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Assessment of an existing bridge is needed when the structure exhibits signs of distress.

Assessment practices require refinement in the calculation of loading and resistance while

maintaining an acceptable level of risk, to minimize costs associated with repair,

replacement and weight restrictions. Previous risk-based assessments evaluated the

strength cases for shear and moment individually and used the live load model in the

American Association of State and Highway Transportation Officials (AASHTO)

specification. The methodology for assessment presented here is for use by the State of

Oregon, which has over 500 cast-in-place reinforced concrete deck-girder (RCDG) bridges

exhibiting distress in the form of diagonal tension cracks. It integrates full-scale testing for

capacity, which found that the girder capacity requires assessment of shear and moment

simultaneously, with field data and an Oregon specific truck loading.

A live load model (load spectrum) is developed for Oregon using the available weigh-in-

motion (WIM) data for truck traffic on Oregon State highways. Field data are used to
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estimate live load distribution factors. Results (including a statistical characterization)

from full-scale laboratory testing of RCDGs revealed the section capacity is reasonably

predicted using modified compression field theory (MCFT) accounting for shear and

moment interaction. Potentially critical sections in a girder are defined and load effect

(shear and moment) and capacity are calculated at each section. The statistical

characterization for MCFT is considered for the section capacity and is compared to the

load effect (shear and moment), which is considered to be deterministic. A second-

moment reliability index (/9) is calculated and used to determine the critical section in a

girder. Using the annual load effects produced by WIM data, a low cycle fatigue (LCF)

evaluation is made for the critical section to address the issue of yielding in the stirrups.

The assessment methodology can be applied to other structural members (i.e., bent caps,

and columns) using appropriate capacity models as recommended by future research

efforts. Once applied to the bridge system, use of both the safety assessment and LCF

evaluation will enable engineers to rationally establish load restrictions based on an owner

selected target reliability index developed for the State's bridge inventory, prioritize

bridges (or segments of a bridge) for repair, and evaluate how repeated events that cause

yielding in the stirrups may reduce the life of a bridge.
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RELIABILITY BASED BRIDGE ASSESSMENT USING MODIFIED
COMPRESSION FIELD ThEORY AND OREGON SPECIFIC TRUCK LOADING

OVERVIEW

Assessment of an existing bridge is needed when the structure exhibits signs ofdistress or

the structure usage changes. Assessment practices require refinement in the calculation of

loading and resistance, while maintaining an acceptable level of safety, to minimize costs

associated with repair, replacements, and weight restrictions. The following details an

investigation of the vehicle loading found in Oregon using available collected data for

truck traffic within the State. The load effects produced by these vehicles are calculated

for various bridge indeterminacies and span lengths. The service level loading is evaluated

to explain diagonal cracking displayed by many of Oregon's 1950's vintage reinforced

concrete deck girder bridges. A methodology is developed for safety assessment of a

bridge girder relative to the load demand. An example is illustrated using the methodology

and incorporates laboratory testing and field data. The end result is a rational basis for

determining weight restrictions and prioritizations for replacement or repair.



INTRODUCTION

The Oregon Department of Transportation (ODOT) has identified over 500 cast-in-place

reinforced concrete deck-girder (RCDG) bridges with diagonal cracks. Of these cracked

bridges, 220 are along the 1-5 and 1-84 corridors and were built between 1947 and 1962.

The cracked bridges have warranted weight restrictions (which in turn cause large detours)

in addition to significant costs for inspections, replacements, and emergency repairs.

ODOT routinely collects data on truck traffic traveling on State highways. In other parts

of the world this type of data has been widely used for bridge assessment purposes. This

study demonstrates implementation of an assessment methodology which integrates truck

data, field data, and analysis methods, that can be used by bridge engineers to aid in

making load rating, posting, repair, and replacement decisions.
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BACKGROUND

The bridges considered in this study were built in the period between 1947 and 1962, prior

to the introduction of load and resistance factor design. In the 1970's and 1980's, the

application of probability theory to quantify the risk (relative safety) associated with design

practices in structural engineering was introduced. This new approach recognized that

absolute reliability is unattainable in the presence of uncertainty and variability in the

loading and resistance. Reliability-based design insures that the probability of unfavorable

performance is economically acceptably small [Ellingwood et al., 1980]. Earlier safety

factors used as part of a working-stress design philosophy were phased out as they could

not provide a consistent safety margin throughout a design or system.

Capacity (R) and load (5) are characterized as random variables by probability distributions.

Variables comprising the capacity include material properties, section geometry, and

specified strengths, to name a few. Statistics for the random variables in the capacity of

conventionally reinforced concrete, for both shear and moment, and considering various

members and components, were developed by Ellingwood et al. [1980]. Statistical

parameters for a bridge live load model were developed by Nowak and Hong [19911 from

truck surveys and by simulation. Assuming both the capacity and loading distributions are

Normal, then the reliability problem reduces to the simple R-S form:

pt =P{R<S]=P[RS<0]=P[M<0] [Rl]

Ps PR 0 PM
[R2]

+
J

aM J



El

where, M=R-S is the safety margin (or limit state function), p and a are the mean and

standard deviation (first and second order statistics) of the respective random variables, and

cI(.) = the standard normal cumulative distribution function. The term p represents the

probability that a limit state will be met or exceeded during the design life. The reliability

index, /3, is simply the number of standard deviations from the mean of the safety margin to

the failure criteria (M=0) and is related to the probability of failure, pj, through the

following equation:

Pf = q:(-fl) {R3]

A value of/i = 3.5 corresponds to a probability of exceedence of 2 in 10,000, while /3=2.5

corresponds to 62 in 10,000. However, since, probability laws cannot be determined

exactly, p is referred to as a "notional" probability, indicating that it should be interpreted

in a comparative sense rather than in a relative frequency sense [Ellingwood et aL, 1980].

Even so, /1 is a useful comparative measure of reliability and can be used to evaluate

relative safety of various designs as long as the first and second order statistics are handled

consistently {Ellingwood et al., 1980].

Provisions in the current AASHTO-LRFD Bridge Design Specification {2003] are

calibrated for a target reliability index of 3.5. This index was derived for a severe traffic-

loading case (including the presence of 5000 Annual Daily Truck Traffic) in the LRFD

design criteria. Following this approach, it is natural that the current state-of-the-art

method for load rating bridges also uses load and resistance factors. The AASHTO

Manual for Condition Evaluation and Load and Resistance Factor Rating (LRFR) of
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Highway Bridges [2003] adopts a reduced target reliability index of 2.5. This index was

calibrated to past AASHTO operating level load ratings and reflects the reduced exposure

period, consideration of site realities, and the economic considerations of rating vs. design.

Examples of risk-based approaches to bridge safety assessment are shown in work by

Stewart et al., [2002] and Akgul and Frangopol [2003]. The example bridges used by

Stewart et al., [2002] were simply supported and the limit state examined was for the

situation when flexure at mid-span exceeded the structural resistance. The AASHTO live

load model was used. Akgul and Frangopol [20031 showed how initial operational bridge

rating factors compared to initial system reliability indices. For the comparison, the

capacity was calculated using the AASHTO Standard Specification 16th Edition [1996] and

the loading distribution also used the AASHTO live load model.

A reliability-based safety assessment follows, but with two distinctions from previous

work. In earlier work, as in the AASHTO Standard Specification 1 6th Edition for capacity,

moment and shear were each treated separately so each could be resolved into a simple R-S

problem. However, the method to calculate capacity has changed to Modified

Compression Field Theory (MCFT) both in AASHTO-LRFD [2003] and AASHTO-LRFR

[2003]. This research creates an R-S problem while accounting for the simultaneous

moment-shear interaction in strength (capacity) prediction. In addition, an Oregon-specific

load spectrum will be developed and applied. The State of Oregon has collected weigh-in-

motion data and permit data for vehicles on the state highway system. Over 14,000

vehicles that exceeded legal limits were captured by one WIM station in one year alone

compared to 10,000 surveyed trucks in the major study used that has influenced the load



model found in today's AASHTO specification. The cuffent specification is based on

surveys performed in the Detroit area by Agarwal and Wolkowicz [1976] and covered

about 10,000 heavy vehicles (only trucks that appeared to be heavily loaded were measured

and included in the data base). In addition, the load effects were calculated for simple

spans ranging from 30-200 ft. in length [Nowak and Hong, 1991]. In this study they are

calculated for multiple bridge indeterminacies and span lengths representative of bridges

contained in a database of Oregon bridges [Higgins et al., 2004a]. Therefore, in the

following reliability assessment of 1950's vintage conventionally reinforced concrete deck

girder bridges, MCFT is used to predict capacity and the load demand used in the analysis

will be Oregon-specific. Note that instead of treating load as a random quantity using a

statistical distribution (which is the goal for future work) it is treated as a discrete value in

this reliability analysis using MCFT. The key to the study is that the statistical first and

second moments will be handled consistently between all bridge sections examined and /3

will be treated in a truly relative sense.

The information collected for the load and resistance has potential use for risk ranking as a

bridge management tool. Risk ranking allows the comparison of bridges by evaluating

bridges with a conditional probability (developed by Stewart and Val [1999]) that reflects

relative frequency of overloads, years in service, inspection information, and consequence

of failure (where the consequence of failure is similar for all bridges considered so risk-

ranking is appropriate) [Stewart et al., 2002]. Thus, risk ranking is an area for possible

application of the load spectrum developed herein.
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OBJECTIVES

Load spectrum is defined in this study as the frequency and range of different vehicles

described by their gross vehicle weight, length, number of axles, axle weights and axle

spacings, as well as the frequency and range of load effects produced by these vehicles on

various bridge span lengths and indeterminacies. The objectives of this study are:

To make use of available truck data to characterize an Oregon-specific load

spectrum.

To transform the load spectrum into load effect (shear and moment). This

represents the load side of the "load resistance" equation.

To determine if load effects produced by the rating vehicles used by the ODOT

Bridge Group envelope load effects produced by collected vehicle data for a

variety of bridge spans and indeterminacies.

To evaluate the likelihood of operating loads exceeding the cracking shear in high

moment regions.

The next two objectives evaluate the capacity of RCDG bridge girders with respect to the

load demand.

Develop a method for safety assessment to evaluate one-time overloads at various

sections along a bridge girder.

Propose a method for addressing low-cycle fatigue on cracked RCDG bridge

girders.

These last two objectives comprise the methodology that will aid bridge engineers in

making load rating and posting decisions for RCDG bridges.



ANALYSIS METHODS

The flow chart in Figure Ri illustrates the process being used to create the load spectrum,

service level performance histogram, and the figures to compare load effects with the

resistance/strength of the bridges. The bold boxes indicate the six objectives for this study.

The chart is organized to illustrate the calculations of load on the left and resistance on the

right. The method integrates load data, bridge data, field data and laboratory data. Dotted

lines encircle items that are input and output. An item with a dashed line indicates an area

for possible future development. Items with a shadow box indicate that additional data

may continually be added as they are collected for further refinement.

Types of Data Available

There are two sources of truck data regularly collected by ODOT: permit data and weigh-

in-motion data. Permit data are the collection of permits issued for vehicles that exceed

legal limits, whether due to height, length, or weight. These permits are individual forms

filled out for each truck. The data are kept for 39 months. Weigh-in-motion (WilvI) is the

process of collecting vehicle information such as length, speed, axle weights, and gross

vehicle weight (GVW) while the vehicle is moving. There is a +/- 2-3% error rate as a

result of the fluctuation of weight distribution due to the truck being in motion [Fifer,

2002]. This is most evident for trucks hauling liquids, livestock, and for log trucks without

middle supports. In Oregon, the current WIM system is set up near weigh stations, but

could be located anywhere additional information on trucks may be desired. WIM data are

further divided into two types, REALTIME and raw.
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REALTIME data combine both the raw data and static data recorded at the weigh station.

REALTIME is the result of the GreenLight Program that allows trucks with transponders

and within their registered limit to bypass weigh stations instead of having to stop. When a

truck goes into a weigh station and is weighed, the static readings over-write the WIM data

for that vehicle. The data lines for all trucks receiving either a green light or a static

reading are then kept in an EXCEL friendly format as a record of enforcement.

REALTIME data are only collected during operating hours of the weigh station.

Raw data, on the other hand, are purely WIM measurements. The record is collected for

the entire day, every day and contains all vehicles (including cars, RVs, motorcycles, etc.),

but can be filtered to show only vehicles classified, for example, as Type 5 or above. In

other words, the record can be narrowed to contain only truck data as it has for this study.

It is stored in a text file and saved for 100 days.

Using the Data

Permit Data

Before using the permit data, some familiarity with the vocabulary and permit system is

required. A collection of the key terms is contained in Appendix A along with the Permit

Tables 1, 2, 3, 4, and 5. To use the data it must be converted from individual forms into an

EXCEL friendly format. An example permit is contained in Appendix A.

Figure R2 shows the category breakdown of all the permits issued in 2002. Permits are

either Continuous Trip (CTP) or Single Trip (STP). The first three segments are

Continuous Trip permits. These permits are issued on a yearly basis. The truck driver
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receives a map showing roads not to be used and is expected to comply. Table 1 permits

allow vehicles that have legal weights, but exceed the height or length limits or fall into

Exception 1 or 2 (described in Appendix A). Table 2 permits are trucks that have legal

axles, but are longer, so the GVW is allowed to exceed the 80,000 lb legal limit but must

be less than 105,500 lbs. The first part of Permit Table 3, up to 98,000 lbs, is continuous-

trip heavy-hauls. These vehicles are allowed more weight on a shorter wheelbase. Permit

Table 3 trucks are allowed 43,000 lb tandem axles whereas Permit Tables 1 and 2 only

allow 34,000 lb tandems.

uous Trip Permits

les 1, 2 and

7690, 73.4%

than 98,000 lbs

Fig. R2 Permits issued by Oregon Motor Carrier in 2002 (105,781 Total).

Single Trip permits, on the other hand, are issued on a per trip basis. The truck has

between 3 and 7 days to make the trip before the permit expires, and the route to be used is
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stated explicitly on the permit. The Single Trip permit category can be broken down again

as shown in Figure R3. Since these vehicles can make only one trip with the permit, one-

way or round-trip, these numbers are better indicators of how many trucks of this type are

on the road. These permits tend to be related to the construction, logging and power

industries to name a few. From the monthly breakdown it is evident that more of these

permits are issued during Oregon's drier months, which coincides with the construction

season and thus the increased need to transport large construction equipment. Over half of

the single trip permits are for Permit Table 5 which allows vehicles to have the most

weight on the shortest wheel base. It also allows triple axles of 65,000 lbs.
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2002 Single Trip Permit
Summary

140, 1156.
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U Table 4

U Table 5
LJTabIeX

Fig. R3 Single Trip Permits issued by Oregon Motor Carrier in 2002 (28,091 Total).
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Permits are also issued for trucks that fall outside of Permit Table 5. These trucks will be

referred to as Permit Table X. For a truck like this, the axle weights and spacings must be

known at time of application, and the configuration approved by the ODOT Bridge Group.

The route is explicitly stated. Many times specific directions are also given for speed and

time of travel as well as for flaggers and escort vehicles.

