emitted from the other end 2
of the crack C. Therefore, in a case where the variation of the
orientation position of the generation source of the elastic
wave is smaller than 3 mm, it is possible to more reliably
find the crack C having a size of 3 mm or greater.

[0084] Next, the position of the AE sensor 41 for making
the variation of the orientation position of the generation
source of the elastic wave smaller than 3 mm will be
described.

[0085] Here, referring back to FIG. 8, an extension line
L1, a reference line 1.2, and a setting parameter 0 are
defined.

[0086] The extension line [1 is a line extending a straight
line passing through two AE sensors 41A and 41B next to
each other. The reference line L2 is a line along a direction
in which the welded portion 28 extends. For example, the
reference line [.2 is a line that passes through the first AE
sensor 41A, and is substantially parallel to the welded
portion 28 (substantially parallel to the traveling surface
TS). The setting parameter 6 is an angle between the
extension line L1 and the reference line L2. Here, the
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inventors have found that the variation of the orientation
position of the generation source of the elastic wave changes
due to a difference in the installation parameter 6.

[0087] FIGS. 11A and 11B show a relationship between
the installation parameter 6 and the variation of the orien-
tation position. Particularly, FIG. 11A conceptually shows a
change in the variation of the orientation position due to a
change in the installation parameter 6. FIG. 11B shows the
simulation results of a change in the variation of the orien-
tation position in a case where the installation parameter 0
is changed.

[0088] As shown in FIG. 11A, a change in the installation
parameter 0 leads to a change in the intersection angle of the
hyperbolic curve 51 with respect to the welded portion 28.
Therefore, a change in the installation parameter 6 leads to
a change in the variation of the orientation position of the
generation source position of the elastic wave.

[0089] FIG. 11B shows results obtained by performing a
Monte Carlo simulation based on the arrangement example
of FIGS. 6A to 6C, and calculating the variation of the
orientation position of the generation source of the elastic
wave with respect to the installation parameter 6. Particu-
larly, in the simulation conditions, X, is set to 400 mm, y, is
set to 100 mm, and the number of trials is set to 34,000. In
addition, the generation source position of the elastic wave
is calculated with respect to three kinds of x=0, x=100, and
x=200.

[0090] As shown in FIG. 11B, it has been found that, as a
result of the simulation, the variation of the orientation
position of the generation source of the elastic wave
becomes smaller than 3 mm in a case where the installation
parameter 0 is smaller than 20 degrees, regardless of the
generation source position of the elastic wave. That is, in a
case where two AE sensors 41A and 41B are disposed so as
to satisfy a relation of -20 degrees<0<20 degrees, the
variation of the orientation position of the generation source
of the elastic wave can be made to be smaller than 3 mm.
[0091] In summary, in a case where the two AE sensors
41A and 41B are disposed so as to satisfy a relation of -20
degrees<0<20 degrees, the variation of the orientation posi-
tion of the generation source of the elastic wave can be made
to be smaller than 3 mm. In a case where the variation of the
orientation position of the generation source of the elastic
wave can be made to be smaller than 3 mm, it is possible to
more reliably detect the crack C having a size of 3 mm or
greater. In a case where the crack C having a size of 3 mm
or greater can be more reliably detected, it is possible to
more accurately detect the status of deterioration of the
bridge structure 10.

[0092] Next, referring back to FIG. 5, the BPF 33, the
ADC 34, the signal processor 35, and the wireless transmit-
ter 36 of the detection device 2 will be described.

[0093] The bandpass filter (BPF) 33 is provided between
the first and second AE sensor groups 31 and 32 and the
ADC 34. Voltage signals which are output from the AE
sensors 41 and 42 of the first and second AE sensor groups
31 and 32 are input to the BPF 33, and noise components
except for a signal band are removed.

[0094] The analog-digital converter (ADC) 34 is provided
between the BPF 33 and the signal processor 35. A signal
having passed through the BPF 33 is input to the ADC 34.
The signal which is input to the ADC 34 is input to the signal
processor 35 as discretized waveform data.
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[0095] The signal processor (signal processing circuit) 35
is formed by, for example, a field programmable gate array
(FPGA). For example, in a case where the signal processor
35 is formed by a non-volatile FPGA, it is possible to
suppress power consumption during standby. Particularly,
the signal processor 35 may be formed by an exclusive LSI.
[0096] FIG. 12 is a block diagram showing a system
configuration of the signal processor 35.

[0097] As shown in FIG. 12, the signal processor 35
includes a time information generator 61, a waveform shap-
ing filter 62, a gate generation circuit 63, a feature amount
extractor 64, an arrival time determiner 65, a transmission
data generator 66, and an internal memory 67.

