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Proposed Replacement of AASHTO Girders with
New Optim ized Sections

BASILE G. RABBAT aITd HENRY G. RUSSELL

ABSTRACT

Structural efficiency and cost-effectiveness
of bridges built wíth pretensioned I-sec-
tions and T-sections and a cast-in-place
deck grere evaluated. Selecteil precäst,
prestresse¿l sections produced in the United
States nere conpared with AÀSHTO and Pre-
stressed ConcreÈe Institute (PCI) girders.
Spans in excess of 80-ft (24.4 n) l¡ere con-
sidered. BuLb-T, Colorado, and Washington
girders were nore structurally efficient
than AÀSflTO-PCI girders. Cóst analyses were
performed. on existing Bulb-T, Colorado,
$lashington, and AASHTO girders, and on modi-
fied counterparts r¡ith 6-in.-thick (152-mn)
hrebs. BuIb-Trs were found to be the nost
cost-effective gírder, with estínated cost
savings of L7 percent on the in-p1ace cost
of girders and deck conpared !¡ith the AASHTO
girders. For equaL span length, girder spac-
ing, and truck loacling, nodified Bulb-Trs
required up to 25 percent less prestressing
force than the AASHTo girders. Modifíeil
Bulb-Trs are recommended for use as national
standards. ways of inplementing the proposed
new optimized sections are suggested.

The standard AÀSHTO and Prestressed Concrete Insti-
tute (PCI) girders, types I through VI, vrere devel-
opecl in the late 1950s and early I960s. Standardiza-
tion has led to sinplified design and econornical
bridge construction (I). fn the past 25 years there
have been significanÈ advancements in the technology
of prestresseil-concrete design and construction. In-
dividual state high$'ay departments ¿leveloped their
ovrn stândards for irnproved efficiency and economy.
With new ilesigns entering the rnarket, the guestion
became: Hoyr efficient are the standard AASHTO
gir¿lers?

OBJECTIVES

This investigation was undertaken to evaluate the
latest prestressed-concrete briilge girder designs
being used in the United States and to determine
which designs represent optimum designs that could
be promoted as national or regional standards. The
investigation rvas Limited to bridges built with pre-
tensioned I-sections and T-sections, for spans in
excess of 80 ft (24.4 n), and with concrete cornpres-
sive strengths up to 7,000 psi (48.3 MPa).

SCOPE

The objectives were accomplished wíthin thè follow-
ing scope:

1. Current precast, prestressed-concrete girders
srith composite cast-in-place deck designs being used
in the Unlted States were surnmarized;

2. Creative' new concepts becorning available
through research were reviewed;

3. círders representing optimun

exhibiting strong potential for standarclization were
determinecl; and

4. Rêcommendations for stan¿lardization of the
nost pracÈical andl cost-effectlve ileslgns were rnade.

RESEARCH APPROACH

The project was divicled into two phases. In phase L
infor¡nation was collected throughouÈ the United
States on a regional basis fron selected highway
agencies and producers. Advantages and disadvantages
of the concepts inventoried were assessed.

In phase 2 structural efficiency antl cost-effec-
tiveness of the best existing designs, as well as
some modlfied ones¡ were evaluateil relative to the
efficiency of AASHTO sections. This included evalua-
tion of structural paraneters such as girder spac-
ing, span length¡ concrete strength, and deck thick-
ness.

A conputer program was ileveloped for use in the
pararnetric studíes. A relative unit cost índex was
assigned to gírder ancl ileck-slab concretes, pre-
stressing strands, and reinforcing steel. The cost
índex reflected ín-place reLative costs fÕr the
finisheil gircler and deck. Costs of materials and
labor were includeil. Data generate¿l by the computer
progran were used to determine the most cost-effec-
tive girders änd to clevelop design charts.

Survey resulÈs of phase L, conputer program tlocu-
mentation¡ and results of phase 2 analyses are
avaílable in a detailed report l2). A sunmary of
the cost-effectÍveness analyses and a sanple design
chart are presented in this paper.

COST-EFFECTIVENESS ANALYSIS

Cross Sêctions Analvzed

Conparisons of the structural efficiency of existíng
girders indicated that the ¡nost efficient sections
erere BuIb-T, washington series, and colorado c54 and
G68 sections (2). BuIb-Trs have been used success-
fully in the Pacific Northwest. A set of Bulb-T sec-
tions was deveJ.oped in 1959 by Ànderson (3). These
sections, as well as the washington seríes and col-
orado c68, have 5-in.-thick (127-m¡n) webs. Strands
¿leflected wíthin the rpebs of these sections are
bundled. End blocks are also used in these girders.