The permit data as currently collected do not provide enough information (excluding Table

X) to accurately depict a vehicle for use in the load model. The information about axle

grouping is given by the permit table, the load length, and the number of axles. It will be

shown in the Rating Vehicle Representation section that there is not a clear boundary

between the load effects produced by vehicles that are classified in the various permit

tables. A program was written to convert the limited information provided in the permit

data into individual axle weights and spacings. A group of WIM vehicles that appeared

fully loaded was selected for the program testing. The load effects produced by the

program had poor correlation to the load effects produced by the actual WIM data.

Therefore, the permit data could not be used to reliably estimate load effects for these

trucks. The permit data, however, are important because trucks with STPs take shorter

trips and therefore, are not as likely to be captured at WIM stations. Since WIM stations

are not located in close proximity to most bridges in the system, there is reason to believe

that permit vehicles could cross bridges and not be included in the WIM data. The

importance of these infrequent large loads will become apparent when considering low-

cycle fatigue.
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REALTIME Data

REALTIME data are easier to use since they are already in an EXCEL friendly format. An

example of this data is shown in Appendix A. The Woodburn weigh stations on 1-5 for the

day of 12-18-02 will be used in an example since these stations have the most activity of

any in the State. The distribution of GVW for trucks at the Woodburn Port-of Entry (POE)

is shown in Figure R4 graphed on normal probability paper. If the GVWs were distributed

normally, then the points would line up in a straight diagonal line. Since the points do not

line up, it is quite clear that either the distribution is not normal and/or the GVW

distribution is multimodal. When the plot becomes more horizontal it indicates that a large

number of trucks is near that GVW. This occurs at 20,000 Ibs, 35,000 lbs, 80,000 lbs, and

again near 105,500 lbs. These last two are the GVW limits of Permit Table 1 and Table 2,

indicating, as expected, that many trucks operate near the table limits.

Bridge response is a function of load effect, and the load effect from each truck will be

dependent on many factors. These factors are GVW, length, width, number of axles,

individual axle weight, and axle spacings of the truck, as well as the geometry of each

particular bridge [Moses and Ghosn, 1985]. Since REALTIME data contain GVW,

number of axles and axle group weights, but do not include length and are collected only

during the hours of operation of the weigh station, they do not provide all the required

information needed for creating the load spectrum.
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Fig. R4 Woodbum POE GVW distribution December 18, 2002 (1,868 Trucks).

Raw WIM Data

The text format of raw WIM data required considerable post-processing to be useful in this

study. The data must undergo a format transformation, but this can be done only after all

spurious data have been removed (currently a labor intensive process). From this data all

the information needed about each truck, except for the width, can be extracted either

directly or indirectly. An example of the raw WIM data is shown in Appendix A as well as

the classifications used in Oregon's WIM study for the vehicle type number. The items

extracted directly are the truck type, GVW, speed, time, front to rear axle length, and the

individual axle weights. Indirectly, from the pictogram included in the data, the number of
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axles can be counted, and the relative spacing of each axle proportioned to the front to rear

axle length to obtain estimates of individual axle spacings.

The format transformation was performed using a FORTRAN program written specifically

for this purpose. The resulting file lists the time, type, speed, GVW, length, number of

axles, axle weights, and axle spacings for each truck, and can be used in EXCEL for data

regression and analysis. The data were then classified into the various permit tables with

the aide of another FORTRAN program written for this purpose. The classification

program does not take into account any of the exceptions allowed for each permit table.

For example, a vehicle that is normally classified as Permit Table 1 using Exception 1 will

be classified as Permit Table 3 by the program. (Exception 1 allows two consecutive

tandems up to 34,000 lbs each if the axle spacing is at least 30 ft. Permit Table 1 without

the exceptions would require 39 ft.) The WIM data are classified by the program for use in

the Representative Rating Vehicle section.
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RESULTS

Truck Spectrum Characteristics

Currently, one year of data (January 30, 2003 2004) from the Wilbur WIM collector 7

miles north of Roseburg on 1-5 have been analyzed. Figures R5 to Ri 0 show the

characteristics of the truck traffic.

The GVW for all WIM trucks captured at Wilbur during the first collection period of 97

days (238,463 trucks) is shown in Figure R5 in both arithmetic and logarithmic scale.

GVW is plotted in 1 ton increments. The number of trucks is plotted logarithmically to

make it easier to see the large but infrequent GVW values. The GVW peaks are near

10,000 Ibs, 32,000 Ibs, 70,000 Ibs, and 98,000 lbs. These last three peaks correspond to the

category limits represented by the horizontal portions of the normal linearized cumulative

distribution function (CDF) of GVW using REALTIME data (Figure R4).

The accumulation of W1M data for extended periods of time refines the tail distribution for

large GVWs as illustrated by Figure R6. The vehicle counts are normalized to the number

of vehicles in each respective collection period. It is evident that in a short time period the

general shape and modes are defined. It also shows that as more data are added to the load

spectrum, the upper tail becomes more clearly defined.

A comparison of GVW is made between three WIM collection sites on Interstate 5 in

Figure R7. Woodburn POE is southbound, while Wilbur and Booth Ranch are southbound

and northbound, respectively, at the same location. The normalized GVW histograms
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indicate that the vehicle pattern is consistent for the three stations. Note that the largest

amount of data is shown for Wilbur, while Woodburn POE only contains one month and

Booth Ranch has just two weeks. The normalized data indicate the proportion of GVWs

captured at each site. The histogram for Woodburn POE in Figure R7 indicates that a

larger proportion of vehicles with large GVWs is observed at the Woodbum POE site

compared to Wilbur or Booth Ranch.

For the first collection time period at Wilbur (97 days), the histogram for axle weights in 1

ton increments for 1,268,978 axles is shown in Figure R8 in both arithmetic and

logarithmic scale. The two peaks are at 10,000 and 14,000 lbs. A legal tandem axle is

34,000 lbs, and this may explain why the second individual axle weight peak is about half

that value. When only the weight of the steer (front) axle is plotted, it shows that the most

conm-ion weight is 10,000 lbs as shown in Figure R9, and presumably drives the first peak

in Figure R8.

Vehicle type and number of axles are also collected in WIM data. Type 11 is a 5-axle

semi-truck. The histograms for vehicle type and number of axles clearly show that the

dominant vehicle is a 5-axle semi-truck as illustrated in Figures RiO and RI 1. It is also

observed that in the 97 day collection period at Wilbur, as well as for the entire year, there

were no vehicles with more than eleven axles.

The last item collected by WIIM is the truck length measured from the steer axle to the rear

axle. The histogram for the truck front to rear axle length suggests that the modal truck is

5 5-60 ft. long as shown in Figure R12.
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The WIM vehicles from the first collection period at Wilbur (97 days) were classified into

the permit tables. There are less than 15,000 vehicles of the nearly 240,000 vehicles that

fall into Permit Table 3, 4 or 5 as shown in Figure R13. The vehicles captured at

Woodburn POE in one month were also classified by Permit Table for comparison. As

foreshadowed by the GWV comparison of the two stations (Figure R7), there are in fact

more occurrences of vehicles in the higher Permit Tables, during a shorter collection period,

at Woodbum POE as shown in Figure R14. This indicates that the occurrence rate for

large loads is dependent on location.
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Fig. R13 Histogram of Permit Table classification for all trucks captured by Wilbur WIM.
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The vehicles captured at the Wilbur WIM station from January 2003 to January 2004 are

classified into the different permit tables for illustration purposes only since the program

written does not account for any exceptions related to the permit tables. The entire year of

Wilbur WIM data was separated into subsets for Permit Tables 3, 4 and 5 and will be used

in subsequent figures and evaluations.

Live Load Effect

To determine the effects of truck loadings on a specific bridge, a FORTRAN program

based on the slope-deflection method of structural analysis has been written where span

lengths can be varied. A separate program is used for each bridge configuration, i.e.,

number of spans. It has been shown that a linear-elastic analysis is adequate for

determining shear and moments in cracked RCDG bridges under service loads [Higgins et



al., 2004a]. From the database of Oregon's RCDG bridges built between 1947 and 1962, it

was found that simply-supported and three-span continuous are the most common bridge

configurations. Others occurring much less frequently are two-span, four-span, five-span,

and six-span continuous bridges.

The truck data are input into the 2-D linear-elastic model of a particular bridge and the load

effects are calculated at points of interest. The truck is moved in a thousand small

increments (zeta) across the bridge until the last axle leaves the bridge. The entire history

of the load effects is collected as the truck travels, and the maximum shear with

corresponding moment as well as maximum moment with corresponding shear are

extracted. The load effect history for each vehicle is of interest because as each axle group

approaches a section, that axle group dominates the load effect. This is illustrated when

the moment and shear are plotted together and when they are plotted separately as

illustrated by the two parts of Figure Ri 5 The analysis does not account for section

changes in the girder, such as horizontal taper or vertical haunch. For bridges with taper or

haunch, the geometry changes are typically within the quarter span of continuous supports.

A preliminary investigation (See Appendix B) using SAP2000 [CSI, 2000] showed that the

effect of horizontal taper at supports on the shear is less than 2% and on moment near

continuous supports is approximately 15 %. Vertical haunch affected the shear and

moment near supports by less than 3% and approximately 30%, respectively.
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Representative Rating Vehicle Live Load Effects

Currently, the ODOT Bridge Group uses eleven different vehicles when rating bridges.

The description of these vehicles is shown in Appendix C. For simplicity, the vehicles are

numbered from one (1) to eleven (11) in this study. In order to assess the load effects

produced by the eleven ODOT Rating Vehicles as compared with actual permitted vehicles,

analyses were performed for a range of bridge indeterminacies and span lengths. Results

will enable a reduced number of rating vehicles to be used for assessments (of specifically

one-time overloads) of RCDG bridges. Using the bridge database [Higgins et al., 2004a]

as a guide, four indeterminacies were included: simple, two-span continuous, three-span

continuous, and four-span continuous. Span lengths ranging from short to long were

investigated. End spans resting on abutments were considered simply supported. For the

multi-span bridges, all spans were of equal length. The following cases were considered:

Single-Span simply-supported - ii ft. span and 64 ft. span

Two-Span continuous 25 ft. spans, 50 ft. spans and 70 ft. spans

Three-Span continuous 50 ft. spans and 120 ft. spans

Four-Span continuous 50 ft. spans and 70 ft. spans

Analysis results were collected at locations corresponding to diagonal cracking damage

observed in the field. These included locations of relatively high shear. To simplify the

number of locations, the maximum shear (V) versus corresponding moment (M) at 4 ft.

from the supports was used for the nine bridges. This corresponds roughly to the girder

depth away from the support. Analysis results are shown in Appendix C. Also shown in

these figures is the maximum moment (M) versus corresponding shear (V) at the same

location. These two points characterize the extremes of the load effect history. However,
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due to the actual shape of the loading history as shown in Figure R15, the controlling load

effect for capacity may be some intermediate value between these extremes.

The various ODOT Rating Vehicles as described imply representation of actual vehicles

falling into specific permit tables. Three example plots are shown in Figures R16 to R18.

Figure R16 shows that for a common span length of 50 ft., Rating Vehicles 10, 11, and 8

envelop the Permit Table 3, 4 and 5 WIM vehicles, respectively. Figure R17 shows that

for long spans, Rating Vehicle 10 is no longer adequate to capture Table 3 load effects;

likewise for Rating Vehicle 11 capturing Table 4 effects. Figure Ri 8 indicates that for

shorter spans, Rating Vehicle 7 is necessary to capture Table 4 and 5 WIM vehicle load

effects, whereas Rating Vehicle 5 is needed to capture Table 3. Evaluation of the various

load effects in Appendix C for the rating vehicles and their ability to describe WIIM permit

classifications is summarized in Table Ri.

Table Ri Rating Vehicles with representative load effects for permit categories.

Rating Vehicle Rating Vehicle That
Permit Table Implied to Represent Represents Load Effects

Table 1
(Legal Loads) 1 thru 4 Not assessed

Table 3 10 and 5
(Continuous Trip)* 5 and 6 (and 11 for long spans)

Table4 lland7
(Single Trip) 7 (and 8 for long spans)

Table 5 (Single Trip) 8 8 and 7
STable 3 WIM vehicles were not separated into CTP and STP for this evaluation.
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Figures R16, R17 and R18 also make it apparent that there is no clear separation in the

load effects produced by vehicles classified in Permit Tables 3, 4 and 5. Although Permit

Tables imply that Permit Table 5 produces the largest load effects, many instances occur

where a WIM vehicle corresponding to Permit Table 5 produces smaller load effects than a

WIM vehicle corresponding to Permit Table 3. However, inspection of the WIM vehicles

classified as Permit Table 5 (Appendix C) indicates that trucks commonly reached the

higher table classification because of one heavy axle or axle group, whereas the WIM

vehicle classified as Permit Table 3 that produced larger load effects was most likely fully

loaded.
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APPLICATION

The load effects calculated for the WIM vehicles and ODOT Rating Vehicles can be used

to evaluate whether or not the capacity of a given section of a girder along the length ofan

entire bridge is adequate for the live load effects that are likely to occur during the life of

the structure. The load effects were used to evaluate the service level performance and the

capacity of a RCDG considering both one-time overloads and low-cycle fatigue. High

cycle fatigue (HCF) will not be evaluated as field and laboratory work indicate that HCF

loading, due to the low stress range in the stirrups, is unlikely to cause stirrup fracture

[Higgins et al. 2004b]. A flowchart for the application process is illustrated in Figure Ri 9.

Service level performance evaluation is not included in the figure since it is only being

performed in this study to explain the presence of diagonal cracks in the RCDG bridges

and is not part of the methodology for assessment. The figure shows how the Oregon load

spectrum, field testing, research and laboratory testing, bridge inspection and bridge

drawings are integrated. The process is illustrated using a typical bridge.

Bridge Description

The McKenzie River (also called Spores) Bridge (ODOT #081 75N) on 1-5 northbound just

north of Eugene, OR was part of the field testing performed [Higgins et al., 2004b] and

was identified as crack stage 3 by ODOT. It has a three-span continuous portion with all

three spans 50 feet long. The bridge deck cross-section and exterior girder being analyzed

are shown in Figure R20 and the profile is shown in Figure R2 1. The girder has a

horizontally tapered web between the span quarter points on either side of continuous
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Fig. R20 McKenzie River bridge deck cross-section.
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Fig. R21 Profile view of McKenzie River bridge with cross-section locations (feet).

j

I

Fig. R22 Existing cracks on the McKenzie River bridge exterior girder in span I near
support B. The first diaphragm framing is 12.5 ft from support B centerline.
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supports. The detailed bridge drawing is shown in Appendix D. A photo of the observed

diagonal cracking on the exterior girder is shown in Figure R22.

Identify Potential Critical Sections

The first step is to identif' girder sections that possibly control the capacity of the girder.

Two sources for information are the bridge drawings and bridge inspection. The

potentially critical sections will likely occur where there is a change in stirrup spacing,

flexural reinforcing steel is cut-off, or there is a change in the web dimension. These can

be determined from bridge drawings, and field verified as needed. The other indicator for

a potential critical section is a diagonal tension crack in the girder based on field inspection.

For example, the exterior girder of the McKenzie River bridge has diagonal cracks at

approximately 4 ft. 8ft., and 12.5 ft. from the centerline of support B as shown in Figure

R22. The drawings reveal that the tapered web section begins at 12.5 ft. from support B

and that top and bottom flexural steel are cut-off at that location. There are seven stirrup

changes in span 1. One is at about 4 ft. from support A and another is about 8 ft from

support A. Not all stirrup change locations and flexural bar cut-off locations were

evaluated for this example. The potentially critical locations that were assessed are

depicted in Figure R2 1.