[0098] The time information generator 61 generates time
information of accumulation from the time of power-on of
the detection device 2, based on a signal from a clock source
such as a crystal oscillator. For example, the time informa-
tion generator 61 includes a counter that counts the edge of
a clock, and sets the value of a register of the counter to time
information.

[0099] Specifically, the register of the counter has a pre-
determined bit length b. When a time resolution is set to dt,
and a continuous measurement time is set to y, the prede-
termined bit length b is an integer for satisfying the follow-
ing relation.

(Expression 4)

25=y/dt e}

[0100] That is, the bit length b is determined from the time
resolution dt and the continuous measurement time y.
[0101] In addition, when the propagation velocity of the
elastic wave based on the material of the bridge structure 10
(for example, material of the trough rib 23) is set to v, and
position orientation accuracy is set to dr, the time resolution
dt is obtained from the following relation.

(Expression 5)

dt=dr/v (5)

[0102] That is, the time resolution dt is determined from
the propagation velocity v of the elastic wave and the
position orientation accuracy dr. In other words, by deter-
mining the bit length b based on the position orientation
accuracy dr, it is possible to set the position orientation
accuracy dr to an optional range, and to realize a necessary
and sufficient position orientation.

[0103] For example, in a case where a structure which is
a target is assumed to be made of iron, the relation of the
propagation velocity v of the elastic wave=5,950 [m/s] is
established. When the position orientation accuracy of the
generation source of the elastic wave is set to 3 mm, and the
number of years of continuous measurement is set to 100,
the relation of dt=0.50 [usec] is established.

[0104] Therefore, the relation of b=53 bits is established.
[0105] Here, regarding the transmission packet of a gen-
eral wireless module, data transmission is performed in units
of bytes. Therefore, the bit length b is set to a multiple of 8
for satisfying Expression (4). That is, the relation of the bit
length b=56 bits=7 bytes is established, and thus it is
possible to use a general-purpose wireless module.

[0106] The waveform shaping filter 62 is provided
between the ADC 34 and the gate generation circuit 63. A
signal (waveform data) which is input from the ADC 34 to
the signal processor 35 is passed through the waveform
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shaping filter 62. The signal having passed through the
waveform shaping filter 62 is input to the gate generation
circuit 63 and the feature amount extractor 64.

[0107] The gate generation circuit 63 extracts a series of
continuous waveforms. The gate generation circuit 63
includes, for example, an envelope detector and a compara-
tor. For example, in a case where the detected envelope is
equal to or greater than a predetermined threshold, the gate
generation circuit 63 outputs a gate signal which is set to be
high (H).

[0108] On the other hand, in a case where the detected
envelope falls below the threshold, the gate generation
circuit 63 outputs to a gate signal which is set to be low (L).
[0109] The feature amount extractor 64 is an example of
an “extractor”. In a case where the gate signal which is
output from the gate generation circuit 63 is set to be H, the
feature amount extractor 64 processes waveform data, and
extracts the feature amount of the waveform shape of the
elastic wave (parameter featuring the waveform shape). The
feature amount of the waveform shape is an example of
“information relating to the characteristics of the elastic
wave”. In each elastic wave, the feature amount extractor 64
extracts, for example, at least one value of the amplitude of
a signal, energy, a rising time, a time duration, a frequency,
a zero cross count number and the like, as the feature amount
of'the waveform shape. Particularly, “information relating to
certain contents (for example, characteristics of the elastic
wave)” referred to in the embodiments may be information
include the contents directly, or may be information in which
the contents can be extracted by arithmetic processing,
determination processing or the like which is set in advance
being performed.

[0110] FIG. 13 shows a specific example of parameters
relating to the characteristics of the elastic wave.

[0111] As shown in FIG. 13, the term “amplitude of a
signal” refers to, for example, a value of a maximum
amplitude A in the elastic wave. The term “energy” refers to,
for example, a value obtained by performing time integra-
tion on a value obtained by rasing an amplitude to the second
power at each point in time. Particularly, the definition of the
“energy” is not limited to the above example, and may be
approximated using, for example, the envelope of a wave-
form. The term “rising time” refers to, for example, a time
T1 which is taken until the elastic wave rises in excess of a
predetermined value which is set in advance from a zero
value. The term “time duration” refers to, for example, a
time T2 which is taken until the amplitude becomes smaller
than a value which is set in advance from the rising start of
the elastic wave. The term “frequency” refers to a frequency
of the elastic wave. The term “zero cross count number”
refers to, for example, the number of times by which the
elastic wave traverses the reference line BL passing through
a zero value.