Several survey participants expressed concern
about possible cliffieulties in manufacturing anil
transporting gírders with 5-in.-thick webs. The
nain concerns were consolidation of the concrete in
thín and deep menbers and stability of such slender
members during transport. on the other hanil, sone
survey participants believed that current AASHTo
girders can be improved by reducing their web thick-
ness.

At a neeting held in April 1980' nembers of the
PcI Comnittee on Bridges vrere asked about the nini-
num pracÈicaI web width to place and consoli¿late the
concrete in precast, prestressed I-sectíons. AII
conunittee members were in favor of a minimum web
thickness of 6 in. (152 ¡nm). (Note that these datadesigns and
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are from the minutes of the PCI Committee on Bridges
¡neeting held April 15,1980, at the Rama¿la OrHare
Inn, Des Plaines, Illinoisr J. Barker, chairman.)

Standard ÀÀSHTO briclge girders types I and II
have 6-in.-thick webs. rn a1l regions of the United
Statesr concrete has been placed and consolidate¿l in
these sections without difficulty. Therefore' ín
phase 2 sections vrith 5-in.-thick webs were evalu-
ated and compared ,wiÈh si¡nilar sections with 6-ín.-

All Dim.n.lonr ¡n lnch.r
lin = 25.4 mn
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thiôk webs. Sections with 6-in.-thick webs shoultl
be easier to rnanufacture and transport than sections
with 5-in.-thick webs.

Existing anil ¡nodifiecl sections analyzed for cost-
effectiveness are shown in Fígures 1 and 2.

Structural Pararneter

The sections were evaLuated through a detaíIed
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FIGURE I Existing girders analyzed.
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structural analysis. Pararneters considere¿l in the
analysis incluctecl girder spacingr span lengthr deck
thickness, and concrete strength. Girder spacing
was varied bet\reen 4.5 an¿l 10 ft (1.37 and 3.05 n).
spans in excess of 80 ft (24.4 rn) were consiilered.
Deck thickness variecl with girder spacing. Concrete
strength for girders was varied between 5¡000 and
7,000 psi (34.5 and 48.3 MPa).

Developnent of Conputer Progran

To evaluate the effect of each variabler a paranet-
ric study was carried out. The nunber of variables
necessitated preparing a computer prograrn to analyze
each case and to generate cost data. This prograrn'

All Dimens¡ons
lin'25.4mm

in lnch€s

Mod. Type IE
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called BRIDGE, requiretl lnput of gir¿ler span' spac-
ing, and cross sectioni concrete an¿l strand charac-
teristicsi and relative costs of ¡naterials. The
prograrn ¿letermined deck thickness and reinforcement,
required number of strands, and cost index per unit
surface area of briilge deck.

The following assunptions grere rnade in program
BRIDGE !

1. Design confor¡ns to AAsHltO specifications g).
2. Live load consists of HS20-44 loadíng.
3. Girders are sinp.ly supported.
4. A typical interior girder is considered.
5. Concrete deck is cast-in-place and acts

cornpositely vrith the girder. Deck fornwork is sup-
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ported on the giriler. fn calculations of the com-
posite section properties, the transformed area of
strands is neglected.

6. concrete compressive strength of the deck is
constant and equaf to 4r000 psi (27.6 MPa) at 28
days.

7 . Strânils are grade 270 ( 1862 tt{Pa) stress
relieved' with 0.5-in. (12.7-mm) iliameter and have
an idealized trilinear stress-strain curve.

8. Total prestress losses are constant ancl
equal 45,000 psi (310 MPa).

9. Initial or Long-terrn camber or sag does not
govern ileslgn' âs the ÄASHTO specifications (3) do
not specify deflection linits for concrete bridges.

10. cost of rnaterials, labor, transportation,
and erection of girders with concrete cornpressive
strengths between 51000 and 7,000 psi (34.5 and 48.3
r¡rPa) is assuned constant. The effect of increasing
the girder concrete strength from 51000 to 71000 psi
on Èhe in-place cost of the girder is negligible.

II. Relative unit costs of materials and labor
are constant for the cost analysis. ALl gir¿lers are
conPared on a connon basis.

J-2. Cost analysis cornparísons arg for precast
girders and a cast-in-pÌace deck. Cost of substruc-
ture and approach fills are noÈ consiclered.