Calculate Loading

With the section locations determined for evaluation, the next step is calculating the dead

load and live load at each section.



Dead Load

The permanent loading, referred to as dead load, is the self weight of the bridge members,

deck, wearing surface and other components. The dead load is estimated from the bridge

drawings. Additional information can be collected from field investigation such as the

thickness of the wearing surface. The weight carried by each girder is taken as the total

weight divided by the number of girders and this is applied as a distributed load along the

length of the member. The dead load for components and wearing surfaces were not

separated in the example, but could be if necessary.

Live Load

The live load effects on a bridge girder are determined from structural analysis of moving

load models to determine the maximums at each section of interest. The static load effects

are amplified for dynamic/impact effects using an impact factor. These forces are then

assigned to girders by means of a distribution factor. Distribution factors represent how

much of each lane load, or load effect of a truck, is distributed to an individual girder. The

factor is dependent upon the bridge geometry and truck width as well as the lateral

placement of the truck on the bridge.

The equations for live load distribution factors used in the AASHTO-LRFD Bridge Design

Specification [2003] are dependent on the superstructure cross-section, span length, girder

longitudinal stiffness and deck thickness for RCDG bridges. AASHTO-LRFD provides

distribution factors for lane loads based on the 6 ft. wide HS vehicles (centerline of wheel-

group to wheel-group). Observations from weigh station visits at Philomath and

Woodburn (See Appendix A for full details) indicate that actual truck width ranges from
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about 6'-3" to 7'-O". Large permit loads can be even wider. The distribution factors

become larger as the width narrows. To be slightly conservative, 6 ft. is used for the truck

width when calculating AASHTO-LRFD distribution factors applied to the WIM vehicle

effects.

Distribution and impact factors calculated from AASHTO-LRFD could be overly-

conservative for a specific bridge. Field data can be collected to more reasonably reflect

in-situ distribution and impact factors. Based on instrumented stirrups with strain gages at

multiple cracked locations, a distribution factor for shear can be estimated. Using a test

vehicle and driving it over the bridge at different speeds, an impact factor was also

determined [Higgins et al., 2004b]. Since an overly-conservative assessment may lead to

unnecessary and costly repairs and closures [Stewart et al., 2002], and field data are

available for the McKenzie River bridge, two cases for each of the application examples

will be calculated. Distribution factors and impact factors will be applied to the WIM load

spectrum load effects using the AASHTO-LRFD method in the first case. In the second

case, distribution factors and impact factors determined from field investigations for the

McKenzie River bridge will be used. The distribution and impact factors are summarized

in Table R2.

Table R2 Distribution and impact factors for McKenzie River Bridge exterior girder.

Distribution Factors (Lane Fraction)
Impact Factor Moment Shear

AASHTO-LRFD 1.33 DFM = 0.867 DF = 0.884
Right Lane = 0.61 Right Lane = 0.61

Field Study* 1.317 Passing Lane = 0.15 Passing Lane = 0.15
* Field study factors are based on stirrup strains. Moment and shear are assumed to have
same distribution for diagonal crack locations.



A previous study for developing the truck load model used in the AASHTO code revealed

that for two lane bridges, the maximum effects are obtained for two side-by-side identical

trucks (i.e., perfect correlation between truck weights) [Nowak and Hong, 1991].

Therefore, the AASHTO distribution factors account for this multiple presence. To

simplify this multiple presence situation for the field data case on a two-lane bridge with

both lanes traveling in the same direction, the shear load histogram is plotted with

arithmetic scale (before distribution and impact factors are applied) to determine the most

commonly occurring (modal) shear produced. Figure R23 is the histogram for shear at 8 ft.

away from support B (first continuous support) using the 97 days of Wilbur WIM data

described above (Figures R5, and R8 to R13), using the three-span continuous linear-

elastic model where all three spans are 50 ft. It is clearly shown that the modal shear of 32

kips occurs much more often than other shears. Therefore, it is assumed that a vehicle

producing this shear can reasonably be found to be concurrent with any other vehicle on

the bridge. Moreover, if the vehicle on the bridge produces a smaller shear than the modal

shear, the vehicle is assumed to be passing. If the vehicle produces a larger shear than the

modal shear, it is assumed to be in the right or driving lane. However, the shear produced

by Rating Vehicle 2 is 38.6 kips, and since there is not a Rating Vehicle producing a

smaller shear, it will be used to represent the modal truck. Load effects representative of

Rating Vehicle 2 occurred over 4,000 times in a three month period so the likelihood of

concurrent vehicles is high (Figure R23).
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Fig. R23 Modal shear produced at 42 ft in span I of three (50 ft) span continuous bridge.
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The largest data set is the Wilbur WIM data collected from January 2003-January 2004.

Wilbur is also the closest WIM station to the McKenzie River Bridge (approximately 60

miles south), whereas Woodburn POE is approximately 80 miles north. Since the tail

vehicles in the distribution are likely to produce the largest load effects, the year of data

has been classified into Permit Tables 3, 4 and 5 to reduce the amount of calculation. To

reduce calculation further, the rating vehicles determined to represent the WIM vehicles

classified in those tables can be used in the safety assessment.

Service Level Performance

Service level performance is defined here as the initial onset of diagonal-tension cracking

due to unfactored loads. Though not directly part of the assessment method, it identifies

the likely-hood of diagonal cracking for a bridge. To investigate loads that may initiate

diagonal cracking in the bridge, the shear force from load effects was compared with the

shear force to cause cracking. In the presence of large moments, for which adequate

longitudinal reinforcement is provided, the shear to cause diagonal cracking (Vcr) [ACI

ASCE, 1962] is:

V = 1.9bdfj [R4]

where b (in) is the beam web width, d (in) is the depth of the shear section andf' is the 28-

day concrete compressive strength (psi). From recent laboratory testing of full-scale

girders of the vintage and type used in this bridge, Vcr was determined to be an average of

1.4 times bdf' where de is the depth from the compression face to the centroid of the

flexural steel [Higgins et al., 2004b].
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The exterior girder section 8 ft. away from support face BA (the first interior support) was

evaluated and is in a high moment region. Vcr was calculated for the widened section due

to horizontal taper near the continuous support locations (b= 15 .5in and d=4 1 .2in) and has

been adjusted by subtracting the dead load shear as calculated from the bridge drawings.

The service level performance of the exterior girder in Figure R24 shows the shear force

from each WIM vehicle at 8 ft. away from the continuous support using AASHTO-LRFD

distribution factors. Figure R25 shows the shear force from each WIM vehicle on the

bridge combined with the vehicle producing the modal shear at 8 ft. away from support

face BA and distribution factors determined from field study of McKenzie River bridge.

Note that in each case, the shears were determined without impact factors to illustrate that

even without a dynamic amplification, cracking is likely to occur. The truck count is

shown on a logarithmic scale. Figures R24 and R25 show that in one year, thousands of

WIM vehicles classified as Permit Table 3, 4 and 5 exceeded Vcr. Finally, the eleven rating

vehicles used by the ODOT Bridge Group when performing bridge ratings are shown as

vertical lines for reference. It becomes clear that vehicles from Permit Tables 3, 4, and 5,

in both the AASHTO-LRFD case and the field data case, are sufficient to produce diagonal

cracking of the girder.

Further, the field case without multiple presence is considered. Calculation of the shear

produced by Rating Vehicle 2 multiplied by the field data impact factor and only the right

lane distribution factor results in a shear of 30.52 kips which still exceeds the cracking

shear. From this, it is estimated using the logarithmic scale in Figure R23, that easily over

10,000 trucks per year produce or exceed the cracking shear for the girder. Based on this
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assessment, it is apparent that cracking as shown in Figure R22 is to be expected for the

loading conditions.

Calculate Capacity

The next step for assessment is to calculate the capacity. An appropriate method to

calculate capacity for the structural member is required. For RCDGs the

interaction between moment and shear is essential to predicting the capacity.

Modified compression field theory [Vecchio and Collins, 1988] takes into account

this interaction and a simplified form is adopted in the AASHTO-LRFD

specification. The AASHTO-MCFT is more fully described in the AASHTO-

LRFD 5.8.3.4.2 Commentary. Full-scale laboratory testing of large RC girders

(designed to reflect RCDG bridges in Oregon) [Higgins et al., 2004b] showed that

AASHTO-99 MCFT is a simple method for reasonably predicting the ultimate

capacity of conventionally reinforced concrete members of the size and type fount

in the 1950's population of RCDG bridges in the ODOT inventory. Experimental

data from full-scale testing of twenty-three (23) specimens resulted in an average

experimental-to-predicted shear strength ratio of 1.10 with a coefficient of variation

(COV) of 7.4 % [Higgins et al., 2004b]. Figure R26 shows the results of the

predictions using AASHTO-99 MCFT on Normal probability paper. A Normal

distribution was assumed. Another method for shear capacity prediction developed

by Bentz [2000] is called Response
20001M

(R2K) and is based on MCFT.

Laboratory results for the same twenty-three specimens gave an average

experimental-to-predicted shear strength ratio of 0.96 with a COV of 5.5 %



[Higgins et aL, 2004b]. The laboratory testing statistics of these two methods are

sunmiarized in Table R3.

Table R3 Shear prediction statistics from laboratory testing [Higgins et al., 2004b].

Average ratio
Experimental to

Predicted COV
Shear_Strength

Response2OOO

R2K 0.96 0.05
AASHTO-99

MCFT 1.10 0.074

C)
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( i/(n+1))

Fig. R26 Laboratory results plotted on Normal probability paper.
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Once the section and material properties, geometry, longitudinal reinforcing, and stirrup

spacing are known at the location of interest, the program Response 2000TM can be used to

determine the nominal shear and moment (V-M) curve for capacity as described by either

AASHTO-LRFD MCFT or sectional MCFT analysis. Hereafter, results from Response

2000TM will be referred to as R2K. Two parameters for each section for input into

Response 2000TM require special note: the effective flange width (beff) and the developed

area of steel (As). Using the bridge drawings, bff is calculated using AASHTO-LRFD

4.6.2.6.1. In order to account for shear lag, a linear transition between zero and full beff

was considered in a quarter-span length from the supports (approximately 3d away from

the support for this example).

Since the flexural reinforcement plays an important role in the shear capacity ofa member,

the development length becomes of critical importance. Development length required for

the flexural steel was calculated per AASHTO-LRFD 5.11.2. It should be noted that the

longitudinal steel in the flange of the T-beam (steel to resist negative moment) does not

have more than 12 inches of fresh concrete below the steel because the bridges in this

study were constructed in two casting sequences with a cold joint and shear keys at the

flange/web interface. At each cross-section of interest along the girder length, the length of

steel available for development is divided by the development length required. This ratio

is used to proportion the area of steel at the cross-section that is effective for flexural

resistance. This method was also used by Collins [2003] for analysis of the laboratory

specimens.



As an example, the capacity was calculated using AASHTO-MCFT for the cross-section at

42 ft. in span 1. The section has flexural reinforcement located in the deck and base of the

web. Due to the cut-off locations of the flexural reinforcement, only four #11 bars were

fully developed in the flange and three #11 bars in the bottom of the section. The stirrup

spacing was 9 in. and the effective flange width was considered 50 in. to account for shear

lag. The web was 15.5 in. since the section is within the horizontally tapered stem region.

The cross-section is shown in Figure R27. Response
2000TM

is used to calculate both the

AASHTO-MCFT and R2K moment-shear (M-V) interaction curves. It is observed that at

this location where the moment is transitioning from positive to negative there is

disconnect in the AASHTO-MCFT capacity curves at zero moment (refer to Figure R28).

The section was obviously designed for the flexural steel in the flange to be in tension (ie.,

negative moment), but loading in a bridge can likely cause moment sign reversal at this

location. It is unrealistic for the shear capacity to have two different values at this point.

In contrast, the R2K M-V interaction curve shows continuity through this transition region.

Full-scale laboratory testing of RCDGs with a moving load showed that R2K is

conservative in this low moment region [Nicholas, 20041. Therefore, it is recommended

that either R2K be used to predict capacity in this region or that a simple modification to

the AASHTO-MCFT M-V curves be made. The modification for AASHTO-MCFT entails

changing the shear value at zero moment for the smaller M-V interaction curve to the shear

value at zero moment for the larger M-V interaction curve as illustrated by the dashed line

in Figure R28. Since R2K was found to be conservative near points of inflection (zero

moment) and the recommended modification to AASHTO-MCFT is below the R2K

prediction, this should be a viable solution for capacity prediction in situations where the

moment changes sign in transition regions due to vehicular loading.
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Fig. R27 Cross-section for McKenzie River Bridge at 42 ft in span 1 (RESPONS 2000TM)
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From the experimental statistics for AASHTO-99 MCFT, assuming normal distributions,

the moment-shear interaction curves at the average, and 1, 2, and 3 standard deviations (o)

below the average, can be drawn. These are used in the following safety assessment for

one-time overloads.

Safety Assessment One time Overloads

An assessment of safety for a bridge girder is performed by comparing the load effects

produced at selected cross-sections with the available resistance provided by that section.

An effective method for making relative comparisons for safety or reliability is the

calculation of the second-moment reliability index (/1). For this example, the uncertainty

and variability are considered for the resistance (or capacity) while the load (or demand) is

considered to be known (deterministic). Figure R29 illustrates how J3 is calculated. The

nominal capacity from AASHTO is shown, along with the average and standard deviations

at 1 a, 2a and 3a, all of which are functions of the statistics described in Table R3. Since

the distribution for the capacity is assumed Normal, 13 is simply the number of standard

deviations from the coordinate of intersection on the average capacity curve (Mt, Vp) to

the moment (M) and shear (V) as calculated in Equations R5 and R6. The entire truck

history is shown, but only the controlling moment and shear combination is sketched in

Figure R29. The slope (m) of the line projected from the controlling load effect coordinate

is determined from the ratio of the live load shear (VLL) divided by the live load moment

(MLL) as shown in Equation R7. This is the slope at which the load effect will increase or

decrease if all axle weights in the truck were amplified by a constant value. The y-

intercept (V0) of this projected line is a function of the live load, distribution factors and the

dead load as shown in Equation R8.
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Fig. R29 Illustration of how the reliability index is calculated.

M =MLLDFMIM+MDL [R5]

V = VLLDFVIM + VDL [R6]

m=VLLIMLL [R7]

V0=mM+V [R8]

where, IM is the impact factor and DF is the distribution factor for moment and shear as

indicated by the subscript. The probability of failure (pj) or more suitably in this use, the

probability of exceedence, is the area under the normal curve left of the (M, ') coordinate,



52

and is related to /3 through Equation R3. Equation R9 is in general probability terms for a

discrete value of X,

Pf =P(Xx)=((xu)/o). [R9]

For this two dimensional case, x is the coordinate (M, 1'), u is the coordinate (Mp, V,u), and

ais shown in Figure R29.

Calculate the Reliability Index

A FORTRAN program was written to aide in the calculation of pj- and /1. This program

checks each of the moment and shear pairs produced at the cross-section as the truck

models are moved across the bridge and stores the minimum value of /3. The smallest

/3 indicates the controlling load effect at the location.

