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平成 22年度 SGST総会・第 3回定期研究会 議事録 
 
日時 ：平成 22年 8月 20日(金) 16：00～17：30 
場所 ：愛知工業大学 本山キャンパス 多目的室  
出席者：後藤，永田，奥村（名工大），伊藤，館石，北根（名大），木下（岐阜大），宇佐美，葛，

小塩，鈴木（名城大），鈴木（愛工大），村瀬，中野（愛知県），山田健，中村，下地（中日本HW.E），
柴田（名公社），加藤（海洋架橋），中本（中部復建），泉野（玉野C），林（協和C），原田，杉本
（創建），加藤（中日本Ｃ），鷲見（八千代C），岡本（パシC），川瀬（日中C），長谷部（長谷部
応用力研），穐山（コベルコ科研），山本（サクラダ），小西（日橋），小川（篠田），神頭，林，加

納，吉嶺（日車），安藤，織田，中川，亀山，坂部，小林，高地，岩田，森田，松村（瀧上） 
47名(敬称略)   

1． 定期研究会（16:00～17:30）（織田幹事長） 
講演者：東京工業大学 教授 三木 千壽 先生 

講演項目：「鋼橋の疲労研究の課題と目指すべき方向」 

※土木学会CPDプログラム認定番号 JSCE10-0272 
 
講演内容 
講演「鋼橋の疲労研究の課題と目指すべき方向」： 
鋼橋技術の課題と目指す方向として、橋梁造形の広がり、橋梁計画、構造設計における構造合

理化とコスト縮減への寄与、膨大なストックへの対応やメンテナンス、メンテナンス分野での新

技術、についてご講演頂いた。 
国際競争の点で日本の橋が海外に比べて重たくて高い点、従来の設計式に依存し最新技術・研

究との乖離が生じている点の指摘，FEMでの設計との比較等のご紹介を頂いた。 
膨大なインフラストックの老朽化が技術競争のビジネスの場であることへの発想、予防保全型

への転換の必要性のご指摘とともに、橋梁の最新モニタリング技術のご紹介を頂いた。 
本発表については参加者の関心も高く、活発な質疑応答が行われた。 

以上// 
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平成 22年 8 月 20 日 H22.SGST 第 3 回定期研究会 

 

講演題目：「鋼橋の疲労研究の課題と目指すべき方向」 

     ※土木学会 CPD プログラム認定番号 JSCE10-0272 

 
講演者：東京工業大学 教授 

三木千壽 先生 

会場：愛知工業大学 本山キャンパス（愛知県名古屋市） 
講演日時：平成 22年 8月 20日（金） 16:00～17:30  
 
講演要旨： 
鋼橋技術の課題と目指す方向として、橋梁造形の広がり、橋梁計画、構造設計における構造合

理化とコスト縮減への寄与、膨大なストックへの対応やメンテナンス、メンテナンス分野での新

技術について紹介する。 
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2

2020 1010

19701970

3

••
••
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••

4

5

Bach de Roda bridge
in Barcelona, Spain

6

Bedford Butterfly bridge
in UK
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7

Griffiths Drive Pedestiran bridge 
in Canada

8

Bridge over the Hoofdvaart
in Haarlemmermeer, Netherlands

9

Lyon Airport Station
in France

11

••

12
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13(m)

:

100m

14

Ford City Veterans BridgeFord City Veterans Bridge

•• 98+98+127127+98m+98m
•• July 28, 2000July 28, 2000
•• 4 I4 I--girdergirder

15

Wintergreen Gorge BridgeWintergreen Gorge Bridge

•• 77+77+142142+115m+115m
•• November 21, 2003November 21, 2003
•• 6 I6 I--girdergirder

16

//

each type percentage in girder bridges

0%
10%
20%

30%
40%

50%
60%
70%

80%
90%

100%

+

-

+

17

((

18

No.No.

CostCost

PBDPBD
KeyKey IssueIssue
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19

••
••

FEMFEM

Thin Wall Structure,Thin Wall Structure, Shear lagShear lag

Warping StressWarping Stress

20
B

NO.647(2000-4)

21

NA of girder

697 mm

Stress (MPa)

-1600

-1200

-800

-400

0

400
-50 0 50

FEM
Test
Design
Reinforce bar

RC deck

Stress (MPa)
Natural Bonding

G1G1

22

1960

23 24

FEM-model

Solid model

Shell model

Stress(MPa) Stress(MPa)

Position on Flange (mm)

Position on Flange (mm)

Dead Load + TL (FEM-Shell)
Dead Load + TL (Calculated with Shear-lag)
Dead Load + TL (Calculated without Shear-lag)