13. Ad¿litional costs from the use of enil blocks
in all girders that have 5-in.-thick (127-mn) webs
are ignored.

Relative Unit Cost Indexes

Several factors affect the cost of the superstruc-
ture. Costs of material and labor vary fron region
to reglon, between states of a regionr between dis-
tricts of a state, and within a district according
to bridge location. An assessment of 1ocal and
regional factors was not possible within the scope
of this investigation. However' a cost analysls was
possible by comparlng the cost of the recommen¿led
sections on a cornmon basis.

From survey data an average cost was determined
for girder concreter cleck concreter reinforcing
steel., and prestressing strands. These average
costs íncluded naterials and labor. For girder
concrete, the cost also included transportation and
erection. Average co6ts eere then re¿luced to rel-a-
tive costs per pound of in-place ¡naterial. The
following relative unit costs for in-place materials
(including labor) r'¡ere used for the cost analyses:
concrete (girders and deck), 1 unlt per pound;
strands, I uníts per pound; reinforcing steel,9
units per poundt anal epoxy-coated reinforcing steelt
12 units per pound.

cirdera yrere compared baseil on the same unit
costs. The relative costs of materiaLs were taken
as the product of material weight and relative unit
costs. The sunrúìation of relative costs of materials
was then divided by deck area to give a cost index
per square foot. Ad¿litional weíght anil therefore
cost of concrete required for the en¿l blocks of
girders that have 5-ln.-thick webs lrere ignore¿l.

Optímum Cost Index Charts

By using the BRIDGE program, a cost chart (21 yras

prepared for each of the sections shown in Figures I
and 2. The sane relative unit costs for in-place
materials (material and labor), as well as material
properties¿ were assutnêd for aLl gir¿lers and decks.
A representative chart is sho¡¿n ln Figure 3. This
figure shows the cost index per square foot of deck
versus span length for an ÀÀsHTo type vI girder. the
solid lines are for selected girder spacings. Maxi-
num girder spaclng was set at I0 ft (3.05 m). The
tlashed line is an optirnum cost curve.
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FIGURE 3 Cost chart for AASHTO type VI girder.

Figure 3 illustrates the effect Õf girder spacing
on cost. For a given spanr as gir¿ler spacing in-
creases, unit cost per square foot of briilgè ¿leck
decreaaes. For an AASHTo type vI sectionr Íf gir¿lers
are spaced l0 ft apart, the cost per unit area of
bridge deck is 30 percent less than if girders are
spaced 4.5 ft (1.37 n) apart. Therefore, it is most
econornical to place girders at the largest practical
girder spacing. This fact has already been suggested
by scott E) and Jacques (6).

COST-EFFECTIVENESS COIIPARISONS

optimun cost curves were used to cónpare the cost-
effectiveness of selected gírdlers. Girder spacing
ranged between 4.5 and 10 ft (1.37 anil 3.05 ¡n). A
fe!, selecÈed cases are eonpared here.

Overall Comparisons

optinurn cost curves for ÀASHtiO type vI, Colora¿lo
G68, Washington series 14, an¿l Bulb-T BT72 girders
are conpared in Figure 4. These girilers are intended
to be used for spans in excess of 100 ft (30.5 m).
The data ln Figure 4 indicate that the Bulb-T BT72
is the most econonical girder for spans up to 135 ft
(41.2 m), and that the AASHTO type vI girder is the
most expensive.

!'lodified girders c68/6, series 14/6, and BT72/6
are compared erith an AASHTO tlpe vI girder in Figure
5. For spans up to 140 ft (42.7 ¡n)' the ¡nodífied
Bulb-T BT72/6 is the most economicaL and ^is, on
âvêrâÇê¡ about 3 percent cheaper than a modifie¿l
Washington series 14/6 girder.

Modified Bulb-Trs are conpared with AASHTO sec-
tíons in Figure 6. For spans from 80 to 120 ft
(24.4 to 36.6 m), modified Bulb-Trs yield savings of
about I7 percent when conpared wíth the AÀSHTO

t40roo
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FIGURE 4 Comnarison of optimum cost curves for AASHTO
type VI, Colorado G6B, Washington Eeries 14' and Bulb-T 8T72.
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FIGURE 5 Comparison of optimum cost curYes for AASHTO
type VI and modified GóB/6, series 1416, ar^d BT7216 girders.
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girders. For spans of 120 to 140 ft' cost savings
vary from 17 down to 2 Percent.

