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Management of Bridge Maintenance, Repair, and 

Rehabilitation-A City Perspective 
,, 

ARUNPRAKASH M. SHIROLE 

ABSTRACT 

The management of bridge maintenance, re
pair, and rehabilitation functions is dis
cussed from the perspective of a major 
metropolitan city. The management objec
tives of the city, and the data base and 
cost control systems that assist the city 
in effectively managing the growing respon
sibilities in these fields, are described. 
Further, information concerning how routine 
and scheduled bridge maintenance and re
pair, as well as scheduled bridge rehabili
tation, is planned, coordinated, and admin
istered is also discussed. 

It is widely known that a large percentage of the 
567,820 bridges in the United States are in urban 
areas, and an even larger percentage of these 
bridges are under local government jurisdictions. Of 
the 302,775 bridges under loca l qovernment jurisdic
tions, 165,928, or more than 50 percent, are con
sidered to be deficient according to FHWA standards. 
Therefore, bridge maintenance, repair, and rehabili
tation has assumed a larger dimension in local qov
ernment responsibilities. In this paper the discus
sion centers on how Minneapolis, Minnesota, a maior 
metropolitan city, views and manages this responsi
bility. 

MANAGEMENT OBJECTIVES 

There are 399 bridqes serving the transportation 
needs within the city of Minneapolis. The data in 
Table 1 indicate the number of different bridge 
groups and their average aqes. Based on age and con
dition of these bridges, the management objectives 
of the city are as follows: 

1. Pursuant to state statutes, conduct annual 
maintenance inspection of 260 bridqes for which the 
city is responsible to ensure that all repair needs 
and normally predictable major bridqe problems are 
identif ied: 

2. To provide preventive maintenance for and 

TABLE I Bridge Groups and Average Age 

Bridge Group No. of Bridges Avg Age (years) 

A Interstate highway 70 14 
B Street over or under 

Interstate highway 74 17 
c River 13 55 
D Railroad 130 62 
E Creek 40 50 
F Miscellaneous II 31 
G Pedestrian 28 17 
H Parkway 33 58 
Total of C-H 255 53 
Total 399 40 

maintain in safe condition 176 bridqes, 38,000 lin
ear feet of bridge approaches, pier protections of 
six major river crossings, and 10,000 linear feet of 
various types of embankments and retaining walls: 

3. To ensure safety of pedestrians, control snow 
and ice on 154 bridges, 38,000 linear feet of bridqe 
approaches, and 28 pedestrian bridges: and 

4. To do necessary major bridqe repair and re
habilitation work, including work under county and 
state agreements. 

MANAGEMENT INFORMATION SYSTEMS 

Bridge Structure I nven·tory and Inspection 

The data in Tables 2 and 3 describe a broad range of 
valuable information available from the data base 
system. The bridge maintenance, repair, and rehabil
itation or replacement decisions for the city are 
primarily based on the up-to-date information pro
vided by this system. A library of more than 5, 000 
drawings on microfiche and periodic field measure
ments support and update the structure inventory. 

The current formal bridge inspection program was 
instituted in 1971. The inspection team consists of 
two to four trained inspectors. A large variety of 
tools and equipment (such as sounding equipment, 
cameras, a snooper-truck, and boats) are used in the 
inspection process. A library of photographs, in 
chronological sequence, alonq with historical in
spection records and scour studies around piers of 
river bridges are also maintained. When more fre
quent inspections are needed for some critically 
deficient bridqes, inspections are conducted daily. 

Every year structure inventory and inspection 
records are updated during winter months and com
municated to the Mi nnes ota Department of Transporta
tion. The state's computer is used to maintain an
nual bridge structure inventory and inspection 
records. These r e cords are then used to compute the 
FHWA' s suff iciency ratings, and computer printouts 
are made available to the city. 

Structural Capacity Ratings 

Evaluation of current structural capacity of all 
bridges is completed at least once every 5 years. 
Inspection reports with current estimates of loss of 
sections are used for this purpose. Interim capacity 
ratings become necessary when accelerating deterio
ration or accident damage is reported in inspection 
r~ports. 

