DEVELOPMENT OF A COMPUTERISED BRIDGE INVENTORY FOR A STATE ROAD AUTHORITY

B.L. Richards, B. Tech., M.I.E. Aust., Highways Department, South Australia

The Highways Department of South Australia is
currently developing a computerised bridge
inventory system which will be used by the
Bridge Inspection Section to rationalise the
approach to the inspection of bridges. It will
also be used by the Planning Branch to provide
a basis for economic comparison of alternatives
in the replacement and strengthening of bridges,
by the Construction Branch for the rational
allocation of maintenance funds and to provide
information to the National Association of
Australian State Road Authorities (NAASRA)
proposed data bank, One of the most important
functions of a bridge inventory is to provide a
complete and accurate record of each bridge on
a highway system. Maintenance of bridges
requires complete records in usable form
including history of the structure, all repairs,
widening, strengthening or reconstruction, or
other actions which have been taken, subsequent
to inspections, Information should be easily
accessible and readily updated; factors which
today are made possible by computerisation.
However, conflicting requirements must be dealt
with, On the one hand data handling facilities
should be large enough to provide sufficient
information for managing inspection, maintenance
but flexible enough to be used for planning
functions both at the regional and national

level; yet the system developed should not
become cumbersome and difficult to use,

The purpose of this paper is to explain the
experience that the Righways Department of South
Australia has had in relation to the design,
implementation and operation of a bridge inventory
system.

With the exception of a relatively low mountain
range, 500 kilometres long by 80 kilometres wide,
extending through the centre of South Australia,
most of the settled areas of the State consist of
flat alluvial plains crossed by wide shallow creeks
and rivers. South Australia has a low average
rainfall and is the driest State in one of the
driest continents in the world, making it devoid of
extensive natural forests thus forcing early bridge
builders to use durable but relatively expensive
concrete, steel and masonry as raw materials., There
is an almost total absence of timber structures;

most of those built have long since succumbed to-
the ravages of fire, termites or dry rot. These
environmental conditions suited bridges of beam and
slab design of moderate span lengths = usually less
than 30 metres

South Australia was founded in 1836 and,
consequently, there are few bridges of historic
interest, Some of the more interesting structures
are wrought iron bridges fully imported from the
United Kingdom and erected on site, This practice
lasted until the early 1900's when local technical
expertise reached a sufficiently high level for
these types of bridges to be built using local
resources.

Design Loads for Bridges

Although State Road Authorities were formed in
each of the Australian States during the late 1920's
no comprehensive bridge design standard or codes
were used in Australia until 1947. (1) Until that
time design loads varied considerably between the
States and were generally comparable to the HS10 to
about HS15., However, since 1947 all Australian
States adopted the HS20 loading or heavier, the
latter being restricted to particular routes.
Increased pressure from the Transport Industry to
raise both legal weight limits and those allowed
under permit led to a more substantial design
loading being adopted in 1977. (2) This loading
retains the concept of the AASHTO type vehicle but
is aporoximately 33 percent heavier, Therefore, a
situation exists where the design loading for
bridges generally decreases with increasing age.

In South Australia approximately 60% of bridges
have design loadings less than HS2C standard.

Requirements of a Bridge Inventory System

Bridges represent a sizeable capital outlay
requiring regular and rational inspections to
preserve the initial investment. The main purpose
of a bridge inventory is to catalogue all the
information gathered from inspections and other
sources so that it may be used for:=

. Setting priorities for the maintenance of
bridges.

. Setting priorities for the strengthening or
replacement of bridges,

« Planning for a rational bridge inspecticn
programme,




o Route selection for vehicles carrying abnormal
loads,

. National data banks for planning purposes on a
national scale,

Records must be in usable form and should
include information on the history of the structure,
all repairs, widening, strengthening or other
actions which have been taken subsequent to inspect-
ions. Information should be readily accessible and
capable of easy updating.

However, the problem of conflicting requirements
must be solved. On the one hand the data stored
must be comprehensive enough to provide information
for the decision making process on engineering,
economic and planning aspects, but flexible enough
to meet changing conditions and requirements, yet
the system used should not be cumbersome and
difficult to use.

Several systems have been used for the
collection, storage and retrieval of bridge
inventory data ranging from relatively simple card
gystems used in earlier times to extensive computer-
ised data banks made possible by modern technology.
A perusal of systems used by numerous authorities
reveal that in many cases a considerable effort is
expended to collect very detailed information about
each bridge in a region, presumably because
electronic data processing facilities have made it
possible to store and process such information,
(3,4 This leads to a large data bank which
contains much irrelevant information, is difficult
to manipulate and it is hard to see how such
information can be used. An analogous situation is
the spare room or attic where items that "may come
in handy one day" are kept. The philosophy adopted
was to begin with a simple system and aim for an
inventory file which would be sufficiently flexible
to allow for the later integration of additional
information to meet new needs which may arise.