Web Thickness

Comparisons of Bulb-T, washington series' and Colo-
rado c68 sections with 5-in.-thick (127-nn) webs and
similar sections with 6-in.-thick ' (152-¡nm) webs
indicate that girders with 6-in.-thick webs cost 3

to 5 percent nore than similar girders with 5-in.-
thíck webs. Ho$¡ever, survey results from phase l-

indicate that sections with 6-in.-thick webs are
easier to nånufacture throughout the Unite¿l States.
AIl sections with 5-ln.-thick webs have end blocks.
Additionat labor anil material costs and girder
weight rèsulting from the use. of end blocks e¡ere
ignored. However, if costs of end blocks are con-
sidered, differences in costs of sections with 5-
in.-thick web versus sections wíth 6-in.-thick web
would be somewhaÈ less than indicated.

Cornparisons betrdeen AASHTO sections and nodified
AASHTO sections with 6-in.-thick webs in¿licateil that
¡nodified ÀeS¡rto sections yield cost savings of 6

percent h'hen conpared with AASHTO sections.

Effect of Concrete Strength

In all comparisons the concrete conpressive strength
of the girder ldas assumed to be 6,000 psí (4I.4
MPa). Sone girders were analyzed assuning 51000 and
7,000 psi (34.5 and 48.3 t4Pa) concrete. The effecÈ
of concrete compressive strength on optimum cost
curves is shown in Figure 7 for an AÀSIiTO type VI
girder. Conparisons inclicate that by increasing the
concrete compressive strength of the gir¿ler from
5,000 to 7'000 psí, naxinun span capability of a

section was increased by about 15 percent.
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FIGURE 7 Variation of optimum cost curves with concrete
compressive strength for AASHTO tlpe VI girder.

Effect of Bundling Strands

In the cornparisons given ín the previous subsectíon
strands viere assuned to be spaced 2 in. (50.8 mrn) on
center at midspan. Strands were positioned as lov¡
as practical ín the section to obtain maximun ec-
centricity of the prestressing force. Sorne girders
nere analyzed by assuning that strands vrere bundled
at midspan. Cornparisons indicated that overalt cost
savings and an increase in span capability from
bundling of strands were negligible.

REOUIRED PRESTRESSING FORCE

Both modified Bulb-T 8172/6 and AASHTO type VI
girders are 72 ín. (1.83 m) ileep. The nurnber of
seven-wire 0.5-in.-diameter (12.7-run) sÈress-re-
lieved strands needed in these girders is shown in
Figure 8. Plotted are the number of requíred stränds
versus girder span for dífferent girder spacíngs.

Because the ¡nocÌified Bulb-T Bf72/6 is 35 percent
lighter than the AÀSHTO type VI girder, it requíres
fewer strands. Therefore, the nagnitude of the
initial prestressing force is smaller. Consêquently,
existing prestressing abutments for AASHTO type VI
girders would be adeguate for prestressing the modi-
fied BuLb-T 8172/6.

The data in Figure I indicate thaÈ AASHTO type VI
girders can be used at a girder spacing of 10 ft
(3.05 n). Maximum girder spacing for the ¡nodified
Bulb-T 9172/6 is approxinately 8"5 ft (2.6 m) l2l.
For egual span, girder spacing, and truck loading,
the ¡nodified Bulb-T 8172/6 requires 15 to 25 percenL
fewer strands than the AASHTO type VI girder.

Spon , fl
FIGURE B Required number of strands in AASHTO type VI
girder and modified Bulb-T BT7216.

SI CONVERSION

Recently, new International Systern of UnÍts (SI),
netric, sectíons were adopted in Canada under an
arrangement agreed to by the prestressed-concrete
producers. For an unspecified period of tine,
bridges in Canada will be designed by using the new
¡netric sections, but alternate designs will be pro-
duced based on existing nonmetric sections. Because
the new sections are nore efficient than the exist-
ing ones, it was believed that the changeover vrould
be accelerated by the cornpetitive neeil to use the
new sections. Some of the new metric sections are
currently being procluced in Ontario.

CONCLUSIONS

Based on the cost-analysis results discussed pre-
viously, the following conclusions have been clrawn.

l. For gírders v¡ith 5-in.-thick (127-nn) webs,
the most cost-effective sections are Bulb-Trs. For
spans from 80 to 120 ft (24.4 to 36.6 rn), Bulb-Trs
have 20 percent less in-place cost for gircler and
deck conpared with AASHTO girders. For spans of 120
to 135 ft (36.6 to 4I.2 n), the cost reduction for
Bulb-Trs varies fro¡n 20 to 5 percent. The next most
cost-effective sections with 5-in.-thick webs are
the Washington series.