Results of structural capacity ratinqs are 
promptly communicated to appropriate agencies or or
ganizations and necessary load limit siqns are 
posted. Typically, bridges are pos ted for qross 
weights of a truck (M-3) and truck and semitrailer 
combination (M-3S2). In some instances a combination 
of load limits and speed limits is used. The struc
tural capacity information is updated as often as 
deemed necessary and promptly communicated to state 
and city enforcement agencies. Currently, 29 bridqes 
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TABLE 2 Bridge Structure Inventory and Appraisal 

Da ta Baee--Part I: Sec tion A 

STRUCTURE INVENTORY AND TRAFFIC (S~CTION A) : (Dated ____ ; Updated ____ _ 

1. Structure Number ____ ; Built in Remodeled in ; Owner _ _ _ 
2. Inventory Route ; Over /UndU-- ; Location. 
3. Alternate Length ; Impact on TravC?l Time m1·n . ;kr.ih (mph) 
4. Lanes/R.R. Tracks (over) ; (under) ; One/Two Wav ----
5. Av. i)3ily Traffic (ADT) on llridge ;Peak Hour Traffic . ;Year 
6 . Projected ADT ; For Year --- ; Heavy Commercial ADT ----
7. Design Load ; Present Structural Capacit)' ; Posted Load Lir:iit 
8. Approach Wi~oadway ; With Shoulder 
9. Angle Skew ; ls Str~cture Flared? Width: :lax ___ ,_M..,.i-n-.-----

10. Minimum Clearances: Vertical : Over ; U;;;J;;°r _______ _ 
Horizontal: OvC?r (North/~est; (South/East) 

Unde_r ___ (North/l.'est); (South/East) _ _____ _ 

11. iiavigation Control~s/~lo; Vertical ; Horizontal ______ _ 
12 . Structure Type: Hain Span Approach Spans _________ _ 
13. Numb<?r of Spans: ~iain ; Approach _ ___ _ 
14. Structure Length : Total ; Max. Span. ____ : Appi:oac~-Sp:ins ___ _ 
15. IVidths: Roadway (curb to curb) ; Deck (out to out) 

Sidewalks: (NorchNest) (South/Cast"'") _____ _ 
16 . Wearing Course and Overburden: Type(s)_: Th.ick"iess(es·) _ _____ _ 
17. Guardrail : Typ e__;__ Lenitth; Ocher Railings : Type ___ ; Lencth _ __ _ 
18. Utilities Carried, Location ______________________ _ 
19 . Joints on the Bridge: Type ; Length 

20 . Lighting System·-----------------------------
21. Painted ln ; Type of Paint 
22 . Material Inventory : Rondway _________ SiJew.'.llk. ________ _ 

Substructure ______ Su~erstructure ____ _ 

23. Other Features (such as safety lir,hts) =-------- ----------
Data Baee--Psrt I: Sections B and C 

STRCCTURE INSPECTION AN!l APPRAIS1\L (SECTION B): (Dated 

l. Deck: Overall Condition-=-.,,._--..,.-------- ------------
Type and Extent of Deterioration. ___ ____________ _ 
Repairs Needed and 1.nen. _ _____________ ______ _ 

2. Superstructure: Overall Condition 
(Other than Type and Extent of Deterioration 

Deck) Repairs Needed and lnicn. _____ -:._-_-_-_______ __ _ 
3. Substructure: Overall Condition. ___________________ _ 

Typt! anU EJl,.t.;:-f1L vf D..::tcLiui'.:.t.ic;; ___________ _ 
Repairs Needed and When 

4. Safety ConsidC?rations : Unsafe or Hazardous Conditions 
(Width, alignment, load-limits, steep grades, railings, 
clearances, etc.) 

