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On the other hand, when

we discuss disasters, we often mention the flood control (flood protection). In the process of

flood development, when assessing the extent of the impact of the flood on the watercourse, the

flood peak is the key parameter, and the peak movement is another key. When flood prevention

work is carried out, the arrival time of the flood peak is very critical for the decision making

for the managers. The movement rule of flood has different inflow volumes in different years,

but it can maintain relative stability every year. The difference lays in the situation of the

watercourse. The transmission time and intensity of water flow can also be different.
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On the basis of inspiration from earthquake engineering and flood control projects, we

discuss structural damage and hope to understand structural changes from the most basic

propagation signals. In the measurement process, people often get time series. According to the

survey in our experimental analysis, the similar indicators (max-peak, max-peak-time) of

earthquake and flood can also be used to understand the structural changes in essence. Through

a comprehensive analysis of the horizontal and vertical axes of the time series, the changes in

the structure caused by the damage development can be quickly found through comparative

analysis with the health status.

On the one side, the max-peak in the proposed method is generated by the impulse wave.

The variation experiment used impact hammer to hit the box girder in different locations and

recorded by the acceleration sensors in different locations. In Fig. 2.1 (1), the distribution of

waves in the surface of the structure is different, then there is a distribution for different

locations (which can be treated as one kind of extreme value distribution). The max-peak is

related to the transmission process of the energy of the impulse wave. When there are damages

in the structure, the distribution will change as well. On the other side, max-peak-time is another

indicator mined from features of wave propagation for damage detection of the structure. When

the damage is developing in the structure, the route of the wave will change. E.g., in Fig. 2.1

(2) at first, it is route B, then it may be route A or C when the damage of structure exacerbates.

The speed of the wave is often treated as constant. In a different route, the time used to

reach the objective locations from the same location of input will be different. Moreover, the

ratio between max-peak and max-peak-time will be another indicator, which is related to the

max-peak and max-peak-time at the same time. It shows the speed of transfer between crest and

trough as well as the cracks/voids growth in the system lifetime.

(1)
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(2)

Figure 2.1. (1) The power distribution of wave for the propagation of the impulse wave in the

system, (2) The wave route for different conditions of the system.

Table 2.2. Damage detection inspired by earthquake engineering and flood control.

Structural damage detection Earthquake engineering Flood control project

Max-peak Earthquake magnitude Flood crest

Max-peak-time Arriving time of the earthquake Arriving time of the flood crest

Structural condition Geological conditions River etc.

Non-Destructive Seismic intensity Damage evaluation

Wave route Fracture & epicentral distance etc. Path of the flood

When treating the interaction field as an Overall System Description, its characteristics

should be studied; the interaction field characteristics (IFC) inspired by the earthquake

engineering and the flood control can directly show the change of the structure with damage

developing (Table 2.2) describing the overall interaction filed.

45

46 47

48



- 18 -

49

50 51

52 53

54 55 56

57 58 59

60

61

62



- 19 -

63

64

65

66

67

68 69 70 71 72

73 74 75 76

77 78 79 80 81

82

83 84

85

86



- 20 -

87

88

89

90

91 92 93 94

95 96

97

98

99



- 21 -



- 22 -



- 23 -

100



- 24 -

101

102

103

104

105



- 25 -

106 107



- 26 -



- 27 -



- 28 -



- 29 -

108



- 30 -



- 31 -



- 32 -

109

110



- 33 -

Object Pre-test Initial load Intermediate load Damage load

Box girder 1
Stage 1 - - - - - - 2 3 4 5

Loading (kN) - - - - - - - 971.1 1201.1 1541.2 2032.6

Box girder 2
stage 1 2 3 4 5 6 7 8 9 10 11

Loading (kN) - 816.1 - - 840.1 - - 838.4 973.9 1033.4 1427.3

Box girder 3

Stage 1 2 3 4 5 6 7 8 9 10 11

Loading (kN) - 804.0 - - 776.5 - - 816.3 980.4 1051.00 1351.7

Sensor Type Max Range Purpose Direction and Location

displacement

meter

SDP-200 200 mm For Deflection Vertical Under the girder

SDP-100 100 mm For Deflection Vertical Both Under & Up the girder

SDP-25 25 mm Subsidence at the fulcrum Vertical The fulcrum of the girder

Acceleration sensor type 8208 8000 m/s2 Vibration at the fulcrum Vertical Under the girder
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(1) (2)

Figure 4.2.

In the experiment,
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For box girder 2 and 3, the tendon

cut will be conducted at stage 3 and stage 6, and the recovery after tendon cut was at stage 4,

and stage 7 corresponded for both box girder 2 and 3; Referring Fig. 4.2(3-A, B, C), for the

tendon cut of box girder, only cut 6 tendons in total of same side (the first time C1, C2, C3, the

second time C4, C5, C6) while for the tendon cut of box girder 3, 12 tendons of both sides were

cut, that the first time cut C1, C2, C3 in one side and C1, C2, C3 in another side, the second

time cut C4, C5, C6 in one side and C4, C5, C6 in another side.