The safety assessment is performed for the McKenzie River bridge at the potential critical

locations at 4 ft. (ci), 8 ft. (-2d), 12.5 ft. (quarter-point), 25 ft. (mid-span), etc. (refer to

Figure R2 1). The tapered web between quarter-points on either side of continuous

supports was considered for the resistance calculation. Cross-sections of the girder at each

location are shown in Appendix D. The /3 values calculated for the eleven ODOT Rating

Vehicles are plotted versus the location of the section in Figure R30. One critical location

is indicated where /3 dips to the lowest value (--2.5).

The location is in the first span, 8 ft. from the continuous support (the same section

evaluated for cracking). Rating Vehicle 8 resulted in the smallest /3 for the section. It
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produced the smallest /3 in both the positive and negative moment regions. Three WIM

vehicles classified as Permit Table 5 resulted in nearly the same /3. For this section, the

load effect V,, with corresponding moment controlled. /1 at 42 ft. in span 1 is calculated

from Figures R3 1 and R32 for the AASHTO-LRFD and field data cases, respectively. The

comparison of the AASHTO-LRFD and field data cases shows that using distribution

values collected for the specific bridge and using loading specific to the State will result in

much larger /3 values, possibly more representative of in-situ conditions. The AASHTO-

MCFT M-V interaction curve has been adjusted to transition the capacity in the

disconnected region. It is clear that if the M-V interaction was not adjusted, some rating

vehicles would have indicated /3 less than 1.0 and in some cases exceeded the nominal

capacity.
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Fig. R32 - Safety assessment for the exterior girder for the cross-section at 42 ft. in span 1.
Live load distribution and impact factors from field data.

The critical section is where flexural steel is cut-off in both the flange (deck) and the web.

The critical section considered for this bridge is at 42 ft. in span. This section will be

further evaluated for low-cycle fatigue.

Compare the Reliability Index

Determining the critical section for a girder of the many possibilities by comparing /3 is the

primary use of the reliability index. The index can also be used for comparison between

components and other RCDG bridges for ranking. To establish a target reliability index for

the bridge inventory, a suite of bridges should be assessed. The suite of bridges should

also be rated using the AASHTO 2003 Manual for Condition Evaluation and Load and

Resistance Factor Rating of Highway Bridges (LRFR). The LRFR is calibrated for a target

reliability index of 2.5. Comparison of the safety assessment to unity in the LRFR will
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help gauge what index should be selected. Other guiding factors are experience,

performance, bridge age, and loading history.

The LRFR provides reliability based rating evaluation in contrast to past practice (Guide

Specifications for Strength Evaluation of Steel and Concrete Bridges 1989). The LRFR

adopts a target reliability index of 2.5 calibrated to past AASHTO operating level load

ratings. The calculations for loads and resistance use many AASHTO-LRFD principles.

The main difference is the load and resistance factors are specified for rating based on

evaluation.

For comparison, the rating factor for one of the critical sections was calculated using the

LRFR. The section at 42 ft. in span I was selected. Therefore, the load effects from

Rating Vehicle 8 were used. A Permit Load Rating was performed. The result for

checking Rating Vehicle 8 at the critical section gave a Permit Load Rating of 0.83 for

Moment and 0.55 for Shear. Since the ratings are less than unity, this vehicle should not

be allowed on the bridge. This would indicate that the LRFR /3 of 2.5 and that of the safety

assessment can not be directly compared. It also indicates that a /3 of 2.5 in the safety

assessment may not provide an adequate level of safety as compared with the LRFR.

Low-Cycle Fatigue

Once the critical section (or critical sections as in this example) is determined, the section

can be evaluated for repeated loading. To address the issue of low-cycle fatigue (LCF), it

is necessary to identify the number of trucks, when combined with the dead load, to

produce load effects sufficient to cause yielding in the stirrups. Further, it is necessary to
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identify the magnitude of these loads in relation to the nominal capacity. The nominal

capacity for AASHTO-99 MCFT is drawn with a resistance factor () of 1.0. The curve is

then redrawn at 95%, 90%, 85%, and 80% of ultimate capacity. The yield surface,

moments and shears that cause yielding in the stirrups as determined from analysis [Robelo,

2004] is plotted. Due to the nature of the yield surface, only the maximum shears and their

corresponding moments need be produced from the load spectrum for this evaluation.

Vehicles that fall above yield are binned for each 5%-capacity and are plotted in a

histogram for comparison with laboratory testing results for LCF.

Load effects produced by the WIM vehicles in one year as collected at Wilbur and

classified as Permit Tables 3, 4 and 5 are calculated for the two critical locations identified

by the safety assessment. The two cases for distribution factors and impact factors are

presented for each section.

The LCF evaluation for the section at 42 ft in span I of the McKenzie River bridge is

illustrated in Figure R33 for the AASHTO-LRFD case and Figure R34 for the field data

case. Of these cases, only the section at 42 ft in span I with AASHTO-LRFD distribution

and impact factors applied (Figure R33) produced load effects sufficient to yield the

stirrups. There were only five events that exceeded the yield threshold; three in the 85% of

capacity range and two in the 80% of capacity range. The histogram of the results is

shown in Figure R35.

If it is assumed the annual values for truck load effects are stationary and there is statistical

independence, then the annual value ofoccurrences can be extrapolated to estimate bridge
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Fig. R33 Low cycle fatigue evaluation for exterior girder of McKenzieR. bridge at 42 ft.
in span 1 (AASHTO-LRFD). One year (14,510) Wilbur WIM permit vehicles.
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Fig. R35 Annual cycles with load effects greater than the amplified yield points. Results
from low cycle fatigue evaluation at 42 ft. in span 1 for exterior girder of the
McKenzie R. bridge (AASHTO-LRFD).

life when compared to the LCF data from full-scale testing in the laboratory [Higgins et al.,

2004b]. Judgment as to the number of cycles that may already have occurred must be

made in order to estimate remaining bridge life. The methodology for estimating life given

a number of overloads is described in Higgins et al. [2004b].



CONCLUSIONS

Assessment of an existing bridge is needed when the structure exhibits signs of distress.

Assessment practices require refinement in the calculation of loading and resistance, while

maintaining an acceptable level of risk, to minimize costs associated with repair,

replacement and weight restrictions. The methodology presented integrates full-scale

laboratory testing for capacity, which found that the capacity requires assessment of shear

and moment capacity simultaneously, and field data, with an Oregon specific truck loading.

A live load model (load spectrum) was developed for Oregon, followed by a service level

evaluation to explain the presence of diagonal tension cracks in vintage 1950's RCDG

bridges. An assessment methodology was also presented that integrates the vehicular

loading specific to Oregon with field data and full-scale laboratory testing findings for

evaluation of RCDG bridges.

Investigation of weigh-in-motion data revealed that the rating vehicles used by the ODOT

Bridge Group do in fact envelope the load effects produced by the WIM data. It also

revealed that there are no clear distinctions between load effects produced by vehicles

within the various permit table classifications.

Service level performance evaluation demonstrated that the McKenzie River bridge is

expected to have diagonal tension cracks. Since this bridge is characteristic of the many

bridges in Oregon's inventory, it is anticipated that many of the 1950's vintage RCDG

bridges would exhibit this type of cracking.



Phase 1 of the assessment methodology was a safety assessment for one-time overloads at

critical sections of a bridge girder. Full-scale laboratory testing of RCDGs revealed that

the capacity of a typical girder was reasonably predicted using the AASHTO simplified

form of modified compression field theory (MCFT) which accounts for shear and moment

interaction. A recommendation was made for section capacity near points of inflection.

The statistical characterization for AASHTO-MCFT, based on full-scale testing, was

considered for the section capacity and compared to the load effect, which was considered

to be deterministic. A reliability index (j3) was calculated to identify critical sections. The

section with the smallest reliability index was the most critical. After application of the

safety assessment methodology to multiple bridges in the ODOT bridge inventory and

comparison to the current load and resistance factor rating specification for highway

bridges, a target fi can be selected for Oregon's RCDG bridges that will represent an

acceptable level of risk to be maintained system-wide.

Phase 2 of the assessment methodology addresses the issue of low-cycle fatigue (LCF).

LCF occurs when load effects produce shears and moments sufficient to cause yielding of

the stirrups. The most critical section identified in Phase 1 of the methodology is evaluated

to determine the number of WIM vehicles (per year) that produces load effects that cause

stirrup yielding and at what percentage of the ultimate capacity. If the truck load effects

are assumed stationary and to have statistical independence, then the annual number of

cycles at the various amplitudes, when compared to the LCF data from full-scale

laboratory testing, enables estimation of bridge life.
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The assessment methodology can be applied to other structural members (ie, bent caps and

columns) using appropriate capacity models recommended by future research efforts.

Once applied to the bridge system, use of both the safety assessment and LCF evaluation

will enable engineers to rationally establish load restrictions based on an owner selected

target reliability index developed for the bridge inventory, prioritize bridges (or segments

of a bridge) for repair or replacement, and evaluate how repeated events that yield stirrups

may reduce the life of a bridge.
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RECOMMENDATIONS AND FUTURE WORK

The following recommendations and suggestions for future work are divided into two

categories. The first is for load data collection and analysis, and the second is for

applications of the assessment methodology.

Load Data

Modify WIM data collection format to eliminate spurious data to eliminate

unnecessary post-processing and facilitate compilation and integration of new data.

Obtain additional information concerning axle weights and spacing for all

overweight permits issued. This will allow for possible inclusion of additional

data in the extreme distribution tails (large load effects with infrequent occurrence)

which WIM may not capture.

Update the model each year to check for changes in the load spectrum. In addition,

check that the rating vehicles are still representative of in-situ truck traffic. The

fact that Rating Vehicle 6 controlled over all the other Rating Vehicles during the

safety assessment of one of the critical sections (Figure R33) may indicate that the

number of Rating Vehicles can be reduced after further investigation.

Analyze available data for other routes in Oregon, particularly 1-84 and US

Highway 97 to compare with the load spectrum examined for 1-5 in this study.

Evaluate The AASHTO HL-93 design vehicle and lane load during assessments to

use for comparison with the LRFR specification.

Finally, load effects on other bridge components in addition to girders, (ie.,

bentcaps, columns, etc.) should also be calculated for a system assessment.



If desired, the live load effects can be characterized statistically. It was determined

in the course of this study that the shears from Permit Tables 3, 4 and 5 are best

characterized by a Lognormal distribution (see Appendix A). The characterization

should account for the variability in each part of the load effect calculation

(Equations R5 and R6) since the live load, dead load, distribution factors, and

impact factors, are all random variables with variability and uncertainty as a result

of the methods used for measurements and calculations. This could prove

untenable as the shear and moment are not fully correlated near continuous

supports, and the controlling load effect (from the truck history) will vary

depending on the capacity curve to which it is compared.

Application

Determine a target reliability index for Oregon's RCDG bridge inventory by

performing safety assessments of numerous bridges in Oregon using the previously

described methodology in concert with load rating per AASHTO-LRFR [2003].

The proposed method is applicable to bent caps, but analysis methods available to

predict capacity are not currently adequate and insufficient data exist to

characterize the statistical variability. Other structural components, in particular

the bent caps, may govern the capacity of a bridge as a system. Therefore, a safety

assessment for the bent caps comparing load effects to the best method for

predicting capacity for the bent caps as determined from full-scale testing should

also be developed.
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APPENDIX A

TRUCK LOADING
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IMPORTANT TRUCK LOADING TERMINOLOGY

MCTD: Motor Carrier Transportation Division of the Oregon Department of
Transportation.

GVW: Gross Vehicle Weight The weight of a vehicle or vehicle combination and any
load thereon.

Single Axle Weight Total weight on one or more axles whose centers are not more than
40 inches apart. Federal Single Axle Weight limit is 20,000 lbs.

Tandem Axle Weight Total weight on two or more consecutive axles more than 40
inches but less than 96 inches apart. Federal Tandem Axle Weight limit is 34,000
lbs.

Bridge Formula: W=500 [LN/(N-l) +12N + 36], where L = length (ft), and N = axles,
W= weight (lbs) The single or tandem axle weight limits supercede the bridge
formula for all axles not more than 96 inches apart. Bridge Formula Exception:
Two consecutive sets of tandem axles may carry 34,000 lbs each if the overall
distance between the first and last axles of these tandems is 36 ft or more. See
handout for more detail.

Overweight Permit: Required for trucks over 80,000 lbs or "legal axle weights" that are
single non-divisible loads. (ie, Tables 2 to 5 +)

Extended Weight Permit: For divisible loads with maximum weight of 105,500 lbs
(Table 2).
Good for one year. Expected to comply to Maps 1, 4, and 7 showing length limits.

Permit Weight Tables: Truck configuration and load distribution in any grouping meets
the table values. Table I based on Bridge Formula.
Tables 3 to 5 created by Oregon.

Table 1: Legal loads (max GVW 80,000 Ibs, single axle 20,000 Ibs! tandem
34,000lbs)ORS8 18.010
Table 2: Extended Weight permits up to 105,500 ibs, but must have legal axles.

Smaller axle groupings must still pass Table 1. (Just accommodates
longer vehicles).

Table 3: Consists of both Continuous Trip heavyhauls with GVW less than 98
kips and Single Trips (beyond 98 kips GVW). Based on two wheelbase
formulas:

For 18 ft or less of wheelbase,
(1000)*(wheelbase + 4Oft).
Otherwise,
(1200)*(wheelbase + 40ft).

Table 4: Single Trips only. Based on two wheelbase formulas:
For 18 ft or less of wheelbase,
(1200)*(wheelbase + 40 ft).
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Otherwise,
(1400)*(wheelbase + 40 ft).

Table 5: Allows even more weight on a shorter wheel base. Single Trips only.
Based on three wheelbase formulas:

For wheelbase between 8 and 10 feet,
(6500)*(wheelbase).
10 ft < wheelbase < 30 fi,
(2200)*(wheelbase + 20 ft).
For wheelbase> 30 fi,
(1600)*(wheelbase + 40 ft).

Super Load: Anything that falls outside of Weight Table 5 must be cleared by engineering.
For example, Triple axle over 65 kips or GVW over 304,000 lbs. Road use
assessment fees are already prepared for loads up to 240,000 lbs. Anything over
this must be computed by the department.

STP: Single Trip Permit- Is sued for portions of Weight Table 3, and all of Weight
Tables 4 and 5. (Bonus Weights) Permit is valid for about one week. Route must
be declared.

CTP: Continuous Trip Permit May travel wherever and as often in one year. (98,000
max GVW,
21,500 lbs/axle or 43,000 lbs/tandem) Expected to comply to Route Map 2.