Development of the Bridge Inventory System

Bridges in this State were inspected only
spasmodically, usually resulting from reports of
signs of distress, until 1972 when Departmental
policy was formulated requiring the regular
inspection of all bridges within its jurisdiction.
A small team of professional engineers and
technicians was formed to undertake this task,

The road network in the State is maintained on
a two tier system, The main arterial network is
administered by the Highways Department through
District Offices. All other roads are maintained
by local government authorities (County Councils)
and financed partly from local taxes and subsidised

rom Government granta through the Highways
Department. The first priority was to register all
bridges maintained by the Department,

Initially, a manual reporting system was used
but the files generated were soon found to occupy a
large amount of space, were awkward to access and
difficult to retrieve information from, particularly
in regard to the planning functions and re-inspect-
ion schedules, During this period computer
facilities were expanded, more sophisticated
software became available and the advantages of
computerising inspection records became more
apparent. A Cyber 73 computer with online
facilities including visual display units had
become available to the Department in 1973 and a
decision was made to use these facilities for
compilation of the bridge inventory system.

Development of a computerised Bridge Inventory
began late in 1976 and was initially aimed at
converting and updating about 1200 records of
maintained bridges filed in the manual reocording

system, A relatively simple computerised catalogue
system, based on files of punched cards, with three
80 column cards storing the data was used, Using
software packages only the system was used to
manipulate basic data (mainly concerning bridge
identification, location, dimensions, load rating
and other administrative data)., Development of the
system was gradual and generally proceeded from
this simple system to a stage where, from the
knowledge and experience gained, objectives became
more clearly defined and a consolidation of previous
work became necessary., During this phase a great
deal of consideration was given to deciding on the
amount and type of information which should be
retained in the inventory, keeping in mind its
source, form and the use to which it was likely to
be put, together with the most suitable system to
maintain it within the constraints of the available
computer facilities,

Description of the System

A Control Data Corporation (CDC) data base
management system (DMS=170) was available and .
Jjudged to be appropriate for the implementation of
a Bridge Inventory. This system maintains the
inventory on mass storage devices which may be
accessed either by DMS=170 software or by
application programs prepared by or for the user,
or a Data Base Administrator who is responsible for
preparing and managing the data base, Briefly, the
system is a software package based on the concept
of a centrally controlled data base, independent of
the applications accessing it. Inherent to the
system are the means to:=-

« Create a common-user data base in which files
can be used jointly or joined in relationships.

» Provide and maintain a variety of data on
structures for specific users.

« Control, monitor and interpret requests from
application programs to access one file or several
related files at a time.

The system is being used to form an interelated
data bank for the whole Department of which the
Bridge Inventory forms one segment.,

Records relating to bridge structures and
retained on computer files consist of:=

+ Bridge Inventory File detailing the location,
principal dimensions, material and rating of each
structure.

« Inspection Ratings File storing the rating of
each structural element. This file also includes
in code form necessary repairs or other required
action, posting of load limits and target dates for
remedial action and reinspection,

o Comments File storing comments qualifying the
ratings, other general comments and recommendations.

The Inspection Rating and Comments Files
contain data from all inspections of each bridge
thus providing a complete historical inspection
record. Other files required for operating the
system are:-

o Dictionary File containing information common
to other files e.g. titles of main roads, map
names, district areas, report headings, etc,

o Description File containing informetion
peculiar to particular bridges, e.g. river names,
local bridge titles.

o Enquiry Program File storing each application
program for future use,



Pigure 1. Schematic diagram of the Bridge Inventory System

The system has inbuilt protection to prevent
inadvertant corruption of existing files but for
correction of data the Data Base Housekeeping
routine, with its own validation procedures is used,
Although the Bridge Inventory system will ultimately
be a complete Data Base it is being developed on
traditional lines using batch processing to
facilitate the transition, from the user's view=-
point, from the existing system to the new. The
interaction between the various files and
relationship between the input of data and gener=-
ation of reports is schematically shown in Figure 1.