2. In most regions of the United States it tnay
not be easy to consolidate the concrete in girders
with 5-in.-thick webs. Moreover, in these girclers
thê strands nust be bundled at midspan, anil end
blocks are neecled to conform with ¡ninimum concrete
cover requirements.
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3. By using gir¿lêrs with 6-in.-thick (152-Íun)

webs, it will be possible to econonicatly consoli-
date girder concrete in all regions of the United
States. Howeverr the use of girders with a 5-in.-
thick web will be beneficial where experience has
denonstrated thè thickness to be satisfactory.

4. For girclers with 6-in.-thick webs' the most
cost-effective sections are modified Bulb-Trs. For
spans of 80 to 120 ft, nodifieal Bulb-Trs have 17
percent less in-place cost for girder and aleck con-
pared rdith AASHTO girders. For spans of 120 to 140
ft (36.6 Eo 42.7 n) ' the cost re¿luction varies from
17 Eo 2 percent.

5. Reduction of toP and botto¡n flange niclths andl

web thicknesses of AÀSHTO tlPes Iv' V' and VI gird-
ers by 2 in. (50.8 m¡n) re¿luces the overall inplace
cost of girders and deck by about 6 Percent. sPan

capability of the ¡nodified sections is not affecteil
by these changes in width.

6. The overall in-place cost of girders and deck
is decreased substantially by placing girders at the
largest practical girder spacing.

7. An increase in the concrete compressive
strength of the gírcter fron 5'000 to 7,000 psi (34.5
to 48.3 MPa) increases the span caPability of AASHIIO

girilers by about 15 percent.
8. Bundlíng of strands at nidspan to increase

eccentricity of prestress ¿toes not lead to any sig-
nificant overall cost reiluction for the glrders
consiclered.

9. For equal span and girder spacing, rnodified
Bulb-Trs require up to 25 percent less prestressing
force than the AÀSIITO girders.

RECOMIqENDATIONS

Based on the conclusions in the previous sectiont
the following actions are recom¡nendecl:

I . r,rodif ied Bulb-T g iralers with 6-in. -thick
(I52-mm) $rebs are recommended for use as national
standar¿l precastr prestressed-concrete bridge gird-
ers in the United States for spans fro¡n 80 to 140 ft
(24.4 to 42.7 nl ¡

2. cirder spacing should be as large as pos-
sible; and

3. If ¡netrication is acloptedl in the Unitêd
states, modification of the previous sections to sr
unlts should be considered as part of any stanilardi-
zation.

IMPLE{ENTATION

ConstrucÈíon of the Interstate highway system has
been completed ín some states. fn nost states it is
close to cornpletion. Therefore, the rate of bridge
construction on the Interstate system is nuch slo¡¡er
than it was from the late 1950s to the early 1970s'
Neverthelessr according to statistics prepared by
the Briclge Division of the FIII{A' considerable new

bridge construction and najor reconstruction is
ongoíng.

The cost of new Prestressed-concrete bri¿lge con-
struction and bridge rehabilitation e?ith participa-
tion of fecleral funds authorized during calendar
year 1982 totaled $767 million. Based on bridge
inventory and inspection recordsr it is anticipated
that "ín the next 20 to 30 yearsr we will have over
$30 billion worth of bri¿tge construction based on
the value of the dollar to¿layi (7). Revenue from
the recently legislated S0.05 tax on gasoline has
increased the funds allocated for briilge construc-
tion by about 25 Percent.
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As previously ¡nentioned, selectl'on of bridqe tl'tr)e
is basecl on economy. safety stanalards for Interstate
and other high-speeil highways requirê greater clear-
ances. Thereforer there is need for construction of
bridges lrith spans of I10 to 130 ft (33.5 to 39.6
¡n). In all states surireyecl, except california, the
¡nost economical briilges for spans of approxirîately
70 to 130 ft (21.3 to 39.6 m) are constructed $¡ith
pretensioned bridge glrders.