[0112] The feature amount extractor 64 extracts the feature
amount of the waveform shape of the elastic wave in each
of the AE sensors 41 and 42, based on the detection result
of each of the AE sensors 41 and 42. The feature amount
extractor 64 sends information relating to the extracted
feature amount of the waveform shape in each of the AE
sensors 41 and 42 to the transmission data generator 66.
[0113] On the other hand, as shown in FIG. 12, the arrival
time determiner 65 receives time information from the time
information generator 61. In addition, the arrival time deter-
miner 65 receives a gate signal indicating the presence or
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absence of an AE signal from the gate generation circuit 63.
The arrival time determiner 65 generates arrival time infor-
mation of the elastic wave based on the time information
received from the time information generator 61 and the gate
signal received from the gate generation circuit 63. For
example, the arrival time determiner 65 sets the time infor-
mation when the rising edge of the gate signal is generated,
to the arrival time of the elastic wave.

[0114] The arrival time determiner 65 calculates the
arrival time of the elastic wave with respect to each of the
AF sensors 41 and 42, based on the detection result of each
of the AE sensors 41 and 42. The arrival time determiner 65
sends information relating to the calculated arrival time of
the elastic wave with respect to each of the AE sensors 41
and 42, to the transmission data generator 66.

[0115] The transmission data generator 66 associates
information relating to the feature amount of the waveform
shape, received from the feature amount extractor 64, in
each of the AE sensors 41 and 42, and information relating
to the arrival time of the elastic wave, received from the
arrival time determiner 65, in each of the AE sensors 41 and
42, and generates AE data of one group for transmission.
The generated AE data is saved in the internal memory 67.
The internal memory 67 is, for example, a dual port RAM.
Particularly, the generated AE data may be sent directly to
the wireless transmitter 36 (see FIG. 5) without being saved
in the internal memory 67.

[0116] Next, the wireless transmitter 36 will be described
with reference to FIG. 5.

[0117] The wireless transmitter (wireless transmitting cir-
cuit) 36 includes, for example, an antenna and a wireless
module that generates a high-frequency signal. The wireless
transmitter 36 wirelessly transmits AE data at a predeter-
mined timing which is set in advance. The wireless trans-
mitter 36 is an example of each of the “outputter” and the
“transmitter”. The wireless transmitter 36 outputs informa-
tion obtained from outputs of the AE sensors 41 and 42 to
the outside. Particularly, the “information obtained from the
output of the AE sensors” may be the voltage signal itself
which is output from the AE sensor, or may be obtained by
performing noise processing, arithmetic processing, deter-
mination processing or the like, which is set in advance, on
the voltage signal. In addition, in a case where a deteriora-
tion detector 72 described later is provided within the
detection device 2, the “information obtained from an output
of'the AE sensor” which is output by the wireless transmitter
36 may include information relating to the presence or
absence of the deterioration of the bridge structure 10 or the
degree of deterioration thereof.

[0118] In the embodiment, the wireless transmitter 36
transmits information relating to the feature amount of the
waveform shape of the elastic wave in each of the AE
sensors 41 and 42 and information relating to the arrival time
of the elastic wave in each of the AE sensors 41 and 42, as
information obtained from outputs of the AE sensors 41 and
42, in association therewith.

[0119] Next, the information collection device 3 and the
information processing device 4 will be described.

[0120] As shown in FIG. 5, the information collection
device 3 includes a wireless receiver (wireless receiving
circuit) 71. The wireless receiver 71 includes, for example,
an antenna and a wireless module that processes a high-
frequency signal.
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[0121] One information collection device 3, for example,
is provided in one bridge structure 10. In addition, the
wireless receiver 71 includes a storage DB which is not
shown. The wireless receiver 71 receives the AE data from
one or more detection devices 2 provided in the bridge
structure 10, and saves the received AE data in the storage
DB.

[0122] The information processing device 4 1is, for
example, an electronic device (for example, server) which is
provided in the management office of an organization that
manages the bridge structure 10. The information processing
device 4 includes the deterioration detector 72. All or some
of respective function portions of the deterioration detector
72 are realized by, for example, a program being executed by
the processor (for example, central processing unit (CPU))
of the information processing device 4. Instead of this, all or
some of the respective function portions of the deterioration
detector 72 may be formed by hardware (for example, large
scale integration (L.SI)) included in the information process-
ing device 4.

[0123] FIG. 14 is a block diagram showing a system
configuration of the deterioration detector 72.

[0124] As shown in FIG. 14, the deterioration detector 72
includes a position orientator 81, a threshold setter 82, and
a deterioration diagnoser 83.

