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1.0 INTRODUCTION

1.1 Background

The bridge engineer responsible for operating and maintaining a network
of bridges on a modern roadway system is continually faced with the task
of evaluating the load-carrying capacity of existing bridges. With the
current trend in the trucking industry of increasing gross vehicle weights
to reduce energy costs, the maintenance engineer is often subjected to
political pressures to increase the legal load limits on our roadway
systems. In addition, vehicle load configurations are changing as new
vehicles are designed to accommodate transported goods at the maximum
possible payload. Faced with these problems, it is important that the
maintenance engineer has at his disposal the information needed to make
critical decisions on a day-to-day basis.

1.2 QObjectives

The primary objectives of the research were to evaluate the bridge rating
and overload permit procedures of the Arizona Department of
Transportation and to develop a computerized system to improve
procedures used to determine the adequacy of a bridge or group of bridges
to carry certain overload vehicles. Computer input for the overload rating
system was to be simple, consisting essentially of the given truck load
configuration and desired routes. The output was to be simple and easily
interpreted so the user could readily select an adequate route for a given
overload vehicle.

1.3 Level 1 and Special Level 2 Procedure

Considering both the required response time and the number of bridges on
the Arizona State Highway System, a Level 1 evaluation will be the basic
rating system. The advantage of the Level 1 evaluation is that it compuies
the overload rating capacity rapidly with a limited amount of data. The
Level 1 procedure does not represent a detailed vehicle/structure load
analysis for individual bridges. Rather, it is based on a simplified rating
technique with associated assumptions. A Level 2 evaluation, which
conducts a more detailed evaluation, would use an enhanced NBIF
database, standard plans, or a more detailed frame analysis similar to
BRASS. In addition to the Level 1 procedure a Special Level 2 analysis for
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continuous slab bridges was developed by utilizing data from standard
slab plans.

The Level 1 procedure transforms the given load capacity ratings for the
specified vehicles as contained in the NBIF at the operating level into the
overload load ratings. This procedure is expressed mathematically as:

OVLDRR = T*RFgp

where
OVLDRR Overload rating ratio calculates the bridge capacity as a
decimal fraction of the overload vehicle. A value of 1.0
indicates that the bridge has the capacity to support the
overload vehicle. Values between 0.7 and 1.0 indicate
potential under capacity, but are inconclusive for a
given bridge unless a more detailed Level 2 evaluation

is considered. Values under 0.70 indicate an inadequate
capacity to support overload vehicles.

T = Function transforming the AASHTO load rating factor,
RFop, to the OVLDRR.

RFqp = Rating factor contained in NBIF at the operating level
that indicates the capacity of the bridge as a decimal
fraction of the rating vehicle.

The transformation function T, which takes into account the difference in

the load effects of the overload and the rating vehicles is expressed
mathematically as:

TR CReR) - e
L T 1

where
RL = Ratio of the controlling simple span longitudinal
response of the overload vehicle to that of the rating
vehicle.
C = Correction factor applied to continuous bridges.
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Rt = Ratio of the transverse load distribution factor of the
overload vehicle to the AASHTO design vehicle.
Rp = Ratio of the impact effects of the overload vehicle to the

AASHTO design formula.

The Special Level 2 procedure uses standard reinforced concrete slab plans
to calculate the overload rating capacity for this bridge type only. Other
types use the Level 1 procedure mentioned above. The motivation for
using this procedure is explained in detail in Chapter 2. This procedure is
expressed mathematically as:

OVLDRR = MCAPAC]TY - MDL

M L+ R RI

where

OVLDRR

Overload rating ratio that is calculated directly. The
values of OVLDRR limits are similar to those of the Level
1 procedure.

Mcaracry = Working stress moment capacity calculated from
standard plans for a unit foot width.

MpL = Dead load moment calculated from standard plans for a
unit foot width.

M@wL+1) = AASHTO live load plus impact moment using a three-
span influence line for a unit foot width.

Rt = Ratio of the transverse load distribution factor of the
overload vehicle to the AASHTO design vehicle.

Rp = Ratio of the impact effects of the overload vehicle to the
AASHTO design formula.