Bonus Weight: A truck qualifies when it has at least 9 axles in the combo with 4
consecutive tandems (24,000/axle, 48,000/tandem)

Reference Document located at http://www.leg.state.or.us/ors/.
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Permit Weight Table I
SALEM OREGON 91301.2530

The following exceptions apply to the table of weights shown below:

Minimum axle spacing is the distance between the first and last axle of any group shown above.
Wheethasi

kFeQ4
miailu. Wheelbasi

hiF
"2 3 4 5 6 1T

lOrMore
2 3 4 5 6 7

OrMore
4 34,000 34,000 34.000 34.000 34,000 34000 31 40,000 59,000 62,500 67,500 72,500 78,000
5 34,000 34,000 34,000 34,000 34.000 34,000 32 40,000 60,000 63,500 68,000 73.000 78.500
6 34,000 34,000 34,000 34,000 34,000 34,000 33 40.000 60,000 64.000 68.500 74,000 7
7 34,000 34,000 34,000 34,000 34.000 34,000 34 40,000 60.000 64,500 69,000 74,500

8 & less 34,000 34,000 34,000 34,000 34,000 34,000 35 40,000 60,000 65.500 70,000 75,000
Over 8 38,000 42,000 42,000 42,000 42.000 42,000 36 40,000 60,000 66,000 70,500 75.500 80,000

9 39,000 42,500 42,500 42,500 42,500 42,500 37 40.000 60,000 66,500 71.000 76,000 80,000
10 40.000 43,500 43,500 43,500 43.500 43,500 38 40,000 60.000 67,500 71,500 77,000 80,000
11 40,000 44,000 44,000 44,000 44,000 44,000 39 40.000 60,000 68,000 72,500 77,500 80,000
12 40,000 45,000 50,000 50,000 50,000 50,000 40 40,000 60.000 68,500 73,000 78,000 80,000
13 40,000 45,500 50,500 50.500 50,500 50.500 41 40.000 60,000 69,500 73.500 78,500 80,000
14 40,000 46.500 51,500 51,500 51.500 51.500 42 40.000 60.000 70,000 74,000 79,000 80,000
15 40,000 47,000 52.000 52,000 52,000 52,000 43 40,000 60,000 70,500 75,000 80,000 80,000
16 40,000 48,000 52,500 58,000 58,000 58,000 44 40,000 60,000 71,500 75,500 80,000 80,000
17 40,000 48,500 53,500 58.500 58,500 58.500 45 40,000 60,000 72,000 76,000 80,000 80,000
18 40,000 49.500 54,000 59,000 59.000 59,000 46 40,000 60,000 72,500 76,500 80,000 80,000
19 40,000 50,000 54,500 60,000 60,000 60,000 47 40,000 60,000 73,500 77,500 80,000 80,000
20 40,000 51,000 55,500 60.500 66.000 66.000 48 40,000 60,000 74,000 78,000 80,000 80,000
21 40,000 51,500 56,000 61,000 66,500 66, 49 40.000 60,000 74,500 78,500 80,000 80,000
22 40,000 52,500 56,500 61.500 67,000 67. 50 40,000 60.000 75,500 79,000 80.000 80,000
23 40,000 53,000 57.500 62,500 68,000 68, 51 40.000 60,000 76,000 80,000 80,000 80,000
24 40.000 54.000 58,000 63,000 68.500 74, 52 40,000 60.000 76,500 80,000 80,000 80,000
25 40.000 54,500 58,500 63,500 69,000 74, 53 40,000 60,000 77.500 80,000 80,000 80,000
26 40,000 55,500 59,500 64,000 69,500 75, 54 40,000 60,000 78,000 80,000 80,000 80,000
27 40,000 56,000 60,000 65,000 70,000 75, 55 40,000 60,000 78.500 80,000 80,000 80,000
28 40,000 57,000 60,500 65,500 71.000 76, 56 40,000 60,000 79,500 80,000 80,000 80,000
29 40,000 57,500 61,500 66,000 71,500 77, 57 or 40.000 60,000 80.000 80.000 80,000 80,000
30 40,000 58,500 62,000 66,500 72,000 77 more

The loaded weight of any group of axles, vehicle, or combination of vehicles shall not exceed that specified in the table of

weights shown above or any of the following:

The manufacturer's side wall tire rating but not to exceed 600 pounds per inch of tire width.
600 pounds per inch of tire width.
20,000 pounds on any one axle, including any one axle of a group of axles.
34.000 pounds on any tandem axle.
The sum of the permittable axle, tandem axle. or group of axle weights shown above, whichever is less.

Note exceptions 1 and 2 above.

Distance measured to the nest-nsf font, whati ssactiv 1/2 fOot ormore, round an to the next tamer numl,er.

'iUf!TE Two consecutive tandem axles may weigh up to 34,000 pounds each if:
Minimum Axle Spacing Required Interstate Highways Non-Interstate Highways

30 feet or more Permit Required No Permit Required
36 feet or more No Permit Required No Permit Required

(I1IT5TIV A group of four axles consisting of a set of tandem axles and two axles spaced nine feet or more apart may
have a loaded weight of more than 65,500 pounds and up to 70,000 pounds if:

Minimum Axle Spacing Required Interstate Highways Non-Interstate Highways
35 feet or more Permit Required No Permit Required

Fig. Al Legal weight table [Oregon Motor Carrier].
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r OporwD5pARraiENro rR4N$POR94rION
MOTORCARRSA TF4M*PORTATON D.WSIQV
SCAPIT. ST

PERMiT WEIGHT TABLE

2

[ii*FIRASt
5 Axles 6 Axles 7 Axles 8 or More Axles

47 77500 81000 81000 81000
48 78000 82000 82000 82000
49 78500 83000 83000 83000
50 79000 84000 84000 84000
51 80000 84500 85000 85000
52 80500 85000 86000 86000
53 81000 86000 87000 87000
54 81500 86500 88000 91000

87000 89QQQ, 92000
56 83000 87500 90000 93000
57 83500 88000 91000 94000
58 84000 89000 92000 95000
59 85000 89500 93000 96000
60 85500 90000 94000 97000
61 86000 90500 95000 98000
62 87000 91000 96000 99000
63 87500 92000 97000 100000
64 88000 92500 97500 101000
655Q 93000 98000 102000
66 89000 93500 98500 103000
67 90000 94000 99000 104000
68 90000 95000 99500 105000
69 90000 95500 100000 105500
70 90000 96000 101000 105500
71 90000 96500 101500 105500
72 90000 96500 102000 105500
73 90000 96500 102500 105500
74 90000 96500 103000 105500
75 90000 96500 104000 105500
76 90000 96500 104500 105500
77 90000 96500 105000 105500
78 90000 96500 105500 105500

{Welght Table 1, if using less Ihan five axles or 47 feet whee(base.1

WNBI EXACIIY ll ar OR MORE, 4IlD UPTOTE

Fig. A2 Extended legal weight table [Oregon Motor Carrier].
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WHEELBASf
a , n 7 1 10 U 12 13 14 ItS lb Il )$ 19 20MI Mi.. Mj. A. Mk* Ark. Ask. Ak. Ask. Mk. A3.* Mk. Me.. A.h. Mh, Ml..

TI 4&alO fl0l I20.0 l440O IM000 i77.eOO lfl.Ul 177.200 Ifl00 117.200 Ifl.ø0 lfl.00 IflMOO 1fl.0 tfl.0 11700 l,1.eoo ln.072 43.0 72. I20. 144.W0 I0 Ifl.200 17I.2 179.300 179,200 fl30C I.20 l7.200 1?2U0 I7V.200 11lO0 11l.200 17.200 1?200
73 43.1510 73.0(51 5*8(51 120(16) 144.1107 106,1070 8*8(10 15*810) 15*8(10 (5*000 (20.800 180,000 120.200 16*200 120.640 15*800 180.800 15*800 (5*74 43.000 72. 46.000 I40,( 144,060 108,200 164,400 182.400 164.400 164,400 120,400 164,400 106,400 164,400 182,400 164,400 164.400 120,400 (64.400
?20o13.00,l20.00O 144.2001(0&2001$4.1070 184,000 Jb40OO)84000 184,006 184.200 184,000 I84.000)SçoO0l84164JQ90
14 42.1100 74.060 04.000 120.006 144.000 16*000 15*800 185,006 185,800 185.620 (05.800 185,600 185.400 185.600 186,600 185,600 185.400 105,400 *40,800
77 43.000 72.000 94.000 *20,000 I44, 16*000 187.200 181.220 187.220 187,200 187,220 187,200 187.206 187,200 187.200 107200 101.200 167.220 187.206
78 43. fl, 98.000 140.020 144.0(51 10*006 100.820 18*806 16*4(0) *08.620 188.800 18*806 188.920 *68.806 188.806 188,806 100.000 168.800 I$I.
70 43.000 75.000 118.006 (36.020 144.1167 15*020 1164406 140.420 180.420 1414420 140400 140.400 190,406 *90.400 148.406 240.400 140,400 160.420 (80,406
1J0 42,O,fl,° 94.006 *26,020 I44. 268.000 182,000 *85,006 182,020 292,000 *92.000 *92,000 1112,,000 *45,000 142,000 202.000 145,000 *02,020 *5*000
Ml 43,200 72,000 48.000 120,020 144.200 *00.020 *52,200 103,006 *05.500 103.600 1140.000 198.400 202.806 100.606 195.400 *93,600 15*800 245.800 *40.408
82 43,000 72,000 06,000 130,006 *44,000 *8*000 *5*000 16*206 *5*200 104.200 15*200 15*200 306.320 (8*200 146.200 106,200 185,200 15*300 *8*200
83 43.000 72,800 66,000 120,000 l44, (6*006 382,000 196,806 *96.806 244.800 15*8151 144.900 146.806 104.820 140.800 104.900 100.400 194.806 15*800
84 43.000 72,060 96,000 340,006 344,1551 26*000 (20,006 19*410) 198,400 104,4151 14*410) 194.406 104.406 246.400 *5*400 39*400 199,420 208,400 *5*400

94.020 I 510 26*020 II )005*),94*) *007 2014000 25*000 )06 3,ç)0j16) 2110,0(2)2014800 200.000
4643,006 72060 5*006 120.006 144,100)061507 15*165) 301.600 201.406 201,1601 2111,800 203.406 201.4(0) 201.800 201.600 201.606 301,406 201.606 201.800
67 43,200 75.200 40,006 220.1007 *44,000 14*000 *42.000 203,200 203.206 203,220 203,200 206.200 203,220 203.320 203.200 203,200 242.200202.306 505.206
86 43.060 74.000 90,000 190,020 144,000 105,020 356,060 304,900 304,600 204,900 204.800 304.900 204.006 204.800 204,400 204,800 304,800 204.806 504,600
60 43.000 75.000 5*000 *40,020 144,000 168.000 202.000 20*420 206.400 306,400 300,400 204,440 30*400 20*400 34*400 204,400 206.420 308.400 204.400
90,5,1,000 72,000 86,43.4)12,915) 144, 168,006 lIFJ,,,.,91X) 208,000 209, 305.000 54)4.00(1,2(5*400 205.000 205.000 208,000
9* 43.200 72,000 06,0(5) 120.006 *44,020 166,1007 *42.6*1 204.40)) 200.900 2044615) 2047640) 34*800 2041.520 200,600 000.8151 200,900 20(1,420304,625) 409,800
92 43.420 12.0005*4201 120,8(0) *44,049) 18*100) 42,0101 211.220 211.206 211.220 211.200 211.200 211.2121 221,200 211.220 2*1.242) 221,206 221,220 211.200
83 43.000 13.000 46,0251 *20.000 *44,000 144,020 1W4 2)5,806 212,800 2*3.806 313.800 012,400 2*3.400 210.820 313.000 312,900 213.840 213.600 2I2.
94 43,200 72,200 90, (26,006 144, 168,000 182,006 314,406 2*4,400 214,400 214,400 214,400 334,406 2*4.400 2)4,400 214.400 2)4.400 214.406 214.400
68 43,000 72, 95.0(51 *300(5) 344,0451 0441,000 t02.0062l6.0002lf0002Iç0402l062*6.0002l0.2I,000BI8.000 214.900 218.000516.000
96 43,000 72.000 96,006 220.006 l44, 16*000 *08,080 019,000 3)7,420 217,600 217,600 2*7.600 2*7,806 2*7,820 2*1,406 217,600 227,400 5*1.406 217,400
91 43.000 72,000 46,006 *20.006 *44,187 16*000 *42.000 2*8.020 2)4.380 325.220 2)0.200 115.220 229,10*) 215.206 224.200 215.290 2)4.306 2*8,220 41*20094 42, 72,200 5*006 2214020 144.020 I6* 192,010) 214.015) 220,820 220, 220.820 228.006 220.400 220.606 220, 228.800 220, 726,800 200,
90 43,000 73,900 66,000 120,000 144.0(07 *6*020 102.000 2)9,006 222.406 222.400 722,420 223.400 222.400 722,420 222,400 222,4407 722.400 722.420 722.400

,,J914,3Q3,006 5*6*7120,4007 144,100)26*100) 182,040 218,10.0)224,1570234.4007 224,120 *04,000 024. 224 (5*? 224,900 224,,,45108545,,200 2,24,020 224,200
*0) 43,060 12,00)) 5*000 120,000 *44,000 *86,200 720.000 219,000 225,800 225,400 220,460 220.000 223.000 225,400 225.000 225,400 300,800 220,800 25*640
164 43.000 72,000 40,400 220,200 144,060 *04.200 102,060 210.000 221,200 227,200 221,200 221,200 221.200 231.200 297.400 227.290 227.200 227.607 427.200
106 43,060 72.000 4*000 120,000 144,000 *88,060 120,000 216,000 220,800 229,800 220,400 220,400 224,800 238,600 220.640 228.900 226,900 224,000 25*600
104 43,000 72.020 46,000 320,000 344,200 164,200 182.200 214,000 230,400 220,400 2)0,400 230,400 220,420 230,400 220.400 230,400 230.400330.400 220.400,,14Lj20,90°14.06° 19*10)0 IO2.0( 2)6 1010 232 232.000 33.000222.000430.000,
109 43.5107 72,006 46(00) *20,000 244,000 1184,000 152,200 2)5,100) 23.3,400 220,800 233.000 233,606 220.15)0 232.060 220.4(10 232,0160 2)3,900 233.8107 2)3,400
107 43,000 12.006 5*1*3) 120,045) 144.4(00 15*150) 1110.12)0 210,1*01 236.3*) 235,206 336.24*1 236,220 231.3.27 235.3044 236,200 236,3*7 036,242) 235.30(3 236,200
(451 43,0)5) 72, 5* 120.200 344,200 194.000 152,060 2)6.440 338.000 3344900 338,404 334,800 230.800 336,800 2)6,800 330,800 220,400 234,406 25*000
*06 43.060 72.000 5*000 220,000 144.640 308,060 152,000 210,000 236.400 238,400 438,400 234,400 278,400 230.400 228.400 238.400 334,440 224.400 *5*400
1! 43.000 73.020 5*000 320,900 344,000 366,000 15)4.909 214,000 240,000 240,060 040,000 240.060,040900 540,006 340,000 240,000 240,000 240,000 340.060
32) 43.060 75,000 5*000 120, 244,0(10 284.000 142,060 210.000 240.0*01 241,200 24(600 243,800 041,187 241,600243.000 241.400 243.400 041,800343,800
2*2 43,000 72,425) 00,0(01 12fl, 144.060 160,10)0 142.060 236,1*4) 240,1*5) 243,300 243,2(07 243,306 243,340 243.200 213. 243,200 543.290 243,200 443.300
112 43,060 72,006 5*900 120.000 344.060 148.000 142,000 239,060 240.000 344,4(07 244.600 244,000 244,900 244.800 244)520 244,440 544.800 244.800 344.900
3*4 43.060 72.020 9*060 130,000 144.200 *89,4070 382,000 010,1*2) 340.060 848,420 346,406 040,440 246,420 246.418) 240.520 248.400 340,802) 244.420 240.400