Dead Load + TL (FEM-Shell)
Dead Load + TL (FEM-Solid)
Dead Load + TL (Calculated with Shear-lag)
Dead Load + TL (Calculated without Shear-lag)

Dead Load + TL (FEM-Shell)
Dead Load + TL (Calculated with Shear-lag)
Dead Load + TL (Calculated without Shear-lag)
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25

Column
Flange

Beam
Flange Diaphram

26

27

Deck plate: BHS500, 55mm

28

Flange, web, diaphragm
BHS 86mm

29

Deck plate 55 16mm
Diaphragm 86 16mm

Flange plate 86 33mm
Web plate    86 14mm

30
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31

Stress distributionStress distribution
Loading on one side of straight span

L-live load (on one side)Case= Stiffeners: strong, Spacing of Int. Dia.: 40m

Distortional warping stress (DWS): Focus of discussion

Global distribution
Longitudinal stress component

supports

Distribution in a cross-section 
(at the center of loaded span)

1000 200 MPa-30

60MPa

Average Warping 
stressRegression line

Bending stress Warping stress

+

32

Distortional warping stressDistortional warping stress

Cases with strong stiffeners

Longitudinal position

3 9 1540120

Loading on one side of straight span

Picking up 
the maximum DWS

33

Dimension?)Dimension?)

t=20 x (P/b)t=20 x (P/b)

34

760 ( 160 +440 +160m)
3

CG

35 36
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37 38

39

33

41

In Japan

42
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43

••
••
••

44

America in RuinsAmerica in Ruins Japan in RuinsJapan in Ruins

America inAmerica in RuinsRuins
19801980

19671967 Point PleasantPoint Pleasant

45

At 5:00 PM on December 15, 1967 
Overload due to Christmas Rush
Brittle Fracture of Eye Bars
corrosion cracking)

46

America in ruinsAmerica in ruins

19811981 FHWAFHWA 524,966524,966 2/52/5
98,00098,000

5050
3/43/4 4545 19001900

25,00025,000 19351935

47 48

Damage Cases

Examples : Bridges in New York

Brooklyn Bridge  Open on May 24, 1883 (120 years)
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49

Brooklyn Bridge
50

Williamsburg Bridge Open on December 19, 1903 (110 years)

51
17-10

Williamsburg Bridge
52

Williamsburg Bridge

53

MianusMianus BridgeBridge

54
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II--35W over the Mississippi River35W over the Mississippi River
,USA,USA Aug.1, 2007. 6:00p.m.Aug.1, 2007. 6:00p.m.

Open:1967
8 lanes
140000-
200000/day

56

57 58

60-80%

59
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61

63 64

Fatigue Damage

65 66
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67

BoxBoxBox

77,000 77,000 77,000

77,000 77,000 77,000

For Tokyo For Chiba

Travel direction

68

PL

69

1818 1111 1010

70

71

America in ruinsAmerica in ruins

America in RuinsAmerica in Ruins
19811981 FHWAFHWA 524,966524,966 2/52/5 98,00098,000

5050 3/43/4 4545
19001900 25,00025,000 19351935

72

•• 5050
••
••
••

Repair /RetrofitRepair /Retrofit

100100
5050 100100

5050

100100
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73

100100

•• ((

••
••
•• NONO
••

74

10 20 30 40 50 60 70 80 90 100 110 120

75

Performance Level

Time(Years)
76

••
••
••

,on Web,on Web

NeedsNeeds
New Tech.New Tech.

77

UTUT

Planer Phased Array
Tandem Array System

Linear Phased Array

Phased Array System

Focus to arbitrary point
in 3D inspection area

Focus to arbitrary point
in 2D inspection area

Impossible to sweep 
direction

2002~~ 2004~~

78
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79

79

Wireless Sensor NetworkWireless Sensor Network WSN)WSN)

Laptop PC

Base station

Sensor nodes

Sensor board
(Accelerometer)

Wireless 
communication 
device

No wiring cost

Flexible deployment

Self-routing of data transmission

Advantages of WSNAdvantages of WSN

Time synchronization among nodes

Data loss

Disadvantages of WSNDisadvantages of WSN

Constitution of Mote IRIS

WSNWSN

80

MEMS

3 150,000 /
MEMS
Crossbow 50,000 /

Wii + Wii
3 + 3,800 + 1,500 /set

MEMS

1 50 100 enbedded
system

-
-
-

200 1
2

100 /

81

81

Metropolitan Expressway 5 

Object of measurementObject of measurement

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

Unit: 

