TABLE OF CONTENTS

Chapter I Page

INTRODUCTION .4 vivesceeccosoooocooanncssnnocssssssssssssssasanee 13

I.1. Background ..cceceeccccscasetsesscsascassesassosresssesaes 13
I.2. Need for bridge management SYyStem . .seessecsccensocsses 14
I.3. Economic aspectsS ceeveeesccecccseccssssoncscnssescsssnss 15

I.4. Tasks Of the Group .c.ceceeecersosessoseassssscssascasecss 16
I.5. Definitions ..ceceeecercesosscsnsccssssssssscssssssaness 16

I.6. Structure of the Report .s..cecceccecesoccensrscsscnnsaeas 19
References .iceieeveeesessececsssossescsccccccsccscsssssssssosasns 22

Chapter II

OPTIMISATION OF INSPECTION ...vccececesccncscorscscscacncassssnsss 23

IT.1. PULPOSE ceveteecosrssossssosnssssssssescssssesesccsnnssscs 23
I1.2. DefinitionNs cceeesesececscossvsrssvsssorsssessascsasassceecs 23
IT.3. Situation in Member COUNErie€sS ...cceveccsncncscscsseacee 24

IT.3.1. Bridge StoCk sccceccescccccscavscnsccssocscnnseee 24
IrI.3.2. Organisation of inspection ....c.cccveeeeceessss 25
I1.3.3. Trends in inspection costS ....ccceeseeeccesses 30

II1.4. Recommendations for organising bridge inspection ....... 31
II.4.1. Inspection plamning .....ceececeesceessvsesnosses 31
IT1.4.2, Inspection intervals ....cicececccesccccccnsees 32
II.4.3. Inspection resources and MEANS ..ceceecesseosses 32
II.4.4. Inspection information collected .....¢c.o0ce0.. 34
II1.4.5. Evaluation of inspection ....vecevevevccecscsess 35
II.4.6. Inspection training ....cceveeeeeneccesccnececes 36

II1.5. Inspection of complex or large bridges .....ceeeeeeeseee 36

I1.6. Questions for further inspection developments .......... 37
II1.6.1. Planning and programming ....e.cceeeeecseoesecess 37
II.6.2. Costs and cost-effectiveness ......ccccceveaeee 37
I1.6.3. Safety of workers ....cececeecenscesnssscsccscsnas 37
II.6.4. Development of inspection methods ............. 38
II1.6.5. Accessibility of bridge structures ........c... 38
I1.6.6. Expert SYStems ...ceveceoscsscscccasesnsnsccocses 38

I1.7. Selected handbooks and guidelines in Member countries .. 40



Chapter III

OPTIMISATION OF MAINTENANCE ...scvecesnosccccscscscosssnssnosansans

III.1.

III.2.

III.3.

III.4.

References

Chapter IV

Chapter V

Current PolicCies .eeveecveevovesecescensecssesoncssannes
IIT.1.1. Basic cONCept ..veeevevssoccccascascnsssnssnans
ITIT.1.2. Planning .ceeeeceececcssoscscsssoscosossnncassnass

Technico-economic asSeSSMeNt ...veeeeecesccrssssscsnanes
III.2.1. Type of maintenance operation ......cceeveeeans
III.2.2. Evaluation of techniques .....ccceceeceenssscns
IIT1.2.3. Effects on traffic fIOW ..ceevevencccnscscnsans
IIT.2.4. Accessibility of components

for maintenance and ServicCe .....ccecceccccccns
ITTI.2.5. ConcCluSioNS ceeeeesoscacsscscssssossssossassasee

Effects of delaying maintenance WOIrkS ....ccceesvossccns
IIT.3.1. Maintenance frequUeNCY ...ceeeeesssoocccsosovscs
IIT.3.2. Consequences of delaying maintenance ..........

Maintenance planning model and recommendations .........

© © 900000006005 0000000600000600000600000000000ss00000c00srLE

PREDICTION OF DETERIORATION AND SERVICE LIFE ..cceceevvnssnoonns

Iv.1. Introduction ....ceeieenenrrocccscscssecessasassssasnnns
Iv.2. Factors affecting service 1life ...ceeeeesoccrnrsssncccns
IV.2.1. Definitions .....veveceoccsneecescssassaanoccss
IV.2.2. Structural and functional shortcomings ........
IV.2.3. Structural and functional mMeasures ....cceeecees
Iv.3. Prediction of service 1ife ......ceeceveceenncsnnsensnons
IV.3.1. Predictions based on observed bridge lives ....
IV.3.2., Predictions based on materials
and structural characteristics ....cceeeecossass
Iv.4. Reliability aSSESSMENE .tveiveeeeernoeroveseonaacsssssons
Iv.5. Prediction of deterioration for bridge management ......
IV.5.1. Condition rating ..veviveeieoveesesncoscansonnse
IV.5.2. RS&D on bridge deterioration rates ....coeovoose
IV.5.3. Guidance on developing deterioration models ...
References

BRIDGE DATA BANKS

® 0 9550000000000 000000000008000ss0ce0sRsEBEIBSISEOIDREESTEE

© 9 5 506000 LI LN LRENLOLAENIEEEAEOGESEOOGEOSEOSOEBOBROPOOEOGTOSDO
Bridge management COMPONENES ....veseesesceosononsesasss

Data needs

A A A A A L I R N A A I I R A A A A A R I A I N LI S

Data bank Qefinition .uv.iveeeeeeeseeeesensnosososossanss

10

43

43
43
43
44
44
45
47

48
48

49
49
49

50
51

55
55
55
55
57
59

59
59

60
61
63
63
67

68
70

73

73

73

75



v.8.