,1I6 406 90900 *20.000 144900 *90,000 15*400 328,000 340,000 244.200 248,000 38*000 348,000 248,006 348,200 344,000 348.000 244,020
3*6 43.000 12,0(5) 5*000 430.000 *44,200 308,000 142,000 218.006 340.000 245,600 244,000 549.080 249,400 249,600 240,400 248,040 349.600 244.600 248,000Ill 43,000 72,006 96,000 *80,0(20 344,200 188,1010 120,000 216,000 540,000 241,200 243,200 251,200 251,300 001,260 202.300 2171,200 252,200 2*1,200 251.200
116 43,000 73.020 00,10)0 130,000 144,060 188.200 *52,200 236.000 240.000 202,800 212,050 253.800 352,900 252.800 248.640 252,000 392.400 380,800 242.800
110 43,200 72,020 40.10)0 150,060 144,060 188.000 142,116) 2)6,000 240,90*) 254,400 244,400 254,400 240.400 2.44.400 254.420 284,440 254,400 254,400 284.400
120 43,060 72.006 94.020 320,000 *44,060 188,060 I92,,2,5990o2404)0o29*00O 256200 35*009256000286,900234.060 28590025*000254.000208900
131 43900 13.020 00900 *30,100) 344,000 166,200 102.000 2)5.1510 240,000 257.600 257,600 257.000 257900 247.400 257.400257.600 257.400 257.020 257900
283 43.200 12,020 9* l20, *44,200 260.1310 102,200 2)6,187 240,200 220,200 21)242110 000,200 350.206 250.240 250,308 05*800 880.200 25*200 536,200*23 43,000 12.000 46,0(51 *20,0401 *44,060 (1.46,4070 164.060 210,200 340.200 240,400 280,400 206,460 200.8(01 200*16) 05*400 240800 240.400 2fl0. 240.800304 43,200 72.000 00,000 100, 141.200 208,200 142,200 2)0.000 240.400 292,400 3(72,400 320.400 2.472.408 213.400 25*400 292.420 292.400 25*400 242.400
425 43.060 72.000 06.000 120,640 144,10)0 168,000 392,200 216.000240,000 254,000 284.060 284,000 284,000264,000 20.4900264,000 264,000 264.000 244,060
*28 43,060 72.000 46.000 120.000 144900 168.200 242,000 210.000 240,060 264,000 204.040 240.800 306,800 286900 246,800 080,000 200,600 300.400 280.600*27 43,060 72,006 40.000 130,1*5) 144,1051 *88,10)0 *42.200 2l6, 240, 264,10)0 267,200 367,200 291,320 267,200 267,200 267,300 067,300 567.500 287.200
138 43,600 72,020 46,060 1)0.640 144,000 108.000 182.000 2)44,15)0 240.400 364,060 29*81)0 340.860 288)87 208.6*) 256,608 208.000 206,806 368.800 206,800
2311 43,200 72,000 1*6.0(5) *20)010 144,000 *08.4*07 182,15)0 30,015) 240, 064,1161 270,44)0 370,406 275.4(0) '476.406 270,400 070,406 070.400 270.406 270.400
13043,40072.006_4*000I20,I44,200 *68.000 20*000 215.200 240, 264,060272.000 273,000573,900 278.000273,000272,200272,000372,000570,000
IS) 43,000 72.000 46.800 120, *44,200 *09.000 *52.600 210.000 040,000 084,000 272,400 212,000 273.800 375, 213,800 213,600 272.900 273.400 312.000
132 43,000 72.000 96.000 *20.000 *44,200 *08,200 *64,000 0*0,000 240,000 384,200 275,200 2724,300 275,300 275,800 275,200 275,200 572.200 272,200 570.300
*33 43,200 12.500 8*200 15*1510 144.000 188,060 142,000 2)4,200 240,000 254.1510 278.900 374,800 276,800 274.800220,200 376,900 274,800 278.800 374.000
134 43, 72.006 5*000 *20,000 *44,200 148.060 *42,200 210,1*5) 240,6*) '4(74, 105) 378.400 278,400 279.400 278.400 278,400 278,400 320.406 278.440 316,4001204590,22,0(5) 5*0(5) l20, 200 5*02152000280000380 340.060 28*900 35*000480,060
(34 43, 73,000 46900 l20, 144,060 188,000 152.000 2)9,000 240,400 364,000 201.400 281,600 281,0(07 381.800 281.400 241,000 283,600 381.600 281.600
23'? 43.000 72.000 86,000 120,000 144,200 100,000 152.400 2*6.000 240. 364.200 293,200 283.200 345.200 283.200 243.300 293.200 293.300 263,300 283,200
13643,060 72,020 9*000 120.000 344.060 *88,200 102900 0344,000 240,400 204.060 044.600 564.460 064,10)0 284, 354.920 204.900 284.800 284.600 284.000
*30 43,200 12,020 98,006 (20,000 *44.800 15*1010 110*900 2*6,000 240.000 304,200 280,400 590,420 206,400 206,406 285,400 280,400 346,400 346.400 240.400

043.909 72.020 5*1*10 120,4510 244900 18819)0 25*000 . 216900 249900 204.200 2(84,200 2(5*00028#.00028890025*9002101,1520 388,000 25*000 286,900
141 43,060 72,006 46.200 120,000 344,060 188.15)0 *02.060 3)4,200 340,0(0) 344,200 2*0*49)0 590,400 364,000 286.400 289.400 289900 200,800 280,800 289.400
142 43,060 75.000 40,000 120,000 144,000 *5*8(16 *20.200 216,000 340,000 264,060 284.060 343,200 291,2(01 341900 241,300201,200 241.200 801,200 291,200
*43 43,060 72,006 46,200 120,000 144,000 l6* 120,000 216,000 340.006 264.200 298.000 292.600 242.81)0 242.000 293.000 202,000 220.800 282.800 202.8(07
244 43,200 12,006 9*6*) 220.060 141.060 18*000 102.200 210.000 240.0407 2444,40)0 29*40)0 2114,400 3116.400 244,420 284,400 294,400 200.420 204.400 264,420
3417 43.200 73,006 5*200 230,200 144,200 160,200 *06900 210,060 340,4207 384.200 2l64, 346,060 2*46.0401 296. 245,1527 346.4020 '45*000249,990,,%10
*46 43,000 72.020 8* 120.000 *44,200 148,200 142,960 216.000 240,400 284.000 280,000 587.900 257.400 391.800 281,800 257,080 281.400 347.090 247,400
141 43,000 72,000 00.000 120,000 144,200 180.200 *20,400 214,000 240,400 264.000 25*000 346.200 389,300 28*200 29,6,300 290,200 248,200 29*200 286.500
148 43,200 72,020 9*000 *40,000 144.600 100.060 102,200 210.200 240.000 284.060 286.000 320,800 320.900 300.800 320,800 300,000 220,800 320,900 300.000
140 42,600 72,000 9*000 120,000 *44,060 148.060 *42,6*1 238,200 240.000 269,200 284.4210 300,400 300,400 200.440 306.400 306,400 306,400 320.400 306.400
100 43,400 72,42*) 4*6.000 *20.200 *44.0)01 15*4)06 140.187 210,000 944.8(51 244.000 298.0216 300,060 364)516 3l$. 304.200 904,000 204,200 300,000 204.000

oT. WHEN £XACTS.Y 112 FOOT OR MORE FO9R2O UPTO NE NEXTlARGER NL00IERI

Fig. A5 (Continued) Permit Table 5 [Oregon Motor Carrier].
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Fig. A6 Location of WIM stations in Oregon.
[http ://www.odot.state.or.us/trucking/its/greenlsites.htrn]

OREGON DEPARTMENT OF TRANSPORTATION
JOINT STATE/COUNTY PERMIT

CARRY THIS PERMIT IN THE CAB OF THE POWER UNIT AT ALL TIMES

Permit No: STP239729 Issue Issue Effective Date of Total
Date Time Date Expiration FeeLocation: EOSTFAX 09/10/2002 0207P 09/16/2002 09/25/2002 $164.15

Perrnittee: (Name and Address) Commodity
DAILY EXP INC TURBINE RUNNER SHAFT
P 0 BOX 39
C.AR.LISLE PA 17013 Carrier File #: 108646 USDOT: 0010558

Load Length Width fleight Overall Length Rear Overhang Front OverhangLEGAL 10'OO' 14'OO 13600" LEGAL LEGAL

Legal Extended Heavy Haul Gross Weight AxlesWeight Table Weight Table Weight Table 5 251,400 13

Description of Vehicles: 4-J3-S3-B3 W/58 FT TRAILER

Year Make Vin License State Unit No.
1999 PETBT 1XP5PBEX3X0490969 P38568 IL 187237

Fig. A7 Example of an overweight permit.



Date/Time

Activity Report
12/18/2002 12:04:00 AM to 12/18/2002 11:59:54 PM

Day Scale Locatic Scale Gross Warnings Type Axles Commodity WM Reason Wgt I Wgt 2 Wgt 3 Wgt 4 Wgt 5 Wgt 6 Wgt 7 Wgt 8 Wgt 9 Wgt 10 Wgt 1112/18/200203:56:I9AM Wed WOODBURN 2409 767 12 5 0002 wir OBYPAS 100 163 166 167 171 0 0 0 0 0 012/18/200204:53:42AM Wed WOODBORN 2409 189 5 3 0002 wml WBLOWM 90 59 40 0 0 0 0 0 0 0 012/18/200204:55:54AM Wed WOODBURN 2409 758 15 6 0002 wml WBLOWM 92 93 118 117 162 176 0 0 0 0 012/18/200204:57:39AM Wed WOODBURN 2409 369 11 5 0002 wml WBLOWM 98 73 71 64 63 0 0 0 0 0 012/18/200204:58:57AM Wed W000BURN 2409 912 16 8 0002 wml OBYPAS 81 101 84 121 137 143 132 113 0 0 012/18/200205:01:45AM Wed W000BURN 2409 928 18 8 0002 wml OBYPAS 92 127 128 108 115 166 110 82 0 0 012/18/200205:03:O6AM Wed W000BURN 2409 859 18 8 0002 wml OBYPAS 91 134 129 120 lii 164 61 49 0 0 012/18/2002 05:04:04 AM Wed WOODBURN 2409 962 17 7 0002 wir OBWIND 85 155 148 104 103 194 173 0 0 0 012/18/200205:04:5OAM Wed WOODBURN 2409 458 Ii 5 0002 wml WBLOWM 82 103 97 87 89 0 0 0 0 0 012/18/200205:05:O7AM Wed WOODBURN 2409 784 15 6 0002 wml WBLOWM 88 90 163 150 153 140 0 0 0 0 012/18/200205:05:46AM Wed WOODBURN 2409 717 11 5 0002 wml WBLOWM 93 159 158 160 147 0 0 0 0 0 012/18/200205:06:17AM Wed WOODBURN 2409 506 11 5 0002 wir WBLOWM 113 101 97 97 98 0 0 0 0 0 012/18/200205:07:29AM Wed WOODBURN 2409 750 15 6 0002 wml WBLOWM 97 156 140 113 116 128 0 0 0 0 012/18/200206:11:53AM Wed WOODBURN 2409 993 18 8 0002 wml OBYPAS 95 147 147 111 126 132 129 106 0 0 012/l6/200206:13:22AM Wed WOODBURN 2409 954 16 7 0002 Wrfl) OBYPAS 90 187 149 153 137 121 117 0 0 0 012/18/200206:13:37AM Wed WO0DBURN 2409 209 5 3 0002 wml WBLOWM 97 65 47 0 0 0 0 0 0 0 012/18/200206:13:44AM Wed WOODBURN 2409 720 11 5 0002 wml WBLOWM 90 159 151 156 164 0 0 0 0 0 012/18/200206:13:53AM Wed WOODBURN 2409 695 1 5 0002 c70 WAFRNT 110 295 290 0 0 0 0 0 0 0 012/18/200206:14:IOAM Wed WOODBURN 2409 548 11 5 0002 wml WBLOWM 81 125 124 112 106 0 0 0 0 0 012/18/200206:14:35AM Wed WO0DBURN 2409 701 11 5 0002 wml WBLOWM 98 166 171 131 135 0 0 0 0 0 012/18/200206:15:37AM Wed WOODBURN 2409 0 3 6 0002 c70 0-NONE 0 0 0 0 0 0 0 0 0 0 012/18/200206:15:39AM Wed WOODBURN 2409 740 11 5 0002 wml WBLOWM 94 160 156 154 176 0 0 0 0 0 012/18/2002 06:16:04 AM Wed WOODBURN 2409 0 5 5 0002 c70 0-NONE 0 0 0 0 0 0 0 0 0 0 012/18/200206:16:37AM Wed WOODRURN 2409 915 3 7 0002 c70 0-NONE 107 364 351 93 0 0 0 0 0 0 012/18/200206:16:4OAM Wed WOODBURN 2409 663 12 5 0002 wml WBLOWM 88 177 168 122 108 0 0 0 0 0 012/18/200206:17:O6AM Wed WOODBURN 2409 690 11 5 0002 wml WBLOWM 92 152 150 136 160 0 0 0 0 0 012/18/200206:18:OOAM Wed W000BURN 2409 1017 18 8 0002 wml OBYPAS 107 82 164 165 122 155 106 116 0 0 012/18/200206:18:29 AM Wed WOODBtJRN 2409 525 11 5 0002 wml WBLOWM 74 104 106 116 125 0 0 0 0 0 012/18/200206:18:36AM Wed W000BURN 2409 714 3 5 0002 c70 0-NONE 107 337 270 0 0 0 0 0 0 0 012/18/2002 06:19:31 AM Wed WOODBURN 2409 847 3 7 0002 c70 0-NONE 100 366 381 0 0 0 0 0 0 0 0

Fig. A8 Example of REALTIME data.