.
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(A)

(B)
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Figure 4.5. For girder 2, the subfigures show the evolution of the cracks, according

to the real measurement of the cracks in the process of the experiment with box

girder 2 in Table 1 at stage 2 (subfigure 1), stage 5 (subfigure 2), stage 8 (subfigure

3), stage 9 (subfigure 4), stage 10 (subfigure 5), and stage 11 (subfigure 6 8).
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Figure 4.6. For girder 3, the subfigures show the evolution of the cracks, according

to the real measurement of the cracks in the process of the experiment with box

girder 3 in Table 1 at stage 2 (subfigure 1), stage 5 (subfigure 2), stage 8 (subfigure

3), stage 9 (subfigure 4-5), stage 10 (subfigure 6), and stage 11 (subfigure 7 8).
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Table 4.3. The max-peak(A),

max-peak-time(B), 2D-CC (1), Distance (2), order (O), value (V), Right representation (RR),

for change between every two neighbor stages, .

Indicators
Stage Stage Stage Stage Stage Stage Stage Stage

RR

o o x o o o x o 6/8

o x o o x o x o 5/8

o o o x o o o x 6/8

o o x o x o x x 4/8

o o x x o o x o 5/8

o o x o x o x o 5/8

o x o x o o x o 5/8

o o x o - o x o 6/8

8/8 6/8 3/8 5/8 4/8 8/8 1/8 6/8

Summary o o x o x o x o 5/8
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Table 4.3. The max-peak(A),

max-peak-time(B), 2D-CC (1), Distance (2), order (O), value (V), Right representation (RR),

for change between every two neighbor stages, .

Indicators
Stage Stage Stage Stage Stage Stage Stage Stage

RR

o x x x o x o o 4/8

o o o x o o o o 7/8

o x o x o x - o 4/8

o o o x x o x o 5/8

o x o x o o o o 6/8

o o o x o o o o 7/8

o x o - o x x o 4/8

o o o x x o o o 6/8

8/8 4/8 7/8 0/8 6/8 4/8 5/8 8/8

Summary o x o x o x o o 5/8
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Table 4.4. The Frequency

(Fr), Damping ratio (DR), Right representation (RR), for change between every two neighbor

stages, .

Indicators
Stage Stage Stage Stage Stage Stage Stage Stage

RR

o 4/8

5/8

4/8

3/8

2/4 0/4 1/4 4/4 2/4 0/4 4/4 3/4

Summary x x x o x x o o 3/8
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Figure

Table 4.5. The Frequency

(Fr), Damping ratio (DR), Right representation (RR), for change between every two neighbor

stages, .

Girder 3
Stage Stage Stage Stage Stage Stage Stage Stage

RR

o x x o o x o o 5/8

o x x o x x o o 4/8

x x o o x o o x 4/8

o x x o o o o o 6/8

3/4 0/4 1/4 4/4 2/4 2/4 4/4 3/4

Summary o x x o x x o o 4/8
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which has 3 elements
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E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 E16

E1 1.00 0.45 0.29 0.45 0.58 0.00 0.87 0.25 0.35 0.35 0.50 0.50 0.00 0.35 0.50 0.67

E2 0.45 1.00 0.52 0.60 0.52 0.00 0.52 0.22 0.63 0.63 0.45 0.45 0.45 0.32 0.00 0.60

E3 0.29 0.52 1.00 0.52 0.67 0.00 0.33 0.00 0.41 0.82 0.29 0.58 0.58 0.82 0.00 0.52

E4 0.45 0.60 0.52 1.00 0.52 0.00 0.52 0.22 0.63 0.63 0.45 0.45 0.45 0.32 0.00 0.60

E5 0.58 0.52 0.67 0.52 1.00 0.00 0.33 0.00 0.41 0.82 0.29 0.58 0.58 0.41 0.58 0.77

E6 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

E7 0.87 0.52 0.33 0.52 0.33 0.00 1.00 0.29 0.41 0.41 0.58 0.58 0.00 0.41 0.00 0.52

E8 0.25 0.22 0.00 0.22 0.00 0.00 0.29 1.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.45

E9 0.35 0.63 0.41 0.63 0.41 0.00 0.41 0.00 1.00 0.50 0.00 0.71 0.00 0.50 0.00 0.32

E10 0.35 0.63 0.82 0.63 0.82 0.00 0.41 0.00 0.50 1.00 0.35 0.71 0.71 0.50 0.00 0.63

E11 0.50 0.45 0.29 0.45 0.29 0.00 0.58 0.25 0.00 0.35 1.00 0.00 0.50 0.00 0.00 0.45

E12 0.50 0.45 0.58 0.45 0.58 0.00 0.58 0.00 0.71 0.71 0.00 1.00 0.00 0.71 0.00 0.45

E13 0.00 0.45 0.58 0.45 0.58 0.00 0.00 0.00 0.00 0.71 0.50 0.00 1.00 0.00 0.00 0.45

E14 0.35 0.32 0.82 0.32 0.41 0.00 0.41 0.00 0.50 0.50 0.00 0.71 0.00 1.00 0.00 0.32

E15 0.50 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.45

E16 0.67 0.60 0.52 0.60 0.77 0.00 0.52 0.45 0.32 0.63 0.45 0.45 0.45 0.32 0.45 1.00

E1 E2 E3 E4

E1 1.00 0.67 0.68 0.82

E2 0.67 1.00 0.54 0.68

E3 0.68 0.54 1.00 0.50

E4 0.82 0.68 0.50 1.00
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