Fast lane

Driving lane

Plain viewPlain view

82

82

y

x

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

G3 G2 G1G3 G2 G1x

y

Measurement direction Measurement direction

Plain view Elevation view

AA

Section S3

Vertical stiffenerVertical stiffener

Top flangeTop flange

MT photoMT photo

CrackCrack

Vertical stiffenerVertical stiffener

Top flangeTop flange

MT photoMT photo

CrackCrack VSVS

Detected fatigue crack

Sensor nodes

Weld beadWeld bead

VerticaVerticall
StiffenerStiffener

Upper flangeUpper flange

Local Local 
stress stress VSVS

83

83

Alternate stress 

Rotation of top flange in bridge 
axis direction

No out-of-plane bending at vertical stiffener

5
1414

35.535.5
Weld beadWeld bead

VerticaVerticall
StiffenerStiffener

Upper flangeUpper flange

Obverse side of upper edge

Stress 
measurement 
direction

90 100 110 120 130 140

80

-80

-40

0

40

-120
--125MPa125MPa

70MPa70MPa

Time (sec)

Obverse sideObverse side

Reverse sideReverse side

Same stress level on both sides of 
vertical stiffener

CompressionTension

Location of strain gage

G2

Depends on the vehicle loading

84

84

16261621 1631 1636 1641 1646

2

1

0

-1

Sensor Node A

Time (sec)

16261621 1631 1636 1641 1646

2

1

0

-1

Sensor Node B

Time (sec)
16261621 1631 1636 1641 1646

2

1

0

-1

Sensor Node D

Time (sec)

16261621 1631 1636 1641 1646

2

1

0

-1

Sensor Node B

Time (sec)

C

y

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

36500

G2

G3

350

S1 S2 S3

G1

F4 S5 S6 S7E

Plain view

xMeasurement direction
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85

85

Baseline correction

tt

t

ddatvxtx

dvxtx

0000

00

)()(

)()(

Long period oscillation error 
due to measurement device

Error cause 2Error cause 2

Error cause 1Error cause 1

High-pass filtering

Least square method 

Known

Forced vibrationForced vibration

Free vibrationFree vibration

Integration in low frequency range

Integration in high frequency range

Combined 
afterwards

Strain wave form of 
bottom flange

Vertical deflection 
wave form of girder

Velocity

Acceleration
Known

Forced vibrationForced vibration Free vibrationFree vibration

Bottom FlangeBottom Flange

AccelerationAcceleration

86

86Measured acceleration at node AMeasured acceleration at node A (unit: m/s2)

Calculated displacement at node ACalculated displacement at node A (unit: m)(unit: m)

Measured stress at bottom flangeMeasured stress at bottom flange (unit: (unit: MPaMPa))

5 maximum deflection 

87

Initial

88

••

slowslow

Weigh In MotionWeigh In Motion RealReal--timetime

89

BOX

+

C H IED GF

90

Tokyo Bay

3

4

2

5 6

B
1

Tokyo St.

Shibuya St.

246
357

Tokyo Bay

33

44

22

55 66

BB
11

Tokyo St.

Shibuya St.

246246
357357

Static data ( temperatures, humidity )

Measured
strain

1
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91

Oosaka bridgeOosaka bridge
(R246)(R246)

Tamagawa viaductTamagawa viaduct
(R246)(R246)

Arakawa bridge Arakawa bridge 
(R357)(R357)

50

NO 773 2004 10 92

Strain gauges Laser acceptance 
(Longitudinal)

Laser level

Displacement meter

Arakawa bridge 

D

93

Time

Time

Bearing
displacement

Bearing displacement

Temperature

Temperature

DisplacementTemperature
(Bottom flange) (Bearing)

Lateral view

High correlation

949494

TimeTime 16:35 2316:35 23rdrd of July, 2005of July, 2005

DepthDepth 73km73km
MagnitudeMagnitude 6.06.0

Max intensityMax intensity 5 upper5 upper

959595

South side

North side

South side

North side

96

Longitudinal rib
Lower flange

East side West side

Initial stage
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97

Time (sec)

Before the EarthquakeBefore the Earthquake

Time (sec)

CH23CH23

Lower flange

After the EarthquakeAfter the Earthquake

Movable bearing

98

H18H18

99 100

11

101 102
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103
103

2009 8 9 755 52

4
)

6.8

333km

3

104

-30

-10

0

10

20

30

-20

-30

-10

0

10

20

30

-20

105
105

-30

-10

0

10

20

30

-20

-30

-10

0

10

20

30

-20

106

-----------------------

21 10 26
-----------------------

23:10 888 
17 mm

23:20 999 
-1.01 

------------------------

107

1515 44

••

108

H19H19 1010--2020 55
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109

(Data integration) Data mining (Decision making)

110

••
– Best

–
–

–
–

Key

111

Sustainable DesignSustainable Design
Skelton Infill SystemSkelton Infill System

ExcitingExciting
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