Cost analyses indlcate that nodlfied Bulb-lrrs can
yield savings of I? percent on the overall cost of
giriler and deck conpared with AÀsHTo gir¿lers. Àlso,
the nodifie¿t BuIb-Trs are about 35 percent lighter
than AASITTO girders for cornparable spans. À 140-ft
(42.7-rn) AASHTO tlzpe vI girder is extremely heavy
and therefore dlfficult to transport on highways.
tighter sections with 140-ft spans have been trans-
porte¿l on highways with no difficulty.

Although steel forms constitute a caPital invest-
nent' their life span is linltetl to about I0 years'
where new forrns are needled, new plants builtr or im-
proved sections sought, optimlzed sections shoul¿l be
äonsidered. capacity of existing strebsinq beds or
abutnents will be a¿lequate for the nodifietl Bulb-
Trsr as these sections require up to 25 percent less
prestressing force than the AAsItTo girders.

The implementation of new sections shouldl be

gradual over a period of time. It wiII require
effort on the part of both departnents of transpor-
tat.ion and producers. Preparation of design aíds
for the new sections will encourage antl facilltate
irnplementation of the nevt sectlons. A sarnPle pre-
Iíminary design chart is shown in Figure 8, where
design curves have been superinposed for the rnodi-
fied Bulb-T 8T72/6 and the AASITTO tl¡Pe vI giriler.

Highway agencies shoufd be informedl of the eco-
no¡nic benefits that can be achieved with optirnlzefl
sections. Departments of transportation wilI have

to design with old anil new sections over a transi-
tion period. The Canadian exPerience in switching
to new metric sections sets an example of lrnplemen-
tation of new sections under an arrangement agree-
able to producers ancl highway agencies.
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Proposed Limit State Strength Evaluation of
Existing Reinfo rced -Con crete

ROY A. IMBSEN and ROBERT A. SCHAMBER

ABSTRÀCT

Because of several catastrophic bridge fail-
ures, bridge safety has been enphasizeil dur-
ing the past decade. As a result there has
been a concerted effort to develop and ilis-
seminate procedures for 'systenatic bridge
inspection and rating. Although bridges
with concrete superstructures rarely fail
catastrophically, gradual deterioration and
increased loa¿ls can affêct their structural
capacity. Existing proceclures for inspect-
ing and rating bridges nlth concrete super-
structures are linited. A summary of a
metho¿lology proposed for rating reinforced-
concrete briilges is presented. The metho¿l-
ology was developed in the first phase of an
NCHRP project to inprove strength evalua-
tions of existing reinforcecl-concrete
bridges. The nethodology is presented in a
linit-states format by using approximate
load and resistance factors. By using this
forrnat a basis is providecl on which proba-
bility theory ancl engineering juclgnent can
be rationally conbined to allow for inde-
pendent consideration of each of the major
vâriables that can affect the deternination
of the load capacity of a bridge. This
¡nethodology includes consideration of the
level of effort in rnaintenance and inspec-
tion, the degree of load-Iimit enforcement,
the quality of construction, the refinement
used in sinulating the bridge, the effects
of deterioration on the load-carrying capac-
ity, and the degree of refine¡nent in deter-
rnlning the load-distribution factors.

Currentlyr the procedure for evaluating reinforced-

Bri,$ges

concrete bridges in the United States is basecl on
AASHTO guidelines published in the Manual for Main-
tenance Inspection of Bridges (1). Experience has
demonstrateil that the structural capacity of rein-
forced-concrete bridges usually exceeds the capacity
calculated by the conventional techniques presented
in this manual.
. Many engineers recognize the built-in conserva-

tism in the current approach to the evaluation of
bridge strength. Factors that tend to cause the ca-
pacity of reinforceil-concrete bridges to be under-
estimated include

1. Material strengths that exceed nominal values
used for evaluation,

2. Conservatíve assunptions used in calculating
structural resistance (i.e., zero tension in con-
crete) r

3. Interaction of structural components in re-
sisting and distributing the loads¡

4. Structural redundancies, and
5. Overestimation of the loads.

INTRODUCTION

To rnake inprovenents in the bridge evaluation pro-
cess that will lead to ¡nore realistic evaluations
while still preserving public safety requires a ra-
tional consideration of each of the five factors
previously ¡nentíoned. One method for naking such
improvements is through a Iinit-states approach
based on probabilistic concepts. This approach nas
used in the recently developed Clause 12 of the Ca-
nailian Standards Associatíon Bridge Codê (2-]!).

The proposed nethoilology for evaluating existing
bridges incorporates such a limit-states approach.
Although the nethodology rêpresents a significant
change in thè current philosophy, fron the user's