[0125] The position orientator 81 is an example of the
“orientator”, and orientates the generation source position of
the elastic wave. Specifically, the position orientator 81
reads an AE data group within the storage DB of the wireless
receiver 71 at a predetermined timing which is set in
advance. The position orientator 81 compares pieces of
information relating to the feature amount of the waveform
shape of the elastic wave in each of the AE sensors 41 and
42, to thereby determine whether the elastic waves detected
by the respective AE sensors 41 and 42 are the same as each
other. That is, the position orientator 81 compares at least
one (for example, two or more) of the amplitude, energy,
rising time, time duration, frequency, zero cross count
number and the like of a signal of the elastic wave detected
by each of the AE sensors 41 and 42 (for example, AE
sensors 41A and 41B), to thereby determine whether the
elastic waves detected by the respective AE sensors 41 and
42 (for example, AE sensors 41A and 41B) are the same as
each other.

[0126] In a case where the similarity of the feature amount
of'the waveform shape (similarity of the waveform shape) of
the elastic wave in a plurality of AE sensors 41 (or a plurality
of AE sensors 42) is in a predetermined range which is set
in advance, the position orientator 81 determines that the
elastic waves detected by the plurality of the AE sensors 41
(or the plurality of the AE sensors 42) are the same elastic
wave, and orientates the generation source position of the
elastic wave. Particularly, the determination of the similarity
of the elastic wave is separately performed in the AE sensor
41 attached to the trough rib 23 and the AE sensor 42
attached to the deck plate 21. This is because the plate
thickness of the trough rib 23 and the plate thickness of the
deck plate 21 are different from each other, and because the
waveform shape of the elastic wave input to the AE sensor
41 and the waveform shape input to the AE sensor 42 are
different from each other.

[0127] Specifically, as described above with reference to
FIG. 8, the position orientator 81 orientates the generation
source position of an elastic wave, based on a time differ-
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ence between times at which two AE sensors 41A and 41B
detect an elastic wave, the propagation velocity of the elastic
wave in the trough rib 23, and the position of the welded
portion 28. That is, the position orientator 81 orientates a
point of intersection 52 between the hyperbolic curve 51 and
the welded portion 28 in FIG. 8, as the generation source
position of the elastic wave.

[0128] In addition, the position orientator 81 performs
noise processing associated with the position orientation.
The position orientator 81 is an example of a noise removal
portion which removes noise, based on a predetermined
algorithm which is set in advance.

[0129] For example, the position orientator 81 receives a
threshold serving as a determination criterion of noise
processing from the threshold setter 82. The threshold stored
in the threshold setter 82 can be changed by a user. The
position orientator 81 presumes the elastic wave which is
determined to occur from the outside of a range of a
predetermined threshold, as a noise, based on a position
orientation result. In this manner, in noise removal, it is
determined whether the elastic wave is a noise or a signifi-
cant signal, based on a predetermined threshold. Therefore,
it is possible to flexibly change threshold conditions by noise
processing being performed on the server side. That is, it is
possible to add many conditions such as conditions of an
installation status and a measurement target, climate condi-
tions, and flexibly set thresholds. Therefore, it is possible to
more effectively remove noise.

[0130] The deterioration diagnoser 83 determines the sta-
tus of deterioration of the bridge structure 10, based on
information subjected to the noise processing in the position
orientator 81. The deterioration diagnoser 83 is an example
of'a “determiner”. The deterioration diagnoser 83 detects the
presence or absence of deterioration or the degree of dete-
rioration of the bridge structure 10, based on information
relating to the generation source position of the elastic wave.
For example, the deterioration diagnoser 83 determines the
presence or absence of deterioration or the degree of dete-
rioration of the bridge structure 10, based on information
relating to the density of the generation source position of
the elastic wave which is obtained by accumulating infor-
mation on the generation source position of the elastic wave
which is oriented by the position orientator 81. For example,
in a case where the space density of the generation source of
the elastic wave exceeds a predetermined value which is set
in advance, the deterioration diagnoser 83 determines that
there is deterioration (or the degree of deterioration of a
certain level). Particularly, the deterioration diagnoser 83 is
not limited to the above example. For example, the deterio-
ration diagnoser 83 may determine the presence or absence
of deterioration or the degree of deterioration of the bridge
structure 10, based on the occurrence frequency of the
elastic wave or the intensity of the elastic wave (for
example, amplitude or energy).

[0131] Next, a description will be given on a detection
method using the detection system 1 according to the
embodiment (a deterioration detection method or a deterio-
ration diagnosis method).

[0132] FIG. 15 is a flowchart showing an example of a
flow of the detection method of the embodiment.

[0133] As shown in FIG. 15, first, an elastic wave asso-
ciated with the generation of the crack C or the progress of
the crack C is detected by using the AE sensors 41 and 42
provided in the bridge structure 10 (step S11). In the
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embodiment, for example, an elastic wave transmitted from
the crack C to the trough rib 23 is detected by the AE sensor
41 attached to the trough rib 23.