1.3.1 NBIF Data Utilized

The National Bridge Inspection Standards (NBIS) were developed by the US
Department of Transportation, in consultation with state highway
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departments and other interested parties. The NBIS requires states to
inventory all bridges located on ail public roads. Inventory data collected
by the various states are submitted to and compiled in the National Bridge
Inventory File (NBIF). Ninety data items contain information about the
physical characteristics of all public highway bridges (13).

The data from the NBIF that is used directly in the Level 1 procedure is:

o Structure type main (Continuity included) (Item 43)
* No. of spans in main unit (Item 45)
e No. of approach spans (Item 46)
 Length of maximum span (Item 438)
» Structure length (Item 49)
» Operating rating (Item 64)

The Level 1 procedure depends strongly on the accuracy of this data.
These items should be checked for accuracy before conclusions are reached
for the overload capacity rating.

1.3.2 istical from Arizona NB

The statistics for primary, secondary, and interstate routes from the NBIF
for various bridge types is shown in Table 1-1. The majority of bridges
shown are reinforced concrete slab, steel stringer, P/S concrete stringer,
reinforced concrete T-Beam, P/S concrete Box-M, P/S concrete Box-S,
timber stringer, and reinforced concrete Box-S. These bridge types
comprise ninety percent of the bridges in the NBIF. The frequency of the
number of bridges versus the number of spans is shown in Figure 1-1 to
Figure 1-10. The plots indicate that a three-span configuration occurs
most frequently for reinforced concrete slab, steel stringer, reinforced
concrete T-beam and reinforced concrete Box-S bridges while a simple
span occurs most frequently for P/S concrete stringer, P/S concrete Box-M,
P/S concrete Box-S, and timber stringer bridges. The frequency of the
number of bridges versus the maximum span length range is shown in
Figure 1-11 to Figure 1-20. The plots indicate that the maximum span
length range varies based on bridge type.

1.4 Assumptions

The following assumptions were made relative to the Level 1 evaluation
and Special Level 2 analysis and the data stored in the NBIF:
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1. Level 1 is applicable to those types of bridges designed or
constructed as "slab,” "“stringer/multi-beam or girder,” "girder and
floorbeam system,” "T-beam,” "box beam or girders-multiple,” "box beam
or girders-single,” and “culverts.” Also Level 1 is applicable to those types
of bridges designed with materials as "concrete,” "steel,” "prestress
concrete,” and “"timber.” Bridges not applicable to those bridge types are
screened for a Level 2 analysis which requires a more detailed evaluation
(i.e. BRASS). The overload rating in Level 1 is applicable to primary
members in the bridge, while secondary members are ignored.

2. Special Level 2 analysis is applicable to reinforced concrete
continuous slab bridges that have three or more spans and that were
designed using Arizona standard plans. The controlling rating is assumed
not to be effected by hinges in the bridge.

3. AASHTO impact and load distribution formulae are used in the
NBIF. For girder type bridges the girder spacing is assumed constant from
span to span.

4. The operating rating in the NBIF is coded correctly and that it is
based only on the flexure mode using AASHTO working stress method of
design for both positive and negative moment. The operating rating for
bridges that have been administratively rated (i.e., RFijN = RFop = 236) and
that are coded with structural conditions of 7 and greater will be increased
by a factor of 1.36 (i.e., 0.75/0.55). Also, other data compiled in the NBIF
is correct and that the condition of the bridge has not changed significantly
since the last reported maintenance inspection.

5. The longitudinal moment ratio, Rp , is based on the simple beam
moment for the maximum span length. The positive moment is computed
at the 0.4 and 0.5 point in the maximum span.

6. The longitudinal moment continuity correction factor, C, is
computed for a two-span and three-span continuous bridge. For two-span
bridges both spans are assumed equal to the maximum span. The positive
moment is computed at the 0.4 point and the negative moment is
computed at the middle support. For bridges having three or more spans,
the "three-span” influence line configuration is used. The interior spans
are assumed equal to the maximum span length and the exterior spans are
calculated as the remainder based on the overall length and maximum
span length of the bridge. The positive moment is computed at the 0.4
point of Span 1 or the exterior span and at the 0.5 point of Span 2 or the
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interior span. The negative moment is computed at the support. All
supports are assumed to be on rollers and the cross section of the bridge is
uniform.