Information concerning existing bridges can be
broadly divided into two areas:-

1. Information obtained from original plans,
design calculations and other records.

2. Information gained from detailed inspections
of structures,

Standard coding sheets have been designed and
consist of two types viz., a Bridge Inventory sheet
and Field Inspec*ion sheets, which are shown in
Figures 2 to 4, The Bridge Inventory file includes
information describing the structure in terms of
location, reference number, principal dimensions
and other administrative data. The Field
Inspection sheets have been specifically designed
for use by experienced engineers familiar with
bridge design and likely problem areas, All sheets
have been designed so that each inspection is
carried out thoroughly and is supported by careful
observation and appropriate comments without
resorting to copious field notes, These comments
are linked with the rating of each element of the
bridge and recorded for every inspection carried
out, The rating is the subjective evaluation by
the engineer of the condition of the particular
structural element and is given a value between 1
and 5§ (chosen as being a practical range without
attempting to be too definitive). The Field
Inspection report is finalised by completion of the
Recommendation Sheet where each recommendation will
be coded for follow-up and costed in man=-days work
at the site and an estimated cost where warranted.
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On completion of a bridge inspection a
standardised computer output report is forwarded to
the relevant District kngineer who is responsible
for the construction and maintenance of Department-
ally maintained roads and bridges in that District.
Format of the computer print-out is:-

Fixed Data:
Location of structure; type, dimensions,
material,

Inspection Report:
Ratings and comments from inspection, Live Load
capacity rating.

Recommendations:

Load Limit; Monitoring required by District
Staff; Repairs required - Desirable (within 3
years), Necessary (within 1 year), Urgent (within
3 months),

It is envisaged that the standard report will
be sufficient for the majority of bridges
inspected. However, in special circumstances, the
report would be supported by plans for remedial
work or a more detailed report.

In the near future it is intended to extend the
reporting of the field inspection reports to
include a "Repairs Action Report" which will be
compiled by the District Staff, returned to the
Bridge Inspection Group, coded and included in the
computer file for future reference and easy
retrieval, The inspection report outlined above is
intended to maximise the efforts of all concerned
in the process, in so far as record keeping and
information processing is concerned,

Data: Too Much or Not Enough?

Careful consideration was given to deciding on
the level of information to be retained. The prime
objective being to store only that data which was
likely to be used. For instance, the volume of
traffic using particular structures may be useful
in certain circumstances, but in this State where
traffic volumes are relatively low it is not an




Figure 2, Bridge Inventory Coding Sheet
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Figure 4. Field Inspection Coding Sheets

GHewS CEPRRTRENT MGHAYS DEPARTMENT
FIELD BRIDGE INSPECTION ADVICE SHEET poge 3 FIELD BRIDGE INSPECTION ADVICE SHEET page &
BEARINGS GIRDERS
EXPANSION " “Condition ROtNg  (FL . B0
*Concihon Rafng ML AL GOES v (QS5RFP ) FEEF CRl s (o] meer  (5]0)usoer
I GO O CAWE EOdSws o oner
R Do e

COMMENTS
0 WAS| wioRikiElDl oW |

REREEREERLC
lalr]_ BIERIRT NG, DE} .'3' [/ NES] ol [BAICIKIWAILILL ]
EED: (014]
"Concihon Rating FuL alL BOXESH =
. (19 355 % (OO Lo COTHR,
e e | I |
[T 1 _IHoRTAR 5| S el
"JW‘HB"MH%D“ULIMWD']EM“ - - mwm‘?, EEEEEEEERS
L 13 H L b ] EERE!
i 0 i IEEERE .‘IIEJ'ITJI'HIIII
e O] WATERWAY ¥
“Condition Ratng @A AL B0ES
EE]W (212 Redt % GR) wow  [C4] B [5I0) BaSn ABUTMENTS

“Condition Rotng  (FLL AL BOXES)
[[Bocer Zojwaos [Blowesn ([(ose  ([Sjoner

WATERWRY COMMENTS
E"F’]"l"ﬂlﬂﬁﬂ-i"ﬂ oW L‘]f]ﬁ[:lﬁﬂhll

C
DECK
"Condihion Rating  (FLL AL e0KES)
ARAEREBAN LTI B (o) e Qg (i ven Gl ElBloren
.ﬂqﬂmmamzmlmnr"cmﬁnqmr«'wmmﬂm i PERS COMMENTS
CEEND. RuST STAIIMS AT TOP oF WeaT BeAM E5] T JsTiwclilg] lla@ Nlo] TeliTaja] I
:mmmmauummnmmuguuumum EEI i ] i TLIL HE [1ii B ‘
" 1 | i | Ll i 1 1
- S O O T T [
@ noTaLCABLE (D) vERY GO0 (2) GOOD (1) aEQUATE *Balr £S —
@ Pom 3 ver om (@ weaE GLIE) N7 00 y %&W%gg gm mmﬁ'ﬁm J
s JERATHENT rehiarS DEPRATUENT
FIELD BRIDGE INSPECTION ADVICE SHEET poge S FEELD BRIDGE INSPECTION ADVICE SHEET page 6
WINGWALLS SUMMARY AND RECOMMENDATIONS ~ &mw- ]
“Conaton Ratng  FuL as B0ES _ [0]d) [J HGHEST PRORITY OF RECOMMENDED ACTION © [ oy
(2] cocere [2]g msoar (3] reer STEEL onen T , @
L CD-UENTS_ [0]c) GRoss Lwat E@ AXE LT -onen
i i
P : L i S I L
*ATNG CO0ES 3
€ @ wrmcaE T £Rr 00 [P G (1) ACEQUATE
© PooR 3 R 00R () NSAFE [EEE] NOT 0ONE
-y
MONITORING REQUIRED mm
OF-DESEC PONTS
< NSTRMENTATION D> |3 5ol
FELD MONTORNG o (S
0 I i g::; I:)s;km! e
SUGGESTED RECONSTRUCTION YEAR  *(2013[0)
WOENTYPE (LLES
D qceesTeD WoRK TP @ & |l
1 = STRENGTHEN
PRELIMNARY COST ADVICE Wn$1000s)  (ololo]