[0134] Next, the feature amount featuring the waveform
shape of the elastic wave detected by each of the AE sensors
41 and 42 (a parameter featuring a waveform shape) is
extracted, based on the detection result by each of the AE
sensors 41 and 42 (step S12). In addition, the arrival time of
the elastic wave for each of the AE sensors 41 and 42 is
calculated, based on the detection result by each of the AE
sensors 41 and 42 (step S13). Particularly, the step S12 and
the step S13 may be performed in a reverse order, or
simultaneously performed.

[0135] Next, the position orientation of the generation
source of the elastic wave is performed (step S14). Specifi-
cally, the similarity between the elastic waves detected by,
for example, the AE sensors 41A and 41B is calculated
based on information relating to the feature amounts of the
waveform shapes of the elastic waves. In a case where the
similarity between elastic waves detected by the AE sensors
41A and 41B is within a predetermined range, the elastic
waves are determined as the same elastic wave, and the
position orientation of the generation source of the elastic
wave is performed. For example, the position orientation of
the generation source of the elastic wave is performed, based
on a time difference between times when two AE sensors
41A and 41B detect the elastic waves, the propagation
velocity of the elastic wave in the trough rib 23, and the
position of the welded portion 28.

[0136] Next, a noise processing associated with the posi-
tion orientation is performed (step S15). Specifically,
whether or not the elastic wave is generated within a range
of a predetermined threshold is determined based on the
position orientation result. In a case where it is determined
that the elastic wave is generated within the range of a
predetermined threshold (step S15: YES), the process pro-
ceeds to a determination of a status of deterioration. On the
other hand, in a case where it is determined that the elastic
wave is generated out of the range of a predetermined
threshold (step S15: NO), signals detected by the AE sensors
41A and 41B are presumed to be noise, and the determina-
tion of the degree of deterioration is not performed.

[0137] Next, the status of deterioration of the bridge
structure 10 is determined (step S16). For example, the
status of deterioration is determined based on information
relating to the density of the generation source position of
the elastic wave. Therefore, the presence or absence of
deterioration of the bridge structure 10 or the degree of
deterioration is detected.

[0138] Particularly, the details of the operations of the
respective steps are described in the explanation of the
detection system 1.

[0139] According to such a configuration, it is possible to
provide the detection system 1, the detection device 2, and
the detection method, which are capable of simply detecting
the crack C occurring in the structure.

[0140] That is, for example, a fatigue crack may occur in
a welded portion of the deck plate and the trough rib, in the
steel plate deck. If the fatigue crack occurs in the welded
portion, there is the possibility of the falling of a road or the
like being caused. Therefore, the detection of the fatigue
crack is important for the maintenance of the infrastructure.
[0141] Here, as a comparative example 1, a detection
method of detecting the crack occurring in the structure by
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an ultrasonic flaw detection method is considered. In such a
detection method, since it is necessary to actually bring a
probe into contact with the surface of the structure and
perform scanning, a worker needs to come close to the
structure. Therefore, it is necessary to set up scaffolding for
a structure such as a bridge. Therefore, it may be difficult to
investigate all over a wide range of the structure.

[0142] In addition, as a comparative example 2, a detec-
tion method is considered which indirectly detects a crack,
by detecting stagnant water which infiltrates into a crack and
stagnates in the inside of the structure, with infrared rays. In
such a detection method, since the stagnant water is directly
detected, if rainwater or the like is not infiltrated from a
crack, the crack may not be detected in some cases.
[0143] On the other hand, the detection device 2 according
to the embodiment is a detection device which is provided
in the bridge structure 10 including a deck plate 21 that
support from downward the traveling surface TS along
which the vehicle V travels, a trough rib 23 which is
provided on the opposite side of the traveling surface TS,
with respect to the deck plate 21, and a welded portion 28
which is provided along an ending portion 26e of the trough
rib 23 facing the deck plate 21, and fixes the deck plate 21
and the trough rib 23, includes a plurality of AE sensors 41
and a wireless transmitter 36. The plurality of the AE sensors
41 is disposed so as to be separated from each other in a
direction in which the welded portion 28 extends, and are
respectively attached to the trough rib 23 so as to detect the
elastic wave transmitted to the trough rib 23. The wireless
transmitter 36 outputs information obtained from the outputs
of the plurality of the AE sensors 41 to the outside.

[0144] According to such a configuration, since the elastic
wave transmitted from the crack C to the trough rib 23 is
detected by the AE sensor 41, it is possible to detect the
crack C, for example, even a crack which is difficult to
visually view. Furthermore, according to the above configu-
ration, it is possible to detect the crack C, without being
restricted to the installation height or state (such as the
presence of stagnant water) of the structure.