3. Serviceability: Drainage-:----=------,--:-:----. ----------
Rideability (Roughness Coefficient ) _________ _ 

Lighting·-----------------------
6. Condition of Painc..,....---,-=---:cc:-~---.,.-..,.-,-.,.--..,....--------,----,,.,.,---
7. Estima.te of Remaining Life?: Without (wi th) major repairs ( )Years 
8 . Description and Estimated Cost of ~lajor Repairs Needed .'.Ind llhe-n===---

STRUCTURAL CAPACITY AND FUNCTIONAL ADEQUACY (SECTION C): (Dated ____ _ 

l. Load Carrying Capacity _______________ _ 
(Based on: Current Legal Loads , Estimate of Deterioration ___ _ 

2. Minimwn Clearances: Vertical ; Horizontal _________ _ 
3. Adequacy for Present and Proj ected Traffic _________ _,..--,---~ 

4 . Waterway Adequacy and Protection (e.g. , t'1er or Scour Procectl.u:i) 
5. Limits for Special Permit Loads __ ; Wheel-Load Configuration Used_~ 

Data llaee-Part II 

MAINTENANCE HISTORY AND PROJECTED FUTURE NEEDS (SECTION D): (D/\TEil ___ _ 

l. Chronology and a Brief Description of Major Repair• Done :-- --0-- ---
(When, what, at lilhat cost and who made them, improvement in life 
expectancy) _ _______ _____________________ _ 

2. Brief Description of Minor Repairs in the rast Five Years _______ _ 

3. Projected Future Maintenance Needs : (e.g . , New Overlay) ____ ___ _ 

ENVIRONMENTAL AND OTHER FACTORS (SECTION E): (Dated _ _ _______ _ . 

l. Aesthetical Considerations (e.g . , Paint, etc.) _____ ....,. _ _____ _ 
2. Developmental Plans and Projected Needs of the Area Served ______ _ 
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TABLE 3 Typical Bridge Inspection Data Sheet 

CirY OF HINN~O~IS 
Ur&enc. _____ _ 

INSPECTION 

!ridcc~ and Rcl~ted Structures 

1. IDOITIFICATION: Bridge No. ____ _ !In/DOT No·------ Apr·---~--

Location -------------------------------

Footed L1m1•---------- Inspected By - ----- Date ____ _ 

2. CONDITION & SUCGESTEl>· IXPROVEKENT: RAT INC 

Ralliog 

Curb 

Roadvay 

Subsurf a.ce 

Sld•va.lk 

Sub surf ace 

S<<ingers 

( ) 

.E.x?acsion Oevjcea 

Plen 

Abutment3 

ll.a11s 

llaruiug Ligh<s 

Lightlag 

Other 

J. GENERAL CONDITION & RDiARKS: 

4. lMI'ROV~IE:ITS & REPAIRS:----------------------

Estimated Cose ________ _ Date Needed. __________ _ 

S. PI.ANS HADE OR 01/llER NOTIFIED:----------
DATE _______ _ 

6. REPAIRS MADE: -------------- ---
DATE. _______ _ 

7, CONDITION CODES: DECK___ Superstructure __ _ Sub structure __ _ 

are posted for load limits and 4 bridqes are closed 
to vehicular traffic. 

Cost-Control System 

In 1980 a new financial and accounting information 
system was instituted with the capability of provid
ing up-to-date cost records for anv work beinq done 
on any one of the bridqes. This computer-based sys
tem uses location and activity codes. The codinq 
system is given in Tables 4 and 5 . Each br idqe is 

identi f ied with letters JC followed by a four-diqit 
number. Letters PC instead of JC identify approaches 
for that bridge. The first two diqits of the bridqe 
number identify the bridqe group it belonqs to and 
the route system it is on. Other locations are iden
tified by two zeros and two diqits followinq the 
letters PC. 

The city does all of its bddqe maintenance, 
.repair, and (some) rehabilitation work usinq its own 
forces. Therefore, the activity codes are orqanized 
in such a way that each foreman can select appro
priate codes while reporting daily activities of in-
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TABLE 4 Cost-Control System: Location Codes 

Bridge numbers JC 0001-JC 9999 
Bridge approach s l PC 0001-PC 9999 
Special IOQ!lions I 