(3869) LANE #1 TYPE 11 GVW 73.2 kips LENGTH 72 ft
18-K ESAL 2.763 SPEED 60mph MAX GVW 80.0 kips Thu Jan 3000:01:11.25 2003

1< 57.2 ft -------------- >
0 0 0 0 0

14.8 15.8 15.5 15.2 11.9

(3870) LANE #1 TYPE 14 GVW 72.0 kips LENGTH 75 ft
18-K ESAL 1.857 SPEED 53 mph MAX GVW 80.0 kips Thu Jan30 00:01:22.66 2003

1< 68.4ft ---------------- >
0 0 0 0 0 0

11.8 14.0 16.5 9.8 10.0 9.9

(3873) LANE #1 TYPE 11 GVW 68,5 kips LENGTH 67 ft
18-K ESAL 2.144 SPEED 59mph MAX GVW 80.0 kips Thu Jan30 00:01:38.13 2003

56.8ft -------------->1
o o 0 0 0

13.8 14.7 14.7 14.3 11.2

(3874) LANE #1 TYPE 11 GVW 57.8 kips LENGTH 73 ft AVI TAGS: 000545492067
18-K ESAL 1.148 SPEED 59mph MAX GVW 80.0 kips Thu Jan30 00:01:45.97 2003

58.9ft --------------- >
0 0 0 0 0

10.8 10.4 13.1 13.4 10.1

(3875) LANE #1 TYPE 11 GVW 72.4 kips LENGTH 67 ft
18-K ESAL 2.620 SPEED 56 mph MAX GVW 80.0 bps Thu Jan 3000:01:49.892003

59.3ft -------------- >
0 0 0 0 0

15.0 14.9 15.2 15.2 12.0

Fig. A9 Example of raw WIM data.
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Philomath Weigh Station, Hwy 20/34, 09 April 03
Cargo GVW Width No. Length IndividUal Axle Weights (Icips) Axle Spacings (ft)

Description (kips) (ft) Axles (ft) wtl wt2 wt3 wt4 wt5 wt6 wt7 wt8 spcl spc2 spc3 spc4 spc5 spc6 spcl
Logs 79.2 6'-3" 5 51.25 17 17 16.7 16.7 11.8 0 0 0 4.75 23.5 4.75 18.25 0 0 0
Chips 88.1 6-2" 6 61.5 14.1 14.1 14.1 16.6 16.6 12.6 0 0 4.75 5 30.75 4 17 0 0
Logs 86 6'-3" 6 52.25 16.9 16.9 14 14 12.3 11.9 0 0 4.5 26 4.5 5 12.25 0 0

Lumber 102.3 6-3" 8 84.5 10.4 11 12.1 14.9 14.9 14 13.5 11.5 4 11 13.5 4 28 4 20
Logs 85.6 6'-4" 6 50.75 17 17.1 14 14 12.3 11.2 0 0 4 25 4.5 5 12.25 0 0

Lumber 96.4 6'-7" 8 68.75 10.1 12.2 12.2 12.2 14 14 10.6 11.1 5 5 5 30.75 4.5 5 13.5

Woodburn POE, 1-5 South Bound, 15 April 03
Cargo GVW Width No Length Individual Axle Weights (kips)

Description (lcjps) (ft) Axles (ft) wtl wt2 wt3 wt4
Steel Beams 67.5 6-6' 5 63.5 14.8 14.2 14 13.4

Petroleum 100 6-6" 7 67.25 13 13.9 13.4 13
Rock Sifter 80.6 7-0" 5 56 16 16.3 18.1 18

Lumber Posts 106 6-3" 7 83.75 14.1 14.5 16.8 17.1
Covered 102.6 6-5" 8 75.25 12 13 11.2 12

Concrete Pumper 74.7 6-6" 4 25.25 21 21 16.4 16.3

Notes:
Weights were measured in axle groups on a static scale.
Distances were measured with a tape measure between axle centerlines.
Units are kips and ft

Fig. Al 1 Data collected at weigh station visits.

11.1 0 0 0
17 17.1 12.6 0

12.2 0 0 0
15.6 16 11.9 0
12 16.1 16 10.3
0 0 0 0

,xle Spacings (ft)
sod soc2 soc3 soc4
10.25 31.5 4.25 17.5

4 19 4 20.25
5 25.5 4.5 21

15.75 12.25 9.75 23
4 18.25 4 4

4.25 15.5 5.5 0

0 0 0
4 16 0
0 0 0

4.5 18.5 0
24 4.25 16.75
o 0 0
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-5 -4 -3 -2 -1 0 1 2 3 4 5
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Fig. Al2 Maximum shear produced at 5 ft. away from support B of the McKenzie River
bridge plotted on Lognormal probability paper. One year of Wilbur WIM
vehicles classified as Permit Table 3, 4 and 5.
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LIVE LOAD EFFECTS ON A THREE-SPAN CONTINUOUS BRIDGE:

MODEL CHECK AND EXPLORATION OF TAPER AND HAUNCH

Prepared by:

Theresa K. Daniels, Graduate Research Assistant

danielth@engr.orst.edu

Oregon State University

PURPOSE

The purpose of this exercise is to check the slope-deflection model used in the FORTRAN

program which assumes constant modulus of elasticity (E) and moment of inertia (I), to

determine load effects; shear and moment. Secondly, explore the effect of taper and

haunch on the load effects.

PRODECURE

A 3-span continuous bridge with all spans 50 feet is used for the study. Load effects are

determined at support centerlines and at 5 and 15 feet away as well as at mid-spans. Three

loadings are used for comparison; A 1 kip moving point load, the AASHTO HS2O-44

design vehicle (both spacings are 14 ft) (Figure B1), and the Permit 4 vehicle (Figure B8).

The vehicle axle weights and spacings are shown in Appendix AM2. Two programs are

used for analysis; FORTRAN and SAP2000. The results from FORTRAN are first

compared to a prismatic model in SAP2000.

The FORTRAN results are modified with sign changes and mirror images in order to

reflect the same sign convention used in SAP2000 and to account for the vehicle being

"driven" over the model in only one direction.



To explore the effects of taper and haunch, a search is performed in the State of Oregon

bridge database which produces two histograms. The first one is for bridges that have a

tapered web (i.e., change in web thickness, b), and a second for bridges with a haunched

web (i.e., change in web height, h). Taper/b = 0.00 and Haunch/h = 0.00 is represented by

the prismatic model. Tapered and haunched section changes begin at the span quarter

points. A tapered section is modeled in SAP2000 to represent the actual web changes in

the McKenzie River Bridge which has a Taper/b = 0.54. To finish out the possible range

of ratios, a second bridge (No. 07832) that has similar span lengths with a Taper/b = 0.93 is

modeled. Two haunched sections are modeled in SAP 2000 for a Haunch/h = 0.51 (bridge

No. 07519) and the Mary's River Bridge with Haunch/h = 0.86.

RESULTS

For quick reference, a summary of the percent change from prismatic to various haunch

and taper ratios taken at key points is tabulated in Table B 1. Plots follow comparing the

percent difference in load effects of all vehicles between the prismatic section and the

tapered or haunched sections (Figures BI to B4). The portion displayed is for the portion

of the envelope that is the maximum at that position. It should benoted that a positive (+)

percent change indicates that the value decreased from that of the prismatic section and a

negative (-) percent change indicates an increase. Following each percent difference plot

are the respective moment or shear envelopes for each loading.



Table B 1 Summary of percent change at key points dependent on loading and haunch or taper ratios.

AB BA CD DC
BC CBj

PercentChange
AB Mid-span BA BC Mid-span CB CD Mid-span DC

Ratio Loading V M V M V M V M V M V M V M V M V M
Taper/b
= 0.54 1 kip 0.00% 0.00% -2.03% 3.04% 0.00% -11.89% 0.00% -11.89% 0.00% 3.56% 0.00% -11.89% 0.00% -11.89% -2.03% 3.04% 0.00% 0.00%

HS2O-44 0.68% 0,00% -2.20% 3.54% -0.64% -11.43% -0.09% -11.43% 0.22% 4.19% -0.09% -11.43% -0.64% -11.43% -2.20% 3.54% 0.68% 0.00%
Permit4 1.01% 0.00% -3.05% 3.94% -1.14% -10.28% -0.95% -10.28% -3.65% 4.65% -0.95% -10.28% -1.14% -10.28% -3.05% 3.94% 1.01% 0.00%

Taper/b
= 0.93 1 kip 0.00% 0.00% -3.19% 4.77% 0.00% -18.70% 0.00% -18.70% 0.00% 5.45% 0.00% -18.70% 0.00% -18.70% -3.19% 4.77% 0.00% 0.00%

HS2O-44 1.07% 0.00% -3.48% 5.54% -0.99% -17.87% -0.14% -17.87% 0.32% 6.37% -0.14% -17.87% -0.99% -17.87% -3.48% 5.54% 1.07% 0.00%
Permit4 1.59% 0.00% -4.72% 6.18% -1.76% -15.98% -1.50% -15.98% -5.77% 7.07% -1.50% -15.98% -1.76% -15.98% -4.72% 6.18% 1.59% 0.00%

Haunch/h
= 0.51 1 kip 0.00% 0.00% -5.74% 8.59% 0.00% -33.05% 0.00% -33.05% 0.00% 10.30% 0.00% -33.05% 0.00% -33.05% -5.74% 8.59% 0.00% 0.00%

HS2O-44 1.74% 0.00% -5.87% 9.21% -1.52% -29.04% -0.03% -29.04% -0.06% 10.92% -0.03% -29.04% -1.52% -29.04% -5.87% 9.21% 1,74% 0.00%
Permit4 6.35% 0.00% -2.70% 14.46% 1.80% -18.99% 2.74% -18.99% -3.89% 16.71% 2.74% -18.99% 1.80% -18.99% -2.70% 14.46% 6.35% 0.00%

Haunch/h
= 0.86 1 kip 0.00% 0.00% -7.12% 10.65% 0.00% -41.17% 0.00% -41.17% 0.00% 13.54% 0.00% -41.17% 0.00% -41.17% -7.12% 10.65% 0.00% 0.00%

HS2O-44 2.06% 0.00% -7.10% 11.13% -1.87% -35.41% -0.02% -35.41% -0.13% 14.24% -0.02% -35.41% -1.87% -35.41% -7.10°J 11.13% 2.06% 0.00%
Permit4 6.95% 0.00% -4.52% 16.40% 1.12% -24.80% 2.35% -24.80% -6.14% 20.02% 2.35% -24.80% 1.12% -24.80% -4.52% 16.40% 6.95% 0.00%

00
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OBSERVATIONS

Linear Model Check

Driving the vehicle, especially the large Permit 4 vehicle, in only one direction in the linear

model (produced in FORTRAN) affects the shear envelope results due to asymmetry of the

loading.

For All Loadings

Additional concrete in the section attracts more moment to the supports while reducing the

positive moment near mid-spans.

0
0

C
0

0
0

10

-10
0

As Compared to SAP2000 Pnsmatic-. 1 kip Taper/b = 0.54
1 kip Taper/b = 0.93

/1 H- + HS2O Taper/b = 0.54
I HS2O Taper/b = 0.93

- P4Taper/b= 0.54
P4 Taper/b=O.93

S

50 100

x-location along Bridge Length (ft)

Fig. B 1 - Percent change in shear for tapered sections of a three (50 fi)-span continuous
bridge.

isi:
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Taper

Tapered sections have a consistent percent change increase in shear at the supports. The

percent change in shear for all loading types and taper ratios is less than 2 % at the

supports and less than 6% at mid-spans. The positive moment near mid-spans decreases by

less than 10%. The negative moment increases by approximately 12% at the supports for a

taper ratio of 0.54 and 18% foraratio of 0.93.

20

10

a,
C.,

-10

C,

-20

30t
0 50 100 15C

x-location along Bridge Length (ft)

Fig. B2 - Percent change in moment for tapered sections of a three (50 ft)-span continuous
bridge.

Haunch

Haunched sections have shear increases and decreases of less than 3% at interior supports.

The simply supported ends decrease 0-7% depending on the loading, but appear unaffected

by the size of the haunch ratio. However, the change in moment does depend on the
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loading and haunch ratio. The positive moment decreases 10-20% at mid-spans, while the

negative moment increases 20-40% at the interior supports.

C)
C.)

C)

e
C)

15
indicates DECREAS

(-) indicates I CREASE

-5

-10
0

As Compared to SAP2000 Prismatic-. 1 kip Haunch/h = 0.51
1 kip Haunch/h = 0.93

- - HS2O Haunch/h = 0.51
I HS2O Haunch/h = 0.86

- - - -. P4 Haunch/h = 0.51
P4 Haunch/h = 0.86

50 100
x-location along Bridge Length (ft)

a,.

15C

Fig. B3 Percent change in shear for haunched sections of a three (50 ft)-span continuous
bridge.

CONCLUSIONS

Model Check

The linear FORTRAN model appears to be performing well when compared to the

prismatic SAP2000 model. It should be noted however, that for completeness, the vehicles

should be run in both directions when calculating the load effects.
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Taper

It also appears that a horizontal taper has a more consistent (linear) effect on the shear from

varying vehicles since the shear changes consistently regardless of taper ratio or loading.

The change in shear is minimal at the supports (less than 2%) and can be ignored. Though

the positive moment decreases up to 10% near mid-spans, the negative moment increases

from 12-18% depending on the ratio, and should be considered since this amount will

likely impact the design.

gI

20

10
C.)

2°
-10

0

0
-30

-40

11

0 50 100 15C

x-location along Bridge Length (ft)

Fig. B4 - Percent change in moment for haunched sections of a three (50 ft)-span
continuous bridge.

Haunch

Shear in a haunched section is affected most at mid-spans. The shear decreases at the end

supports and increases by less than 3% at the interior supports. Therefore, since design is
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usually controlled by shear at the supports, the change can be ignored. Since the positive

moments near mid-span decrease they too can be ignored. However, the negative moment

requires special attention with increases between 20 and 40% depending on the loading and

the haunch ratio.

FURTHER STIJI)Y

Further study is needed to determine if the change in the moment of inertia (I) is adequate

to handle the change in load effect, therefore making the changes null, if loads and design

are determined assuming a prismatic section. In addition, further study is still needed on

the effect of cracked sections. Since the cracked moment of inertia (Ia) changes when the

concrete cracks, the distribution of the load effects for a statically indeterminate structure

may also change significantly.



APPENDIX C

RATING VEHICLES



HS2O-44 - Design vehicle
3 axle vehicle
Gross Weight = 72 kips

8 32 32

14' 14'

Fig. Cl - Rating Vehicle 1

Type 3 Unit - legal vehicle conforming to Weight Table 1
3 axle vehicle
Gross Weight = 50 kips

16 17 17
15'

Fig. C2 - Rating Vehicle 2

Type 3-3 Unit - legal vehicle conforming to Weight Table 1
5 axle vehicle
Gross Weight 80 kips

12 17 17 17 17

10'

>j4:(c

33'

Fig. C3 - Rating Vehicle 3

Type 3S2 Unit - legal vehicle conforming to Weight Table I
6 axle vehicle
Gross Weight 80 kips

12 12 12 1 14 14

16'

>>jE->I<
16'

Fig. C4 Rating Vehicle 4
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Permit I - continuous trip permit vehicle conforming to Weight Table 3
5 axle vehicle
Gross Weight = 98 kips

12 215 215 21 5 71 S

10' 4 24'

I IT
Fig. C5 Rating Vehicle 5

Permit 2 - continuous trip permit vehicle conforming to Weight Table 3
5 axle vehicle
Gross Weight = 98 kips

12 21.5 21.5 21.5 21.5

10 I4j, 12'

Fig. C6 - Rating Vehicle 6

Permit 3- single trip permit vehicle conforming to Weight Table 4
8 axle vehicle
Gross Weight = 163 kips

12 21.5 21.5 21.5 21.5 22 21.5 21.5
I 10' I I

18' 4' 6' 16' 4'

II T
>< ><

>r1

Fig. C7 Rating Vehicle 7

Permit 4 - single trip permit vehicle conforming to Weight Table 5
11 axle vehicle
Gross Weight = 228 kips

12 24 24 20 20 20 20 20 20 24 24
18'

J1

12' 30'

I5!5'<
14'

Fig. C8 - Rating Vehicle 8



Permit 5
6 axle vehicle
Gross Weight = 120.5 kips

13 215 215 91 91 R 91

17' 1451 29' I45I 15'

T
)E

Fig. C9 - Rating Vehicle 9

Permit 6
8 axle vehicle
Gross Weight = 150.5 kips

13 15 215 21.5 91 c 91 c 91 c

5' 5'l 12'11.5' 55145'I 30'

Fig. ClO - Rating Vehicle 10

Permit 7
9 axle vehicle
Gross Weight 185 kips

13 21.5 21.5 215 215 91 c 91 c 91 91 c

I
451 14' 451 29' 4.5" 14' 45117' )( >J,E

Fig. Cli - Rating Vehicle 11



Table Cl ODOT Rating Vehicles in table form.