[0145] Here, in the embodiment, a plurality of AE sensors
41 are attached to the trough rib 23 rather than the deck plate
21. In addition, it is possible to detect the crack C which
cannot detected by the AE sensor 42 attached to the deck
plate 21, by attaching the AE sensor 41 to the trough rib 23
as described above with reference to FIG. 7. Thus, since the
AE sensor 41 is attached to the trough rib 23, it is possible
to detect the crack C with a good degree of accuracy.
[0146] Particularly, one of the reasons that it is possible to
detect the crack C which cannot detected by the AE sensor
42 attached to the deck plate 21, by attaching the AE sensor
41 to the trough rib 23, is considered as follows. That is, the
deck plate 21 is relatively close to the traveling surface TS
along which the vehicle V travels. Therefore, various vibra-
tions are likely to be input from the traveling surface TS to
the deck plate 21. In addition, since the AE sensors 41 and
42 are generally high-sensitive, a vibration which is input
from the traveling surface TS has a tendency to be detected.
For this reason, a signal obtained by detecting the elastic
wave and a signal obtained by the vibration which is input
from the traveling surface TS are mixed in a signal which is
output from the AE sensor 42.

[0147] As a result, in a noise removal process, there is a
possibility that the signal obtained by detecting the elastic
wave is removed along with a noise.
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[0148] On the other hand, the trough rib 23 is disposed
away from the traveling surface TS as compared to the deck
plate 21. Therefore, the vibration which is input from the
traveling surface TS to the trough rib 23 is limited.

[0149] As a result, if the AE sensor 41 is attached to the
trough rib 23, it is considered that the crack C can be
detected with a good degree of accuracy.

[0150] In addition, in the embodiment, the trough rib 23
includes an upright standing portion 26 A in a direction away
from the traveling surface TS. A plurality of AE sensors 41
is attached to the upright standing portion 26A of the trough
rib 23, and detects an elastic wave transmitted to the upright
standing portion 26A.

[0151] According to such a configuration, the AE sensor
41 is disposed away from the traveling surface TS, as
compared to the end 26e of the trough rib 23, in the trough
rib 23. Therefore, a noise input from the traveling surface TS
to the AE sensor 41 is further reduced. As a result, the
accuracy of detection of the crack C can be further
enhanced.

[0152] In the embodiment, if an angle between a linear
extension line L1 linking two AE sensors 41 A and 41B next
to each other included in a plurality of AE sensors 41 and a
reference line [.2 in a direction in which the welded portion
28 extends is referred to as 0O, the relation of -20
degrees<0<20 degrees is satisfied.

[0153] Here, the trough rib 23 of the bridge structure 10
may have partially holes, protrusions or the like in some
cases. In addition, another sensor may be attached to the
trough rib 23 in some cases. Therefore, a plurality of AE
sensors 41A and 41B may not be disposed at the same height
in some cases.

[0154] However, it is possible to orientate the crack C with
a good degree of accuracy by disposing a plurality of AE
sensors 41A and 41B to satisfy the above relationship.
Therefore, it is possible to detect the status of deterioration
of the bridge structure 10 with a good degree of accuracy
detect.

[0155] Inthe embodiment, a plurality of AE sensors 42 are
further included which are disposed so as to be separated
from each other in a direction in which the welded portion
28 extends, and are respectively attached to the deck plate 21
so as to detect the elastic wave transmitted to the deck plate
21. The wireless transmitter 36 outputs information obtained
from the outputs of a plurality of AE sensors 41 attached to
the trough rib 23 and a plurality of AE sensors 42 attached
to the deck plate 21 to the outside.

[0156] According to such a configuration, since the plu-
rality of the AE sensors 42 attached to the deck plate 21 in
addition to the plurality of the AE sensors 41 attached to the
trough rib 23 are concurrently used, the accuracy of detec-
tion of the crack C can be further enhanced. In addition, as
shown in FIG. 6A, since the plurality of the AE sensors 42
are separately disposed in both sides of the trough rib 23 in
the width direction of the bridge structure 10, it is possible
to detect the position of the crack C in a two-dimensional
plane.

[0157] In the embodiment, the detection device 2 further
includes a feature amount extractor 64. The feature amount
extractor 64 extracts information relating to the character-
istics of the elastic waves of the AE sensors 41A and 41B,
for example, based on the detections results of the AE
sensors 41A and 41B. The wireless transmitter 36 outputs
the information relating to the characteristics of the elastic
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waves of the AE sensors 41A and 41B which is extracted by
the feature amount extractor 64 and the information relating
to the arrival times of the elastic waves for the AE sensors
41A and 41B in association with each other.

[0158] According to such a configuration, it is possible to
determine whether or not the elastic waves detected by the
AFE sensors 41A and 41B are the same elastic wave, based
on the information relating to the characteristics of the
elastic waves, with a high level of accuracy.