The longitudinal moment ratio and continuity factor are computed by
"marching” the AASHTO and overload trucks over the computed influence
lines for a one-span, two-span, or three-span configuration, as shown in
Figures 1-21, 1-22, and 1-23, respectively. Each axle is placed at the lead
position and marched at each 10th point on the spans to determine the
maximum moment. For influence lines that are nonsymmetrical, the truck
is marched forward and backward. For H20 and HS20 type vehicles the
lane loading is also considered in the evaluation.

7. Moment envelopes produced by the overload vehicles were
approximately the same shape as those produced by the rating vehicles
used in the NBIF. .

1.5 Limitations

The following limitations are apgplicable for the Level 1 evaluation and
Special Level 2 analysis:

1. Only the State of Arizona has been considered for evaluation.
Bridges that fall outside this state may use different rating procedures, but
the procedure could be easily extended to include other states.

2. Secondary members - are ignored for rating which may lead to
errors for "stringer/multi-beam or girder” type designs or other similar
bridge types.

3. The shear mode for rating has been ignored.

4. The end span calculation for continuous spans may be in error in
the Level 1 evaluation if the maximum span length and overall length are
coded incorrectly in. the NBIF or the bridge has an unusual span

configuration.

5. Monolithic columns are ignored in the Level 1 procedure and may
introduce conservative results for the overload rating capacity.
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TABLE 1-1. STATISTICS FROM THE NATIONAL BRIDGE

INVENTORY FILE

Percent of
Total Bridges

Bridges and Culverts 5177 ---
Bridges Only 2292 ---
Culverts Only 2885 ---
Reinforced Concrete Slab Bridges 771 34
Steel Stringer Bridges 479 21
Prestressed Concrete Stringer Bridges 236 10
Reinforced Concrete T-Beam Bridges 159 7
Prestressed Concrete Box-M Bridges 144 6
Prestressed Concrete Box-S Bridges 100 4
Timber Stringer Bridges 95 4
Reinforced Concrete Box-S Bri-dges 91 4

TOTAL 90
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2.0 CASE STUDIES

2.1 QObjective

Detailed case studies were conducted on twenty-five Arizona bridges that
were selected as typical of those evaluated by the Level 1 procedure. The
case studies were conducted to:

* Verify the methodology used in the Level 1 procedure
e Correlate the bridge plans with the data in the NBIF

2.2 Selecti | Descrinti ¢ Capdidate Brid

Thirty bridges were selected from the State of Arizona for possible
evaluation. Of those thirty bridges twenty-five were actually evaluated
for the comparison of Level 1 and Level 2. Those evaluations included
these bridge types:

6 Reinforced concrete slab bridges

7 Steel stringer bridges

3 Prestressed concrete I-girder bridges
3 Reinforced concrete T-beam bridges

2 Prestressed concrete box girder bridges
2 Reinforced concrete box girder bridges
2 Timber stringer bridges

These selections were based on the statistical data obtained from the NBIF
as shown in Table 1-1. Table 2-1 to Table 2-7 for Case Study 1 to Case
Study 7, respectively, show data for the structure number, year built,
maximum span length, overall length, number of spans, girder spacing,
bridge width and end span length. Comparisons between the actual plans
and the NBIF gave these results:

1. The maximum span length compared within 3%.
2. The overall length was within 7%, except for Case Study 1-E,
reinforced concrete slab, which included the approach span length in the

NBIF, Case Study 4-B, a reinforced concrete T-beam, and Case Study 5-E, a
voided slab.
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3. The number of spans gave excellent comparison except bridge 1-E,
a reinforced concrete slab, which included approach spans in the NBIF.

4, The bridge width (curb-to-curb) gave the most variation, but this
data item is not currently used in the Level 1 evaluation.

5. The end span length was within 7% except bridge 1-E, which
included approach spans; bridge 2-A, a steel girder, which had
nonuniform span lengths; bridge 4-A and 4-B, both reinforced concrete T-
beams; and 5-E, a voided slab.

6. The continuity condition of the bridges, Item 43 in the NBIF,
compared well, except Case Studies 3-B and 3-C, prestressed concrete I-
girder, which was continuous for live load although the NBIF coded the
span as simple.