Past and on-going developments ...cccoeeesecscssscssssass

Strategy for the development of an automated data bank .
V.5.1. GENEral t.ieeecosesvessessnassossosncscsaseansos
vV.5.2. Technical and administrative framework ........
V.5.3. System goals ..ceeericeccscccccssscncnssonnonsas
V.5.4. Information analysis methods ....ccevvesncesces

Description of the data bank ...ceveveeocvssonscccascesas
V.6.1. Structure of the data .....ccceeeeccetcctcccnse
V.6.2. Contents of the data bank ....ccccccetcctncacen

Implementation and operation ....ceeececcceccccacsansncns
vV.7.1. Software and hardware ...ccevececceccccscrsscses
v.7.2. Data communication ..eeevecsessescscassasosnosne
v.7.3. Data collection and prototyping ...ieceeecceocess
V.7.4. Management of the system ....ccceceeeiensnccccs

Future developments ..ccceceesosccocosossssosssscsvssncssas

REfEreNCeS tueiceercccceenssssssssrsssssssosassssssscscossessssssnsoes

Chapter VI

BRIDGE MANAGEMENT SYSTEMS ..civccccecsrssnccossrosvsrescaraavanans

VI.1.

VI.2.

VI.3.

VI.4.

Elements O0f @ BMS ...cecceecscacscsosccsnosossssosscscancss

A BMS Prototype ceceeecencccssnsossrssssscsascsscasancnas
VI.2.1. Managerial inputs ..ccceeeccescscccssccsonennns
VI.2.2. Engineering inputs ...cecececsescscssvccsscccce
VI.2,3, Cost estimation .....ceecececevcvosccctcccnnscans
VI.2.4. Deterioration ....eeseececccascccnscecccssscnnns

BMS analytical procesSSeS ..eececcvcvsccssscccocssacssccss

BMS use for planning, programming and budgeting ........

REfEIrENCE +vereeersoseccscssssssanscsosscsscsssssosscscsssssssosssssccs

Chapter VII

GUIDING PRINCIPLES FOR BRIDGE MANAGEMENT POLICIES ..c.ccccvcoccee

VII.1l.

VII.2.

VII.3.

VII.4.

VII.S.

VII.6.

VII.7.

Bridge management ProgrammesS ...ccseecccscsscscscsssossss
Bridge inspection ....cceecsccctcsscsscstncncsssssannans
Data acquisition and data base management .......ccc000.
Modelling bridge deterioration ..cieeeeencescssevoscsans
Determining optimal strategies ..cccvicecccescccsssconcns
Developing a bridge management SysStem ...c.cceeeeescccsss

Research Needs ..ceeeersosrsssscccvornsscssscssssossosssasccs

11

75
76
76
78
79
80
81
81
83
87
88
90
91
92

93
94

95
95
96
96
98
98
98
99

101
101

103

103

104

105

108

108

110

112



APPENDIX A

HUMAN RESOURCES NECESSARY FOR A BRIDGE DATA BANK ....cveevcncoss
A.l1 Data bank installation ....ccceeeeerosccescsessocncncnnns
A.2 Data bank oOperation ..cceevessceeensncsccccosocncenannes

APPENDIX B

EXAMPLES OF BMS MODEL DEVELOPMENTS ...cvveccccscsccncncasanonnss

References

APPENDIX C

.1 DENMATK ¢ooetencerestasoestcsssossocnasossnosanccnssasess

2 Finland .ceeveeeeeecanccsoenccccocssnsesassnsescsscnosses
.3 Netherlands ...cveiserecssecocessoseasecsseanancassnnssss
4 United StatesS cvieeeeeescoeceocosocnonsansssnsossnsnssss

RESEARCH RECOMMENDATIONS i vvveececnconssosonncesssocossnasaeses
c.1 ConteXt toeiiieisrorstocesacoacsocnocansoansonssesosnncess

LIST OF PARTICIPANTS

c.2 InSpection ciiuieeeiesenssessaacesonensocessaeanocnsonanse
c.3 Maintenante ....iviiveeeecencesenesssscenansssoenesssoass
C.4 Prediction of deterioration and service 1ife ..veeseeese
Cc.5 DAt@ DAnKS toveereeroocacscecoreseacosossoccosonencosncnss
C.6 Bridge management SYStemS ......eeeseeeovscacesveseonens

M R R R R N N R A N R R R R R R R

12

113
113
113

116
116
117
117
119
120

122
122
122
123
124
124
125

126