[0159] Therefore, the accuracy of detection of the crack C
can be further enhanced.

[0160] The detection system 1 according to the embodi-
ment is a detection system which detects the state of the
bridge structure 10, and includes a plurality of AE sensors
41, and a position orientator 81. The position orientator 81
orientates the generation source position of the elastic wave,
based on the information obtained from the outputs of the
plurality of the AE sensors 41.

[0161] According to such a configuration, as described
above, since the elastic wave transmitted from the crack C
to the trough rib 23 is detected by the AE sensor 41, it is
possible to detect the crack C, for example, even a crack
which is difficult to visually view, without being restricted to
the installation height or state of the structure.

[0162] In the embodiment, a plurality of AE sensors 41
includes a first AE sensor 41 A, and a second AE sensor 41B.
The position orientator 81 orientates the generation source
position of the elastic wave, based on a time difference
between arrival times of the elastic waves for the first AE
sensor 41 A and the second AE sensor 41B, the propagation
velocity of the elastic wave in the trough rib 23, and the
position of the welded portion 28.

[0163] According to such a configuration, it is possible to
detect the position of the crack C with a good degree of
accuracy, even by the AE sensors 41A and 41B disposed
away from the position of the actual crack C.

[0164] In the embodiment, in a case where the similarity
between the characteristics of the elastic wave of the first AE
sensor 41A and the characteristics of the elastic wave of the
second AE sensor 41B is within a range which is set in
advance, the position orientator 81 determines that the
elastic wave detected by the first AE sensor 41A and the
elastic wave detected by the second AE sensor 41B are the
same elastic wave, and orientates the generation source
position of the elastic wave.

[0165] According to such a configuration, it is possible to
determine whether or not the elastic wave detected by the
first AE sensor 41A and the elastic wave detected by the
second AE sensor 41B are the same elastic wave with a good
degree of accuracy. Therefore, the accuracy of detection of
the crack C can be further enhanced.

[0166] In the embodiment, the detection system 1 further
includes a deterioration diagnoser 83. For example, the
deterioration diagnoser 83 determines the deterioration sta-
tus of the bridge structure 10, based on information relating
to the density of the generation source position of the elastic
wave which is obtained by accumulating information on the
generation source position of the elastic wave which is
oriented by the position orientator 81. Furthermore, “deter-
mination of a deterioration status” referred to in the embodi-
ments includes determination of at least any of the presence
or absence of deterioration and the degree of deterioration.
[0167] According to such a configuration, it is possible to
detect the deterioration status of the bridge structure 10,
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based on the density of the generation source position of the
elastic wave, easily and with a relatively high level of
accuracy.

[0168] The detection method according to the embodi-
ment is a detection method of detecting the status of the
bridge structure 10, and orientates the generation source
position of the elastic wave, based on a detection result
obtained by detecting the elastic wave transmitted to the
trough rib 23 at a plurality of positions separated from each
other in a direction in which the welded portion 28 extends.
Furthermore, “detection result” referred to in the embodi-
ments may be a voltage signal which is output from the AE
sensor, or a signal obtained by performing noise processing,
arithmetic processing, determination processing, or the like,
which is set in advance, on the voltage signal.

[0169] According to such a configuration, as described
above, since the elastic wave transmitted from the crack C
to the trough rib 23 is detected by the AE sensor 41, it is
possible to detect the crack C, for example, even a crack
which is difficult to visually view, without being restricted to
the installation height or state of the structure.

[0170] Hitherto, the detection system 1, the detection
device 2, and the detection method according to an embodi-
ment has been described. However, the configurations of the
detection system 1, the detection device 2, and the detection
method are not limited to the embodiment. For example, the
detection device 2 may include only the AE sensor 41
attached to the trough rib 23, and may not include the AE
sensor 42 attached to the deck plate 21. Each of the position
orientator 81, the threshold setter 82, and the deterioration
diagnoser 83 of the deterioration detector 72 may be a
software function portion which is realized by the processor
(for example, a CPU) of the information processing device
4 by executing a program, or may be a hardware function
portion such as an LSI. In addition, in the detection device
2, the BPF 33 and ADC 34 may be formed as a portion of
the signal processor 35.

[0171] According to at least one embodiment described
above, the detection device is provided in a structure con-
stituted by a first member that supports a traveling surface
along which a vehicle travels from downward, a second
member provided on an opposite side of the traveling
surface with respect to the first member, and a welded
portion, provided along an end of the second member facing
the first member, which has the first member and the second
member fixed thereto, and includes a plurality of AE sensors
and an outputter. The plurality of the AE sensors are
disposed so as to be separated from each other in a direction
in which the welded portion extends, and detect an elastic
wave transmitted to the second member in a state of being
each attached to the second member. The outputter outputs
information, obtained from outputs of the plurality of the AE
sensors. According to such a configuration, it is possible to
simply detect a crack occurring in the structure.