These results indicate that the NBIF compares well with the general bridge
plans and that it will be applicable to the Level 1 procedure for "typical”
bridges. Bridges that have approach spans, hinges, varying girder spacings
from span-to-span, monolithic columns, or simple spans where live load is
continuous may give erroneous overload capacity ratings for the Level 1
procedure.

2.3 Rating Procedures of Arizona

There are 5,177 bridges in the State of Arizona that have been inventoried
for the NBIF. Most of the bridges in Arizona have been load rated at both
inventory and operating levels using the AASHTO working stress method
except prestressed bridges where ultimate strength is used. The method
of rating is accomplished according to procedures described in the
American Association of State Highway and Transportation Officials
(AASHTO) Manual for Maintenance and Inspection of Bridges (1).

2.4 Results Comparing Level 1 to Level 2

Six representative trucks that are "typical” Arizona overload vehicles were
used in the evaluation comparison as shown in Figure 2-1.  Trucks
designated as B, G, and K were rated on all the bridge types. The
additional trucks designated as E, L, and M were used for the evaluation of
reinforced concrete slab bridges.

2-2



Level 1 analysis used the OVERLOAD program to evaluate the overload
capacity ratings. A one-span, two-span, and three-span influence
configuration was used in the analysis so that comparisons could be made
for continuity. For reinforced concrete bridges the Special Level 2
procedure was used.. Typical standard slab plan curves which were
incorporated into the OVERLOAD program are shown in Figure 2-2.

Level 2 analysis used the BDS program (14) to evaluate the bridges.
Briefly, BDS uses a plane frame model to analyZe or design reinforced and
prestressed concrete bridges for dead loads and live load configurations.
The Hardy-Cross method of moment distribution is used to solve the
simultaneous equations. The working stress method of design was used to
calculate the moment capacities.

2.4.1 Inventory and Qperating Ratings

Plots of Level 2 versus the NBIF rating factor are shown in Figures 2-3 and
2-4 for inventory and operating rating, respectively. The solid diagonal
line is the hypothetical correlation line between Level 1 and Level 2. The
inventory rating gives excellent correlation except for administratively-
rated bridges, while the operating rating is less reliable. Because the
operating rating in the NBIF is more likely to deviate from the true value,
the OVERLOAD program allows the user to overwrite the NBIF operating
rating. These plots indicate that the bridge engineer should check the
accuracy of the operating rating as coded in the NBIF when making
conclusions with regards to the overload capacity rating.

2.4.2 Qverload Ratings

This section will present the results for a one-span or simple span, two-
span, and three-span influence line or continuity comparison. All the
bridges in each case study with the corresponding truck loading will be
plotted on one figure.

The overload rating capacity for the Level 1 procedure used the Level 2
operating rating for the rating vehicle. Figure 2-5 to Figure 2-11 show the
comparison between Level 1 and Level 2 for Case Study 1 to Case Study 7,
respectively, for a one-span continuity configuration. The solid diagonal
line is the hypothetical correlation line between Level 1 and Level 2. The
results of the correlation coefficient, percent maximum, percent minimum,
and percent average are shown in Table 2-8. The correlation coefficient
indicates the degree of linear relationship between two variables which
are in this case Level 1 and Level 2 overload rating capacities. A value
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equal to +1 implies a perfect linear relationship with a positive slope, while
a value equal to -1 results from a perfect linear relationship with a
negative slope. This implies that sample estimates close to unity imply a
good correlation or linear association between two variables while a value
near zero indicate little or no correlation. The dashed diagonal line on the
plots is the least square fit estimate for the sample points. Dashed lines
situated above the solid line would indicate Level 1 is conservative, while
dashed lines below would indicate unconservative results for Level 1.
From Table 2-8 the results indicate that there is excellent linear
relationships for Case Studies 1, 5, 6 and 7. The percent maximum
indicates the upper bound or unconservativeness of the Level 1 procedure,
while the percent minimum indicates a lower bound or conservativeness of
the Level 1 procedure. The percent average indicates how the sample
points behave on an average or mean range. The results from Table 2-8
indicate the percent maximum, percent minimum, and percent average for
Case Studies 5, 6, and 7 are within 10%. For Case" Studies 2 to 4 plotted in
Figure 2-6 to Figure 2-8, respectively, the dashed line indicates
unconservative results for Level 1.