GVW SPD TYP P LENGTH NAXLE
Axle Weights (kips) Axle Spacings (if)
AXLI AXL2 AXL3 AXL4 AXL5 AXL6 AXL7 AXL8 AXL9 AXIO AX11 SPC1 SPC2 SPC3 SPC4 SPC5 SPC6 SPC7 SPC8 SPC9 SP1O

72 5500 28 3 32 32 8 0 0 0 0 0 0 0 0 14 14 0 0 0 0 0 0 0 050 5500 19 3 17 17 16 0 0 0 0 0 0 0 0 4 15 0 0 0 0 0 0 0 0
80 55 0 0 51 5 17 17 17 17 12 0 0 0 0 0 0 4 33 4 10 0 0 0 0 0 0
80 5500 46 6 14 14 16 12 12 12 0 0 0 0 0 4 16 6 4 16 0 0 0 0 0
98 55 0 0 42 5 21.5 21.5 21.5 21.5 12 0 0 0 0 0 0 4 24 4 10 0 0 0 0 0 0
98 55 00 30 5 21.5 21.5 21.5 21.5 12 0 0 0 0 0 0 4 12 4 10 0 0 0 0 0 0
163 55 0 0 62 8 21.5 21.5 22 21.5 21.5 21.5 21.5 12 0 0 0 4 16 6 4 18 4 10 0 0 0228 55 0 0 103 11 24 24 20 20 20 20 20 20 24 24 12 4.5 14 5 5 30 5 5 12 4.5 18

120.5 55 0 0 70 6 21.5 21.5 21.5 21.5 21.5 13 0 0 0 0 0 15 4.5 29 4.5 17 0 0 0 0 0150.5 55 0 0 73.5 8 15 21.5 21.5 21.5 21.5 21.5 15 13 0 0 0 12 5 5 30 4.5 5.5 11.5 0 0 0
185 55 0 0 92 9 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 13 0 0 4.5 14 4.5 29 4.5 14 4.5 17 0 0



Table C2 Wilbur WIM vehicles classified as Permit Table 5 in 2003.

Axle Weights (kips) Axle Spacings (if)
GVW SPD TYP P LENGTH NAXLE AXL1 AXL2 AXL3 AXL4 AXL5 AXL6 AXL7 AXL8 AXL9 AX1O AX11 SPC1 SPC2 SPC3 SPC4 SPC5 SPC6 SPC7 SPC8 SPC9 SP1O
156.3 49 19 5 100.4 10 8.5 22.9 20.5 23.3 17.6 17.1 13.2 13.3 13.4 6.6 0 7.2 12.9 7.2 27.3 7.2 12.9 7.2 7.2 11 5 0109.3 58 11 5 58.7 5 24.5 24.7 21.2 22.2 16.7 0 0 0 0 0 0 7.5 27.1 7.5 16.6 0 0 0 0 0 096.5 55 17 5 73.5 7 1.1 1.1 17.5 20.7 22.6 22.5 11.1 0 0 0 0 7.2 11.5 7.2 24.5 7.2 15.9 0 0 0 0
66.9 47 11 5 53.4 5 1.1 1.1 21.3 22.4 21 0 0 0 0 0 0 8.1 19.4 8.1 17.8 0 0 0 0 0 0174.5 54 19 5 101.8 11 11.8 14.4 16.8 24 24.6 17.8 12.4 13 13.1 15.3 11.3 6.9 9.6 6.9 6.9 26.1 6.9 6.9 8.3 6.9 16.5
147.1 50 19 5 92 9 9.2 10.5 24.6 24.6 18.3 18.7 14.5 16.1 10.4 0 0 7.1 11.3 7.1 25.5 7.1 9.9 7.1 17 0 0102.9 55 11 5 55.5 5 22.7 24.5 20.7 22.7 12.3 0 0 0 0 0 0 7.5 25.5 7.5 15 0 0 0 0 0 0160.5 48 19 5 90.9 9 14.5 14 24.5 24.5 19.6 20.7 15.2 15.6 11.9 0 0 7.2 11.5 7.2 26 7.2 8.7 7.2 15.9 0 0
131.3 57 17 5 65.5 7 18.1 21.6 22.8 21.1 22.1 13.4 12 0 0 0 0 7 7 26.5 7 7 11.1 0 0 0 096.3 55 11 5 55.8 5 18.3 23.7 20 22.5 11.9 0 0 0 0 0 0 7.5 25.6 7.5 15.1 0 0 0 0 0 069.8 59 5 5 23.9 3 24.5 23.7 21.6 0 0 0 0 0 0 0 0 7 16.9 0 0 0 0 0 0 0 0106.2 53 15 5 70.7 6 6.4 19.9 22.4 22.5 24.4 10.6 0 0 0 0 0 13.5 7.5 25.6 7.5 16.5 0 0 0 0 0173.7 45 19 5 77.4 10 14.1 15 14.1 13.9 23.4 23.5 21.4 20.8 13.3 14.2 0 9.9 7 7 15.5 7 7 7 84 84 098.6 49 15 5 30.1 6 14.7 14.8 12.9 18.6 18.9 18.6 0 0 0 0 0 6 6 6 6 6 0 0 0 0 0158,5 40 18 5 62.3 8 11.5 19.1 18.2 24.4 24.4 19.7 20.3 20.9 0 0 0 13 7.2 13 7.2 7.2 7.2 7.2 0 0 0
74 8 15 5 24.8 6 1.1 15.2 16.7 14.6 14.4 12 0 0 0 0 0 6.8 4.3 4.3 4.3 5.1 0 0 0 0 0136.2 40 18 5 51.1 8 13.5 13.9 13.8 13.6 17.3 19.7 18.9 25.4 0 0 0 6.6 6.6 7.9 6.6 6.6 10.5 6.6 0 0 097.4 56 11 5 55.4 5 20.1 23.4 20.1 21.5 12.3 0 0 0 0 0 0 7.5 25.5 7.5 15 0 0 0 0 0 074.6 55 11 5 16 5 13.5 16.2 17.8 15.1 11.9 0 0 0 0 0 0 22 6.5 2.2 5.2 0 0 0 0 0 0136.2 40 18 5 51.2 8 13.6 13.9 13.8 11.2 20.8 22.9 16.5 23.5 0 0 0 6.6 6.6 6.6 6.6 6.6 10.5 7.9 0 0 0125.6 55 17 5 78.1 7 14.3 14.1 13.9 13.5 22.8 24.7 22.3 0 0 0 0 8.8 7.4 7.4 32.4 7.4 14.7 0 0 0 0

118.3 52 18 5 81.2 8 7.9 9.1 19.8 21,9 21.8 21.2 9.2 7.3 0 0 0 6.9 12.4 6.9 27.5 6.9 6.9 13.8 0 0 0106.2 52 14 5 71.2 6 3.2 20.1 23.8 23.7 24.5 10.9 0 0 0 0 0 13.6 7.6 25.8 7.6 16.7 0 0 0 0 0101.2 52 14 5 71.1 6 6.8 17.4 21.6 20.9 23.8 10.7 0 0 0 0 0 13.6 7.6 25.7 7.6 16.6 0 0 0 0 094.7 53 11 5 57.5 5 18.8 24.4 18.8 21.6 11 0 0 0 0 0 0 7.4 29.5 7.4 13.3 0 0 0 0 0 081.5 37 8 5 23 4 24.3 21.8 19.8 15.6 0 0 0 0 0 0 0 6.1 10.9 6.1 0 0 0 0 0 0 098.2 59 15 5 29.3 6 17 18.6 12.3 15.8 16.8 17.7 0 0 0 0 0 5.9 5.9 5.9 5.9 5.9 0 0 0 0 0149.3 53 19 5 94.1 9 11.7 11 24.2 24.3 16.2 18.2 17.5 17.7 8.4 0 0 7.2 10.1 7.2 26.1 7.2 11.6 7.2 174 0 095.9 54 11 5 51.2 5 20.4 24.3 21.2 20 10.1 0 0 0 0 0 0 7.3 20.5 7.3 16.1 0 0 0 0 0 0105.8 46 15 5 60.6 6 6.6 22.3 24.2 21.7 19.1 11.9 0 0 0 0 0 9.3 7.8 20.2 7.8 15.5 0 0 0 0 0140.3 37 18 5 56.7 8 10 16.3 16 18 20.1 18.1 19.6 22.1 0 0 0 9.7 6.9 11.1 6.9 6.9 6.9 8.3 0 0 0174.3 41 19 5 76.4 10 14.9 15 15,1 15.1 22.2 23.3 20.6 19.8 13.7 14.5 0 9.7 6.9 6.9 15.3 6.9 6.9 6.9 8.3 83 0
142.6 36 18 5 56.8 8 10.7 15.9 15.8 19.1 19.6 17.4 22.1 22.1 0 0 0 9.7 6.9 11.1 6.9 6.9 6.9 8.3 0 0 0138.4 36 18 5 56.5 8 10.5 15.9 16.1 18.7 18.7 17.2 19.6 21.7 0 0 0 9.6 6.9 11 6.9 6.9 6.9 8.3 0 0 0126.3 50 17 5 65 7 18.2 19.6 22.6 21.3 23.1 10.9 10.6 0 0 0 0 6.9 6.9 27.7 6.9 6.9 9.7 0 0 0 0
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Fig. C 12 - Maximum shear and moment load effects produced by one year of Wilbur WIM
vehicles classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for
a single (11 ft) span simply-supported bridge evaluated at 7 ft from left support
in span one.
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Fig. C13 - Maximum shear and moment load effects produced by one year of Wilbur WIM
vehicles classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for
a single (64 ft) span simply-supported bridge evaluated at 60 ft from left support
in span one.
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and 25 ft spans all evaluated 4 ft from the first continuous support in span one.
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corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for two (25
ft) -span continuous bridge evaluated at 21 ft from left support in span one.
Load histories of Rating Vehicles 10, 11 and 8.
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Fig. C20 Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three
(120 11) -span continuous bridge evaluated at 116 ft from left support in span one.
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classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three
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Load Histories for Rating Vehicles 10, 11 and 8.
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Fig. C22 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three
(120 ft) -span continuous bridge evaluated at 116 ft from left support in span two.
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Fig. C23 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three
(120 ft) -span continuous bridge evaluated at 4 ft from left support in span three.
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Fig. C24 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three (50
ft) -span continuous bridge evaluated at 46 ft from left support in span one.
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Fig. C25 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three (50
ft) -span continuous bridge evaluated at 4 ft from left support in span two.
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Fig. C26 Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three (50
ft) -span continuous bridge evaluated at 46 ft from left support in span two.
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Fig. C27 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur W1M vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for three (50
ft) -span continuous bridge evaluated at 4 ft from left support in span three.
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Fig. C28 - Summary of the maximum shear vs corresponding moment and the maximum
moment vs corresponding shear for four-span continuous bridges with 70 ft and
50 ft spans both evaluated 4 ft from the first continuous support in span one.



''U

100

90

80

70
U)
0.
.

I.-

o 50

U,
4C

30

20

10

0
* 0* *

+

0 ++-

+ ++
.4

_____:
Span 1 of4eeluated at66ft

P3 -v

+ P4
P5

o Rating Vehicles

118

-1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 0 100
Moment (kip-ft)

Fig. C29 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 66 ft from left support in span one.
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Fig. C30 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 4 ft from left support in span two.
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Fig. C3 1 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 66 ft from left support in span two.
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Fig. C32 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 4 ft from left support in span three.
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Fig. C33 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 66 ft from left support in span three.
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Fig. C34 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (70
ft) -span continuous bridge evaluated at 4 ft from left support in span four.
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Fig. C35 Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50

ft) -span continuous bridge evaluated at 46 ft from left support in span one.
Load Histories for Rating Vehicles 10, 11 and 8.
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Fig. C36 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50
ft) -span continuous bridge evaluated at 4 ft from left support in span two.
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Fig. C37 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50
ft) -span continuous bridge evaluated at 46 ft from left support in span two.
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Fig. C38 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50
ft) -span continuous bridge evaluated at 4 ft from left support in span three.
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Fig. C39 - Maximum shear vs corresponding moment and the maximum moment vs
corresponding shear load effects produced by one year of Wilbur WIM vehicles
classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50
ft) -span continuous bridge evaluated at 46 ft from left support in span three.
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classified as Permit Tables 3, 4 and 5 and the eleven rating vehicles for four (50
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APPENDIX D

McKENZIE RIVER BRIDGE
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Fig. D3 McKenzie R. Bridge; Span 1 at 8 ft. (RESPONSE 2000TM)
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Fig. D8 McKenzie R. Bridge; Span 1 at 46 ft. (RESPONSE 20007M)
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TKD 2004/5/25

Fig. D9 McKenzie R. Bridge; Span 2 at 4 ft. (RESPONSE 2000Th1)



Geometric Properties

&oss Conc. Trar

Area (in2) 951.0 1053.9

Irierlia (in4) 214885.9 259928.1

Yt (in) 19.4 19.3

Yb (in) 28.6 28.7

S1 (in3( iiceo.o 13498.7

7521.1 9042.8

Crack Spacing

2xdist+O.1 /p

Loading (N,M.V + dN.dM,dV)

0.0,0.0,0.0+ 0.0, 1.0.0.0

Concrete Rebar
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50.0

4-#11
0 0 \ 0 0

<As = 2.280 in2

C
#4©9.00incr2

I 3-#11

15.5

All dimensions in inches
Clear cover to transverse reinforcement = 1.25 in

Kenzie,_Beam C (Span 2) at 8 ft

TKD 2004/5/25

Fig. D1O McKenzie R. Bridge; Span 2 at 8 ft. (RESPONSE 2000TM)

Geometric Properties

r2oss Conc. Trans

Area (in2) 1194.0 1279.1

Ineilia (in) 252887.2 295295.6

Y1 (in) 14.0 14.4

Yb (in) 34.0 336

S1 (in3) 18095.8 20526.8

5b (in3) 74324 8827.4

Crack Spacing

2xdist+0.1 d0/p

Loading (N,M,V + dN,dM,dV)

0.0.0.0.0.0 0.0. 1.0.00

Concrete Rebar

108.0

I
-4-#11

13.0

All dimensions in inches
Clear cover to transverse reinforcement = 1.25 in

Mckenzie, Beam C (Span 2) at 12.5ft

TKD 2004/5/25

Fig. DII McKenzie R. Bridge; Span 2 at 12.5 ft. (RESPONSE 2000Th1)



Area (in2)

Yt (in)

Yb (i9)

(in3)

Sb ()

Geometric Properties

1Oss Conc. Trar

1194.0

292887.2

14.0

34.0

18895.8

7432.4

Crack Spacing

2xdiSt+ 0,1 db/p

Loading (N.M,V + dNdMdVj

0.0 0.0 0.0 + 0.0 1.0 0.0

1250.3

303390.1

15.4

32.6

19759.9

9291.9

Concrete Rebar
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II
h-

I

ILl
___-2-#1O

_________________ 3 - #11

13.O

All dimensions in inches
Clear cover to transverse reinforcement = 1.25 in

Beam_C (Span 2) at 25ft

TKD 2004/5/25

Fig. D12 McKenzie R. Bridge; Span 2 at 25 ft. (RESPONSE 2OOO')

The bridge is symmetrical about this point.