[0172] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
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nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A detection device that is provided in a structure
constituted of: a first member that supports a traveling
surface along which a vehicle travels from downward; a
second member provided on an opposite side of the traveling
surface with respect to the first member; and a welded
portion that is provided along an end of the second member
facing the first member and fixes the first member and the
second member, the detection device comprising:

a plurality of acoustic emission sensors that are disposed
so as to be separated from each other in a direction in
which the welded portion extends and are configured to
detect an elastic wave transmitted to the second mem-
ber, each acoustic emission sensor being attached to the
second member; and

an outputter that outputs information, obtained from out-
puts of the plurality of the acoustic emission sensors, to
an outside.

2. The detection device according to claim 1, wherein

the second member includes a plate along a direction
away from the traveling surface, and

the plurality of the acoustic emission sensors are attached
to the plate of the second member and are configured to
detect the elastic wave transmitted to the plate.

3. The detection device according to claim 1, wherein

when an angle between a linear extension line linking two
acoustic emission sensors next to each other included in
the plurality of the acoustic emission sensors and a
reference line along in the direction in which the
welded portion extends is set to 0, the following
relation is satisfied.

-20 degrees<8<20 degrees

4. The detection device according to according to claim 1,
further comprising a plurality of acoustic emission sensors
that are disposed so as to be separated from each other in the
direction in which the welded portion extends and are
configured to detect an elastic wave transmitted to the first
member, each acoustic emission sensor being attached to the
first member, wherein

the outputter outputs information, obtained from outputs
of the plurality of the acoustic emission sensors
attached to the second member and the plurality of the
acoustic emission sensors attached to the first member,
to an outside.

5. The detection device according to according to claim 1,

further comprising

an extractor that extracts information relating to charac-
teristics of the elastic wave in each acoustic emission
sensor, based on a detection result of each acoustic
emission sensor included in the plurality of the acoustic
emission sensors, wherein

the outputter outputs information relating to the charac-
teristics of the elastic wave in each acoustic emission
sensor extracted by the extractor and information relat-
ing to an arrival time of the elastic wave in each
acoustic emission sensor in association with each other.

6. A detection system configured to detect a state of a
structure constituted of: a first member that supports a
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traveling surface along which a vehicle travels from down-
ward; a second member provided on an opposite side of the
traveling surface with respect to the first member; and a
welded portion that is provided along an end of the second
member facing the first member and fixes the first member
and the second member, the detection system comprising:

a plurality of acoustic emission sensors that are disposed

so as to be separated from each other in a direction in
which the welded portion extends and are configured to
detect an elastic wave transmitted to the second mem-
ber, each acoustic emission sensor being attached to the
second member; and

an orientator is configured to orientate a generation source

position of the elastic wave, based on information
obtained from outputs of the plurality of the acoustic
emission sensors.

7. The detection system according to claim 6, wherein

at least one of the plurality of the acoustic emission

sensors is a first acoustic emission sensor,

at least one of the plurality of the acoustic emission

sensors is a second acoustic emission sensor, and

the orientator is configured to orientate the generation

source position of the elastic wave based on a time
difference between arrival times of the elastic waves
with respect to the first acoustic emission sensor and
the second acoustic emission sensor, a propagation
velocity of the elastic wave in the second member, and
a position of the welded portion.

8. The detection system according to claim 7, wherein

in a case where similarity between characteristics of the

elastic wave in the first acoustic emission sensor and
characteristics of the elastic wave in the second acous-
tic emission sensor is in a the plurality of the acoustic
emission sensors is a predetermined range, the orien-
tator determines that the elastic wave detected by the
first acoustic emission sensor and the elastic wave
detected by the second acoustic emission sensor are the
same elastic wave, and orientates a generation source
position of the elastic wave.

9. The detection system according to claim 6, further
comprising

a determiner that configured to determine a state of

deterioration of the structure based on information
relating to a density of generation source positions of
elastic waves which are obtained by accumulating
information of the generation source position of the
elastic wave orientated by the orientator.

10. A detection method of detecting a state of a structure
constituted of: a first member that supports a traveling
surface along which a vehicle travels from downward; a
second member provided on an opposite side of the traveling
surface with respect to the first member; and a welded
portion that is provided along an end of the second member
facing the first member and fixes the first member and the
second member, the detection method comprising:

orientating a generation source position of the elastic

wave based on results of detection of elastic waves
transmitted to the second member at a plurality of
positions separated from each other in a direction in
which the welded portion extends.
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