Figure 2-12 to Figure 2-17 show the comparison between Level 1 and
Level 2 for Case Study 1 to Case Study 6, respectively, for a two-span
continuity configuration. Case Study 7, timber stringer bridges, does not
apply for this situation because the spans were simple. The results from
the plot are tabulated in Table 2-9. The correlation coefficient indicates
excellent comparison for Case Studies 1, 2, 3, 5 and 6. Case Study 4
contained a three-span reinforced concrete T-beam with monolithic
columns. Unfortunately, Level 1 cannot capture this effect, but the results
are conservative. The percent average indicates excellent correlation for
Case Studies 2, 3, 5 and 6. Case Study 1, reinforced concrete slab bridges,
did not improve because Level 1 is predicting that negative moment
controls while Level 2 gives positive moment controlling. Unfortunately,
Level 1 assumes the cross section to be uniform across the span, but
continuous slab bridges are haunched at the bents to provide greater
moment and shear capacity.

Figure 2-18 to Figuré 2-22 show the comparison between Level 1 and
Level 2 for Case Study 1 to Case Study 4, respectively, for a three-span
continuity configuration. The other case studies did not contain a three or
greater span configuration. The results from the plot are tabulated in
Table 2-10. The results indicate excellent comparison for all the cases
except Case Study 1 for a Level 1 procedure. The Special Level 2 pro-
cedure for reinforced concrete slabs show that the results are within 7%.
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TABLE 2-8. ONE-SPAN INFLUENCE LINE

Case Correlation Percent Percent Percent
Study Coefficient Maximum (+4) Minimum (-) Average
1 0.99 +9 -16 -2
2 0.89 +41 -14 +11
3 0.93 +31 -11 +7
4 0.88 +28 -1 +7
5 0.99 +6 0 +2
6 1.00 0 -2 -1
7 1.00 0 -1 -1

Plus (+) indicates Level 1 unconservative.

Negative (-) indicates Level 1 conservative.
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TABLE 2-9. TWO-SPAN INFLUENCE LINE

Case Cori’elation Percent Percent Percent
Study Coefficient Maximum (+) Minimum (-) Average
1 0.95 +11 -27 -10
2 0.94 +10 -22 +1
3 0.94 +13 -10 +5
4 0.91 -4 -32 -15
5 1.00 +8 +1 +4
6 0.99 +1 -6 -1

Plus (+) indicates Level 1 unconservative.
Negative (-) indicates Level 1 conservative.
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TABLE 2-10. THREE-SPAN INFLUENCE LINE

Case Correlation Percent Percent

Percent

Study Coefficient Maximum (+)| Minimum (-)| Average
1 0.97 +4 -24 -10

1-Special )

Level 2 1.00 +4 -7 -1
2 0.98 +1 -19 -4
3 0.98 +3 -10 -2
4 0.98 -8 -16 -12

Plus (4) indicates Level 1 unconservative.
Negative (-) indicates Level 1 conservative.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 Conclusions

1. Level 1 computes the overload capacity ratings rapidly with a
limited amount of data. The Level 1 procedure gives ratings which are on
a percent average basis within 10% of a Level 2 procedure for bridges
which satisfy the Level 1 assumptions. The percent maximum or upper
bound limit for Level 1 gave results which were +8% of a Level 2
procedure and the percent minimum or lower bound limit for Level 1 gave
results which were -19%.

2. The Special Level 2 analysis for reinforced concrete continuous
bridges gives ratings on a percent average basis within 10% of a Level 2
procedure. The upper bound limit for Level 2 gave results +4% of Level 2
and the lower bound limit -7%.

3. The NBIF compares well with general bridge plans and that it is
applicable to the Level 1 procedure for “typical bridges.” Bridges that have
approach spans, hinges, varying girder spacings from span-to-span,
monolithic columns, or simple spans where live load is continuous may
give erroneous overload capacity ratings.

4. The rating factor at operating level as coded in the NBIF should be
checked for accuracy. :

3.2 Recommendations

1. Addition of different continuity configurations for hinges and
monolithic columns may be desirable.

2. Addition of physical bridge characteristics to a database such as
span lengths and girder spacing would enhance the Level 1 procedure.

3. Calculation of the transverse distribution ratio should be
incorporated into the program.

4. Addition of a routing system may be desirable.
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