important factor and, therefore, not included in
the Bridge Inventory. Omitted for similar reasons
are reports or ratings of the minor non-structural
elements of a bridge, e.g. kerbs, median strips,
lighting standards, etc. which tend to clutter
inventory records. If, on inspection, these
elements are found to be requiring attention they
are referred to in the general Comments File., More
important are the major structural elements viz.
Deck, heams, bearings, expansion joints, abutments
and piers including foundations where accessible.

One of the most important pieces of information,
if not the most important retained in a bridge
inventory is the load rating of a structure
agsessed after a thorough inspection. The load
rating is usually expressed as the ratio of the live
load capacity of the bridge to a standard loading,
usually the design loading currently used. In this
way the load rating of a structure is a convenient
measure of the overall condition of a structure and
forms the basis of setting priorities for a bridge
replacement or strengthening program.

One serious drawback to bridges rated in this
manner is that it does not accurately express the
over-load capacity of structures. Most of the
existing bridges have been designed on the allowable
stress philosophy which result in varying actual
factors of safety (i.e. safety factors related to
live load only) for different bridge elements. (5)
This actual factor of safety for the various bridge
elements usually becomes larger as the ratio of dead
load to live load increases. Therefore, bridge
elements designed on the basis of allowable stresses
with high dead load percentages have greater reserve
capacities for carrying abnormal heavy vehicles
than those where the dead load percentage is small.
In the system under development the stresses induced
by the dead and live loads are recorded so thai the
real capacity of each bridze to carry heavy vehicles
travelling under permit, can be assessed. Since the
majority of structures in South .ustralia have sub-
stantial sub-structures with high dead lo»d %to live
load ratios, *the load rating is confined to the deck
slab and/or beams, Massive deterioration of the
sud~structure would be required to significantly
affect the capacity of the structure or overall load
rating.

Almost as significant as the rating, for setting
priorities for bridge replacement, are the width of
structures and the adequacy of the approach roads
for alignment, delineation and sight distance. With
increased traffic speeds the width between kerbs for
bridges has progressively widened sc that some of
the bridges built comparatively recently are now
virtually sub-standard and considered to be relat-
ively hazardous to traffic., Policy decisions have
been made for a long term replacement program for
bridges below certain acceptable widths depending on
the road classification., Road approaches are an
integral part of a bridge and its condition from a
road safety aspect is subjectively assessed and
recorded and used for determining priorities in a
similar way as for width of structures,

Current and Future Developments

Using a computerised data bank of the type
described, information can easily be re-=grouped
logically and globally as a function of the needs
of the Department wiich range from data required for
statistical purposes, as for example in the grouping
of common problems, cost of common repairs, inspect-
ion costs to those providing information required to
make decisions on relative priorities for bridge
strengthening, widening or replacement,

The Bridge Inventory is used by the Bridge
Inspection Team for planning a rational inspection
program. South Australia covers an area of 980 Q0O
square kilometres and although over half of this
area if of little economic or topographical signif-
icance, a large area remains to be covered by a
centrally located inspection team. A large propor-
tion of the team's time is occupied in travelling
and, therefore, a pronerly planned itinerary for
inspecting bridges grouped according to their
location and priority is of paramount importance.

The Bridge Inventory system adopted and des-
cribed in this paper has been developed with flex-
ibility in mind. It permits extension to and
changes to be made to the type of information
stored without affecting the usefulness of
previously created files. It can also be used by
other sections of the Department for their own
particular needs by simple extension of recorded
information.

Future development of the system will be in the
areas of devising methods of optimising heavy load
routes, and in combining programs with the digital
mapping services for the automatic plotting of
bridge locations and selected strategic routes.
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