Bridge approaches first digit (after letters PC): zero 

PC 000 l : Bridge yard and plant 
PC 0002 : Bridge division-boat dock and building 
PC 0003: Harbor lights-river bridges 
PC 0004: Missis~ippi Krver bridges (flood control) 
PC 0005: Minnehaha Creek bridg•s (Clood control) 
PC 0006: Shingle eek bridge.< (flood Qontrol) 
PC 0007: Bassetts .Ctcek bridges (flood co ntrol) 
PC 0008: Ali bridges 
PC 0009: Bridge building expansion 
PC 0010: Major equipment-snooper 
PC 0011: Major equipment-pontoon boats 
PC 00 I 2: Major equipment-pusher (tow boat) and/or barge 
PC 0013-PC 0020: Bridge- miscellaneous 
PC 0021: City Hali-bridge: office and administration 
PC 0022: Bridge yard: office and administration 

dividual crews. Answers to simple questions such as 
"What activity?", "In which area?", and "Who did 
it?" help the foreman or supervisor select appro
priate activity codes. 

All costs related to the activity are also re
ported and processed by the computer on a daily 
basis. Therefore, this system has the capability of 
produc ing reports (on demand or pe r i od i cally) of 
cos ts of e ach activity, b udqet line- item expendi
tures and balances (year to date), and revenues. The 
system serves the city as an effective t ool in moni
tc~ inq ~nd ccntrcllinq co!!ts of ~. 11 hridqe-related 
activities. 

BRIDGE MAINTENANCE AND REPAIR 

Routine Maintenance and Repair 

Routine maintenance and repair is an ongoinq activi
ty t o provide preventi ve ma intena nce f or .and ma i n
taining i n s afe condit ion 176 br i dges, 38,000 linea r 
f eet o f br idqe a pproaches , p i e r protections o f six 
major rive r c r o s sings , a nd 1 0,000 linea r f eet o f 
va r i ous types o f embankments a nd walls . Th i s act i vi
ty is funded totally by qeneral revenue a nd is c on
ducted with permanent and day-labor staff. 

TABLE 5 Co8t-Control SyBtem: Activity Codes 

What Activity? In Which Area? 

A. New work or replacement A. Roadway 

Transportation Research Record 962 

During the spring, summer, and fall bridge crews 
are busy with the following types of activities: 

1. Washing steel grid deck 
2. Cleaning joints, beam 

and drains; 

bridges; 
seats, catch basins, 

3. Removing sand , salt, and debris from bridge 
decksi 

4. Welding and other structural steel repair; 
5. Patch , repair , and seal s palled , cracked, and 

deteriorated concrete; 
6. Repair accident and fire damaqe, emergency 

repairs; 
7. Remove branches and debris from around piers 

in river and creeks; and 
B. Erosion control. 

During the winter months crews are kept busy in 
snow and ice control on 154 bridges, 38,000 linear 
feet of bridge approaches, and 28 pedestrian 
bridges. Repairs of an emergency nature and of acci
dent damage are also conducted during this period. 
This activity is fully funded by general revenue and 
is conducted with permanent and day-labor staff. 

Scheduled Maj or Maintenance a nd Repair 

Scheduled major maintenance and repair is more of a 
nonroutine type and is based on reports of formal 
bridge inspections. As the annual formal inspections 
conclude, inspection reports and maintenance history 
for each bridge are reviewed. When necessary, an
other inspection by a senior supervisory-level en
gineer is scheduled, especially in cases of acccl~r
ated deterioration or serious accident damage. At 
this stage maintenance and repair needs of each 
bridge are evaluated. An annual needs statement is 
t hen prepared. Typi c a lly , the ne eds sta temen t ind i
cates type , exte nt, preliminary cos t estimates , a nd 
urgency o f ma i nte nance o r rep a i rs needed f o r e ach 
bridge. 

The needs statement is then reviewed with other 
relevant information such as the current FHWA suffi
ciency rating and importance of the bridge in the 
present and projected overall transportation needs 
of the area. The maintenance and repair needs are 
then assigned on a priority basis according to their 
urgency and by matchinq the cost estimates with pro-

Who? 

A. Maintenance 
R. MRintenancc and repair B. Sidewalk and/or curb B. Carpenter 
c. Concrete patch c. Railings and fences c. Ironwork 
D. Asphalt patch D. Beams or girders D. Cement finisher 
E. Maintenance cleaning E. Abutments E. Painter 
F. Grass cutting and weed control F. Columns or pier bents F. Shop repair 
G. Flood control G. Walls G. Stock help 
H. Snow and ice control H. Embankments H. Other 
J. Routine bridge inspection J. Miscellaneous- structural J. Accounting staff 
K. Formal bridge inspection K. Combination of above K. Supervisory staff 
M. Soundings M. Mowers and grass cutting M. General foreman 
N. Project engineering equipment N. Engineers 
P. Construction engineering N. Snow and ice equipment P. Engineering contract 
Q. Structural capacity rating P. Other equipment 
R. Adrninistra ti on and support Q. Tool storogc ho~cs, snow trailers, 

services and wagons 
T. Administration-office expenses R. Salaries 
X. Rental T. Additives-vacation, holiday, sick, 
v. Store-supplies and other leave 
W. Capital outlay X. Additives- workman's compensation, 

employee injury expenses, unem-
ployment compensation, severence 
pay 

v. Unallocated 
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jected availability of qeneral revenue funds for the 
following year. Individual major br idqe maintenance 
and repair is then scheduled as the bridqe mainte
nance a nd r e pai r budge t for the f oll owing year is 
final ized . As a gene r al r u l e, the FRWA suf ficie nc y 
rat i ng fo r thos e b r idg e s on which major maint e 
nance and repair is scheduled would range between 
±50 to 80. 

Typical major bridqe maintenance and repair ac
tivities are as follows 

1. Repair or replacement of steel stringers, 
beams, or steel grid panels; 

2. Repair of concrete beams, columns, abutments, 
and walls; 

3. Repair or replacement of pier protections; 
4. Replacement of expansion devices; 
5. Extensive repair of masonry: 
6. Construction of walls for erosion protection; 
7. Sidewalk and deck slab repairs and overlays: 
8. Painting of structural steel; and 
9. Extraordinary maintenance and repair for the 

state or county. 

BRIDGE REHABILITATION 

Rehabilitation or Replacement De c i sion Making 

Realities of fiscal constraints are such that the 
city can neither think of replacing all of the aqinq 
bridges nor reasonably justify replacement options 
in all cases. In 1980 a Bridge Task Force was 
created to evaluate the bridge needs of the city and 
to recommend a 5-year capital improvements program. 
As a part of this process, bridges a with suffi
ciency ratinq between 0 and 80 are screened annually 
and possible candidates for rehabilitation, replace
ment, or rehabilitation and replacement are identi
fied and assigned priorities based on structural 
condition, safety, and overall trans portatio n needs. 

Bridges that are candidate s for r e ha bilitation or 
rehabilitation and replacement within the next 
5-year period become the subject of an in-depth in
vestigation. All components of the superstructure 
and substructure are investigated by reputed mate-
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rials engineering consultants for material proper
ties, deterioration, and their available structura l 
capacity. A decision is then made, based on recom
mendations resulting from this in-depth investiqa
tion, as to whether any part or all of the bridge 
structure can be rehabilitated and modified to meet 
the future overall transportation needs of the city. 
Bridges that are to be scheduled f o r rehabilitation 
and replacement within the next 5-year program are 
recommended to the City Council as a part of the 
capital improvements program (CIP). Funding for this 
program is generally sought from municipal or county 
state aid, state bridge bond, or federal SBR or 
Resurfacing, Restoration, and Rehabilitation funds. 

Scheduled Bridge Rehabilitation 

Plans for scheduled rehabilitation of a bridge are 
either drawn in-house or by consulting engineers re
tained by the city. Similarly, the rehabilitation 
work, depending on its magnitude and complexity, is 
either done by using city forces or contractors. In 
either case, the city engineerinq staff supervises 
the construction activity. 

CONCLUSION 

The magnitude of problems related to maintenance, 
repair, and rehabilitation of bridqes within the 
city of Minneapolis has been on the increase. How
ever, efforts through effective management are being 
made to contain and limit these problems. Because of 
the involvement of many agencies, and as many as 
five railroads, delays can complicate execution of 
the city's policies. Therefore, cooperation amonq 
different agencies and groups that represent a 
variety of interests governs the success of the man
agement efforts of the city. 

Publication of this paper sponsored by Committee on 
Structures Maintenance. 




